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EL J EFE DE LA CASA DE

S. M. EL REY

SUS MAJESTADES LOS REYES, accediendo a la pet~

ción que tan amablemente Les ha sido formulada, han

tenido a bien aceptar la

PRESIDENCIA DE HONOR

del "IV CURSO INTERNACIONAL DE RADIOLOGIA VASCULAR

INTERVENCIONISTA". que se celebrará en Las Palmas de

Gran Canaria del 22 al 25 de febrero próximo.

Lo que ~e complace participarle para su cono

cimiento y efectos.

PALACIO DE LA ZARZUELA, 28 de Enero de 1994

EL JEFE DE LA CASA DE S.M. EL REY,

SEÑOR RECTOR MAGNIFICO DE LA UNIVERSIDAD DE LAS PALMAS

LAS PALMAS DE GRAN CANARIA
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IV CURSO INTERNACIONAL DE RADlOLOOIA VASClTLAR INTERVENCIONISTA COMO ALTERNATIVA TF.RAPEtrI'ICA

MARTES, 22 de Febrero. 1994

17:00 - 17:30 INAUGURACION OFICIAL

17:30 - 18:00 SESION PLENARIA
LA EVOLUCION DE LA RADIOLOGIA CARDIOVASCULAR INTERVENCIONISTA

Dr. lV, R. Casla/leda - ZÚlliga

18:00 - 18:45 MESA REDONDA
ALTERNATIVAS TERAPEUTICAS EN LA MEDICINA DE HOY

Sr. J. E. Abele
Dr. J. M. Capdevila
Dr. H. COOIIS

Dr. J. Cuelo
Dr. D. D. Liennanll
Dr. M. MaYllar
Dr. E. Morello
Sr. R. Rallalli
Dr. P. Rossi
Dr. J. C. Parodi
Moderador: Dr. W. R. Casfa/leda-Zúlliga

SIMPOSIUM SOBRE TROMBOLISIS

18:45 - 18:52 CONFERENCIA
RESULTADOS A LARGO PLAZO DE LA TERAPEUTICA TROMBOLITICA

Dr. T. O. McNamara

18:52 - 18:59 CONFERENCIA
LISIS POR SPRAY A IMPULSOS

Dr. K. Kalldarpa

18:59 - 19:06 CONFERENCIA
RESULTADOS A LARGO PLAZO DE LA TERAPEUTICA TROMBOLITICA
EN OCLUSIONES CRONICAS

Dr. J. M. Pulido-Duque

19:06 - 19: 13 CONFERENCIA
RESULTADOS DE LA TERAPEUTICA TROMBOLITICA EN EL MANEJO
DE LA OCLUSION DE LA ARTERIA RENAL

Dr. T. A. Sos

19:13 - 19:20 CONFERENCIA
TROMBECTOMIA MECANICA

Dr. S. M. Tadavarlhy

19:20 - 20:00 MESA REDONDA
TROMBOLISIS

Dr. K. Kalldarpa
Dr. T. O. McNamara
Dr. J. M. Pulido-Duque
Dr. T. A. Sos
Dr. S. M. Tadavarfhy

II



IV CURSO JNnRNACIONM PE MPlOLOGIA VASCULAR INTERVENCIONISTA COMO ALTERNATIVA TERAlEVTJCA

MIERCOLES, 23 de Febrero. 1994

07:30 - 07:35 OBSERVACIONES
Dr. E. Gó"iz

07:35 - 07:40 PRESENTACION DEL CASO
Dr. E. Oniz

07:40 - 08:40 CASO EN VIVO
TIPS TECNICA DE ROSCH. US IV.

Dr. J. Goicolea (/VUS)
Dr. E. Martin
Dr. M. Maynar
Moderador: Dr. J. Cabrera

08:40 - 08:55 SEGUIMIENTO DE LOS CASOS DE 1992
Dr. P. Rossi

08:55 - 09:05 CONFERENCIA
CIRUGIA EN EL HEPATOMA

Dr. E. Moreno

09:05 - 09: 15 CONFERENCIA
TRATAMIENTO PERCUTANEO DEL SINDROME DE BUDD-CHIARI

Dr. M. Fava

09: 15 - 09:25 CONFERENCIA
ESCLEROTERAPIA DE VARICES ESOFAGICAS

Dr. J. Bosch

09:25 - 09:35 CONFERENCIA
EVOLUCION DE LA TECNICA DEL TIPS

Dr. J. Rosch

09:35 - 09:40 PRESENTACION DEL CASO
Dr. J. L. Rodrfguez San Román

09:40 - 10:40 CASO EN VIVO
TECNICA DEL TIPS GUIADO POR ULTRASONIDO

Dr. l. Bilbao
Dr. J. Goicolea (IVUS)
Dr. J. M. Longo
Dr. G. M. Richter
Moderador: Dr. J. Rosch

10:40 - 10:50 CONFERENCIA
U.S. DUPLEX EN EL SEGUIMIENTO DEL TIPS

Dra. J. G. Letourneau

10:50 - 11:00 CONFERENCIA
RESULTADOS DEL TIPS

Dr. P. Rossi
11:00 - 11:30 DESCANSO

Piscolabis en la zona de la Exposición Técnica

III



IV CURSO INTERNACIONAL DE RADlOI.OGIA VASCULAR INTERVENCIONISTA COMO ALTERNATIVA TERAPEVI'ICA

MIERCOLES, 23 de Febrero. 1994

11:30 - 12:15 MESA REDONDA
TIPS

Dr. l. Bilbao
Dr. J. Bosch
Dr. J. Cabrera
Dr. M. Maynar
Dr. E. Moreno
Dr. G. M. Richter
Dr. J. Rosch
Dr. P. Rossi
Dr. H. Rousseau

12: 15 - 12:20 PRESENTACION DEL CASO
Dr. J. Hernández - Navarro

12:20 - 13:00 CASO EN VIVO
PROTESIS ESOFAGICA

Dr. M. Maynar
Dr. J. M. Pulido-Duque
Moderadora : Dra. T. Sala

13:00 - 14:20 DESCANSO

14:30 - 14:35 PRESENTACION DEL CASO
Dr. J. Hernández - Navarro

14:35 - 15:30 CASO EN VIVO
LITOTRICIA LAPAROSCOPICA POR LASER. TECNICA ENDOSCOPICA

Dr. M. Maynar
Dr. J. Ram(rez
Moderador: Dr. A. Soriano

15:30 - 16:20 MESA REDONDA
INTERVENCION EN PATOLOGIA BILIAR

Dr. J. M. Bordas
Dr. H. G. Coons
Dr. R. F. Dondelinger
Dr. J. Hernández Romero
Dr. E. Moreno
Dr. J. Ram(rez
Dr. P. Rossi
Dr. Ch.L. Zollikofer

16:20 - 16:30 CONFERENCIA
RESULTADOS DEL STENT STRECKER EN LA OBSTRUCCION ESOFAGICA

Dr. R. Reyes

16:30 - 16:40 CONFERENCIA
PROTESIS ESOFAGICA RECUBIERTA WALLSTENT

Dr. P. Winzeler

IV



IV ctJBSO INTERNACIONAL DE RADlOLOGIA VASCl!LA8 INTERVENCIONISTA COMO ALTERNATIVA TEMPEVUCA

MIERCOLES, 23 de Febrero. 1994

16:40 - 17:20 MESA REDONDA
ESOFAGO

Dr. M. Mayllar
Dr. J. Rosch
Dra. T. Sala
Dr. P. Strecker
Dr. P. Winzeler

17:20 - 17:50 DESCANSO
Piscolabis en la zona de la Exposición Técnica

17:50 - 18:00 CONFERENCIA
ENDOPROTESIS BILIAR ERCP

Dr. J. M. Bordas

18:00 - 18:10 CONFERENCIA
LAPAROSCOPIA EN PATOLOGIA ABDOMINAL

Dr. J. Cueto

18: 10 - 18:20 CONFERENCIA
INTERVENCION PANCREATICA PERCUTANEA

Dr. R. F. DOlldelillger

18:20 - 18:30 CONFERENCIA
DRENAJE PERCUTANEO DE ABCESOS

Dr. H. G. Coons

18:30 - 18:40 CONFERENCIA
ABORDAJE PERCUTANEO VIA BILIAR

Dr. M. Fava

18:40 - 19:30 MESA REDONDA
TECNICA ENDOSCOPICA VERSUS TECNICA PERCUTANEA

Dr. J. M. Bordas
Dr. J. Bosch
Dr. H. G. Coons
Dr. J. Cuero
Dr. R. F. Dondelillger
Dr. M. Fava
Dra. T. Sala

19:30 CIERRE

21:30 COCTEL EN EL HOTEL SANTA CATALINA

v



IV CURSO INTERNACIONAL DE RADIOI.OGIA VA....CULAR JNTKRVENCIONfSTA COMO ALTERNATIVA TERAPIWI1CA

JUEVES, 24 de Febrero. 1994

07:30 - 07:35 OBSERVACIONES
Dr. M. Mayllar

07:35 - 07:40 PRESENTACION DEL CASO
Dr. P. Rubio

07:40 - 08: 10 CASO EN VIVO
ANGIOGRAFIA CON CO2

Dr. l. F. HawkiflS
Dr. L. K. A. Tall
Moderador: Dr. J. M. Rfus

08: 10 - 08:20 CONFERENCIA
US DUPLEX y US INTRAVASCULAR EN LA EVALUACION DIAGNOSTICA
DE LA ENFERMEDAD VASCULAR PERIFERICA

Dra. J. G. Letoumeau

08:20 - 08:35 CONFERENCIA
ANGIOGRAFIA T AC/RNM

Dr. lv. P. Th. M. Ma/i

08:35 - 08:45 CONFERENCIA
ANGIOGRAFIA DIGITAL CON CO2

Dr. l. F. HawkiflS

08:45 - 08:55 CONFERENCIA
NUEVA TECNICA DE ULTRASONIDOS PARA EL FLUJO VOLUMEN ARTERIAL

Sr. R. Rallalli

08:55 - 09:05 CONFERENCIA
ENDOSCOPIA INTRAVASCULAR

Dr. l. F. HawkiflS

09:05 - 09: 15 CONFERENCIA
EXPLORACION FISICA VASCULAR

Dr. P. Lanzer

09: 15 - 09:45 MESA REDONDA
METODOS DE DIAGNOSTICO VASCULAR

Dr. l. F. HawkitlS
Dr. P. Lanzer
Dra. J. G. Letourlleau
Dr. W. P. Th. M. Ma/i
Dr. E. Martill
Sr. R. Rallalli
Dr. J. M. Rfus
Dr. L. K. A. Tall

09:45 - 10:10 DESCANSO
Piscolabis en la zona de la Exposición Técnica

VI



IV C\JRSO INTERNACIONAL DE RADlOLOGIA VASCUJ.AR INTERVENCIONISTA COMO ALTERNATIVA TEMPEVI'ICA

JUEVES, 24 de Febrero.1994

10: 10 - 10:20 CONFERENCIA
PATOFISIOLOGIA DE LA ANGIOPLASTIA

Dr. P. M. Consigny

10:20 - 10:25 PRESENTACION DEL CASO
Dr. E. Sotgiu

10:25 - 11:10 CASO EN VIVO
ANGIOPLASTIA TIBIOPERONEAL

Dr. T. Garnica
Dr. T. A. Sos
Moderador: Dr. V. Cabrera

11: 10 - 11:20 CONFERENCIA
ATP. EL PUNTO DE VISTA DEL CIRUJANO

Dr. J. M. Estevan - Solano

11:20 - 11:30 CONFERENCIA
RESULTADOS A LARGO PLAZO DE LA ATP EN LA ENFERMEDAD VASCULAR
PERIFERICA

Dr. C. J. Tegtmeyer

11:30 - 12:1S MESA REDONDA
ANGIOPLASTIA

Dr. V. Cabrera
Dr. J. M. Esteva" - Solano
Dr. P. Lanzer
Dr. P. M. Consigny
Dr. E. C. Martin
Dr. D. E. Schwarten
Dr. T. A. Sos
Dr. P. Strecker
Dr. C. J. Tegtmeyer

12: IS - 12:20 PRESENTACION DEL CASO
Dra. A. Cruz

12:20 - 13:00 CASO EN VIVO
PROTESIS FEMOROPOPLITEA US IV.

Dr. H. G. Coons
Dr. A. H. Cragg
Dr. J. Goicolea (lVUS)
Moderador: Dr. J. A. Jiménez - Coss(o

13:00 - 14:20 DESCANSO

14:30 - 14:3S PRESENTACION DEL CASO
Dra. M. Hermida

VII



IV CURSO INTERNACIONAL DE RADlOLOGIA VASCULAR INTERVENCIONISTA COMO ALTERNATIVA TE8APEVDCA

JUEVES, 24 de Febrero. 1994

14:35 - 15:45 CASO EN VIVO
PROTESIS INTRA-AORTICA PERCUTANEA

Dr. \-'. Cabrera
Dr. J. Goicolea (lVUS)
Dr. J. C. Parodi
Dr. C. J. Schollholz
Dr. J. Palmaz
Moderador: Dr. J. M. Capdevila

15:45 - 16: 15 MESA REDONDA
PROTESIS PERCUTANEAS

Dr. J. M. Callejas
Dr. J. M. Capdevila
Dr. A. H. Cragg
Dra. C. Cuesta
Dr. E. C. Martill
Dr. J. Palmaz
Dr. J. C. Parodi
Dr. Ph. Piquel
Dr. P. Strecker

16: 15 - 16:25 CONFERENCIA
CIRUGIA ILlACO-FEMORAL

Dr. V. Cabrera

16:25 - 16:35 CONFERENCIA
CIRUGIA DEL ANEURISMA DE AORTA

Dra. C. Cuesta

16:35 - 16:45 CONFERENCIA
PROTESIS AORTICAS PERCUTANEAS

Dr. J. C. Parodi

16:45 - 16:55 CONFERENCIA
RESULTADOS DE LAS PROTESIS AORTICAS PERCUTANEAS

Dr. Ph. Piquel

16:55 - 17:05 CONFERENCIA
ANGIOPLASTIA TRANSLUMINAL y TROMBOLlSIS CON PENTASON-POLlSULFATO
DE SODIO POR VIA ORAL

Dr. L. Horvath

17:05 - 17:15 CONFERENCIA
RESULTADOS DE LAS PROTESIS FEMOROPOPLlTEAS PERCUTANEAS

Dr. A. H. Cragg

17:15 - 17:25 CONFERENCIA
STENTS INTRAVASCULARES EN LA ENFERMEDAD VASCULAR PERIFERICA

Dr. E. C. Marti"

17:25 - 17:45 DESCANSO
Piscolabis en la zona de la Exposición Técnica

VIII



IV CURSO INnRNACIONM DE MDlOItOGIA VASCtJLAR INTERVENCIONISTA COMO ALTERNATIVA TERAPWI'ICA

JUEVFS, 24 de Febrero. 1994

17:45 - 18:30 MESA REDONDA
ALTERNATIVAS TERAPEUTICAS EN LA PATOLOGIA OCLUSIVA

Dr. v. Cabrera
Dr. A. H. Cragg
Dra. C. Cuesta
Dr. J. M. Estevan - Solano
Dr. T. O. McNamara
Dr. C. J. Schonholz
Dr. S. M. Tadavarthy

SIMPOSIUM SOBRE STENTS

18:30 - 18:37 CONFERENCIA
RESULTADOS A LARGO PLAZO DEL STENT STRECKER EN ARTERIA ILlACA

Dr. P. Strecker

18:37 - 18:44 CONFERENCIA
RESULTADOS DE LOS STENTS EN ARTERIA FEMORAL

Dr. D. D. Liennann

18:44 - 18:51 CONFERENCIA
USO DEL STENT BALaN EXPANDIBLE EN COMBINACION CON PTFE

Dr. J. C. Palma,

18:51 - 18:58 CONFERENCIA
RESULTADOS A LARGO PLAZO DEL WALLSTENT

Dr. Ch. L. Zollikofer

18:58 - 19:05 CONFERENCIA
RESULTADOS A LARGO PLAZO DEL STENT GIANTURCO EN VENAS

Dr. J. Rosch

19:05 - 19:45 MESA REDONDA
PROTESIS VERSUS STENT

Dr. J. M. Callejas
Dr. J. A. Jiménez - Coss(o
Dr. D. D. L;ennan
Dr. E. C. Mart;n
Dr. J. C. Palma,
Dr. J. Rosch
Dr. P. Strecker
Dr. Ch. L. Zollikofer

19:45 CIERRE

IX



JY CURSO INTERNACIONAL DE RADlOI.OOIA VASCl/LAR INTERVENCIONISTA COMO ALTERNATIVA TEltAPEVIlCA

VIERNES, 25 de Febrero. 1994

07:30 - 07:35 OBSERVACIONES
Dr. M. Maynar

07:35 - 07:40 PRESENTACION DEL CASO
Dr. J. Carreira

07:40 - 08:25 CASO EN VIVO
EMBOLIZACION DE MALFORMACION A-V

Dr. E. Górriz
Dr. L. Guimaraells
Dr. F. Yakes
Moderador: Dr. J. M. ESlevall-Solallo

08:25 - 08:35 CONFERENCIA
ACTUALIZACION DE LA EMBOLIZACION

Dr. M. A. Herrera

08:35 - 09:05 MESA REDONDA
EMBOLIZACION

Dr. J. M. ESlevall-Solallo
Dr. L. GuimaraellS
Dr. M. A. Herrera
Dr. J. Theroll
Dr. J. Rosch
Dr. P. Slrecker
Dr. F. Yakes

09:05 - 09:35 DESCANSO
Piscolabis en la zona de la Exposición Técnica.

09:35 - 09:40 PRESENTACION DEL CASO
Dr. C. Campo

09:40 - 10: 10 CASO EN VIVO
RESERVORIO PARA ACCESO VASCULAR

Dr. R. Reyes
Dr. J. M. Pulido-Duque
Moderador: Dr. J. Aguiar

10: 10 - 10:20 CONFERENCIA
VASCULITIS DE TAKAYASU: RESULTADOS DE LA ATP

Dr. L. K. A. Tan

10:20 - 11:00 MESA REDONDA
CATETERES PERMANENTES

Dr. C. Campo
Dr. J. A. Jiméllez-Cossfo
Dr. R. Reyes
Dr. T. A. Sos
Dr. L. K. A. Tan
Dr. C. J. Teglmeyer
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IV Cl!RSO INTERNACIONAL DE RADlOU>G1A VASClILAB INTERVENCIONISTA COMO AI..TKRNATJVA TERAPlVIICA

VIERNFS, 2S de Febrero. 1994

11:00 - 11:05 PRESENTACION DEL CASO
Dra. V. Alvarez-Salltullano

11:05 - 12:05 CASO EN VIVO
ANGIOPLASTIA CAROTIDEA

Dr. J. Goicolea (IVUS)
Dr. D. E. Schwarten
Dr. C. J. Tegtmeyer
Moderador: Dra. C. Cuesta

12:05 - 12: 15 CONFERENCIA
ANGIOPLASTIA BRAQUIOCEFAUCA

Dr. J. Theron

12: 15 - 12:25 CONFERENCIA
ANGIOPLASTIA CAROTIDEA. RESULTADOS DEL PROTOCOLO U.S.A.

Dr. D. E. Schwarten

12:25 - 13:00 MESA REDONDA
ANGIOPLASTIA SUPRAORTICA

Dra. V. Alvarez-Salltullano
Dr. V. Cabrera
Dr. A. Cubero
Dra. C. Cuesta
Dr. L. Guimaraens
Dr. A. Mayol
Dr. D. E. Schwarten
Dr. C. J. Tegtmeyer
Dr. J. Theron

SIMPOSIUM SOBRE HIPERTENSION RENQ-VASCULAR

13:00 - 13:07 CONFERENCIA
ATP EN LA HIPERTENSION RENO-VASCULAR

Dr. T. A. Sos

13:07 - 13: 14 CONFERENCIA
ATERECTOMIA EN LA ESTENOSIS DE ARTERIA RENAL

Dr. C. J. Tegtmeyer

13:14·13:21 CONFERENCIA
STENTS PALMAZ EN LA ESTENOSIS DE ARTERIA RENAL

Dr. J. C. Palmaz

13:21 - 13:28 CONFERENCIA
WALLSTENT EN LA ESTENOSIS DE ARTERIA RENAL

Dr. H. Rousseau

13:28 - 13:35 CONFERENCIA
CIRUGIA EN LA HIPERTENSION RENO-VASCULAR

Dr. J. M. Capdevila

XI



IV CURSO INTERNACIONAL DE RADlOU>GIA VASClTLAR INTERVENCIONISTA COMO ALTERNAmA TEMPEtITlCA

VIERNES, 25 de Febrero. 1994

13:35 - 13:42 CONFERENCIA
TRATAMIENTO MEDICO DE LA HIPERTENSION RENO-VASCULAR

Dr. J. C. Rodríguez

13:42 - 14: 15 MESA REDONDA
HIPERTENSION RENO-VASCULAR

Dr. J. M. Callejas
Dr. J. M. Capdevila
Dr. T. O. McNamara
Dr. J. C. Palmaz
Dr. J. C. Rodríguez
Dr. H. Rousseau
Dr. D. E. Schwarte"
Dr. T. A. Sos
Dr. C. J. Tegtmeyer

14:15 CLAUSURA
Dr. M. May"ar

Cuidado de pacientes
Dr. C. AÑEZ

Dr.A. HERNANDEZ
Dr.J. MAYNAR

Dr.A. RODRIGUEZ
Dr.J. RUBIO

XII



IV CJJRSO INTERNACIONAL DE BADlOLOGIA VASCYLAR INTERVENCIONISTA COMO ALTERNATIVA TEMPEVlJCA

CONFERENCIAS

CIRUOIA EN HEPATOMA
Dr. E. Moreno, (lO')

TRATAMIENTO PERCUTANEO DEL SINDROME
DE BUDD-CHIARI
Dr. Mario Fan (lO')

ESCLEROTERAPIA DE VARICES ESOFAGlCAS
Dr. J. 8oIch, (lO')

EVOLUCION DE LA TECNICA DEL TlPS
Dr. J. ROI'lh, (lO')

U.S. DUPLEX EN EL SEGUIMIENTO DELTIPS
Dra. J.O. Lctoumeau, (lO')

RESULTADOS DEL TIPS
Dr. P. Roaai, (lO')

RESULTADOS DEL STENT STRECKER EN LA
OBSTRUCCION ESOFAGlCA
Dr. R. Reye., (lO')

PROTESIS ESOFAGICA RECUBIERTA WALLSTENT
Dr. P. Winzcler, (lO')

ENDOPROTESIS BILIAR. ERCP
Dr. J.M. BonIa., (lO')

LAPAROSCOPlA EN PATOLOGIA ABDOMINAL
Dr. J. Cueto-Glrdl, (10')

INTERVENCION PANCREATlCA PERCUTANEA
Dr. R.F. Dondelin,er, (lO')

DRENAJE PERCUTANEO DE ABCESOS
Dr. H.O. Coona, (10')

U.S. DUPLEX E INTRAVASCULAR EN LA
EVALUACION DIAGNOSTICA DE LA ENFERMEDAD
VASCULAR PERlFERICA.
Dra. J.O. Letoumeau, (lO')

ANOIOGRAFIA TACIRNM
Dr. W.P.Th.M. Mali, (15')

ANOIOGRAFIA DlGrrAL CON COa
Dr. I.F. Hawltina, (lO')

NUEVA TECNlCA DE ULTRASONIDOS PARA EL
FLUJO VOLUMEN ARTERIAL
Sr. R. Ranalli (lO')

ENDOSCOPIA INTRAVASCULAR
Dr. I.F. Hawltina, (10')

EXPLORACION FlSICA VASCULAR
Dr. P. Lanzcr, (lO')

PATOFlSIOLOGlA DE LA ANOIOPLASTIA
Dr. P. M. Conai,ny (lO')

ATP. EL PUNTO DE VISTA DEL CIRUJANO
Dr. J.M. Earevan, (lO')

RESULTADOS A LAROO PLAZO DE LA ATP EN LA
ENFERMEDAD VASCULAR PERlFERJCA
Dr. C.J. Teatmeyer, (lO')

CIRUOlA ILIACo-FEMORAL
Dr. V. Cabrera, (lO')

CIRUOIA DEL ANEURISMA DE AORTA
Dra. C. Cuelta, (lO')

PROTESIS AORTICA PERCUTANEA
Dr. J.C. Parodi, (lO')

RESULTADOS DE LAS PROTESIS AORTlCAS PERCUTANEAS
Dr. Ph. Piquet, (lO')

ANOIOPLASTIA TRANSLUMlNAL y TROMBOLlSIS CON
PENTOSAN-POLlSULFATO DE SODIO POR VIA ORAL
Dr. L. Horvath, (lO')

RESULTADOS DE LAS PROTESIS FEMOROPOPLITEAS
PERCUTANEAS
Dr. A.H. Cra", (lO')

STENTS INTRAVASCULARES EN LA ENFERMEDAD
VASCULAR PERlFERICA
Dr. E.C. Martin, (lO')

ACTUALlZACION DE LA EMBOLlZACION
Dr. M.A. Herrera, (lO')

VASCUUTIS DE TAKAYASU: RESULTADOS DE LA ATP
Dr. L.K.A. Tan, (lO')

ANOIOPLASTIA BRAQUIOCEFALlCA
Dr. J. Theron, (lO')

ANOIOPLASTIA CAROTlDEA. RESULTADOS DEL PROTOCOLO
U.S.A.
Dr. D.E. Schwarten, (lO')

SIMPOSIUM SOBRE TROMBOLlSIS

RESULTADOS A LARGO PLAZO DE LA TERAPEUTICA
TROMBOLrrICA
Dr. T.O. McNamara, (7')

LISIS POR SPRAY A IMPULSOS
Dr. K. Kandarpa, (7')

RESULTADOS A LAROO PLAZO DE LA TERAPEUTICA
TROMBOLrrICA EN OCLUSIONES CRONICAS
Dr. J.M. Pulído-Duque, (7')

RESULTADOS DE LA TERAPEUTlCA TROMBOUTlCA EN EL
MANEJO DE LA OCLUSION DE LA ARTERIA RENAL
Dr. T.A. So', (7')

XIII



IV CURSO INTERNACIONAL DE RADlOJ.()GIA VASCULAR INTERVENClON1STA COMO ALTEBNATJYA TERAPlVUCA

TROMBECTOMIA MECANICA
Dr. S.M. Tadavarthy, (1')

TERAPIA TROMBOLITICA EN OCLUSION DE
ARTERIA RENAL
Dr. M. Fava, (1')

SIMPOSIUM SOBRE STENTS

RESULTADOS A LARGO PLAZO DEL STENT
STRECKER EN ARTERIA ILlACA
Dr. P. Strc~ker, (1')

RESULTADOS DE LOS STENTS EN ARTERIA
FEMORAL
Dr. 0.0. LiermaM. (1')

USO DEL STENT BALON-EXPANDIBLE EN
COMBINACION CON PTFE
Dr. J.C. Palmaz, (1')

RESULTADOS A LARGO PLAZO DEL WALLSTENT
Dr. Ch.L. Zollikofer. (1')

RESULTADOS A LARGO PLAZO DEL STENT
GlANTURCO EN VENAS
Dr. J. Ro~h. (1')
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11:30 - 12:15 PANEL DISCUSSION
TIPS

l. Bilbao, M.D.
J. Bosch, M.D.
J. Cabrera, M.D.
M. Maynar, M.D.
E. Moreno, M.D.
G. M. Richter, M.D.
J. Rosch, M.D.
P. Rossi, M.D.
H. Rousseau, M.D.

12:15 - 12:20 CASE PRESENTATION
J. Hernálldez - Navarro, M.D.

12:20 - 13:00 UVE CASE
ESOPHAGEAL PROSTHESIS

M. Maynar, M.D.
J. M. Pulido-Duque, M.D.
Moderator : T. Sala, M.D.

13:00 - 14:20 BREAK

14:30 - 14:35 CASE PRESENTATION
J. Hernández - Navarro, M.D.

14:35 - 15:30 UVE CASE
LAPAROSCOPY LASER LlTHOTRIPSY. ENOOSCOPIC GUlOING

M. Maynar, M.D.
J. Ram(rez, M.D.
Modeator: A. Soriano, M.D.

15:30 - 16:20 PANEL DISCUSSION
INTERVENTlON IN BILlARY PATHOLOGY

J. M. Bordas, M.D.
H. G. COOIIS, M.D.
R. F. Dontklinger, M.D.
J. Hern4ndez Romero, M.D.
E. Moreno, M.D.
J. Ram(rez, M.D.
P. Rossi, M.D.
Ch.L. Zolli1cofer, M.D.

16:20 - 16:30 LECTURE
RESULTS OF STRECKER STENT IN ESOPHAGEAL OBSTRUCTION

R. Reyes, M.D.

16:30 - 16:40 LECTURE
THE COVEREO OESOPHAGEAL WALLSTENT

P. Winzeler, M.D.
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IV INDINATIONAI" COVBSE ON VASCULAR AND INTERVENTION,y. BADIOL9GY AS A 1lJERAPEVI1C ALTEIlNATJ\'I

WEDNESDAY, February 23. 1994

16:40 - 17:20 PANEL DISCUSSION
ESOPHAGUS

M. Maynar, M.D.
J. Rosch, M.D.
T. Sala, M.D.
P. Srrecker, M.D.
P. Winzeler, M.D.

17:20 - 17:50 BREAK
Coffee and refreshments al the Technical Exhibits atea

17:50 - 18:00 LECTURE
ERCP. BILIARY ENDOPROSTHESIS

J. M. Bordas, M.D.

18:00 - 18:10 LECTURE
LAPAROSCOPY IN ABDOMINAL PATHOLOOY

J. Cuero, M.D.

18: 10 - 18:20 LECTURE
PERCUTANEOUS PANCREATIC INTERVENTION

R. F. Dondelinger, M.D.

18:20 - 18:30 LECTURE
PERCUTANEOUS ABSCESS DRAINAGE

H. G. Coons, M.D.

18:30 - 18:40 LECTURE
PERCUTANEOUS APPROACH OF THE BILIARY TRACT

M. Fava, M.D.

18:40 - 19:30 PANEL DISCUSSION
ENDOSCOPIC VERSUS PERCUTANEOUS TECHNIQUE

J. M. Bordas, M.D.
J. Bosch, M.D.
H. G. Coons, M.D.
J. Cuero, M.D.
R. F. Dondelinger, M.D.
M. Fava, M.D.
T. Sala, M.D.

19:30 ADJOURN

21:30 COCKTAIL AT THE SANTA CATALINA HOTEL
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IV INTERNATI9NAL COllRSE ON VASCllLM AND JNTERVENIIONAL RADIOLQGY AS A DIElW'!jVDC Al,DlNATMt

THURSDAY, February 24. 1994

07:30 - 07:35 REMARKS
M. Maynar, M.D.

07:35 - 07:40 CASE PRESENTATION
P. Rubio, M.D.

07:40 - 08: 10 UVE CASE
CO2 ANGIOGRAPHY

l. F. Hawkins, M.D.
L. K. A. Tan, M.D.
Moderator : J. M. Rfus, M.D.

08: 10 - 08:20 LECTURE
DUPLEX US ANO IV US IN THE DIAGNOSTIC EVALUATION
OF PERIPHERAL VASCULAR DISEASE

J. G. utourneau, M.D.

08:20 - 08:35 LECTURE
CT/RM ANGlOGRAPHY

W. P. 'Ih. M. Mali, M.D.

08:35 - 08:45 LECTURE
CO2 DIGITAL ANGlOGRAPHY

l. F. Hawkins, M.D.

08:45 - 08:55 LECTURE
ARTERIAL VOLUME FLOW BY A NEW ULTRASONIC TECHNIQUE

Mr. R. Ranalli

08:55 • 09:05 LECTURE
INTRAVASCULAR ENDOSCOPY

l. F. Hawkins, M.D.

09:05 - 09: 15 LECTURE
VASCULAR PHYSICAL EXAMINATION

P. Lanter, M.D.

09: 15 - 09:45 PANEL DISCUSSION
VASCULAR DIAGNOSIS METHODS

l. F. Haw1dns, M.D.
P. Lanzer, M.D.
J. G. utourneau, M.D.
lV, P. 'Ih. M. Mali, M.D.
E. Martin, M.D.
Mr. R. Ranalli
J. M. Rfus, M.D.
L. K. A. Tan, M.D.

09:45 - 10:10 BREAK
Coffee and refreshments at the Technical Exhibits area
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IV INDRNATIONAL CQVRSE ON VASCULAR ANJ) INTERVENTIONAL RADIOLOGY AS A DJEMPEtITIC ALTIBNATJVE

THURSDAY, Febroary 24. 1994

10:10 - 10:20 LECTURE
PATHOPHYSIOLOGY OF ANGIOPLASTY

P. M. Consigny, M.D.

10:20 - 10:25 CASE PRESENTATION
E. Sotgill, M.D.

10:25 - 11:10 UVE CASE
TIBIOPERONEAL ANGIOPLASTY

T. Gamica, M.D.
T. A. Sos, M.D.
Moderator: V. Cabrera, M.D.

11:10 - 11:20 LECTURE
PTA. SURGEONS POINT OF VIEW

J. M. Estevan - Solano, M.D.

11:20 - 11:30 LECTURE
LONG TERM RESULTS OF PTA IN PERIPHERAL VASCULAR DISEASE

C. J. Tegtmeyer, M.D.

11:30 - 12:15 PANEL DISCUSSION
ANGIOPLASTY

V. Cabrera, M.D.
J. M. Estevan - Solano, M.D.
P. Lanur, M.D.
P. M. Consigny, M.D.
E. C. Manin, M.D.
D. E. Schwanen, M.D.
T. A. Sos, M.D.
P. Strecker, M.D.
C. J. Tegtmeyer, M.D.

12:15 - 12:20 CASE PRESENTATION
A. Cruz, M.D.

12:20 - 13:00 UVE CASE
FEMOROPOPUTEAL GRAFT IVUS

H. G. Coons, M.O.
A. H. Cragg, M.O.
J. Goicoka, M.D. (fVUS)
Moderator : J. A. Jimlne:. - Coss(o, M.D.

13:00 - 14:20 BREAK

14:30 - 14:35 CASE PRESENTATION
M. Hennida, M.D.
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IV INTERNADONAL cOl!RSE ON vASClILAR ANJ) INIERVENIIONAL RADIOLQGY AS A 11JERAPEUTIC ALDlNATJYI

TIlURSDAY, February 24. 1994

14:35 - 15:45 UVE CASE
PERCUTANEOUS INTRA-AORTIC GRAFT

V. Cabrera, M.D.
J. Goicolea, M.D. (lVUS)
J. C. Parodi, M.D.
C. J. Schonhok., M.D.
J. Palmaz, M.D.
Moderator: J. M. Capdevila, M.D.

15:45 - 16: 15 PANEL DISCUSSION
PERCUTANEOUSGRAFT

J. M. Callejas, M.D.
J. M. Capdevila, M.D.
A. H. Cragg, M.D.
C. Cuesta, M.D.
E. C. Martin, M.D.
J. Palmaz, M.D.
J. C. Parodi, M.D.
Ph. Piquer, M.D.
P. Strecker, M.D.

16: 15 - 16:25 LECTURE
ILIAC-FEMORAL SURGERY

V. Cabrera, M.D.

16:25 - 16:35 LECTURE
AORTIC ANEURISM SURGERY

C. Cuesta, M.D.

16:35 - 16:45 LECTURE
PERCUTANEOUS AORTIC GRAFT

J. C. Parodi, M.D.

16:45 - 16:55 LECTURE
RESULTS OF PERCUTANEOUS AORTIC GRAFTING

Ph. Piquer, M.D.

16:55 - 17:05 LECTURE
TRANSLUMINAL ANGIOPLASTY ANO EFFECI1VE THROMBOLYSIS
WITH SOOIUM PENTOSANE GIVEN ORALLy

L. Horvath, M.D.

17:05 - 17:15 LECTURE
RESULTS OF PERCUTANEOUS FEMOROPOPLITEAL GRAFTING

A. H. Cragg, M.D.

17:15 - 17:25 LECTURE
INTRAVASCULAR STENTS IN PERIPHERAL VASCULAR OISEASE

E. C. Martin, M.D.

17:25 • 17:45 BREAK
Coffee and refreshments at the Technical Exhibits area

xxx



IV lN'I'EINADOIWe COl!RSE QN vASC\1LAR ANO INTERVENTIQNAL RADlOLOOY AS A TIJEMPEVDC ALTERNATJYE

TRURSDAY, Febroary 24. 1994

17:45 - 18:30 PANEL DISCUSSION
THERAPEUTIC ALTERNATIVES ON OCCLUSION PATHOLOGY

V. Cabrua, M.D.
A. H.Cragg, M.D.
C. Cuesta, M.D.
J. M. Estevan - Solano, M.D.
T. O. McNamara, M.D.
C. J. Schonhok, M.D.
S. M. Tadavarthy, M.D.

SYMPOSWM ON STENTS

18:30 - 18:37 LECTURE
LONG TERM RESULTS OF STRECKER STENT IN ILLIAC ARTERY

P. Strecker, M.D.

18:37 - 18:44 LECTURE
RESULTS OF FEMORAL ARTERY STENTING

D. D. Liermann, M.D.

18:44 - 18:51 LECTURE
USES OF BALLOON EXPANDABLE STENTS IN COMBINATION WITH PTFE

J. C. PalmQl" M.D.

18:51 - 18:58 LECTURE
LONG TERM RESULTS OF WALLSTENT

Ch. L. ZOllikofer, M.D.

18:58 - 19:05 LECTURE
LONG TERM RESULTS OF GIANTURCO STENTS IN VEINS

J. Rosch, M.D.

19:05 - 19:45 PANEL DISCUSSION
GRAFT VERSUS STENT

J. M. Callejas, M.D.
J. A. JimifleZ - Coss(o, M.D.
D. D. Liermann, M.D.
E. C. Martin, M.D.
J. C. PalmQl" M.D.
J. Rosch, M.D.
P. Strecker, M.D.
Ch.L. ZOUlkofu,M.D.

19:45 ADJOURN
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IV INTEBNADQNAL CO\IRSE ON VASCULAR ANJ) lNTERYENT1QNAL RAWOLQGY AS A DJEMPEVI1C ALDRNATIVI

FRIDAY, February 25. 1994

07:30 - 07:35 REMARKS
M. Maynar, M.D.

07:35 - 07:40 CASE PRESENTATION
J. Carreira, M.D.

07:40 - 08:25 UVE CASE
A-V MALFORMAnON EMBOUZATION

E. Górriz, M.D.
L. Guimaraens, M.D.
F. Yakes, M.D.
Moderator: J. M. Estevan-SOlano, M.D.

08:25 - 08:35 LECTURE
EMBOUZAnON UPDATE

M. A. Herrera, M.D.

08:35 - 09:05 PANEL DISCUSSION
EMBOUZAnON

J. M. Estevan-Solano, M.D.
L. Guimaraens, M.D.
M. A. Herrera, M.D.
J. Theron, M.D.
J. Rosch, M.D.
P. Strecker, M.D.
F. Yalees, M.D.

09:05 - 09:35 BREAK
Coffee and refreshments at the Technical Exhibits atea

09:35 - 09:40 CASE PRESENTATION
C. Campo, M.D.

09:40 - 10:10 UVE CASE
VASCULAR ACCESS PORT

R. Reyes, M.D.
J. M. Pulido-Duque, M.D.
Moderator: J. Aguiar, M.D.

10: 10 - 10:20 LECTURE
TAKAYASU'S VASCULmS: PTA RESULTS

L. K. A. Tan, M.D.

10:20 - 11:00 PANEL DISCUSSION
INDWELUNG CATHETERS

C. Campo, M.D.
J. A. Jiménel-Cossfo, M.D.
R. Reyes, M.D.
T. A. Sos, M.D.
L. K. A. Tan, M.D.
C. J. Tegtmeyer, M.D.
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IY INTIINADONAL COVRSI ON VASCJ.ILAR ANp INIERYENTlONM RAPJOLOGY AS A TIfEMPEVIIC ALTEINATIVI

FRlDAY, Febnaary 25. 1994

11:00 - 11:05 CASE PRESENTATION
V. Alvarez-Santullano, M.D.

11:05 - 12:05 UVE CASE
CAROTID ANGIOPLASTY

J. Goicoka, M.D. (fVUS)
D. E. Schwanen, M.D.
C. J. Tegtmeyer, M.D.
Moderator: C. Cuesta, M.D.

12:05 - 12: 15 LECTURE
BRACHIO-CEPHALIC ANGIOPLASTY

J. 1heron, M.D.

12:15 - 12:25 LECTURE
CAROTID ANGIOPLASTY RESULTS OF U.S.A. CLINICAL TRIAL

D. E. Schwanen, M.D.

12:25 - 13:00 PANEL DISCUSSION
SUPRA-AORTIC ANGIOPLASTY

V. Alvarez-Santullano, M.D.
V. Cabrera, M.D.
A. Cubero, M.D.
C. Cuesta, M.D.
L. Guimaraens, M.D.
A. Mayol, M.D.
D. E. Schwanen, M.D.
e. J. Teglmeyer, M.D.
J. 1heron, M.D.

SYMPOSIUM ON RENO-VASCULAR HYPERTENSION

13:00 - 13:07 LECTURE
PTA IN RENQ-VASCULAR HYPERTENSION

T. A. Sos, M.D.

13:07 - 13:14 LECTURE
ATHERECTOMY IN RENAL ARTERY STENOSIS

C. J. Tegrmeyer, M.D.

13:14 - 13:21 LECTURE
PALMAZ STENTS IN RENAL ARTERY STENOSIS

J. C. Palmar., M.D.

13:21 - 13:28 LECTURE
WALLSTENT IN RENAL ARTERY STENOSIS

H. Rousseau, M.D.

13:28 - 13:35 LECTURE
SURGERY IN RENO-VASCULAR HYPERTENSION

J. M. Capdevila, M.D.

XXXIII



IV INTERN"DONAL COORSE ON VASCULAR ANJ) INTERVENI1ONAJ. MJ>IOLOGY AS " Dl'EllAPIvne ALDIN"1JYI

FRlDAY, February 25. 1994

13:35- 13:42 LECTURE
MEDICAL TREATMENT IN RENO-VASCULAR HYPERTENSION

J. C. Rodrlguez. M.D.

13:42 - 14: 15 PANEL DISCUSSION
RENO-VASCULAR HYPERTENSION

J. M. Callejas. M.D.
J. M. Capdevila, M.D.
T. O. McNamara, M.D.
J. C. Palmaz., M.D.
J. C. Rodrlguez, M.D.
H. Rousseau, M.D.
D. E. Schwanen, M.D.
T. A. Sos, M.D.
C. J. Tegtmeyer, M.D.

14: 15 ADJOURN
M. Maynar, M.D.

Care or Patients
C. AÑEZ, M.O.

A. HERNANDEZ, M.O.
l. MAYNAR, M.O.

A. RODRIGUEZ, M.O.
l. RUBIO, M.O.
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IV 1NTEBNAD9NAL COVBSE ON VASClILAB ANJ) INTERVENTIQNAL MDJ9LOGY AS A DJEMPEVI1C ALDRNADVE

LECTURES

SUROERY IN HEPATOMA
- E. Moreno. M.D, (10')

PERCUTANEOUS TREATMENT OF BUDD-CHIARI'S
SYNDROME
- M. Fava. M.O. (10')

SCLEROTHERAPY OF ESOPHAOEAL VARICES
- l. IoIch. M.O. (lO')

TECHNICAL EVOLUTION OF TlPS
- l. Roech. M.O. (lO')

DUPLEX US IN TIPS FOLLOW-UP
- 1.0. Letou...... M.O. (lO')

TIPS RESULTS
- P. Roai. M.D. (lO')

RESULTS OF STRECKER STENT IN ESOPHAOEAL
OBSTRUCTION
- R. Reye•• M.O. (lO')

THE COVERED OESOPHAOEAL WALLSTENT
- P. Winzeler. M.O. (lO')

ERCP. BILIARY ENDOPROSTHESIS
- I.M. Borda'. M.O. (lO')

LAPAROSCOPY IN ABDOMINAL PATHOLOOY
- l. Cueto-Oan:ia. M.O. (lO')

PERCUTANEOUS PANCREATlC INTERVENTlON
- R.F. Dondelinpr. M.O. (lO')

PERCUTANEOUS ABSCESS DRAINAOE
- H.O. Coona. M.O. (lO')

DUPLEX US ANO IV US IN THE DIAONOSTIC
EVALUATION OF PERIPHERAL VASCULAR DISEASE
- 1.0. Letou...... M.O. (lO')

crlMR ANOIOORAPHY
- W.P.Th.M. Mali. M.O. (lS')

co, DIOrrAL ANOJOORAPHY
- I.F. Hawkiaa. M.O. (10')

ARTERIAL VOLUME FLOW BY A NEW ULTRASONIC
TECHNIQUE
- Mr. R. Ranalli (lO')

INTRAVASCULARENDOSCOPY
-I.F. Hawkina. M.O. (lO')

VASCULAR PHYSICAL EXAMINATlON
- P. Lanzer. M.O. (lO')

PATHOPHYSIOLOQY OF ANOIOPLASTY
- P. M. Conai,ny. PII.D. (lO')

PTA. SUROEON'S POINT OF VIEW
- I.M. Eltavan. M.O. (lO')

LONO TERM RESULTS OF PTA IN PERlPHERAL
VASCULAR DISEASE
- CJ. TeJlmeyer. M.O. (10')

PERCUTANEOUS AORTIC ORAFJ"S
- I.C. Parodio M.O. (lO')

INTRAVASCULAR STENTS IN PERIPHERAL VASCULAR
DISEASE
- E.C. Martin. M.O. (lO')

ILIAC-FEMORAL SUROERY
- V. Cabrera. M.O. (lO')

AORTIC ANEURYSM SUROERY
- C. eue.... M.O. (lO')

TRANSLUMINAL ANOIOPLASTY ANO EFFECTlVE
THROMBOLYSIS WJTH SODIUM PENTOSANE
POLYSULPHATE OIVEN ORALLY
- L. Horvalb. M.O. (lO')

RESULTS OF PERCUTANEOUS AORTIC ORAFTINO
- PII. Piquet. M.D. (lO')

RESULTS OF PERCUTANEOUS FEMOROPOPLITEAL
ORAFTlNO
- A.H. Cra... M.O. (lO')

EMBOLlZATlON UPDATE
- M.A. Herrera. M.O. (lO')

TAKAYASU'S VASCULITIS: PTA RESULTS
- L.K.A. Tan. M.O. (lO')

BRACHlo-CEPHALlC ANOIOPLASTY
- l. Theron, M.O. (lO')

CAROTID ANOIOPLASTY RESULTS OF USA CLINICAL
TRIAL
- D.E. Sehwarten. M.O. (lO')

SYMPOSIUM ON TIIROMBOLYSIS

LONO TERM RESULTS OF THROMBOLYTlC THERAPY
- T.O. MeNamara. M.O. (1')

PULSE SPRAY LYSIS
- K. Kandarpa. M.O. (1')

LONO TERM RESULTS OF THROMBOLYTlC THERAPY IN
CHRONIC OCCLUSIONS
- I.M. Pulido-Duque. M.O. (1')

RESULTS OF THROMBOLYTlC THERAPY IN THE
MANAOEMENT OF RENAL ARTERY OCCLUSION
- T.A. Sol. M.O. (1')

MECHANICAL THROMBEcrOMY
- S.M. Tadavarthy. M.O. (1')

THROMBOLYTlC THERAPY ON RENAL ARTERY
OCCLUSION
- M. Fava, M.O. (1')
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SYMPOSIUM ON STENTS

LONG TERM RESULTS OF STRECKER STENT IN ILIAC
ARTERY
- P. Strecker. M.O. (7')

RESULTS OF FEMORAL ARTERY STENTlNG
- 0.0. LiermaM. M.O. (7 ')

LONG TERM RESULTS OF PALMAZ STENT
- J.C. PaIJlllZ. M.O. (7')

LONG TERM RESULTS OF WALLSTENT
- Ch.L. Zolliltofer. M.O. (7')

LONG TERM RESULTS OF GIANTURCO STENT IN VEINS
- J. RolCh. M.O. (7')

SYMPOSIUM ON RENo-VASCULAR
HVPERTENSION

Pl'A IN RENQ-VASCULAR HYPERTENSION
- T.A. SOl. M.O. (7')

ATHERECTOMY IN RENAL ARTERY STENOSIS
- CJ. Teatrneyer, M.O. (7')

PALMAZ STENTS IN RENAL ARTERY STENOSIS
- J.C. PalJlllZ. M.O. (7')

WALLSTENT IN RENAL ARTERY STENOSIS
- H. Roo....u. M.O. (7')

SUROERY IN RENQ-VASCULAR HYPERTENSION
- J.M. Capdevila (7 ')

MEDICAL TREATMENT OF RENQ-VASCULAR
HYPERTENSION
- J.C. RodriJUez. M.O. (7')
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GUEST FACULTY

Mr. John E. ABELE Co-Chairman and Director. Boston Jorge CUETO-GARCIA, M.O. Departrnent of Surpry. Hospitallnl1ea.
Scientific Corporation. Watertown, Ciudad de Mexico, MEXlCO.
Massachusetta, U.S.A.

J. l¡nacio BILBAO, M.O.

Mariano de BLAS, M.O.

JOIe M. BORDAS, M.O.

Jaume BOSCH, M.O.

JOIe M. CALLEJAS, M.O.

JOIe M. CAPDEVILA, M.O.

Wilfrido R. CASTANEDA
ZUNIGA, M.O., M.Sc.

P. Maclte CONSIGNY, Ph.D.

Harold G. COONS, M.O.

Andrew H. CRAGG, M.O.

Carmen CUESTA, M.O.

Associate Professor and Consultant.
Department of Radiology. Clinica
Universitaria. Universidad de
Navarra. Navarra. SPAlN.

ProfeslOr and Chainnan. Department
of Radiology. Hospital Provincial de
Guipuzcoa. Guipuzcoa, SPAIN.

Associate Professor. Division of
Endoscopy. Hospital Clinic i
Provincial. Universidad de Barcelona.
Barcelona, SPAlN.

Division of GastroenterololY.
HepatololY Scction. Hospital Clinic i
Provincial. Universidad de Barcelona.
Barcelona, SPAIN.

Departrnent of Vascular Sur¡ery and
An¡ioloIY. Hospital Universitario
Germans Trias Pujol. Badalona,
Barcelona, SPAlN.

Professor and Chairman. Department
of Vascular Suraery. Hospital
Principcs de Espana. Barcelona,
SPAIN.

ProfeslOr of Radiolo¡y. Department
of RadioloIY. The Univesity of
Minnesota Hospital and Clinic.
Minneapolia, Minnesota, U.S.A.

Research Associate Professor.
Departrnent of Radiology. Thomas
Jefferson University Hospital.
Philadelphia, Pennsylvania, U.S.A.

Director Interventional Radiology.
Department of Radiolo¡y. Sharp
Memorial Hospital. San Diego,
California, U.S.A.

Clinical Assiatant Professor of
Medicine. University of Minnesota
Hospitall. Director of Interventional
Vascular Medicine. Fairview
Riverside Medical Center.
Minncapolis, Minnesota, U.S.A.

Dcpartment of Vascular Surgery and
An¡iology. Hospital Ramon y Cajal.
Madrid, SPAIN.
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Robert F. DONDELlNGER,
M.D.

Jose M. ESTEVAN, M.D.

Mario FAVA, M.D.

Jose M. FELICES, M.D.

Tomas GARNICA, M.D.

Cristina GERVAS, M.D.

Javier GOICOELEA, M.O.

Lcopoldo GUlMARAENS,
M.D.

Irvin F. HAWKINS, M.D.

Marcos A. HERRERA, M.D.

Lúzló HORVATH, M.D.

Jose A. JIMENEZ-COSSIO,
M.D.

Krishna KANDARPA, M.D.

Professor and Chief oC the Departrnent
oC Medicallmaginl. University Hospital
of Liege. Liege, BELGIUM.

Dcpartment oC Vascular Surgery.
Hospital Nuestra Senora de Covadon...
Ovicdo, SPAlN.

Director of Interventional and Vascular
RadiololY. Universidad Pontificia
Católica de Chile, CHILE.

Director oC Vascular and Interventional
Radiology. Hospital General de Murcia.
Murcia, SPAlN.

Director oC Interventional Radiology.
Saint Elizabeth Medical Center. Dayton,
Ohio, U.S.A.

Department of Vascular and
Interventional Radiology. Hospital
Universitario Gregorio Marañón.
Madrid, ESPAÑA.

Cardiopulmonary Departrnent. Hospital
Universitario de San Carlos. Madrid,
ESPAÑA.

Director of Diagnoltic and Therapcutics
Neuroradiology. Hospital General de
Cataluna. Barcelona, SPAlN.

ProCeuor and ChieC. Angio/
Interventional Radiology. Department oC
RadiololY. University oC Florida.
Gainesville, Florida, U.S.A.
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Bienvenida

F_ en Octub,.. de 1988 cuando se organiz6 el Primer Curso. No han pasado DIbt seu afIo8, , lIIIeWI

tecnologfa , nuevas posibilidades han hecho su aporici6n en el esperallltJdor campo ü 14 Tertlpbllica
Percutdnea, de la n_va Cirugla sin Sisturf.

La posibilidadde ofre«r un Shunt Porto Cava con anestesia local, el intento de cambiar los trtJdlciolttllM
by-ptUs por puentes metálicos introducidos de forma percutánea, la prometedora invatigacUSn ü crwu llatI

cubimos para aMurismas aórticos, son algunas de las ideas, realidtlllc q_ este campo ül4llMtlicilUl o.fr«e
al mundo sanitario.

Pero pensemos que no s610 es esta parte de la medicina la que se encwnrra en COIIIillllll nollu:i6ll.· los
mhodOl endosc6picos, la broncoscopia, la cirugfa laparosc6pica ••. intentan tambiln".",.,portMtodo6,.".
C1WIIIOS a la evoluci6n de las e'ffermt!dolJes, mientras por otra parte la ci,."gfa tradicional se convime en 141
mejor medicina: la eliminaci6n , reposici6n del 6rgano dallado: el trasplante.

Es Iste conjunto de acontecimientos los que nos tiene que obligar a organivu los nwvo.r con.OI
m«Jicos,' es decir, tenemos queformar n_vas generaciones de profesionaia en las nunas tkrtica.r. Para elltl
no ai8te mds qu un mhodo: crear especialistas.

No es justo ampararse en conocimientos aprendidos en el pasado para apUcar nuevas tkrtica.r q_ btIMItIlII
en su escasa morbilidad pore«n fdciles. convirtiindose en poco útiles en manos sin enlrMtlllliato. No.
morbilidad directa lo que con esto se produ«, es algo de significado muchas wcu peor: la no atenci6n
correcta de IUI paciente simplemente porfaha de experiencia.

Hoy dfa la lIftIdicina aige trabajar en equipo. Aprendamos cada lUlO una parte , juntbnonos para apUcar
ü forma conjunta nllestm apmencia.

Este Cuarto Curso Internacional, donde diferentes especialistas nos hemos reunido con el mismo obj«illO:
ayudar al e1ifermo. tiene que servir para comenzar un camino que asegure que todo projaional q_ trate o
diagnostiq_ a .". paciente con los nuevos mitodos diagn6stico-quinírgicos deba tener un entrenamiento
oficialmente reconocido.

Seáis todos Sien"..nidos a Las Palmas.

MANUEL MAYNA/l, II.D.
Jefe ü la Unidad ü RMJlDIDgfa

. Vascular e IIlIuwnciotPlta
Hospital Ntm. Sra. del Pino
Las Palmas ü Gran Canaria

EspaSa
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Welcome

It was October of1988 when the First Course was organized. Síx years have not yet passed and new technology

and new possibilities have appeared in the encouragingfield ofPercutaneous Therapy, the new Surgery without
Scalpel.

The possibility of offering a Porto-cava Shunt under local anesthesia, the attempt to change the
traditional by-passes for metallic bridges introduced percutaneously, the promising research to create covered
stentsfor aortic aneurisms are some ofthe ideas and realities rhat rhis medicalfield offers ro the medical world.

But let us think that rhis is not the only part ofrhe Medicine whichfinds itselfin continuous evolution;
endoscopic methods, bronchoscopy, laparoscopic surgery ... are also trying to help the evolution of illness
rhrough less invasive methods. While, on rhe other hand, the rraditional surgery turns into rhe besl medicine:
the eliminalion and reposition of Ihe diseased organ: the rransplant.

It is this array ofevents Ihat has to obligare us to organize rhe new medical concepls; Ihal is, we have
loform new generations ofprofessionals in the new rechniques. In order to do thal there is only one way: create
specialists.

It is not correct to shelter ourselves under the knowledge leamed in the pasl to apply new techniques,
which appear to be easy because of the low morbidity, but become useless in non-experienced hands. 11 is not
direct morbidity what is produced with thar, it is something which most of the times means something worse:
the incorrect attention of a patie1lt just because of rhe lack of experience.

Today, medicine demands teamwork. Ler each one of us leam a part and later apply our experiences
together.

This Fourth lmemarional Course, where differe1lt specialists have garhered with the same objeetive lo
help the ill has to be used to initiate a path rhat reassures thm every professional that treats or diagnoses a
patient with Ihe new diagnostic-surgical methods oughr ro have an officially recognized rraining.

Welcome to Las Palmas.

MANUEL MAYNAR, M.D.
Director of Vascular and
I1lterve1ltional Radiology

Hospital Nrra. Sra. del Pino
Las Palmas de Gran Canaria

Spain
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Seguimiento de los Casos
Curso 1992

STENT R.IACO

Realizado por el Dr. A.H. Craga.

Varón de S6 años, diabético, fumador, con
enfermedad vascular periférica, grado lib.

La angiograffa mostraba lesiones estenóticas
severas en ambas arterias ilíacas. oclusión en la
arteria femoral común izquierda y pobre salida
distal.

En febrero de 1992, fueron insertados dos stents de
Cragg en la arteria ilíaca derecha

La angiografía demuestra permeabilidad del stent
dos años mú tarde.

El paciente praenta ahora claudicación grado I1a.

REVASCULARIZACION PERlFERICA
COMPLEJA

Realizado por los Ores. H. Coons y M. Maynar.

Varón de 42 años, obeso, fumador, hipertenso, con
enfermedad vucular periférica, grado IIb

La angiograffa demostraba oclusión del tercio distal
de la arteria femoral superior (AFS) con
reconstitución de la arteria poplítea.

Debido a la obesidad del paciente, fue realizada
recanalizac:ión y ATP del segmento ocluído
mediante aproximación poplítea.

Dos años deIpu6a, la angiograffa demostró
reoclusión de la AFS.

EMBOLIZACION HEPATICA

Realizado por los Ores. H. Carrasco y H. Uchida.

Mujer de 4S años que presentaba cáncer de mama
con metistasis \loica en el lóbulo hepático derecho.

La biopsia hepática fue positiva para adeno
carcinoma.
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Follow-up Cases
1992 Course

R.IAC STENT

Performed by A.H. Cragg, M.O.

S6 year-old man diabetic and smolcer wilb
peripheral vascular disease stage lIb.

The angiography showed severe stenotic lesiODa in
both ilillC arteries, occlusion of the left SFA and
poor run-off.

In February 1992 two Gragg stents were inIerted in
lbe right ilillC artery.

Angiography showed patency of tbe stent two years
latero

The patient now present claudication Staae IIa.

COMPLEX PERIPHERAL
REVASCULARIZAnON

Perfonned by H. Coons, M.O. and M. ~ayaar,

M.O.

42 year-old patient obese, smoker, byperteasive
with peripheral vascular di... stap lib.

Angiography sbowed occlusion of tbe distal third of
the SFA witb reconstitution in tbe popliteal artery.

Oue to tbe obesity of tbe patient, recanaliZltioD aad
PTA of tbe occluded segment was perfonned
tbrough tbe popliteal approllCb.

Two years later tbe angiograpby sbowed
reocclusion of tbe SFA.

HEPATIC EMBOLIZATION

Performed by H. Carrasco, M.O. ancI H. Ucbida,
M.O.

45 year-old woman presenting breast cancer witb a
unique metastasis in tbe rigbt bepatic lobe.

Hepatic biopsy was positive for adenocarcinoma.
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La lesión hep'tica fue embolizada mediante
Oelfoam y 4-epi-adriamicina.

Dos meses mú tarde la Te demostraba metátasis
bepitica en ambos lóbulos y la paciente falleció un
año después de la embolizaci6n.

STENTRENAL

Realizado por los Dres. 0.1. Becker y T.Oamica.

Varón de 64 años, diab6tico, fumador, con una
historia clínica de hipertensión severa.

La an¡ioaraffa demostraba estenosis severa de la
arteria renal izquierda.

En febrero de 1992 fue insertado un stent de
Palmaz en la arteria renal izquierda.

Su estado era normal basta su fallecimiento, un año
mú tarde, debido a una hemoptisis severa.

SHUNT PORTo-CAVA PERCUTANEO

RealDdo por los Dres o. Richter, M. Robinson y
T. Roebren.

Mujer de 60 años con historia clínica de
bemorraaia en varices esofil¡icas.

La .,.eiente fue admitida en el hospital debido a un
• uevo episodio bemorriaico.

Dos años mú tarde el padiente porto-cava era de
24 mm Ha, descendiendo a 13 mm Ha tras ATP.

La paciente permmece uintomtica.

STENT ESOFAGICO

Realizado por 101 Ores. M.Maynar y R. Rostapo.

Varón de 25 años que presentaba disfagia debido a
Ildenocarcinoma del tercio distal del esófago.

La endoIcopia mostraba estenOsis severa del
esófaao distal.
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The hepatic lesion was emboliz.ed with Oelfoam
and 4-epi-adriamycine.

Two months later CT sbowed multiple bepatic
metastasis in botb lobes and tbe patient died one
year after embolization.

RENAL ARTERY STENT

Performed by 0.1. Becker, M .D. and T. Oamica,
M.D.

64 year-old male diabetic, smoker witb a clinical
history of severe hypertension.

The angiography showed severe stenosia of the left
renal artery.

In February 1992 a Palmaz stent wu inserteel in
the left renal artery.

He was doin¡ well for ayear then he died due to a
severe hemoptysis.

PERCUTANEOUS SHUNT PORTO-CAVA

Performed by O. Richter, M.D.; M. Robinson,
M.D. and T. Roehren, M.O.

60 year-old woman with clinical history of
esophaaeal variceal bleeding.

The patient was admitted to hospital due to a new
bleeding episode.

Two years later tbe portocaval ,radient was 24 mm
Ha. descendina to 13 mm H,. after PTA.

The patient remains asyptomatic.

ESOPHAGEAL STENT

Performed by M. Maynar, M.O. and R. Rostapo,
M.O.

25 year-old patient presentina witb dyspha¡ia due
to adenocarcinoma of tbe distal tbird of tbe
esophagus.



IV ctlRSO INTEINACIONAL DE MDlOLOGIA VASClILAB JNDptVENCIONISTA cOMO ALDRNAT1VA TEIAPIVI1CA

Se introdujo un stent esofágico de Nitinol de 15
cm. El paciente falleció dos meses mIis tarde
debido a hemorralia gastrointestinal superior.

El stent permaneció permeable.

IMPLANTACION DE CATETER
DEmCKMAN

RealiDdo por los Ores. 1.M. Pulido y R. Reyes.

Varon de 29 años que presentaba leucemia
mieloblútica aauda.

Fue implantado un catéter de infusión de
quimioterapia en febrero de 1992.

Un años mú tarde el paciente fallece debido a
proceso subyacente. El catéter permaneció
permeable.

DISCECTOMIA PERCUTANEA

RealiDdo por los Ores. G. Onik YF. Robaina.

Mujer de 47 años que presentaba hernia discal
derecha en U-U con severo dolor de espalda.

En febrero .do 1992 se realizó una discectomía
percutáea con buenos resultados.

Dos años mú tarde se encuentra asintomático

STENT PROSTATICO

RealiDdo por 101 Dres. S. lsorna y L.M. Péroz.

Varón de 73 años con historia clínica de
prostatismo. Debido a sus pobres condiciones
clínicas con un alto rieslo en cirugía abierta. se
insertó un stent prostIitico.

Tns dos años sin problemas de micción. el
paciente falleció de ataque cardíaco.

s

Endoscopy showed severe stenoais of tbe distal
esophagus.

A 15 cm. Nitinol esopha¡eal stent wu m-ted.
Tho patient died two montbs Iater due to upper
gastrointestinal hemorrbage.

The stent remainecl patento

mCKMAN CATllttER
IMPLANTATION

Perfonned by 1.M. Pulido. M.O. and R. Rey••
M.O.

Twenty nine year old male preIflDtin¡ acule
myeloblastic leukomia.

A Hickman catheter for chemotherapby infuaioD
was placed in February 1992.

One year later the patieat died duo to bis
underlyin, procesa. The catbeter waa lltill~.

PERCUTANEOUS NUCLEOTOMY

Performed by O. Onik. M.O. and f. RobIia&.
M.O.

47 year old femalo presentinl ri¡bt L4-U diIcal
hernia with severe back pain.

In February 1992 a percutaneous Ducleotomy waa
performed witb ¡ood resulta.

Two years after tho proc:edure tho patieat ÍI
asymptomatic.

PROSTATIC STENT

Performed by S. lsoma. M.O. and L.M.....
M.O.

73 year-old pationt witb clinical biltOry of
prostatism. Due to bis poor clinical coaditioDs wifh
hilb risk for open surpry. a proatatic stent wu
inserted.

After two Y'" witbout mictioaal probIOIIII. tbe
patient diecl of a heart attaek.
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FRAGMENTACION DE
CALCULO BILIAR

Realizado por los Dres. F.l. MilIer y R. Tobio.

Mujer de 60 años que presentaba cólico biliar.

Se realiza litotricia mecánica con buenos resultados.

Dos años más tarde la uItrasonografía abdominal
demostr6 aparici6n de un nuevo cálculo y se realiz6
colecistectomía laparosc6pica.

LITOTRICIA CON LASER

Realizado por los Dres. F. Castañeda y S. Isoma.

Mujer de 42 años con cólico renal debido a
ureterolitiasis.

El cálculo permaneció tres meses tras la primera
urografía. Se procedió mediante litotricia con láser
en febrero de 1992.

Dos años más tarde, la paciente permanece
asintomática y la urografía IV no muestra
anormalidad alguna.
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BILIARY CALCULUS
FRAGMENTAnON

Performed by F.l. MilIer, M.D. and R. Tobio,
M.D.

60 year-old female presenting biliary colic.

Mechanical lithotripsy was performed with good
resuIts.

Two years later abdominal uItrasonography showed
new gaIl-bladder stones and laparoscopic
cholecystectomy was performed.

LASER LITHOTRITY

Performed by P. Castañeda, M.D. and S. Isoma,
M.D.

42 year-old patient with renal colic due to
ureterolithiasis.

The calculus remained three months after the first
urography and thus laser lithotripsy of the calculus
was decided and it was performed in February
1992.

Two years later the patient remains asymptomatic
and IV urography showed no abnormalities.
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Reservorios Implantables para Acceso Vascular

DR. J. AGUIAR MORALES·, DR. U. BOHN SARMIENTO·,
DR. J.M. PULIDO DUQUE2

, DR. M. MAYNAR MOLINER2
•

Ls reservorios de implantación subcutánea,
conectados al úbol vascular mediante un catéter,
constituyen un sistema eficaz y seguro de acceso a
la red arterial o venosa sin necesidad de utilizar de
forma directa las vías periféricas, pudiéndose
también acceder a cavidades naturales, como la
peritoneal o el espacio subaracnoideo.

El diseño de estos sistemu, cada vez más
perfeccionados, permiten su implantación
subcutánea en la re¡ión pectoral, antebraquial o
abdominal. Consta de una parte llamada reservorío
fabricada con acero, titanio o polisulfona, el cual se
aloja en una cavidad subcutánea realizada
-exprofeso-, al cual se conecta un catéter de
silicona, que se introduce tru tunelización en la vía
vascular. El reservorío, dispone de un septum o
membrana de silicona autosellable. que permite su
punción directa desde la piel, resistiendo huta 2000
punciones sin roturu o fisuru que provoquen fugas
del material administrado, a condición de que se
empleen agujas de diseño y bisel adecuadas.

Los diferentes modelos de reservorios implantables
que existen en el mercado, difieren
fundamentalmente por su peso. tamaño. material
empleado en su fabricación y sistemu de conexión
catéter-reservorio. oscilando su peso--entre 2S gr.
para los de acero inoxidable; 16 ¡r para los de
titanio y 3.3 ¡r los de polisulfonas.

Estos sistemas de reservorios, esWl dirigidos
fundamentallDellte a la administración de drogas
citolóxicas en 101p8Cientes ODcoló¡icos. evitándoles
de esta forma el continuo traumatismo de las vías
periférica, así como las flebitis química y riesgos
de extravasación de drogas, capaces de provocar
severos fenómenos de necrosis tisular y dermatitis
vesicante.

Además, la bdsqueda y punción de las vías

periféricas, resulta con frecuencia difícil y dolorosa
para los pacientes, provocando en ellos dilCOllfort
y frustración con pérdida de tiempo en el personal
de enfermería que les asiste. Los sistemas de
referencia, vienen a resolver todu estas
dificultades. constituyendo un m6todo de trabajo
eficaz, de gran comodidad para 101 p8CÍentes y coa
escasa morbilidad, aunque tieoea ciertas
limitaciones de uso.

La colocación de un sistema portal veooeo en la
región pectoral, ¡ncisa de dos fases. En la
primera, se fabríca una bolsa subcutúe& para alojar
el reservorio. el cual se fija a la rucia pectoral
mediante puntos de anclaje. Posteriormente, se
introduce el catéter por vía pet'CUtúea en al
subclavia, llevÚldolo hasta la aurícula derecha y
tunelizando el extremo proximal hasta su conexión
con el reservorio. Asegurada la conexi6D, se
comprueba la estanqueidad del sistema, la cdrrec:ta
ubicación distal del catéter en el 3--40 espacio
intercostal por visión radiológica y angiogdfica, así
como la ausencia de neuJDOtórax, procediáldose a
la sutura de las incisiones quinlrgicas.

El sistema queda listo para su utilización &140 día,
precisando huta ese momento de lavado y sellado
diario con S mi. de suero fisiológico heparinizado
(lOO u/mi).

La utilización en la pnctica de los reservorios,
requiere de una asepsia rigurosa, ase~ el UIO

de agujas especiales coa un bilel ~'."'"
evitar fisuras en el septum. Para IdmiDiItrU
droaas, o extraer muestras de sangre de~
a controles analíticos. se localiza el portal mediante
palpación, insertútdose la aguja a trav6s de la piel
hasta el fondo del reservorío. Se procede al lavado
previo y posterior administración de la ~iC8C~n
indicada en bolus. perfusiÓll o bomba de infuai6n
automitica, lavando por "ltimo el sistema y

1 Seeei6n do OneoloJía M6diea. Hospital Nuelltra Seoora del Pino. L.. Palma. de O.C. Eapalia

2 Unidad de RadioloJía Vaaeular Intervenc:ioniata. Hospital Nue.tra Seoora del Pino. La. Palma. de: O.C. España.
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Iellúadolo con suero heparinizado. En todo
JIIOmento, se evitañ dejar la vía abierta o extraer
con presión negativa para evitar el reflujo.

Fiaalizado el programa de quimioterapia, se
procede a retirar el reservorio. Si por al¡una razón
se decide conservarlo por al¡dn tiempo, es
aecesario su lavado y sellado periódico (cada 20
día ea nuestra experiencia), para evitar la
trombosis del eatk.

Manteniendo de forma ri¡urosa las condiciones de
U80, el ndmero de complicaciones es pequeño y su
duración prolongada. Un paciente de nuestra serie,
....tuvo su reservorio durante casi un año después
de terminar su tratamiento, sin que durante ese
tiempo, por fallo administrativo, se realizasen los
oportunol cuidados de lavado y sellado.
Sorpreaivamente, al ir a retirarlo, se comprobó el
perfecto funcionamiento del mismo, lo que da una
idea de la durabilidad de estos sistemas.

La duración prolonaada de los reservorios, poca
amrbilidad, excelentes condiciones de comodidad y
eet6tica ..... el paciente, así como se¡uridad y
Iborro de tiempo para enfermería, cualifican al
procedimiento de forma plena para su utilización
clínica. Por otro lado, al ser un sistema cerrado al
exterior, presenta menos posibilidades de infección
respecto a otroe sistemas abiertos tipo Hic:kman, en
los que _ precisa una mayor cobertura de
eofermorfa, con ciertas limitaciones para la
ICtividad física del paciente.

Sin emlMr¡o, tambiál tieneo alaunas limitaciones,
IObre todo referida al volumea o viscosidad de las
lOIuciones a perfundir, relacionadas con el calibre
del caUter, siendo mú adecuados para perfusiones
cortas o mediante bombas de perfusión autolÚticas
con cantidades limitadu de diluyente. La situación
bematol6¡ica de determinados enfermos, con serios
probleIMI de CO&¡ulación, impiden la utilización de
IÍltemas portales por el rieqo de san¡rado local
coa la punción y la presión dentro de la bolsa
1Ubcutúea, siendo en ellos preferibles los sistemas
exteriores.

Duruate los años 1992-3, hemos colocado a
DueltI'Ol pacientes oncológicos 132 sistemas de
reservorlos subcutáneos, de los cuales 43 han sido
eotebraquiales y 89 pectorales.

La _lección de pacientes para colocaci6n de
reaervorios, ha estado en función del mal estado de
1M vía perif6ricas o por tratarse de pacientes
iacluiclol en programas de quimioterapia
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prolongados, con los consi¡uientes riesgos de
extravasaci6n o tromboflebitis química.

Hemos tenido 16 complicaciones, lo que supone un
12.12~ del total de la serie. En la comunicación
previa, habíamos colocado 40 reservorios, en los
que tuvimos un 22.5~ de complicaciones (9 casos).
En los siguientes 92 implantes, el porcentaje ha
sido de un 8.68~ (7 casos), lo cual ilustra sobre la
importancia de la experiencia en la minimización de
la morbilidad.

Las complicaciones globales incluyen:
nO de casos

1.Trombosis del catéter 5
2.Fiebre relacionada con el sistema 5
3.Precipitación química 2
4.Neumotórax 2
S.Flebitis 1
6.Fallo de anclaje 1

total.. 16 (12.12~)

1. Documentadas angiogr'ficamente y
posteriormente por examen del cat6ter despu6s
de su retirada.

2. En todos los casos se procedió a retirada y
recolocaci6n de implante. En dos de ellos _
documentó el germen responsable (e. dorado y
p. aureuginosa). La punta o extremo del eat6ter,
se envían sistemáticamente a estudios
microbiológicos.

3. En un mismo paciente y por dos ocasiones
consecutivas, se produjo la precipitación
química de las drogas administndas, con
obstnacci6n de toda la luz del cat6ter por un
material de aspecto pseudotrombótico.

4. Se produjeron dos neumotórax: uno tardío a las
48 horas, en una paciente con abordaje por
subclavia izquierda y otro inmediato
ripidamente detectado y de Ucil resolución con
medidas conservadoras, mientras que el anterior
precisó de drenaje-aspiración pleural.

En nin¡dn momento se produjeron situaciones
críticas a pesar de tratarse de pacientes
inmunocomprometidos de alto riesgo.

5.6. El episodio de flebitis _ manejó de forma
sintomática y el fallo de anclaje, con movilidad
anormal del reservorio, necesitó de reimplante, por
el dolor y las dificultades que aeneraba a la hora de
administrar el tratamiento al no poderle delimitar
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perfectamente el lu¡ar de punci6n.

Vamos a considerar aparte un tema, que no
incluimos en la categoría de complicaciones. Se
trata de episodios aislados de falta de flujo en el
sistema, resueltos con medidas simples sin
necesidad de retirarlo, tales como acodamientos;
fen6menos de vacío, al quedar el extremo distal del
catéter adherido a la pared vascular o episodios sin
causa aparente que ceden tras forzar la limpieza del
sistema con control angiográfico.

Podemos concluir, en resumen que los sistemas de
reservorios subcutineos utilizados para
administraci6n de quimioterapia citot6xica,
constituyen un método con baja tasa de morbilidad,
alto grado de comodidad para el paciente y
mínimas a necesidades de mantenimiento.

Como inconvenientes, señalar su desventaja
respecto .1 Hickman, para la administraci6n de
grandes cantidades de líquidos o soluciones
viscosu; su dificultad para colocarlo en pacientes
con problemas de coagulación y la interferencia que
producen en tknicas de imagen como la TAC o
RNM. Hoy día, se han introducido nuevos
materiales que obvian este tipo de interferencias,
así como problemas relacionados con la
radioterapia de ireas en las que esté incluido el
reservorio.
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Complicaciones en Radiologia Vascular Intervencionista que
Amenazan la Vida del Paciente

AÑEZ SIMON c. l , RODRIGUEZ PEREZ A. 1, HERNANDEZ RUIZ A.\, Y RUBIO MARTINEZ J.\

La realización de procedimientos diagnósticos y

terapéuticos en Radiología constituye la principal
demanda para la práctica de técnicas anestésicas
fuera del quirófano. El papel de anestesiólogo en la
sala de RxVi es prantizar la seguridad y el confort
del paciente y facilitar el procedimiento en aquellos
casos en los que no colabora.

La prevención y detección de complicaciones así
como la rapidez en el tratamiento son
fundamentales, sobretodo en aquellas que amenazan
potencialmente la vida del paciente. Dentro de las
complicaciones podemos distinguir las secundarias
a la patología del paciente, a la técnica en sí y a la
utilización de medios de contraste (MC).

Este trabajo tiene como objetivo revisar aspectos de
inte" clínico de las reacciones adversas a los MC.
Las complicaciones derivadas de la situación clínica
del paciente son tan amplias que escapan del
objetivo de esta revisi6n y las relacionadas con las
técnicas de RxVi son brevemente sumarizadas en la
TABLA l.

REACCIONES ADVERSAS A LOS MEDIOS
DE CONTRASTE

La incidencia de complicaciones por el uso de

MC ioclados varía entre un 2 y un 10%. La mayor
parte de ellas 10ft leves y no requieren tratamiento.
Contribuyen a la aparición de reacciones adversas
al MC el m6todo de inyecci6n (inyecci6n lenta o en
bolo), la~cao localización anatómica a estudiar
(son mú frecuentes en arterio,raffas coronarias y
del SNC y colangiograffas) e historia previa de
atopia o aler,ia.

Reacciones tales como edema facial o laríngeo,
arritmias cardíacas, broncospasmo severo o colapso
circulatorio se producen 113000 ó 114000

procedimientos en los que lO utiliDD MC. De
éstos, el 96 % sufren reacciones reversibles COIl UD

tratamiento ripido y a,resivo. La mortalidld debida
al uso de MC es de 1114.000 a 11117.000.

Las reacciones a los MC pueden ser idiosincñticu
y no idiosincriticas.

ReacciolU!S no idiosincrálicas a los nwdiO$ tU
cofltraste

Son debidas a la toxicidld o a tu caracteríllticu
ffsico-químicas del Me (hiperotm01ari").
Incluyen náuseas. vómitos. arritmias, __
pulmonar, colapso circulatorio. nefropatía y
agravación de patologías preexisteatea.

Los aditivos de los Me 10ft causMl&es de
transtornos hemodiúmicos y eIoctrolíticol. (por
ejemplo el citrato sódico o el edetato sódico actúo
como quelantes del calcio por lo que tienen efecto
inotrópico ne,ativo).

El fallo renal agudo por Me es la tercera caua de
insuficiencia renal intrahospitalaria, precedida por
los estados de bajo ,asto y los procedimientos
quinlrgicos. La prevalencia de nefropatía por MC
varía entre O a 31". Son flIctores de riesao la
existencia de nefropatía previa. la diabetes _litul.
el mieloma múltiple, la insuficiencia cardr.ca
severa (clase IV) y la hiperuricemia. Otros r.ctores
de riesgo en el caso de existencia de aefropetía
previa son: deshidratación, HTA. eDfermed8d
vascular perif6rica, proteinuria, edId ...yor de 65
años Y la inyección de MC proximal a los VISOS

renales.

De forma profilictica debe restrin¡ifle la ClDtid8d
de MC. hidratación previa al eItUdio rUIO de
diuÑticos como manitol o furosemida. Los
contrastes de baja osmolaridld siendo menos
hipertónicos son, en principio, IMIIOI cit0f6xic:os
pero esto DO esti demostrado para la nefropMía.

Serviciol de Anelteliolo,Ca-Reanil1lllcióndel Hoapital Nlra. Sra. del Pino. Hoapital Militar del Rey y Hoapital Oral. de Fuel1eventura. Lal
PaII1lllI.
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Reacciones idiosincráticas a los medios de
contraste

Tienen un mecanismo de producci6n alérgico o
-alérgico-Iike-. Existen cuadros que simulan una
reacciÓD anafilactoide, como la estimulaci6n vaaal,
que cursan con hipotensi6n y bradicardia, y
responden a la administraci6n de atropina.

Los antecedentes de aleraia duplican la frecuencia
de relCCiones al MC, y cuatriplican la aparici6n de
relICCiones severas. En 15-60% de los pacientes con
_tecedentes de reacci6n al MC se reproducen en
un se¡undo contlcto, y en el 20% de ellos cursa
con clínica similar.

Otros factores que se asocian con una mayor
frecuencia son: la inyecci6n iv, una dosis de yodo
IUperior a 20" la edad, la presencia de cardiopatía
y transtomos electrolíticos.

Las relICCiones adversas a los MC pueden
clasificarse en: leves (urticaria, broncospasmo,
lúpotensi6n arterial Y conwlsiones) y severas
(hipotensiÓD arterial, cianosis, anoxia, edema de
pulmón, angor y arritmias).

TRATAMIENTO DE LAS REACCIONES
ANAFILACTICAS GRAVES

Las primeras medidas son: parar la adDÚnistraci6n

del a1erleno, mantener la permeabilidad de la vía
a6rea, administrar 02 y soporte circulatorio.

El qioedema y el laringospesmo se tratan con
adrenaliDa en aerosol (3 inhalaciones de 0.16-0.20
mI). en nebulizaci6n (8-15 JOtas de adrenalina
0.25 % en 2 ml de SF). se 6 iv a dosis de 0,3-0,5
ml en adultos. Si no responde al tratamiento se
realiza cricotiroidotomía.

En caso de hipotensi6n IF8ve o shock. se
administl'lll 25-50 ml!ka de cristaloides o coloides.
Puede ser necesario el uso de adrenalina 3-5 J.la!kg
iv. La persistencia de hipotensi6n requerirá la
infusi6n cont(nua de adrenalina 1-4 J.lglkg/min.

Si el paciente presenta broncospasmo persistente,
hipertensión pulmonar o fallo ventricular derecho
• útil el isopl'Oferenol a dosis de 0,01-0,02
",!k,/min. Si le broncospasmo persiste a pesar de
101 In-adrenér,ico. se le administra aminofilia 5-6
m,!k, en 20 mino En caso de mejoría. antes de
extubar al paciente, debe valorarse la persistencia
de anaioedema que nos impida la reintubaci6n si
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procede.

Los glucocorticoides son útiles para prevenir las
reacciones tardías, Metilprednisolona 1 ma!kI/6h
durante las primeras 24 horas o dexametasona 4-20
mg iv. También son útiles los antihistamínicos Hl
como la difenhidramina a 1 mg!kg.

En caso de parada cardiorespiratoria se iniciarán
prontamente las maniobras de reanimaciÓD
cardiopulmonar y cerebral. Las arritmia
cardíacas se tratarán con antiarrítmicos,
cardioversi6n o ambos.

PROFILAXIS

En pacientes sin historia previa de reacciones a
medios de contraste.

Cualquier paciente puede tener una reacci6n
adversa al MC durante su administraci6n por
primera vez. Las dosis de prueba se han
abandonado debido a la aparici6n de reacciones
severas. La premedicaciÓD con antihiltanúnicos y
corticoides reduce la aparici6n de reacciones
adversas. Una historia previa de aleraia (fiebre del
heno, asma, etc) pueden acompañarse de un riesgo
elevado de reacciones, pero el rieslo de reacciones
grave no está aumentado.

Pacientes con historia previa de reacciones a los
medios de contraste.

Estos pacientes no siempre vuelven a sufrir una
reacci6n adversa. La incidencia de nueva reacci6n
varía entre 17-60%. Dada la imposibilidad de
predecir en que pacientes se producir' de nuevo
una reacci6n al MC, se han usado distintas pautas
de premedicaci6n. La administraci6n de
prednisona, difenhidramina y efedrina reduce la
incidencia de reacciones adversas a 4.1 % en
pacientes de alto riesgo. La administraciÓD de
antihistarnínicos H2 no reducen el riell0'

La premedicaci6n junto con un MC de baja
osmolaridad atenúa el riesgo de reacciÓD por debajo
del 1%, frente al 9 % cuando se premedica y se
utilizan MC convencionales.

Manejo del paciente con historia previa de
reaccio"es a medios de contraste en procedimientos
electivos.

1. Valorar el tipo de reacci6n previa y documentar
la necesidad de realizaci6n de la técnica en
cuesti6n.



IV ctlRSO INTERNACIONAL DE RADIOUXHA VASCULAR INTERVENCIONISTA COMO ALTERNATIVA TEltAPlVDCA

TABLA l. COMPLICACIONES EN RADIOLOGIA VASCULAR INTERVENCIONISTA.

COMPLICACIONES PROPIAS DE LA TECNICA:
A) Lesión vascular arterial y/o venosa:

a) - Hematoma.
b) - Disección.
c) - Pseudoaneurisma.
d) - Fístula arterio-venosa.

B) Neumotórax.
C) Hidrotórax.
O) Quilotórax.
E) Derrame y taponamiento pericárdico.
F) Embolismo aéreo.
G) Embolia de partículas sólidas.
H) Arritmias cardíacas.
I) Lesión nerviosa.

TABLA n. PREMEDICACION EN PACIENTES CON HISTORIA DE REACCIONES ALOS MEDIOS
DE CONTRASTE EN PROCEDIMIENTOS ELECTIVOS.

FARMACO DOSIS VIA MOMENTO ADMINISTRAClON
,

Prednisona SO mg. v.o. 13,7 y 1 h. antes del proc.

Difenhidramina SOmg. v.o.li.m. 1 h. antes del proc.

Efedrina· 2S mg. v.o. 1 h. antes del proc.

• Contnindicada en pacientes con cardiopatía iaqu6mica y arritmias.

TABLA m. PREMEDICACION EN PACIENTES CON HISTORIA DE REACCIONES ALOS MEDIOS
DE CONTRASTE EN PROCEDIMIENTOS DE URGENCIA.

FARMACO DOSIS VIA MOMENTO DE ADMINISTRACION

Hidrocortisona 200 mg. Lv. •
Difenhidramina SO mg. i.m. ..

• Inmediatamente antes del procedimientos. repitiendo cada 4 hons dunnte la realizaci6n del miamo.

•• Inmediatamente antes del procedimiento.
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2. Informar al paciente de la necesidad del
procedimiento y del riesgo que supone.

3. Explicar el objetivo de la premedicación y la
disminución del riesgo que supone su
administración.

4. Premedicación (TABLA 11).

S. Uso de medios de contraste de baja
osmolaridad.

6. Disponer de un equipo de reanimación y contar
con l. colaboración de un anestesiólogo.

Antes de realizar el procedimiento es obligatorio
una valoración por un alergólogo.

MaMjo d~l pacient~ con historia pr~via de
rucciOMS a malos de contraste en procedimientos
,. ",.,~"cia.

l. Premedicación (TABLA I1I).

2. Utilizar medios de contraste de baja
osmolaridad.

"Estas pautas deben realizarse incluso cuando la
administración de contraste no sea intravascular".
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Ecografía y Tips

1.1. BILBAO Y 1.M. LONGO'

La derivación portosistémica percutánea

intrahepática (DPPI-TIPS) es una técnica eficaz,
con indicaciones ya establecidas en el tratamiento
de las complicaciones derivadas de la hipertensión
portal en pacientes cirr6ticos. Actualmente, es una
alternativa terapéutica a la cirugía y la
escleroterapia en el tratamiento de las hemorragias
di¡estivas por varices gastro-esofágicas.

La técnica inicial, presentada por Richter, incluía
la punción portal transhepática con el fin de
identificarla para poder realizar su punción
transyugular y facilitar la ulteriores manipulaciones
de catéteres, pías, etc... Sin embargo, esta
punción transhepitica de la porta elevaba
considerablemente la morbilidad derivada del
procedimiento. Por ello. diferentes técnicas menos
cruentas de identificación portal han sido
desarrolladas y publicadas. Entre ellas, la
portoarafía indirecta, la venografía enclavada, la
cateterización de vena umbilical o técnicas
quinlrgicas de cateterizaciones de vena mesentérica
y ulterior opacificación portal.

Otra posibilidad es la identificación y localización
ecográfica (US) de la vena porta. El uso de esta
técnica permite, a su vez, monitorizar el
procedimiento piando las diferentes maniobras y
pasos del TIPS (selección de vena hepática,
punción portal, dilataci6n del tracto y Iiberaci6n de
la protesis).

La distribución vascular hepática está sujeta a
mdltiples variaciones anat6micas que, en ocasiones,
dificultan considerablemente la realizaci6n del TIPS
cuando éste se practica sólo con control
fluorosc6pico. Del mismo modo, los hígados
cirr6ticos son habitualmente pequeños y con una
morfología distorsionada por la fibrosis.

En determinados casos, los recorridos vasculares
intraparenquimatosos se encuentran totalmente
alterados por la propia enfermedad hepática (p. ej.:
Síndrome de Budd-chiari), siendo necesario un

1 Clínica Univeni\aria de Navarra. Pamplona. Espalla.
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control mú directo del avance transhepitico de tu
agujas que el obtenido ·sólo· con fluoroscopia.

El hígado cirr6tico es, como se ha dicho,
habitualmente pequeño, siendo la ·posibilidad de
maniobra· de las agujas intra1lep'ticu tambim
pequeña. Es por ello que, en ocasiones, ocurre la
perforación de la cápsula hepática y la punción de
la vesícula biliar como ,rave complicación del
procedimiento. Estas eventualidades son mucho
menos frecuentes, por no decir nulas, cuando se
emplea monitorización oco¡ráfica.

Por dltimo, los US intraprocedimiento posibilitaD la
menor utilizaci6n de contraste yodado (eo estoI
pacientes con función renal habitualmente
deteriorada) siendo el tiempo medio del
procedimiento comparativamente menor, como ha
sido recientemente presentado.

El empleo añadido de US-Doppler-color p4mnite
conocer los cambios que sucesivamente se van
produciendo en la velocidad y dirección del flujo
portal durante el procedimiento. La infonDICión
con ella obtenida, junto con los datos
hemodinámicos y la an,io¡rafía, será la bue para
los sucesivos controles que se realizarúl en estoI
pacientes.

Diferentes estudios publicados han coincidido eo
señalar al US-Doppler-color como un elU:01ente
método, incruento y barato, para el control
evolutivo de los TIPSS. Los cambios de velocidad
y dirección del flujo portal, la pneencia de
irreplaridades en los contornoa del sbunt Yla veaa
hepática, así como los cambios en la morfoloIía y
direcci6n de flujo de los VUOl coIateraIeI ~
si¡nos especialmente dtiles para~~
ylo obstrucciones del TlPS. La seuabalidad y
especificidad do la técnica puede alcanzar ~ 90 ".
Por ello, la detección incruenta de a1terae1ODe8 de
flujo, etc... indicar' la necesidad de reali-:~cu
mú a,resivas para tratar estas complicaciones
esten6ticas, des,raciadamente frecuentes, en la
evoluci6n de los TIPSS.
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Transjugular Intrahepatic Portocaval Shunt in Partially
Tbrombosed Portal Veins

].1. Bilbao et al: Tips in Partially Thrombosed Portal Veins

1.1. BILBAO·, J.M. LONGO·, H. ROUSSEAU2, V. de VILLA3, F. MANSILLA', J. ALVAREZ
CIENFUEGOS3, F. JOFFRE2, J. PRIETO·

ABSTRACT

During transjugular intrahepatic portocaval shunt

(TIPS), needle insertion under ultrasound control
facilitates portal puncture minimizing the need of
blood aspiration to confinn entry. This fact is
important in cases where TIPS is indicated and an
iDtraportal thrombus is present, because needle
entry within the vessel is accurately controlled.
Once in the portal vein, thrombi can be fragmented
by balloon angioplasty dilatation without the need
of fibrinolytic tberapy. Finally, the rise in portal
blood flow velocity probably contributes to the
progressive disappearance of the remnant portal
thrombi. This is a report of 3 cases of partial porta
veiD thrombosis in which TIPS were successfully
carried out with recovery of portal vein patency
and overall clinical improvement.

KEY WORDS: Portal vein, US - Portal vein,
thrombosis - Hypertension, portal - Shunt,
portocaval - Liver, interventional procedures.

Transjugular intrahepatic portocaval shunt (TIPS)
is an affective palIiative procedure for variceal
bleeding in cirrhotic patients with portal
bypertension. SiDce the initial description in
humans by Richter et al (1), different technical
advances have been reported providing a clear
reduction in the duration of the procedure as well
as in tbe ralo of complications. One of these
technical modifications is ultrasound control of the
needle dU~1 portal vein puncture (2). In our

experience, this technique has also proven lo be
especially useful iD shunting patients with partiaUy
thrombosed portal veins in which portal
catheterization can be difficult.

In this report, we present 3 patientl witb Iiver
cirrhosis and intraportal tbrombi in wbom a
percutaneous portocaval shunt was safely performed
by using uItrasonographic control as UI adjUDCt lo
fluoroscopy during the procedure. These patients
represent 5 %of our total number ofTIPS and were
the only cases presenting with portal thrombosis. ID
all 3 cases, intraportal thrombi disappeared durina
follow-up without the need for any additional
thrombolytic or anticoagulant therapy.

CASE REPORTS

Case 1.

A 54 year-old male with a 15 year-old hislory of

hepatitis was admitted to our hospital for
hematemesis and melena. Emergency endoscopy
revealed active bleedin. from hUle
gastroesophageal varices which was successfully
controlled by sclerotherapy. The diagnosis of liver
cirrhosis with severe portal hypertension ud
positive serology for hepatitis virus C was
established and the patient was started on beta
blockers and diuretics. An abdominal ultrasouDd
study revealed a patent portal vem. He was
discharged afler 20 days with improved clinica1
status.

Ten months later he was hospitalized due to severo

, Departmcnt ofRadiolo,y, Clinica Universitaria d~ Navarra, Avenida Pío XII aln. 31008 Pamplona, SpaiÁ.

:2 Departmcm ofRadiolo,y, CHU Rangueil, I Avenuc lean Poulhc., 310S4 Toulou_, Franco.

] Departmcnt of Suraery, Clínica Universitaria de Navarra, Av.:nida Pío XII aln. 31008, Pamplona, Spain.

4 Departmcnt of Internal Medicine, Clínica Universitaria do: Navarra, Avenida Pío XII aln. 31008, Pamplona, Spain.
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Fig. LA) Indirecl portography from a splenic angiography. A filling defecl is observed wilhin lhe righl porta:
branches extendíng inlo lhe maín portal vein. 1.8) Color-Doppler ultrasound during transjugular portal
punclure. The lip of lhe needle (arrow) is clearly seen across lhe clOI reaching lhe nonlhrombosed part of lhe
portallumen. l.e) Direcl trans-shunl portography jusI after TIPS placemenl. Multiple filling defecls are clearl~

observed in bolh right and leO portal branches. Small lhrombi are seen wilhin lhe main portal lrunli: (arrows)
I.D) Direcl portography (one month after TIPS) lhrough the intrahepatic shunl wilh lhe calheter líp placed íl
lhe splenic vein. No lhrombi are observed neilher in the portal vein nor in lhe inlrahepatic branches.

through the thrombus as far as the nonthrombosed
portion of the portal vein. Tbe needle was retrieved
and 5F multiperforated straight catheter (Cordis,
Europe, Oosteend, Tbe Netherlands) was then
advanced down to the mesenteric vein. Central
venous and portal pressures were measured and
portosystemic gradient was then calculated .

Follow-up portography, pressure measurements
and ultrasonography performed 1 months later
revealed complete shunt and portal vein patency
(Fig. ID) with good hemodynamic function, and
portal blood flow velocity of 28 cm/seco Tbe
palient has mainlained excellent clinical status since
then with no further episodes of ascites or variceal
hemorrhage, and has been withdrawn from the liver
transplant waiting list.

An Amplalz super-sliff guidewire (Medi
Tech/Boston Scientific, Waterlown, MA. USA)
was then advanced and a 5F, 8 mm-diameter
bal100n angioplasty catheter (Schneider Europe AG,
Zurich, Switzerland) was utilized for the dilatation
of the intrahepalic tract and for the disruption of
the portal thrombus. FinalIy, a WalIstent
(Medinvent SA, Lausanne, Switzerland) vascular
prosthesis 77 mm long and 9 mm wide was placed
within the shunted area with its distal 2 cm within
the portal vein lumen (Fig. lC). Tbe portosystemic
gradient was again measured .

deterioration of Iiner function and an increase in
ascites which was refractory to medical treatment.
The patient was inc1uded in the liver transplant
programo Endoscopy revealed marked increase in
gaastroesophageal varices. A color-Doppler
ultrasound revealed partial occIusion of the portal
veio due to the presence of a thrombus extending
into both right and left portal branches. Portal
blood f10w velocity was 5 cm/seco Tbe presence of
partial portal thrombosis, a past history of variceal
bleeding, and severe ascites refractory to medical
treatment justified TIPS as a temporizing measure
while awaiting liver transplantation.

An indirect portography performed just before the
TIPS procedure revealed the presence of a
thrombus that almost entirely occ1uded the right
portal branches extending into the main portal vein
(Fig. lA). A lüF sheath (William Cook, Europe,
Bjaeverskov, Denmark) was inserted into the right
internal jugular vein and, after the selection of the
most adequate path between the hepatic vein and
the intrahepatic portal branches, a l6G transjugular
biopsy needle (William Cook, Europe) was placed
in the right hepatic vein. Needle passage through
the liver parenchyma was controlled with both
ultrasound (Acuson 128 x PIlO, Acuson, Mountain
View, CA. USA) and f1uoroscopic guidance. Tbe
tip of tbe needle was advanced across the portal
thrombus, only a few drops of blood could be
aspirated (Fig. lB). Contrast was then injected and
tbe intravascular positioning of the needle was
confinned. A bydrophilic guidewire (Terumo
Corporation, Tokyo, Japan) was carefully advanced
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Fag. 2.A) Indirect portography from a splenic angiography. A thrombus is observed in the portal trunlc extcnding inlo the right portal vein . Collateral periportal vessels
(arrows) and gastric varices (arrowheads) are also observed. 2.8) Direct portography 3 days after TIPS shows adequate shunt patency and nonopacification of the
intrahepatic portal branches. 2.e) Selective portogram, performed just after figure 28, with the tip of the catheter in the bifurcation of the portal vein. Several thrombi
are observed obstructing the left portal vein.

Case 2

A 56 year-old female with chronic active

hepatitis, diagnosed 6 years previously, presented
with massive bleeding secondary to grade IV
esophageal varices which was controlled with
endoscopic sclerotherapy. Liver cirrhosis with
positive serology for virus C was detected. Repeat
endoscopy 2 months later showed huge gastric
varices in addition to the esophageal ones.

The patient was referred to our institution for
inclusion io the liver traosplant programo
Ultrasound work-up showed a thrombus partially
occ1uding the maio portal vein extending into the
right branch with a flow velocity of 10 cm/seco
Angiography confirmed the diagnosis and revealed
the presence of a massive gastric variceal network
as well as collateral recirculatioo of periportal
branches (Fig. 2A).

Because of the difficulty io endoscopic sclerosis of
gastric varices in the face of possible recurrent
bleediog and the presence of a portal thrombus that
could render a liver transplant difficult, TIPS was
indicated.

Usiog the same technique as in the previous case,
the right portal vein was reached by US-guided
transjugular puocture and, after advaociog a 5F
straight catheter, veoous pressures and
portosystemic gradient were measured . Portal wall
dilatation witb tbe angioplasty catbeter was
especially difficult, with tbe ballooo waist lastiog
for 12 mio. A Wallsteot vascular prosthesis (62
mm long and 9 mm wide) was deployed in the
dilated liver tract and right portal vein down to the
maio trunk, displaciog the previously disrupted
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thrombus. A 9F sheath (USeI, Billerica, MA.
USA) was left in the jugular veio through which
the prosthesis was recatheterized 3 days later, and
a repeat portography revealed good contrast
passage through the stent and, unexpectedly,
complete thrombosis of the left portal veio (Fig.
2B-2C).

At this point, the portosystemic gradient was 12
mm Hg. An expectant attitude was taken and
oeither fibrinolytics nor anticoagulants were given.
Follow-up ultrasouod studies revealed progressive
disappearance of the thrombus, with a portal blood
flow velocity of 37 cm/seco

Direct portography performed 1 mooth later
revealed complete shunt and portal veio pateocy
without any evideoce of thrombi aod with c1ear
dimioutioo in gastric varices. Portosystemic
gradient was 8 mm Hg at this time. The patient had
00 further variceal bleeding and is curreotly
awaiting liver replacement.

Case 3

A 56-year-old male with a diagnosis of cirrhosis

sioce 1988 presented with a 2-mooth history of a
progressive deterioration in its c1inical status with
lethargy, anorexia, and abdominal distension due lo

ascites. The patient waS admitted to our hospital
and at gastroscopy, huge gastroesophageal varices
were observed. Color-Doppler ultrasound revealed
a patent portal vein with hepatopetal flow at a
velocity of 10 cm/seco The right portal veio was
oot c1early visualized but the preseoce of a
thrombus could oot be ruled out.
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F"1g. 3.A) Indirect portography from a splenic angiography shhowing nearly complete obstruction of!he porU
vein wi!h a filling defect extending into!he right portal branch. 3.8) Modified Ross needle wi!hin!he partiall;
!hrombosed righl portal vein. 3.C) Portography performed wilh a SF cobra ca!heter traversing !he pOrU
lhrombus (arrowheads) with lhe tip placed in lhe splenic vein. Nole extensive variceal network arising fro~

the left gastric vein (arrows). 3.0) Follow-up portography performed !hree days after T1PS revealin,
adequatefunction of the shunt with disappearance of lhe variceal network (arrowheads).

1

On the third hospital day he presented wilh massive
bleeding from the varices, which was temporarily
controlled with an inlravenous infusion of
Somatostatin. Six hours later, the decision to
perfonn a percutaneous portocaval shunt was made.

Emergency ultrasound immediately prior to the
procedure revealed a thrombus in the main portal
vein extending into its right branch. This finding
was confinned by indirect portography from both
splenic and superior mesenteric angiography (Fig.
3A).

Ultrasound and portographic follow-up studies
performed 3 days laler revealed palency of both the
porlal vein (flow velocily of 19 cm/sec) and the
inlrahepalic shunt (Fig. 3D). Qne month after the
procedure, lhe palienl had remained stable with
reduced asciles and no recurrence of variceal
bleeding. He refused repeat portography, and only
ultrasound studies could be perfonned in order to
confirm shunl palency. Unfortunately, the patient
died 3 monlhs laler due to severe deterioralion of
liver funclion.

DISCUSSION
Percutaneous portocaval shunt was performed
immediately using the same technique described in
the previous cases. The right portal vein was
punctured under ultrasound conlrol, bul neilher
hydrophilic nor steerable guidewires could pass
through the well-organized thrombus in lhe righl
portal vein (Fig. 3B). Different branches of lhis
right portal vein were punctured but a guidewire
could not be safely placed in lhe main portal vein.
The left portal vein was then calheterized and a
hydrophilic guidewire was inserted lhrough the
portal thrombus as far as lhe splenic vein (Fig.
3C). Portosystemic gradienl was recorded . Afler
tract dilatation and thrombus disruption wilh lhe
balloon, two Wallslents vascular prostheses (9 mm
wide and 62 and 77 mm long) were deployed, the
first displacing the portal thrombus and the second
within the liver tract. Botb portography and
pressure measurements revealed good shunt
function.

Unlil recently, lhe presence of portal thrombosis

was a relative conlraindication to liver
transplanlalion. The development of new surgical
techniques now alIows successful liver replacement
in such cases (3). Neverlheless, portal thrombosis
increases lhe risk of variceal bleeding in cirrholic
palients wilh portal hypertension who are awaiting
liver transplantalion.

Percutaneous transhepalic access for balIoon
dilatation of portal stenoses (4,5) of for mechanical
or phannacological disruplion of portal thrombi has
been previously reported (6-9); it obtains a c1ear
decrease in portal pressure and hence, lowers the
risk of variceal bleeding. Recen tIY, Harville et al
(10) reported a case of a noncirrhotic patient with
pre-hepalic portal hypertension secondary to portal
thrombosis. In this palient, portal patency was
regained through balIoon angioplasty folIowed by
the deployment of two metallic stents within the
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portal vein.

In liver transplant candidates with repeated episodes
of variceal hemorrhage, TIPS is a useful technique
as a temporizing measure to control portal
hypertension and to stabilize clinical status before
liver replacement (11).

Due to the risk of hemorrhage, transhepatic
placement of catheters in the portal vein when
perforrning TIPS has been avoided (12,13). Thus,
other methods, such as ultrasound, have been
resorted to for needle guidance during the
procedure (2). The continuous control of the needle
tip during portal puncture provides accuracy and
rninirnizes the need of blood aspiration to confirm
entry. Only in our third patient was this step
difficult and, in spit of the intralurninal placement
of the needle tip, the guidewire could not be
advanced, probably because of the presence of a
well-organized old thrombus. For this reason, left
portal puncture through the same hepatic vein was
necessary for the catheterization of the thrombosed
portal vein.

When the tip of needle is placed within the portal
lumen, hydrophilic guidewires are especialIy useful
because they can be safely advanced through the
thrombosed vessel until the splenic or the superior
mesenteric vein. A possible complication of this
part of the procedure is stripping of the guidewire
during its advancement through the beveled needle,
thus, special care should be taken and excessive
manipulation avoided. However, neither in the
presented cases nor in the rest of OUT series, in
which this combination (hydrophilic guidewire and
beveled needle) has been utilized (55 patients), has
such a complication occurred.

Portal thrombi can be mechanically fragmented,
dislodged, and pushed into colIaterals (4). Most of
the disrupted thrombi flow through the shunt to the
general circulation and, as observed by Ring (14),
are surprisingly well tolerated, without any
pulmonary sequela. Residual clots are safely
compressed against the portal wall with the metallic
prostheses.

In all patients, a marked decrease in portosystemic
gradients was demonstrated Both direct
portography and color-Doppler ultrasound folIow
up studies revealed rapid blood flow across a
completely patent shunt. Three days after the
procedure, our second patient unexpectedly
presented complete thrombosis of the left portal
vein. Due to the high risk of hemorrhage, an
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expectant attitude was taken and no further
manipulations were made nor medical treatment
glven. Careful follow-up studies showed the
progressive disappearance of the thrombus probably
due to the rise in portal blood flow velocity.

AII 3 cases showed marked initial clinical
improvement after TIPS, though our third patient
died 3 months later. The other 2 patients remain
stable with good shunt flow, without portal
thrombosis and no ascites nor recurrent variceal
bleeding episodes.

This brief report demonstrates the usefulness or
ultrasonographic guidance in perforrning TIPS and
the value of this procedure in regaining patency of
partially thrombosed portal veins.
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Endoprótesis en las Ictericias Obstructivas
Extrahepáticas de Etiología Maligna

J. M. BORDAS PhD, M. C. GUEVARA MOl

Los tumores que obstruyen las vías biliares suelen

tener mal pronóstico a pesar de que las técnicas de
imagen permiten establecer el diagnóstico de forma
muy precoz a partir de la primera manifestación
clínica, generalmente dolor abdominal, ictericia,
detección de una masa en una exploración
ecográfica del hígado y con menor frecuencia
después de detectar colestasis biológica. El
pronóstico y las posibilidades de tratamiento son
peores si el tumor asienta a nivel de hepático
comdn o en la zona de la placa hiliar. En estos
casos las posibilidades terapéuticas se limitan a la
colocación de drenajes biliares internos mediante
cirugía, endoscopia digestiva o punción percutánea.

La ultrasonografía (US) es uno de los métodos más
eficaces en la localización de lesiones tumorales
que afectan a las vías biliares, puesto que permite
evidenciar la dilatación de la vía biliar intrahepática
hasta la zona donde se produce la obstrucción. En
algunos casos permite apreciar la masa tumoral en
la zona próxima al hilio, en otros únicamente
detecta un colédoco distal de tamaño normal, y en
la mayoría de ocasiones no visualiza el conducto
biliar extrahep'tico. Cuando esto sucede, la
ausencia de im'genes de cálculos en la vesícula,
junto a la dilatación de la vía biliar intrahepática y
a la falta de visualización del colédoco, sugiere la
existencia de una masa tumoral a nivel de la placa
hiliar o del hep'tico común, como causa de la
ictericia. La coexistencia de litiasis vesicular y
tumores de la reaión hiliar, en ausencia de
metástasis heP'ticas, puede ser motivo de errores
en la interpretación de los datos de la
ultrasonograffa. En estos casos la dilatación de la
vía biliar hasta determinado nivel sin observar
litiasis coledocal, asociada a la presencia de
cálculos en la vesícula biliar, justifica que se
indique la aplicación de otros métodos diagnósticos,
y lo mismo sucede cuando no hay un completo
acuerdo entre los datos clínico-biológicos y los
ofrecidos por la ultrasonografía (US). Es también

imprescindible asegurar un diagnóstico completo
(lugar y naturaleza de la obstrucción), mediante la
utilización de varias técnicas diagnósticas en los
pacientes con elevado riesao quirúrgico.

Las técnicas alternativas a la US para el estudio de
la colestasis, son aquellas que permiten la obtención
de un "mapa" completo de la vía biliar mediante la
inyección directa de contraste radiológico en los
conductos biliares. La colangiografía percutÚlea
con aguja fina o colangiografía transparietoheP'tica
(CTPH), según la U. de Chiba (K. Okuda)(1) es una
de las más eficaces, cuando hay una marcada
dilatación de las vías biliares intrahep'ticas, puesto
que en estas circunstancias, la posibilidad de
conseguir la colangiograffa es muy elevada (entre
90 y 100 " de los casos). Esta alta rentabilidad
diagnóstica de la CTPH se ve gravada por una
relativamente elevada incidencia de complicaciones.
En un estudio prospectivo efectuado por nosotros,
la frecuencia con que la CTPH generó
complicaciones fue del 6,5 " <2>, de las que un
porcentaje elevado necesitaron cirucía urgente. Se
cita también un porcentaje de alrededor del S " de
infecciones biliares secundarias a la punción
percutánea<3l. Otra desventaja atribuible a este

método, es la dificultad de obtener buenas im',enes
radiológicas en los casos de obstrucción completa
en los que la bilis y la visión global del árbol biliar
exige tiempo o maniobras complejas. Una de en..
consiste en el vaciado de la bilis y posterior relleno
con contraste. Para ello es preéiso sustituir la aguja
fina por una cánula de material plútico y de mayor
diámetro, lo que aumenta el riesgo de
complicaciones. Otra opción es esperar al.......
horas y efectuar un nuevo estudio radiolóPco. Por
otra parte, cuando la obstrucción biliar se produce
a nivel del hilio hep'tico, la punción percutúlea
puede tener dificultades para delimi~ 1.. ramas
del lóbulo izquierdo(4). La técnica de la
colangiograffa percutánea permite el drenaje de la
vía biliar tanto al exterior como al duodeno. El
drenaje externo se consigue al sustituir la aguja fina

1 Sección de EndolCopia Digestiva. Hospital Clinic. Facultad de Medicina. Universidad de Bartelona. Bartelona
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utilizada para el diagnóstico por un catéter de
mayor diámetro que facilita el drenaje desde los
colectores biliares próximos al hilio hepático al
exterior. Esta técnica puede utilizarse como un
método temporal de reducir la colestasis entre el
diagnóstico y la cirugía. El drenaje interno
percutineo se consigue al introducir a través de la
aauja de colangiografía percutánea un fiador que
debe superar la obstrucción de la via biliar y llegar
al duodeno. Este fiador sirve de guía para la
colocaciÓD de una cánula cuyo extremo distal se
libia en la zona de la obstrucción y permite el paso
de la bilis desde los conductos intrahepáticos al
duodeno. Estas ·prótesis" biliares colocadas por vía
percut4nea presentan una relativamente alta tasa de
complicaciones entre las que se deber citar el cole
y hemoperitoneo, las infecciones abdominales y
biliares y la dificultad en obtener un drenaje eficaz
de ambos lóbulos en casos de que la obstrucción
afecte al confluente(4).

La Colangiopancreatografía Retrógrada
Endoscópica (CPRE) es otra técnica diagn6stica
que puede poner de manifiesto la morfología de la
vía biliar al rellenarla con contraste radiológico, en
este caso inyectado por vía retrógrada a través de
la papila de Valer. Esta exploración no es cruenta
y sus complicaciones, generalmente pancreatitis,
suelen ser leves y controlarse mediante tratamiento
médico. La frecuencia con que la CPRE origina
pancreatitis, que en las series retrospectivas se
consideraba relativamente baja, parece más alta
cuando se han efectuado estudios prospectivos y
llega hasta cifras de 16 % en un estudio en que
incluye la exploración del ¡Wlcreas y la zona
peripancrdtica mediante tomografía
computerizada(5). Otra complicaci6n, menos banal
y que se produce con cierta frecuencia en los
pacientes con obstrucción de la vía biliar es la
colangitis que suele precisar el drenaje urgente de
la vía biliar'6, 71. El mayor inconveniente de la
CPRE reside en que el porcentaje de canulación
con que se consigue observar la vía biliar viene
limitado por el porcentaje de canulación de la
papila de V&ter Y en el caso de las obstrucciones
por tumores, por la posibilidad de que el contraste
supere la estenosis. Se considera que el éxito de la
ClDulación electiva y profunda del colédoco oscila
entre SO y 95 % de casos(l. 9/ mientras que no está
establecida la frecuencia con que el contraste
consigue superar la estenosis y por lo tanto,
delimitar la lesión obstructiva en su porción
proximal. Por otra parte, cuando se consigue hacer
llegar el contraste a la vía biliar supraestenótica, si
DO se puede drenar seguidamente la vía biliar por
m6todos endoscópicos, es necesario indicar el
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drenaje precoz (dentro de las 48 horas siguientes)
por otros métodos, puesto que el riesgo de
colangitis es elevado, a pesar de que administren
antibióticos de amplio aspecto a dosis adecuadas (10) •

Cada vez con mayor frecuencia se diagnostican
masas tumorales que afectan a la vía biliar
produciendo ictericia y malabsorción, en pacientes
con estado general conservado y una buena calidad
de vida. Hasta el advenimiento de la radiología y
de la endoscopia terapéuticas, la cirugía era el
único procedimiento viable y se indicaba para
obtener un drenaje paliativo de la bilis. El
procedimiento quirúrgico suele ser temporalmente
eficaz cuando la masa tumoral afecta al colédoco
distal y deja libre una buena porción de la vía biliar
principal extrahepática. Esto permite, que en los
casos más favorables pueda realizarse una
coledoco-duodenostomía o una coledoco
gastrostonúa. En otras situaciones en las que la
anastomosis de la vía biliar debe realizarse con asas
desfuncionalizadas del delgado, los resultados
también son aceptables aunque la complejidad de la
cirugía y su morbi-mortalidad aumenta. En un
tercer grupo de pacientes el drenaje únicamente
puede conseguirse mediante calibración y
colocación de drenajes en la porci6n estenoSada de
la vía biliar. Los casos más difíciles son los que
cursan con invasión tumoral de la placa biliar y de
la zona del confluente. En ellos no es infrecuente
que por cirugía no se pueda acceder a la vía biliar
intrahepática (Estenosis tipo 11 Y 111 de la
clasificaci6n elaborada por Cremer)(II). En esta
situación la calibración seauida de la colocación de
conductos de drenaje suele ser muy difícil y a veces
imposible, por lo que la laparotomía puede saldarse
sin maniobras terapéuticas.

La cirugía en los pacientes con ictericia obstructiva
por tumores malignos del ¡Wlcreas tiene una
elevada morbi-mortalidad operatoria (30 días) que
hace pocos años se situaba en cifras del orden del
20 %(\%) independientemente del tipo de ciruaía
realizada. Actualmente parece que estos porcentajes
se ban reducido, pero la tasa de complicaciones
severas después de pancreático-cluodenectomía se
eleva al 18 % en una serie reciente de 96 pacientes
sometidos a esta intervenci6n quirúr¡ica, cuando se
consideró la posibilidad de realizarla como técnica
curativa (con extirpaci6n completa de la masa
tumoral en la cabeza del ¡Wlcreas)(\9). Sin embargo,
la extirpación radical de los tumores de la cabeza
del páncreas sólo se considera posible, sepn
algunos estudios prospectivos, en un porcentaje
muy escaso de pacientes (2 %)(14). El drenaje biliar
temporal antes de la cirugía parece que sólo está
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justificado en las obstrucciones distalesC15I • En los
tumores más altos, situados al nivel de la placa
hiliar y hepático común la mortalidad es más
elevada y en muchos casos se ve agravada por la
imposibilidad de realizar un drenaje de ambos
16bulos y no es infrecuente que sea imposible
calibrar y colocar un drenaje. En estos casos si se
considera indicada la cirugía no debe utilizarse
ninguna técnica derivativa temporal(I6l.

La endoscopia terapéutica, en el caso de la
colocaci6n de drenajes biliares internos, presenta
similares problemas que la cirugía. La máxima
dificultad en la colocaci6n de drenajes se produce
cuando los tumores afectan al confluente, en la
estenosis de curso tortuoso y cuando existe invasi6n
de las paredes de los conductos biliares. Esta
última circunstancia dificulta la progresi6n de las
guías que posteriormente deben permitir el avance
del drenaje biliar elegido. Como ventaja de los
drenajes introducidos por vía retr6grada mediante
CPRE, debe citarse el hecho de que puede ser
utilizada como una técnica intermedia para mejorar
el estado general y los resultados de la cirugía, en
pacientes que posteriormente serán intervenidos
quirúrgicamente con pretensi6n curativa, aunque
también pueden utilizarse como terapéutica
definitiva. En cualquier caso, si la técnica
endosc6pica fracasa (cateterizaci6n de la papila o
calibraci6n de la estenosis tumoral) los intentos
endosc6picos no suelen impedir ni dificultar la
técnica quirúrgica. En este aspecto los drenajes
colocados por vía endosc6pica aventajan a los que
se introducen por vía percutánea, que con
frecuencia lesionan la vía biliar a nivel del cabo
proximal y dificultan su utilizaci6n para
anastomosis quirúrgicas(l6l.

La colocaci6n de drenajes biliares internos por vía
endosc6pica es relativamente sencillo(l7) y en la
actualidad se pueden colocar tubos de drenaje de
material plástico, también denominadas "prótesis
biliares" de 12 ptlt, 19, 20) o incluso de 14 F,
utilizando para las primeras indosc6pios con canal
operativo de 3,6 mm (OLYMPUS TJF) y para las
segundas un canal de 5 mm (OLYMPUS TJF Type
M20). En condiciones experimentales, el débito de
cualquiera de estos tubos de drenaje supera
ampliamente la producci6n de bilis por parte del
hígado(2\l. También hay estudios clínicos
retrospectivos que ponen de manifiesto que los
tubos en forma de cola de cerdo o con múltiples
orificios laterales condicionan una mayor
precocidad en la obstrucci6n de estas "pr6tesis
biliares"(22) y se ha demostrado en clínica que los
drenajes rectos y con el menor m1mero de orificios
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laterales, ofrecen menor resistencia al paso de la
bilis y por lo tanto tienen menor tendencia a la
obstrucción(:lJI. La necesidad de prevenir la
obstrucci6n de los drenajes biliares internos (DBI)
(colonización bacteriana, formación de una película
biol6gica y posterior precipitaci6n de los solutos de
la bilis), ha motivado investigaciones sobre el tipo
de material con que están construidos estos drenajes
de plástico. Así Leung publica en Endoscopy en
1992 investigaciones in vitro sobre la menor
adherencia bacteriana en tubos de drenaje
recubiertos por una lámina de plata, sin que haya
evidencias de que estos resultados tengan
traducci6n clínica(14).

La mayor parte de las primeras publicaciones sobre
"prótesis biliares" colocadas a través de
endoscopia, incidieron en el número de drenajes
colocados con éxito, así como en las
complicaciones(2j, 2d, 21, 21), aunque sólo alpnas
permitían establecer comparaciones con tknicu
a1temativas(29). Por otra parte, en las series más
numerosas se mezclaban pacientes muy distintos y
no se atendía a la situación de las estenosis
tumorales. Así Walta(30) en una serie de 84
pacientes en los que se colocaron 135 drenajes
biliares incluía 4 lesiones quirúrgicas, 3 pacientes
con estenosis inflamatorias y 77 obstrucciones
malignas. De ellas, sólo siete correspondían a
estenosis situadas en hepático común o en Ílilio
hepático. En estos pacientes con estenosis
proximales, la supervivencia fue mucho menor que
en los pacientes con estenosis distales, de forma
que las que afectaban al hilio sólo tuvieron una
supervivencia media de 34 días, los que afectaban
al hepático común sobrevivieron una media de 96
día, mientras que los tumores de la zona de la
ampolla de Vater y a tumores pancreáticos tuvieron
una supervivencia media de más de 200 días.

Hace unos años se dispone ~e drenajes de malla
metálica expandible que consi¡uen un a mayor
dilatación de la vía biliar y por lo tanto und~
eficaz(31l. El amplio diámetro obtenido que lIep a
ser de 8 a 10 mm facilita la rápida remisión de los
síntomas(32). Un amplio estudio multicéntrico que
incluye 103 pacientes en el que se utilizaron
pr6tesis metálicas autoexpandibles tipo Wallstent
consiguieron una eficacia en la colocación del 97
%, aunque sólo incluyeron a aquellos pacientes en
quienes la JUía para la introducción de la prótesis
conseguía superar la zona del obst'culo tumoral. El
seguimiento de estos pacientes fue de 145 días,
durante este perlodo la tasa de· colangitis fue de
18%. la supervivencia media de 125 días y la de
obstrucción por barro biliar de 5 %. Aunque se
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trata de un estudio no controlado, esta tasa de
obstrucción por barro biliar es muy inferior al 21
" aceptado en otras series de la literatura en que
se habían utilizado drenajes de plástico. Sin
embargo a este S % hay que añadir un 7 % de
obstrocción por crecimiento intraluminal del
tumor031.

Los drenajes expansibles, que se pueden colocar
tato por vía retró¡rada a través de duodenoscopios
convencionales o por punción transhepática
comportan algunos problemas, tanto para su
colocaciÓD como para mantener su permeabilidad.
Los estudios sobre la eficacia de las prótesis
metálicas expandibles has puesto en evidencia que
con los actuales diseños hay un elevado porcentaje
de casos en el que la técnica de colocación se ve
dificultada o impedida por el mal funcionamiento
de la prótesis en el momento de colocarla (16 % en
el Wallstent y 17 " en el drenaje tipo Strecker)()4l
y tambi6n se describen complicaciones relacionadas
con la compresión inducida por el cuerpo metálico
del drenaje<J$· 36). El segundo problema de los
drenajes biliares autoexpansibles es la obstrucción
que sólo en un bajo porcentaje se debe a la
formaciÓD de barro biliar, la mayor parte de los
casos se debe al crecimiento del tumor a través de
las mallas que es significativamente menor y se
produce más tarde que en los drenajes de plástico(33.
37), aunque para algunos autores no parece ser
distinta a la de los drenajes de plástico de mayor
diámetro(3l). Para solucionar la obstrucción se han
descrito maniobras periódicas de reducción de la
masa tumoral intraluminalO9l• Otro inconveniente
estriba en la imposibilidad de retirarlo o
movilizarlo una vez colocado, aunque este
problema ~ resuelto con una nueva prótesis
investi,. por Eran Goldin de la Universidad de
Hadasa que utiliza un drenaje de níquel-titanio
constituido por una lámina espiral de la que puede
tirarse de uno de sus extremos, desplegarla y
retirarla a· travá del canal operativo da un
endoscópio. No hay trabajos que estudien de forma
prospectiva el crecimiento intraluminal del tumor
en este nuevo tipo de DSI, pero parece que no
impide el crecimiento del tumor a través de las
espiras'·.

Todas esas circunstancias justifican la utilización de
la *ojea endoscópica para colocar drenajes biliares
interne» de la que existen amplias series en la
litentura (Tabla 1.). Con la mayor frecuencia estos
drenaja biliares se considera que ofrecen ventajas
respecto a la cirugía que también se utiliza como
una t6cniea paliativa en ictericias obstructivas
tumorales del hepático común y de la zona del hnio
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hepático lo que autoriza a utilizar indistintamente
ambos tratamientos.

Por ello hemos comparado la eficacia de la
colocación de drenajes biliares internos por
endoscopia con la técnica de CPRE, utilizando
drenajes 12 F Y la eficacia de la ciruiía
convencional en el tratamiento paliativo de los
tumores que afecten la vía biliar principal a nivel
de hepático común e Mio hepático valorando
comparativamente: l-Ia posibilidad de colocar los
drenajes, tanto por endoscopia como por cirugía, 2
la eficacia en obtener el drenaje de la vía biliar,
aspecto que es más complejo cuando la
tumorización afecta la región confluente, 3-la
morbilidad y mortalidad generada por cada técnica
y establecer S-la supervivencia, 6-ealidad de vida
de los pacientes de cada ,rupo y finalmente en el
grupo bajo tratamiento endoscópico evaluar la
necesidad de cambiar los drenajes que tienden a
ocluirse ya que el plástico queda pronto recubierto
por una pe1(cula biológica sobre la que se deposita
progresivamente el barro biliar'411.

En este estudio comparativo la realización de uno
u otro tratamiento fue aceptado tanto por el
paciente como por su médico.

Los pacientes en los que se indicó la colocación de
endoprólesis (drenaje biliar interno por vía
endoscópica) fueron sometidos a una DÚnima
papilotoDÚa para facilitar la introducción del
drenaje a través del orificio papilar. En todos los
casos se utilizó un drenaje ·recto· según Olympus,
de calibre 12 F (4 mm de diámetro externo y 2,8
de diámetro interno) utilizando un endoscopio
OLYMPUS TJF.

La exploración endoscópica fue realizada bajo
efecto de sedantes y profilaxis antibiótica con
clindamicina (600 ma) y a~ntamicina (80 ma)
administrados por vía intramuscular.

Se consideraron fracasos de la endoscopia todos los
casos de imposibilidadde cateterización de la papila
de Vater así como la imposibilidad de colocar el
drenaje a través de la estenosis. Si el drenaje era
completo o parcial, se valoró tanto desde el punto
de vista radiológico como bioló,ico y clÚlico en el
seguimiento. En el ¡rupo de pacientes con
indicación quirúraica también se si¡uieron idénticos
criterios de valoración : calibración conse¡uida; y
drenaje completo o parcial de la vía biliar
intrahepática.

Los resultados se analizaron independientemente de
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que el fracaso de una técnica obligara a utilizar otra
alternativa terapéutica en cuyo caso no se consideró
la evolución, pero sí las complicaciones inmediatas
y dependientes del intento terapéutico.

Para conocer las complicaciones y los primeros
datos del seguimiento, los pacientes se mantuvieron
ingresados durante al menos una semana después,
tanto de la colocación end06cópica del drenaje,
como de la descompresi6n quirúrgica de la vía
biliar.

El seguimiento incluy6 la valoraci6n de la
colestasis a la semana, a los 15 y 30 días, para
efectuar mú tarde controles mensuales. La
valoraci6n de la -calidad de vida- se efectu6 según
el -performans status-, según la escala ECOG, en
cada control clínico, después del alta del paciente
y de forma ambulatoria. Semanalmente se
estableci6 contacto telef6nico para conocer la
evoluci6n clínica.

En el control clínico se valoraron distintos
parámetros entre los que cabe destacar la
disminuci6n clínica de la ictericia y del prúrito, el
aspecto y consistencia de las heces.

También se control6 la aparici6n de fiebre y se
trató de determinar su etiología mediante práctica
de bemocultivos.

Para el cálculo de la supervivencia se utilizaron las
curvas de Kaplan Meier.

En el curso de 18 meses se incluyeron en el estudio
32 pacientes (11 o y 21 9) con edades entre 40 y
94 años con una media de 68 años. En 23
ocasiones los pacientes fueron propuestos para la
colocación de un drenaje biliar interno por vía
endosc6pica y en 9 se indicó el drenaje paliativo
por cirugía. El grupo sometido a drenaje
endosc6pico tuvo una edad media superior en nueve
años respecto al grupo en el que se indic6 cirugía
y la naturaleza de la obstrucción, en cada uno de
los dos grupos, se indica en la tabla 2, donde se
puede apreciar que la mayor frecuencia
corresponde a tumores de la vesícula biliar
invadiendo la región del heplltico comlln próxima al
hilio, bien por contigüidad, bien por la afectación
de las adenopatías hiliares. El segundo tumor, por
su frecuencia fue el que invadía la placa hiliar.

El drenaje end~scópico se consiguió en 15 de los
23 intentos (65 %), mientras que de los nueve
intentos de solucionar de forma paliativa la
obstrucción mediante técnicas quirdrgicas, esto sólo
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se consiguió en tres casos (33 %). La mortalidad
operatoria de cada técnica (Tabla 3) fue similar,
puesto que fallecieron dentro de los 30 días
siguientes al drenaje endoscópico 7 de los 23
pacientes en los que se intentó (30 %) Y tres de los
nueve pacientes operados (33 %).

De los 9 pacientes tratados por cirugía, en dos les
fue colocado un drenaje Kher, entre uno de los
lóbulos hepáticos y el colédoco por debajo de la
tumoración y a uno le fue practicada una
calibración de los conductos biliares del lóbulo
derecho e izquierdo, segdn la técnica descrita por
Terblanche y los seis restantes (66 %) fueron
sometidos a una laparotomía, sin que se pudiera
efectuar ninguna medida terapéutica para drenar la
vía biliar.

Tanto los fracasos de la endoscopia, como de la
cirugía fueron motivados por la imposibilidad de
superar la estenosis, generalmente por estar
invadida por el tumor.

Las complicaciones infecciosas (Tabla 4) fueron
mú frecuentes en el grupo sometido a drenaje
biliar endoscópico donde catorce de los 23
pacientes (60 %) presentaron fiebre y se detectó un
hemocultivo positivo para uno o varios gérmenes,
mientras que esta complicación sólo se detectó en
uno de los nueve pacientes tratados por citugía
(11 %).

La supervivencia de los pacientes tratados por
endoscopia oscil6 entre una semana y seis meses.
La principal complicación de este tratamiento fue la
colangitis que se present6 en 14 de los 23 pacientes
(60) %) siendo la causa de muerte en siete (30 %).
Dos pacientes presentaron pancreatitis en relación
a la colangio pancreatografía retr6pIda
endoscópica (CPRE) que se resolvió con
tratamiento médico entre uno y cuatro días despucSs
de la exploraci6n. En el grupo quirúrgico varió
entre los tres días y los ocho meses y las
complicaciones propias de la cirugía condicionaron
una mortalidad a los 30 días del 33 %.

La supervivencia valorada en semanas se expresa
de forma gnlfica en las curvas de Kaplan Meier
(Figura 1) donde puede apreciarse que no existen
diferencias significativas entre las dos curvas, si
bien destaca que ambas t6cnicu motivan una
mortalidad precoz importante, evidenciable por la
inmediata caída de la curva de supervivencia, que
es menos marcada para la técnica endoscópica y
mú nlpida para la cirugía posiblemente en relación
con las secuelas de la propia intervención
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quirúrgica en los pacientes operados. En el grupo
quinirgico la mortalidad del cincuenta por ciento se
alcanza a las cuatro semanas, mientras que este
mismo porcentaje se alcanza a las ocho semanas
para el grupo de drenajes endosc6picos.

La media de la calidad de vida de los pacientes de
cada uno de los grupos (Figura 2) fue similar en un
.pimiento que alcanza cinco meses en los cinco
lUpetVivientes portadores de drenajes endosc6picos
y ocho meses en dos supervivientes del grupo
quinirgico.

Posteriormente ea una serie más amplia de 68
pacientes se analizaron los resultados en relaci6n
al nivel de la obstrucci6n segl1n esta afectara al
bilio hep'tico, regi6n del hepático común y la zona
ele cabeza del P'ncreas y ampolla de Vater. La
eficacia ea la colocaci6n alcanzó el 75 % siendo
menor ea el hilio que en el hepático común y en la
zona distal de la vía biliar. Los porcentajes de
eficacia fueron de 65, 73 Y 80 % respectivamente
(Figura 3). La mortalidad global de la serie fue de
19,6 % siendo mayor en el grupo de pacientes con
obstrucciones a nivel del hilio hepático (6/21) que
ea los que la obstrucci6n afectaba el hepático
comdn o colédoco distal, donde la mortalidad a los
15 ellas fue del 13 % (Figura 4). La supervivencia
media de esta serie calculada según Kaplan Meier
no fue significativamente distinta al separar DBI
proximales y distales a nivel de colédoco (Figura
5). Diez pacientes fallecieron por colangitis
relaciOlUldos con la colocaci6n del drenaje. La
infecci6a biliar fue uno de los motivos que
indicaron la colocaci6n del drenaje biliar interno en
cinco pacientes, mientras que en otros cinco la
colangitis se present6 después de la colocaci6n del
drenaje.
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Los resultados del estudio comparativo entre
endopr6tesis y cirugía y los del análisis de la serie
de 68 pacientes permiten establecer que la
colocaci6n de drenajes biliares internos por vía
endosc6pica en los tumores del hepático comdn e
hilio hepático es una técnica relativamente sencilla,
excepto cuando hay invasi6n tumoral de las paredes
de la vía biliar a nivel de la estenosis, puesto que
esta circunstancia dificulta la progresi6n de las
guías que luego permitirán el avance de la
"pr6tesis". La mayor complicaci6n de la técnica es
la colangitis, especialmente por gérmenes Gram
negativos, cuya frecuencia se consigui6 reducir
utilizando una adecuada cobertura antibiótica ea los
días que siguieron a la colocaci6n del drenaje
endosc6pico. Deben resolverse problemas derivados
de la sobreinfecci6n de las vías biliares, debe
considerarse que la colocación de drenajes
endosc6picos constituye una alternativa terapéutica
en las obstrucciones biliares altas de naturaleza
tumoral. Sin embargo esa afirmaci6n es tanto más
válida cuando los drenajes biliares se colocan en
obstrucciones tumorales mú bajas donde las
dificultades técnicas son menores.

Por lo tanto los drenajes biliares internos,
colocados por vía endosc6pica constituyen una
alternativa a la cirugía en caso de tumores
inextirpables que precisan tratamiento paliativo y en
pacientes con un muy elevado riesgo quirúrgico alÚl
en patología benigna (Tabla 5). También deben ser
considerados como tratamiento temporal en las
fístulas biliares que no responden a la
esfinterotomia simple o en las colangitis por litiasis
biliar no pueden ser resueltas inmediatamente
mediante esfinterotomia y en tumores ampulares o
de cabeza de páncreas que luego podrán ser
valoradas para cirugía curativa.
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Tabla 1

DRENAJE BILIAR ENDOSCOPICO
Datos obtenidos de distintas series.

OIm'RUCCION NUM EFICACIA SUPERVIVEN MORTALIDAD COMPLICACIONES HOSPf1'AlJZA.
COLOCA- -CIA CION

CION

AvI« Tipo Sltuockla JOb JOd. TAIlDIAS
(060)

SIEGEL TUM PANCREA 277 89. X4_ la. 17. 3.5 .....
(86)

HUlBREO LQVB HEP. COM 29 93. . .
·TSE (86)

KJIL(l7) TUMILQV VARIA 399 ~. n.
lIIUl'

NEOPI'o- TUM DISTAL 21 SI. 13.1' añool 23. .
LOMEOS AMPULAR
(17)

BICICEIt· TUM DISTAL 17 82. X12_ 6. 17.
srAFF AMPUl.AIl
~)

saoMEIl UI1ASIS DISTAL 34 100. lO&uim. 26 m. 3. 23.
(90)

Leyenda

TUM.: Tumor malingno.
HEP. COM.: Hep'tico Comlin.
L<~VB.: Lesi6n quinírgica d. la vía biliar.

Tabla 2

ICTERICIA OBSTRUCTIVA POR NEOPLASIAS BalARES ALTAS
ENDOSCOPIA vs CIRUGIA

NATURALEZA DE LA OBSTRUCCION

OBSTRUCCION POR OREN. END. OREN. QUIR. TOTAL

NEOPLASIA VESICULA BILIAR 9 S 14

COMPRESION HILIO H. S - S

COLANGIOCARCINOMA 2 1 3

NEOPLASIA HILIO H. 7 3 10

TOTAL 23 9 32

EDAD 71=12 62-19 68-12
(entre 40 y 94 a)

Oren. End.: Drenaje endoacCSpico
Oren. Qulr.: Drenaje quinírgico
H.: Hep'tico
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Tabla 3

ICTERICIA OBSTRUCTIVA POR NEOPLASIAS BILIARES ALTAS
ENDOSCOPIA vs CIRUGIA

EFICACIA TECNICA y MORTALIDAD

DRENAJE BILIAR EFICACIA MORTALIDAD 30 d.

ENDOSCOPICO 15123 (65%) 7/23 (30%)

QUIRURGICO 3/9 (33%) 3/9 (33%)

Tabla 4

ICTERICIA OBSTRUCTIVA POR NEOPLASIAS BILIARES ALTAS
ENDOSCOPIA vs CIRUGIA

COMPLICACIONES INFECCIOSAS

DRENAJE BILIAR
11

NUMERO (%) GERMENES

ENDOSCOPICO 14/23 (60%) Pseudomonas 4
Gram. neg. 7
Klebsiella 1

QUIRURGICO 119 (11 %) Pseudomonas 1

Tabla S

INDICACIONDECOLOCACION DE DRENAJE BILIAR INTERNO MEDIANTE COLANGIOGRAFIA
RETROGRADA

TEMPORALES

TUMORES
• NEOPLASIAS QUE AFECTAN COLEDOCO DISTAL (Lygidakis 87) ..

. PROCESOS BENIGNOS
• FISTULAS BILIARES QUE NO RESPONDAN A ESFINTEROTOMIA (Goldin 90)
• LmASIS BILIAR y COLANGITIS CON CALCULOS QUE POR SU TAMAÑO NO
PUEDEN RETIRARSE INICIALMENTE (Akiyama 90)
• ESTENOSIS TRAUMATICA DE LA VIA BILIAR PRINCIPAL (Deviere 87)

DEFINmvos

NEOPLASIAS
• TRATAMIENTO PALIATIVO EN TUMORES SIN POSIBILIDADES QUIRURGICAS
(Sonnenfeld 86)

PROCESOS BENIGNOS
• LmASIS BILIAR CON CALCULOS GRANDES SIN POSIBILIDADES DE SOLUCION
ENDOSCOPICA y EN PACIENTES CON EXCESIVO RIESGO QUIRURGICO (Sommers 90)
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Pies de Fi¡ura

Fi¡ural

Curvas de actuariales de mortalidad, expresada en semanas, según Kaplan Meier, de los pacientes con drenajes biliares quirúrgicos y
enclosc6picos. No hay diferencias significativas entre ambas curvas.

Fi¡ura2

Calidad de vida selÚn la clasificación de "Po:ñormance Status". Las cifras se obtuvieron calculando la media de la calidad de vida, selÚn
la citada clasificación en relación al número do: supervivientes en cada momento de la evolución.

Fi¡ura3

La efICacia en la colocación de los drenajes biliares internos por endoscopia es inversamente proporcional a la dificultad técnica y esta es
_yor cuanto mú alta sea la obllrucción biliar. De todas formas también hay dificultades en las neoplasias del colédoco distal, que son
ns patentes cuando hay invasión tumoral del duodeno o gran deformación de la región.

Fi¡ura4

La mortalidad de los drenajes biliares puede evaluarse a los 15 días ya que las complicaciones ligadas a la técnica son precoces. La
mortalidad e. IInto 1M. elevada cuanlo 1MS dificil reaulta la colocación de la endoprolesi•.

Fi¡uraS

Curvasactuariales de mortalidad en función de la siluación de la obllrucción maligna de la via biliar. Las lumoraciones pancrdticlllienen
una evolución m" npida que otros tumores, lo que jUllifica que la supervivencia media de las lumoraciones que eslenolln el colédoco distal
ten,an una mortalidad IÚS precoz que 111 del hepático comlln y re,ión hiliar.
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New Approaches in the Pharmacological
Treatment oC Portal Hypertension

JAIME BOSCH1

CLINICAL/HAEMODYNAMIC
CORRELATIONS IN THE

PHARMACOLOGICAL TREATMENT OF
PORTAL HYPERTENSION

T he pharmacological treatment of portal

hypertension is based on the assumption that a
sustained reduction in portal pressure shall reduce
the incidence of the complications of portal
hypertension. Actually, it is well known that for
varices to develop and rupture, the portal pressure
gradient (usuatly evaluated as the hepatic venous
pressure aradient or HVPG) shall increase aboye
12 mm Hg. Recent studies have confirmed that
when HVPG is reduced below this threshold
gradient the patient is totally protected from the
risk of variceal haemorrhage, the varices
pro¡ressively decrease in size and survival is
significantly increased. In addition, it is Iikely that
when HVPG is very high, a substantial reduction
(Le., ofmore than 20% ofbaseline value) may also
translate into a signiticant decrease in the risk of
variceal bleeding, even if the final value is above
the 12 mm Hg threshold gradient. This is because
variceal rupture is thought to occur when the
tension exerted on the walls of the varices, which
is directly related to variceal pressure, exceeds a
critical value. Therefore, a marked decrease in
portal pressure (which leads to at least a similar fall
in variceal pressure) shall markedly decrease
variceal tension and the Iikelihood of variceal
haemorrhage.

LIMITATIONS OF PROPRANOLOL
THERAPY

Propranolol and nadolol are now well accepted for
the prevention of variceal bleeding or rebleeding.
However, we have shown that only 24% of patients
decrease HVPG by more than 20% after
propranolol administration, and that only in 12% of

the cases the final HVPG is $ 12 mrnHg. On the
other hand, nearly 40% of patients fail to exhibit a
reduction in HVPG following propranolol. It
appears therefore that in order to improve the
results of pharmacological therapy with
propranolol, we have either to select patients
exhibiting better hemodynamic response (which
would limit the applicability of therapy), or lo
develop altemative therapies that can offer effective
reductions in HVPG in a greater proportion of
patients.

Other limitations of tberapy witb non-selective beta
blockers are due to tbeir contraindications and side
effects. Among tbe former, the more frequent1y
encountered are chronic obstructive lung disease,
A-V heart blocks, arrythmias, psychosis and
insulin-dependent diabetes with pul history of
hypoglycemia. Side effects are relatively freqaent
(about IS % patients), hut severe events
(bronchospasm, etc) are rare. The more frequent
complaints are fatigue (that ofien is 8SSOCiated with
marked bradycardia, with heart rate below 60 bpm)
and sleep disorders. Although complications from
propranolol therapy in cirrhosis have never been
letbal, side effects are important in as much as they
detract from compliance. Nadolol is easier lo
administer because of more prolonged half-Iife
(atlowing once-a-day administration) and is
eliminated by the kidneys, which malees its dosap
easier tban that of propranolol. Also, it has beeo
suggested tbat since it does not cron tbe blood
brain barrier it is less likely to cause central eff'ects
and side effects. However, tbis has not been
adequately investigated in cirrhosis.

ALTERNATIVE PHARMACOLOGICAL
TREATMENT FOR PORTAL

HYPERTENSION

There has becn a lot of attention paid to \he

possible use of vasodilators in recent years. These

1 Hcpatic Hacmodynamics Laboralory. Livcr Unil. Hospilal Clfnic i Provincial. Univcrsily of Bareelona.
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drugs may reduce portal pressure by decreasing the
vascular resistance to portal and collateral blood
flow, and also, by promoting retlex splanchnic
vasoconstriction as a response to reduced mean
arterial and cardiac filling pressures. A theoretical
advantage of vasodilators over beta-blockers is that
the former may allow to reduce portal pressure
witbout impairing Iíver perfusion. Its most
important Iimitation is that all vasodilators reduce
arterial blood pressure, which may be poorly
tolerated by patients with advanced cirrhosis
(especially in those with ascites and edema). who
are frequently hypotensive.

Nitrovasodilaton such as isosorbide dinitrate or
isosorbide S-mononitrate does cause marked
reductions in HVPG in acute administration. but
much lesa in chronic therapy. Tolerance to
nitrovasodilators may be due to true
pharmacologic:al tolerance. to the activation of
endoaenous neurohumoral vasoactive systems. and
to plasma volume expansiono The latter suggests
the possibility that the association of a diuretic may
enhance the effects of these compounds in HVPG
(in analogy with findings in the treatrnent of arterial
hypertension). Otherwise. it is unlikely that
nitrovasodilators alolle may become useful agents
in the treatment of portal hypertension, because of
their small effect on portal pressure. Molsidomine
has effects tbat are superimposible to those of
isosorbide dinitrate and is thought not to cause
toJerance, but this has not been assessed by long
term com~tive studies in patients with portal
hypertension.

Serotonin Sl-receptor blocken were introduced
following the observation that mesenteric veins
from portal hypersensitive to the venoconstrictor
effecta of serotonin. Ritanserin and other serotonin
S2-receptor blockers such as ketanserin have been
shown to be able to reduce portal pressure in portal
hypertensivo modeli and/or in patients with
cirrbosis. Thís is in part due to lowering in portal
coUateral resistance. It is important to remark that
selectivo 52 antagonista do nOl cause any decrease
in arterial pressure. The potential for the use of
these drugs. either alone or in combination with
other agents requires further investigation.

tlonidine is a centrally aeting alpha-2 adrenergic
agonist. which results in reduced adrenergic output.
Clonidine reduces portal pressure by decreasing
portal resistance and splanchnic inflow. Arterial
preaure is also markedly reduced, but in this case
it does not appear to be associated to adverse
effects on renal function or sodium handling. The
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magnitude of the faU in portal pressure is slightly
higher than that achieved with propranolol.

Spironolactone has been shown to r~uce HVPG
in patients with cirrhosis. This is based on the
known relationship between plasma volume and
portal pressure. In addition. the reduction in plasma
volume caused by spironolactone attenuates the
increase in cardiac output observed in cirrhosis and
triggers vasoactive mechanisms that decrease the
splanchnic blood tlow. There is a potential for
spironolactone to maintain and enhance the
decrease in portal pressure caused by
nitrovasodilators or propranolol. Clearly. the
degree of plasma volume expansion is an important
variable influencing portal pressure, which has not
been taken into account in the pasto Concomitant
use of diuretics may explain in part sorne
contlicting results observed in previous studies and
clínical trials.

COMBINATION THERAPY

It is unlikely that any single agent may offer a fan
in portal pressure marked enough to provide
effective protection from the risk of variceal
bleeding or rebleeding to most patients with
cirrhosis. This is probably easier to achieve using
combinations of drugs acting through different
mechanisms. Again. this is a situation in which the
strategy for the treatment of portal hypertension
may profit from the experience gained in the
treatment of systemic hypertension.

The combined administration of propranolol and
isosorbide S-mononitrate has been shown to cause
a significantly greater reduction in HVPG thao
either drug alone. Acute and long-term
hemodynamic studies have shown that this drug
association markedly reduces the number of
patients who do not reduce· portal pressure. while
increasing the proportion of cases in which HVPG
is markedly decreased. This is thought to be due lo
the faet that isosorbide S-mononitrate prevents the
increase in portal resistance caused by propranolol.
This association is also superior to propranolol
alone in maintaining liver perfusion and hepatic
function. while the beneficial effect reducing
azygos blood flow is unchanged. Whether these
greater hemodynamic effects translate into better
clínical results should be verified by randomized
controlled studies.

As already mentioned. other drug combinations
have potential for a synergistic effect reducing
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portal pressure. These inelude the association of
propranolol or nadolol with an S2-blocker, the
association of propranolol or nadolol with
spironolactone, the association of a nitrovasodilator
(or molsidomine) and diuretics, or the simultaneous
use of three drugs (beta-blocker + nitrovasodilator
+ spironolactone, or beta-blocker + S2-antagonist
+ spironolactone). Obviously, further research is
needed to clarify these important questions.
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Tratamiento·
intervencionista

de la HTA vasculorrenal.
ANGIOPLASTIA TRANSLUMINAL PERCUTÁNEA RENAL

J. Montañá Figuls y J.M~ Callejas Pérez

Introducción

La angioplastia transluminal percutánea de
arteria renal (ATP de AR) es el procedi
miento de revascularización renal con me·
nos riesgo para el paciente y con mú pro
babilidades de éxito.

La ATP se empezó a practicar en zonas
periférica y cardíaca en los afios 1978 y
19791.2. Deapués de hacerse pública su
utilización a nivel renal, esta tknica se ha
popularizado con rapidez en los últimos
años3•

Técnica

La ATP cateterlza con precisión por pro
cedimientos angiogr6ficos, la arteria renal
estenosada. Se hace pasar a través de la es
tenosis un cattier especial, que tiene un
globo casi en su extremo, que se puede hin·
char a voluntad con una presión controla
da (fig. 23.1). Al hincharlo con una presión
de entre cinco a diez atmósferas, en el ceno
tro de la estenosis, se provoca su dilatación,
que en general persiste después de retira
do el cattier'.5.6.

Aunque es una técnica bastante simple,
debe ser practicada sólo por personal es
pecializado y en centros donde pueda pro-

cederse sin demora a la solución de las po
sibles complicaciones. A pesar de ser una
técnica de naturaleza angiográfica o radio
lógica, no debe practicarse sin un entorno
quirúrgico adecuado.

Indicacionea

Los beneficios de la ATP en las estenosis
de arteria renal pueden considerarse des·
de dos aspectos: at mejoría o curación de
la hipertensión, y bt mejoría de la función
renal.

Los dos aspectos van mucha veces re·
lacionados y, sobre todo, son esenciales en
los pacientes monorrenos, ya sea por tras
plante renal o porque tenpn UD..solo riAón
por otras cauau.

Podemos dividir a los enfermoe tributa
rios de tratamiento mediante ATP, en los
tres grupos siguientes:

l. EsteDOlÍl posqain1rJicu ffip. 23.2 Y
23.3). 'Danto en 101 injertoI rena1eI por in·
suficiencia·reDa1, como ID ... interftDcio
nespor~(au~te, by.
passt, puedea produdne esteaaIi& La rein
tervención~ de estos ptdeDtes
presenta mudaas~ tKAicos Ypo
cas probabilidades de bita. Bl tratamien-
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TRATAMIENTO DE LA HIPERTENSIÓN ARTERIAL

Fig. 23.1. Catéter de Grüntzig. con el globo hin
chado, en el centro de una estenosis de arteria
renal. Se obselVa la hendidura que provoca la este
nosis en el globo.

to de elección es en estos casos la ATP, al
conseguir excelentes resultados en la ma
yoría de las ocasiones. Merece resaltarse,
en el caso de los pacientes trasplantados,
que además de solucionar su hipertensión,
se les restablece también la función ren'll.

2. Estenosis displásicas (figs. 23.4, 23.5,
23.6 Y23.71· En las displasias de arteria re
nal, el primer tratamiento de elección es
también la ATP. Los resultados en cuanto
a la curación de la HTA son muy buenos
y superponibles a los resultados quirúrgi
cos, con una menor morbilidad. Existen sin
embargo, desde el punto de vista técnico,
algunas dificultades, sobre todo cuando las
estenosis son muy cerradas, o en algunos
casos en que las múltiples irregularidades
impiden el correcto desplazamiento de la
guía angiográfica o del catéter.

3. Estenosis ateromatosas (figs. 23.8 y
23.91. En las estenosis ateromatosas debe
tenerse siempre en cuenta al conjunto de
la enfermedad ateromatosa, puesto que la
afectación renal no es, por lo general,

Figs. 23.2. Y 23.3. Estenosis de una anastomo
sis terminoterminal quirúrgica. Desaparición de di
cha estenosis en la comprobación.
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TRATAMIENTO INTERVENCIO!'15T.-\ DE 1..\ IIT.-\ '·.·\'n·u lt{¡{¡':'\.\1

Figs. 23.4 Y 23.5. Estenosis displásica de arte
ria renal, con una buena dilatación de la misma
después de la angioplastia.

la única en estos pacientes. Éstos presen
tan un alto riesgo quirúrgico y, excepto si
presentan lesiones asociadas aortoilíacas
quirúrgicas, debe plantearse como prime
ra opción la angioplastia.

Sin embargo, es importante señalar que
la dilatación no siempre será efectiva, so-
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bre todo cuando se trata de placas de ate
roma aórticas que afectan al ostium renal,
que, en ocasiones, son imposibles de dila
tar (figs. 23.10 y 23.11). Además, por la pro
pia evolución de la enfermedad, no son in
frecuentes las reestenosis. Cuando se trata
de pacientes con muchos años de evolu-

Figs. 23.6 Y 23.7. Doble arteria renal derecha,
con estenosis por displasia de la arteria inferior.
Aortogra(fa postangioplastia con muy buena per
meabilidad de dicha arteria.

J
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TRATAMIENTO DE LA HIPERTENSIÓN ARTERIAL

Figs. 23.8. Y 23.9. Importante estenosis ateromatosa de la primera porción de arteria renal derecha.
Aortografía digital de comprobación, con desaparición de la estenosis, observándose en cambio una ima·
gen de pequeña disección subintimal.

ción, no siempre será efectiva la dilatación
para normalizar la tensión. No obstante,
será útil en muchos casos para mejorar la
función renal, sobre todo cuando se trata
de pacientes monorrenos, que están abo
cados con rapidez a una insuficiencia renal.

Metodología

Diagnóstico de la HTA vasculorrenal

En un período de pocos años, la aparición
de la angiografía digital ha revolucionado
los procedimientos para diagnosticar la
hipertensión secundaria a la estenosis de
arteria renal. Según lo acostumbrado, el
paciente con sospecha clínica de HTA vas
culorrenal es sometido en primer lugar a
la práctica de una angiografía digital intra-

venosa (ASD/i.v.), que proporciona una vi·
sión directa de las arterias y permite afir
mar o descartar la estenosis de arterias re
nales. Aprovechando el contraste de la
ASD/i.v., conviene practicar una urografía
descendente, que proporciona datos impar·
tantes morfofuncionales del aparato urina·
rio. Si en vez de practicar la ASD/i.v. por
punción de una vena del codo, como es lo
habitual, se realiza mediante cateterismo
femoral, se puede aprovechar este último
y hacer una extracción de sangre de las ve
nas renales para la determinación de reni·
nas centrales.

Debe tenerse en cuenta que la ASD/Lv.
es una exploración de screening, por lo que
ante cualquier duda en la interpretación de
las imágenes, debe hacerse un estudio in
traarterial, para comprobar las lesiones
existentes.

Figs. 23.10. Y 23.11. Paciente monorreno, c~n est~nosis severa del ostium de la arteria renal. Buena
permeabilidad de dicha arteria renal tras la dilataczón.
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Técnica de la angioplastia
transluminal

Con el diagnóstico probable de estenosis
de arteria renaL conseguido por angiogra
fía digitaL se programan a la vez la arte
riografía de comprobación de las lesiones
y la angioplastia. El paciente debe tomar,
dos días antes, medicación antiagregante.
Por ejemplo: persantín 300 mg/día y ácido
acetilsalicílico 500 mg/día.

Se hace la arteriografía, normalmente
por cateterismo femoral, y si se comprue
ba la estenosis, se decide tratamiento, in
yectando antes, en la arteria renal que co
rresponda, 4.000 U de heparina y 40 mg
de lidocaína (para evitar trombosis y espas
mos arterialesl. Se pasa la guía angiográfi
ca a través de la estenosis y se desliza a
continuación sobre ella el catéter de dila
tación. Cuando el globo está situado en el
centro de la estenosis, se procede a hin
charlo. Para controlar el proceso se relle
na el globo con contraste y se administra
una presión de unas 5 a 7 atmósferas du
rante 30-60 segundos. Según la resistencia
de la estenosis a dilatarse, se repite varias
veces dicho proceso. Por último, se retira
el catéter de dilatación y se realiza una aor
tografía de comprobación para evaluar el
resultado obtenido.

Después de la dilatación, el paciente
debe permanecer ingresado unas 48 horas,
para controlar el punto de punción y adap
tar la medicación hipotensora a la nueva
situación creada.

Control posterior

Después de practicar una angioplastia, el
paciente debe seguir recibiendo medica
~ión .antiagregante durante un tiempo no
mfenor a tres meses. Es conveniente, en
algunos casos, prolongar mucho más dicho
tratamiento.

En generaL si los resultados clínicos son
~uen~s~ no es necesario practicar angiogra
flas digItales de comprobación; pero cuan
do uI?- I?aciente presenta un empeoramien
t~ ClínICO,. no debe dudarse en practicar
dIcha anglOgrafía y, en el caso de que se
compruebe una nueva estenosis, iniciar de
nuevo todo el proceso.
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Fisiopatología

No son cono~idosen su totalidad los icnó
menos que tIenen lugar en una arteria es
tenosada que ha sido dilatada vi. .
d

. ' a azon
e. que esta permanezca perm~able. Las

pnrnera~ teo~as form~ladas a este respecto
establecl.a.n cmco fenomenos principales:
c~mp~~slOn de la placa de ateroma; redis
tnbl!clon d~ la placa; em.bolización de pe
quenas partlculas; regresión de la placa de
ateroma por mecanismo de fagocitosis, v
por último, estrechamiento de la pared
arteriaF.

Algunos puntos de las teorías no tarda
ron en ser rebatidos, en especial los que ha
cían referencia a la ':ompresión y redistri
bución de la placa de ateroma; su dureza
hace que sea compresible con dificultada.

Por el contrario, el estrechamiento de la
pared parece ser uno de los mecanismos
fundamentales para devolver una buena
luz a las arterias con las paredes engrosa
das. Por regla general se produce una ro
tura de la íntima, y en los ateromas, una
impactación de la placa, en las capas mus
cular y adventicia, aumentando entonces
el calibre externo de la arteria.

Las imágenes angiográficas inmediatas a
la angioplastia ofrecen en ocasiones imá
genes de disección intimal secundaria a la
rotura, pero nada tienen que ver con el re
sultado clínico obtenid0 9. La evolución es
pontánea de dicha rotura intimal es cica
trización con formación de luz más amplia
(curaciónl. Pero también puede evolucio
nar a una formación de reestenosis. De
aquí la importancia de realizar un correc
to tratamiento antiagregante posterior.

Resultados de la ATP
de arteria renal

Es difícil dar un único resultado finaL en
una técnica como la ATP, ya que, en gene
ral, se trata de grupos de pacientes hetero
géneos, en los que la causa de hipertensión
no sólo puede ser la estenosis de arteria re
nal existente. Por tanto, un buen resultado
angiográfico, con una buena restitución de
la luz de la arteria, puede no ser un buen
resultado clínico.
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Se obtiene una buena dilatación morfo
lógica de la estenosis en cerca del 90 % de
los pacientes a los que se practica una di
latación de arteria renal.

En relación al res'Jltado en cuanto a la
HTA, deben clasificarse los pacientes en los
tres grupos siguientes: al pacientes cura
dos, es decir, que se convierten en normo
tensos tras la dilataci6n, sin necesitar nin
gún tratamiento m~co; bl pacientes con
una mejoría clínica, en los que se consigue
un mejor control de la hipertensi6n, con
menor medicaci6n, y el un grupo de en
fermos sin ningún cambio tras la dila
tación10•

El resumen de los resultados de la abun
dante literatura sobre el tema, coincide con
la experiencia personal de un grupo de 112
pacientes, y es el siguiente: pacientes cu
rados, un 25 %; pacientes con mejoría clí
nica, un 55 %, Ypacientes a los que la an
gioplastia no ha aportado ningún beneficio.
un 20 %. Al hablar de los resultados. es im
portante constatar una mejoría de la fun
ci6n renal en un 15 % de los pacientes.

Según qué autores, la recurrencia de las
estenosis ocurre entre un 12 y un 22 %.
Esta incidencia es claramente más alta en
los pacientes ateromatosos. 'Ikmbién debe
tenerse presente que en las reestenolis se
puede practicar nuevamente una angio
plastia sin mayores problemas. De todas
maneras, cuando la recidiva se presenta de
forma precoz en 101 primeros meses, el pro
nóstico desaconseja una nueva dilataci6n,
y es más aconsejable el tratamiento quirúr
gico.

CompHaaciones de la ATP
de arteria renal

Las complicaciones de la angioplastia de
arteria renal oscilan entre el 5 y ellO %,
Yson en general menores. Las principales
son los hematomas en el punto de punción
(arterias femoral o axilarl.

Ademb son posibles espasmos de las ar
terias intrarrenales y embolizaci6n a dis-
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tancia de pequeños émbolos. Entre las
complicaciones más graves se encuentran
la trombosis de arteria renal o su disección.
llegando a originar un hematoma renal o
incluso retroperitoneal. Por ello es impor
tante realizar las angioplastias con un en
torno quirúrgico adecuado.

En nuestra serie personal de 112 pacien
tes no ha sido necesario. a pesar de ello.
proceder a ningún tratamiento quirúrgico
de urgencia, y sólo en un caso fue necesa
rio tratar quirúrgicamente un hematoma
de la zona de punción femoral.
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Tratamiento
intervencionista de la

HTA vasculorrenal.
TRATAMIENTO QUIRÚRGICO

J.M~ Callejas Pérez

Introducción

En 1836, Bright relacionó el riñón con la
HTA. Pasados 100 años, Goldblatt demos
tró que la compresión o estenosis de la aro
teria renal provocaba atrofia del riñón e
hipertensión l • 'Iras este descubrimiento, los
pacientes con riñones de pequeño tamaño,
mostrados en la pielografía, y afectos de hi
pertensión, se trataban, por lo general, con
nefrectomía, sobre todo tras la comunica
ción del estudio de Butler en 1937, que des
cubría la desaparición de la hipertensión en
los pacientes nefrectomizados por
pielonefritia2• Dean y FosterJ señalan su
sorpresa ante la ausencia de comprobación
anatomopatológica de lesiones estenosantes
u obliterantes ele la arteria renal, en los pa
cientes nefrectomizados durante aquellos
~os. En 1956, Smith revisó 576 casos de pa
Cientes nefrectomizados por hipertensión y
riñón pequeño; descubrió que sólo habían
curado su hipertensión menos de un 30 %,
por lo que llegó a la conclusión de que las
nefrectomías se deben limitar a indicacio
nes urológicas, sin pretender curar la hiper
tensión, en todos los casos·.

En el campo de las relaciones etiopato
génicas entre las estenosis de la arteria re·
nal y la hipertensión se producen varios
hechos trascendentes: la descripción por
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Leadbetter y Burkland, en 1938, del primer
caso de displasia fibromuscular de arteria
renal en un niño de 5 años, afecto de hi
pertensión severa y riñón pélvico malfun
donanteS; la observación de Freeman, en
1954, de la normalización de la HTA tras
una endarterectomía de la aorta y de las
dos arterias renales estenosadas6, y la pri
mera anastomosis esplenorrenal, para tra
tar U:la estenosis de la arteria renal izquier
da, que Thompson y Swithwick habían
practicado dos años antes7•

Después del descubrimiento de Dos San
tos laortografía) y Seldinger (arteriografía
selectiva), el desarrollo de la angiografía fa
voreció, en las décadas de los cincuenta y
sesenta, los diagnósticos de estenosis de ar
teria renal, practicándose casi siempre un
tratamiento quirúrgico, como la endarte
rectomía o la técnica de by.pass o deriva
ción, propuestas por Poutasse, DeBackey
y Morris8'9, entre otros. Los resultados ob
tenidos con dichas técnicas en la normali
zación de la TA sólo fueron satisfactorios
en la mitad de los casos. Se comprobó, así,
que la relación entre la estenosis renal y
la hipertensión no siempre era causal, y se
produjo cierto desencanto en el concepto
de hipertensión vasculorrenal. El desarro
llo de técnicas diagnósticas complementa
rias, como el test de Howard 1o, o la deter-
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TRATAMIENro DE LA HIPERTENSIÓN ARTERIAL

Fig. 24.1. Anastomosis terminoterminal

Fla- 24.2. &implantación de arteria renal en la
aortll.

minaci6n de reninas, ha llevado a la acti
tud actual: se admite de forma empírica
que si una de dichas pruebas es positiva,
la respuesta al tratamiento quirúrgico es sa
tisfactoria en mú del 90 tRI de los casosll .

Por último, muchos nefr610gos y (.~ruja·

nos vasculares, en la actualidad, han asu
mido la gran importancia del concepto: las
lesiones estenosantes de las arterias rena·
les no deben tratarse sólo con la pretensión
de normalizar la hipertensi6n, sino con la
intenci6n de evitar la progresi6n de la en·
fermedad ateromatosa, que lleva indefec
tiblemente a su obliteraci6n, con la consi
guiente anulaci6n funcional del riñ6n.

Revisaremos a continuaci6n el trata·
miento de las lesiones estenosantes de la
arteria renal, según las distintas opciones

desde el punto de vista de la técnica qui
rúrgica.

Resecci6n de la lesi6n estenosante
y anastomosis terminoterminal

Se podrá realizar en casos excepcionales de
lesi6n circunscrita en una arteria renal lar
ga. Las características anatomopatol6gicas
de las lesiones ateromatosas displásicas im
posibilitan casi siempre esta técnica. Por
otra parte, las anastomosis terminotermi
nales de arterias de pequeño calibre, con
una mala localizaci6n quirúrgica, producen
una elevada incidencia de estenosis resi
duales (fig. 24.11.

Reimplantaci6n de la arteria renal
en la aorta

Está indicada en la lesi6n circunscrita del
ostium, con arteria renal larga y moviliza
ble. Tiene el inconveniente de que las le
siones ateromatosas suelen extenderse a la
pared a6rtica, imposibilitando y dificultan
do la técnica, si la arteria renal es de un
calibre importante (fig. 24.2).

EndarterectomÚl o extirpaci6n
de la placa ateromatosa estenosante

Se utiliza también en las lesiones limitadas
al ostium. En la práctica, se limita muchas
veces la técnica porque las lesiones atero
matosas suelen ser difusas. No debe utili
zarse en los casos de fibrodisplasia y lesio
nes calcificadas. Dado el tamaño de la
arteria renal, obliga a practicar una angio
plastia en parche. con vena safena o mate
rial protésico; estC' dificulta y alarga la in
tervenci6n (fig. 2· .::;).

Otros inconvenientes son el riesgo de
embolizaci6n distal de material ateromato
so, y las complicaciones derivadas de la fra
gilidad de la pared arterial endarterectomi
zada (hemorragia, aneurismas).

Se utiliza, si es posible, en los casos de
estenosis del ostium bilateral, pues permi
te practicar la revascularizaci6n, con una
única incisi6n en la aorta extendida en las
dos arterias renales (fig. 24.4). En los ca
sos de lesiones obliterantes de la aorta, aso
ciadas a estenosis del ostium de la arteria
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Fil. 24.3. EndarterectomCa.

renal, es posible practicar endarterecto·
mías renales transaórticas, con buenos re
sultados.

By-pass aorticorrenal

Es la técnica más utilizada por su simpli
cidad, ventajas hemodinámicas evidentes
y versatilidad. Se han demostrado los me
jores resultados, a corto y largo plazo. Se·
gún el estado de la pared aórtica y la topo
grafía lesional, puede elegirse en cada caso
el lugar más idóneo para la anastomosis.
Si el calibre de la arteria renal es termino
terminal o terminolateral, las condiciones
hemodinámicas son las mejores. No es pre
ciso una disección extensa, y se puede uti·
lizar material autógeno (vena safena o ar
teria hipogástric::) o prótesis de Dacron o
PTFE. Pueden obtenerse los mejores resul
tados y un mínimo de complicaciones em
pleando la vena safena interna, aunque se
han descrito casos de dilatación aneurismá·
tica tardía, así como posibles plicaturas. Si
la vena safena interna no reúne las condi·
ciones de calibre adecuado y estado nor·
mal de sus paredes, debe recurrirse a la im·
plantación de una prótesis (fig. 24.5).

By-pass iHacorrenal

Es una técnica de recurso, utilizada en el
r.aso de que la aorta no pueda emplearse
como origen dell1y-pass, por la patología ex·
trema de sus paredes. Implanta una próte
sis de Dacron o de PTFE, con anastomosis
terminolateral en la iliaca común, o termi
noterminal o terminolateral en la arteria re·
nal (fig. 24.6).

Fil. 24.4. Extirpación de una placa ateromatosa.

Fil, 24.5. By-pass aortico"enal.

By-pass prótesis aorticorrenal

La frecuencia de asociación de lesiones
aórticas y renales es muy elevada; surge la
necesidad de abordar las dos localizaciones
en un mismo acto quirúrgico. El tratamien
to más utilizado en la actualidad, para tra·
tar las lesiones estenosantes u obliterantes
aortoiliacas, es la prótesis bifurcada aorto
bifemoral. Si se aprecian estenosis renales
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Fil. 24.6. By-pass iliacorrenal.

significativas, deben ser tratadas durante
la misma intervención, aunque el pacien
te no sea hipertenso, con objeto de preve
nir la progresión de la enfermedad, que
provoca aparición de hipertensión e insu
ficiencia renal. Desde un punto de vista
técnico, la solución más simple es la colo
cación de un by.pass desde la prótesis aór
tica hasta la arteria renal estenosada, utili·
zando el mismo material protésico o la
vena safena lfig. 24.7).

Fil, 24.7. By-pass prótesis aorticorrenal.
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Fil. 24.8. Anastomosis esplenorrenal.

Anastomosis esplenorrenal

Revasculariza el riñón mediante sección de
la arteria esplénica terminal y anastomo
sis con la arteria renal distal a la lesión es·
tenosante, ya sea en disposición termino·
terminal o terminolateral. No es preciso
practicar esplenectomía; el bazo se nutre
por los vasos cortos. Se utiliza, en especial,
en la arteria renal izquierda. Su gran incon
veniente son las dificultades técnicas de la
movilización y preparación de la arteria es
plénica, que en muchas ocasiones es de es
caso calibre, corta o afecta de lesiones ate
romatosas. Sus ventajas son el no precisar
actuación sobre la aorta, utilización de pró
tesis, y poder utillzarst ~ncluso, abordaje
por lumbotomía lfig. 24.81·

Revascularización a partir de arterias
viscerales

Debe distinguirse entre anastomosis direc
tas, como la hepatorrenal o la gastroduo
denorrenal' y derivaciones que precisan de
la interposición de un injerto, como la anas
tomosis mesentericorrenal.

La anastomosis hepatorrenal o gastro
duodenorrenal se utiliza en el lado derecho
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Fi.. 24.9. Anastomosis hepatorrenal.

Es una técnira compleja, que obliga a
una extensa disec:ción, anastomosis arterial
y venosa y asiento ectópico del riñón; sólo
se j~stifica como tratamiento de la hiper- .
tensIón vasculorrenal en las lesiones de la
arteria renal y sus ramas, tan extensas y
complejas, que obliguen a una reparación
ex situ de las mismas (fig. 24.101.

Autotrasplante renal y cirugía ex situ

Se trata de aplicar a la cirugía de la arteria
renal los recursos técnicos adquiridos con
el autotrasplante renal. Está indicado, so
bre todo, en lesiones extensas ateromato
sas o fibrodisplasias de la arteria renal y
sus ramas terminales. Consiste en seccio
nar la arteria y vena renal y exteriorizar el
riñón conservando intacto el uréter. 'Iras
la perfusión renal con suero frío, se proce
de a la reparación que requieran las lesio
nes de la arteria renal y sus ramas, ya sea
por sustitución de vena safena o de arte
ria hipogástrica. Una vez completada la re
vascularización renal, se comunican la ar
teria y vena renal en la hipogástrica o iliaca
externa, según las técnicas habituales de
autotrasplante renal.

TRATAMIBNTO INTERVENCIONISTA DE LA HTA VASCCI.ORRF.SAL

y tiene los mismos inconvenientes Ylimi
taciones que las citadas para la anastomo
sis esplenorrenal, incrementada en la he
patorrenal por el riesgo isquémico del
hígado (fig. 24.9).

En la revascularización renal a partir de
la arteria mesentérica debe interponerse
un injerto o by-pass de vena safena o mate
rial protésico, por lo que la técnica pierde
una de sus principales justificaciones.

Fig. 24.10. Autotrasplante
renal.
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Otro factor de indicación del autotras
plante es la imposibilidad de utilización
quirúrgica de la aorta abdominal, por pa
tología severa de sus paredes.

Tratamiento de las estenosis
secundarias al trasplante renal

Una de la complicaciones que se desarro
lla en el riñón trasplantado es la estenosis
arterial, que suele aparecer entre los 6 me
ses y 2 años del trasplante. Afecta con fre
cuencia al segmento de la arteria renal del
riñón trasplantado. La primera actitud te
rapéutica debe ser la angioplastia percutá
nea, y si ésta no es efectiva, la angioplas
tia en parche con vena safena o prótesis,
.ia resección del segmento ateromatoso,
anastomosis terminoterminal o técnicas
más complejas como la reimplantación en
la arteria ilíaca, directa o mediante inter
posición de un segmento de vena safena.

Estado actual del tratamiento
quirúrgico

En la actualidad, la mayoría de autores con
experiencia admiten que la técnica que ha
demostrado mejores resultados a corto y
largo plazo, con menor número de compli
caciones, es el by-pass aorticorrenal con
vena safena autógena, tanto en estenosis
ateromatosas como en fibrodisplasias. Se
utiliza una prótesis de Oacron o PTFE sólo
si la vena safena no reúne las condiciones
mínimas exigidas.

La endarterectomía queda limitada a le
siones ateromatosas estrictamente ostiales,
en especial bilaterales, y a los casos que
deba practicarse junto a una resección aór
tica por patología estenosante u obliterante.

En pocas ocasiones son posibles técnicas
simples, como la resección y anastomosis
terminoterminal o la reimplantación de la
arteria renal en la aorta.

El autotrasplante renal debe quedar limi
tado a casos con topografía lesional exten
sa de la arteria renal y sus ramas termina-

les, que exija su sustitución o reparación
mediante cirugía ex situ.

La revascularización renal a partir de las
ramas viscerales de la aorta (anastomosis
esplenorrenal en el lado izquierdo y hepa
torrenal, gastroduodenorrenal o mesenté
ricorrenal en el lado derecho) es conside
rada como técnica de recurso, y se emplea
cuando fracasan las técnicas de elección o
no es posible acceder a la aorta por su pa
tología severa, o por intervenciones pre
vias.
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La Utilización de Catéteres Venosos Centrales en Oncohematología

c. CAMPal, M.T. GOMEZ-CASARES ' , R. MATAIX', J.J. MALCORRA1

INTRODUCCION

La utilizaci6n de catéteres que permitan un acceso

a una vía venosa central es un requisito
imprescindible en el tratamiento actual de los
pacientes con enfermedades onco-hematológicas.

El tipo de intensidad del tratamiento
quimioterápico, la administración de soporte
hemoterápico y nutricional durante los prolongados
períodos de pancitopenia y toxicidad gastrointestinal
inducidos por el tratamiento, así como la necesidad
de efectuar frecuentes determinaciones analíticas
hacen inapropiado el uso de vías venosas
periféricas en nuestros pacientes.

Los catéteres venosos centrales permanentes
(CVCP), siendo una necesidad para d e<luipo
médico y una comodidad para el paciente, no están
exentos, sin embargo, de alteraciones en su
colocaci6n y funcionamiento que pueden
convertirlos en una fuente de morbilidad y
mortalidad importantes.

Una indicaci6ncorrecta del tipo de CVCP
necesario en cada caso, la implantaci6n de dicho
sistema por un equipo experto y un manejo
adecuado del cat6ter contribuyen al funcionamiento
adecuado del mismo y a la disminuci6n de sus
complicaciones.

TIPOS DE CATETERES VENOSOS
CENTRALES PERMANENTES

Básicamente, los catéteres actuales son

modificaciones de los sistemas de alimentación
parenteral a través de la vena subclavia
desarrollados a partir de 1969.

Consisten en un tubo de Silastic, material
escasamente trombogénico, radio-opaco y atóxico,
cuya punta queda alojada en la entrada de la
aurícula derecha; la porción extravenosa del catéter

recorre a continuaci6n un trayecto subcutúleo en la
regi6n torácica anterior, finalizando en una porciÓD
distal, aquella que utilizamos para la infusi6n de
medicación, que puede estar abocada al exterior
(CVCP parcialmente implantable tipo Hickman) o
bien permanecer subcutánea en forma de reservorio
(CVCP totalmente implantable tipo Port-a-Cath).

Las ventajas de los catéteres totalmente
implantables radican en un menor riesao de
infección, menos necesidades de mantenimiento y
criterios estéticos. Estas ventajas potenciales se daD
sobre todo en aquellos casos en que la frecuencia
de utilizaci6n no es muy alta. Para los pacientes
con alto requerimiento de uso del cat6ter y sobre
todo en el contexto de tratamientos actuales con
altas dosis de quimioterapia y trasplantes de Médula
Osea, los catéteres parcialmente implantables
ofrecen mayor utilidad.

CUIDADOS DEL CATETER VENOSO
CENTRAL PERMANENTE

Debido a la situación de inmunodepresi6n del

paciente y a la vía abierta directamente al torrente
circulatorio, los CVCP presentan un alto riesao de
infección.

La fuente de infección es tanto la piel del propio
paciente como las manos del personal que maneja
el sistema de infusión.

La limpieza de la zona de salida del catéter
parcialmente implantable (tipo Hickman) se
realizará diariamente; es muy importante el
mantenimiento de una asepsia riaurosa

principalmente en los 2-3 primeras se~ de la
implantaci6n del catéter, cuando la reaccl6n fibrosa
subcutánea alrededor del anillo de Dacron aún DO

se ha producido. A partir de entonces y en
pacientes no neutropénicos es suficiente con cubrir
el catéter con gasas estériles. Los CVCP totalmente
implantables, al permanecer en la reai6n
subcutánea, no requieren cuidados especiales una

1 Servicio de Hematología. Hospilal Nuestra Señora del Pino. Las Palmu de Gran Canaria.
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vez curada la herida quirúrgica de su implantación.

Los CVCP deben ser heparinizados siempre
después de cada uso. Se utiliza una solución de
Heparina diluida a 100 U/mI. en la cantidad
suficiente para rellenar todo su trayecto. En los
catéteres parcialmente implantables es suficiente
con 3-4 mi.; para los totalmente implantables hay
que añadir además la cantidad necesaria para llenar
el reservorio subcutáneo.

Cuando el catéter no se está utilizando. debe
i¡ualmente heparinizarse: diariamente en los casos
de CVCP parcialmente implantables y cada 3-4
semanas en los totalmente implantables.

COMPLICACIONES DE LOS CVCP

1.- NO INFECCIOSAS
A.-MECANICAS
B.- TROMBOTICAS

2.- INFECCIOSAS
A.- PUNTO DE ENTRADA
B.- TUNEL SUBCUTANEO
C.- BACTERIEMIA

Complicaciones no infecciosas

El dato de presentación más frecuente de las
complicaciones mecánicas es la imposibilidad de
extraer sangre o infundir líquidos a través de un
catéter que había funcionado correctamente con
anterioridad. Entre las complicaciones no
infecciosas se distinguen dos grupos principales:

Mecánicas: Las fracturas de la porción externa del
catéter son aeneralmente visibles y pueden ser
reparadas sin necesidad de retirar el mismo. Las
fracturas internas pueden ser detectadas en una Rx.
de tórax como una discontinuidad en la línea
radiopaca del catéter. A menudo. sin embargo. es
necesaria la administración de medio de contraste.
Las fracturas en el trayecto subcutáneo o
intravascular requieren la retirada del catéter. El
mal funcionamiento por emigración del catéter.
bien subcutáneo bien intravascular. es más
frecuente. La salida del catéter al espacio
subcutáneo requiere la retirada del mismo. La
emiaración espontánea del catéter. dentro dd
espacio intravascular. hacia la vena yugular.
subclavia contralateral o venas intercostales puede
ocurrir tanto en el momento de su colocación como
• lo largo de su funcionamiento. Necesitan de su
reposición en el sitio correcto mediante control
radiológico y generalmente no es necesaria su
retirada total.
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Tromb6ticas: Las complicaciones trombóticas de
los CVCP ocasionan dos problemas clínicos
diferentes:

1.- Oclusión trombótica de la punta del catéter: es
la causa más frecuente de alteración en la función
del mismo. La prevención. con heparinización
rigurosa después de cada utilización del catéter. es
la mejor soluci6n del problema. El método de
diagnóstico en la inyección de contraste dentro del
catéter. Una vez se ha producido la obstrucción de
la punta del catéter. puede intentarse su
recanalización mediante la administración de
Urokinasa ( de 1-3 mi. de una soluci6n que
contenga 5000 U./mI.) dejándola actuar en el
interior del catéter durante 30 minutos. Esta
maniobra puede ser repetida de nuevo si no se
logra la recanalización inicial del catéter. En
aquellos casos en que las maniobras anteriores no
han tenido éxito se debe intentar la infusión de
Urokinasa (1 vial de 250.000 U. administrado a
razón de 40.000 U.lbora durante 6 horas). Con la
infusión de Urokinasa se recupera la función del
90% de los catéteres trombosados; para el 1095
restante de los casos. es necesaria la retirada del
catéter y su recambio por otro.

2.- Trombosis de la vena subclavia: la trombosis
sintomática y el desarrollo de un síndrome de vena
cava superior se produce en menos del 195 de los
pacientes sometidos a trasplante de Médula Osea.
El diagnóstico de sospecha se basa en la presencia
de síntomas tales como dorar en brazo. hombro o
cuello. prominencia de las venas del tórax y
hombro. así como edemas en brazo y cuello. La
confirmación de la trombosis se han mediante una
venograf(a de la extremidad afectada. La ecografía
de la zona es muy específica para detectar
trombosis establecida pero poco sensible. El
tratamiento de la trombosis venosa establecida es la
anticoagulación (Heparina 1000 U./hora) intentando
prevenir la producci6n de TEP. También se ha
utilizado el tratamiento trombolítico. Cuando la
anticoagulación está contraindicada por la presencia
de pancitopenia y mucositis intensas. se mantendn
el catéter en su lugar demorando la administración
de heparina y fibrinolíticos hasta que la
contraindicación se resuelva.

3.'- Trombosis no sintomática de la subclavia: es
una complicación descrita recientemente; el 2595 de
los pacientes en el trasplante aut610go de Médula
Osea presentan una oclusión total de la subclavia y
otro 34 % desarrollan trombos parcialmente
oclusivos. El significado cHnico de estos trombos
se desconoce. pero ante la posibilidad de
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producción de TEP. esta circunstancia debe ser
tenida en cuenta ante pacientes que presenten
síntomas pulmonares.

Complicaciones infecciosas

Constituyen el problema clínico más frecuente en el
contexto de pacientes inmunodeprimidos portadores
de catéteres venosos centrales permanentes. En
relación con el catéter. las complicaciones
infecciosas tienen dos formas de presentación:

1.- Infección del punto de salida y suhcutánea.
2.- Bacteriemia.

Generalmente la primera. aunque no sea
clínicamente visible. es causa de la segunda. Otra
fuente importante de bacteriemias son las
infecciones transmitidas por el personal que maneja
el catéter. Por lo tanto. la prevención de la
colonización e infección del sitio de salida del
catéter y el lavado riguroso de las manos del
personal que lo maneja son extremadamente
importantes. La infección del punto de salida del
catéter se define como la presencia de eritema,
induración y/o dolor a la presión en un trayecto de
2 cm. Los mismos síntomas en un trayecto mayor
de 2 cm. desde el punto de salida del catéter al
exterior se clasifica como infección del túnel
subcutáneo.

La determinación de que la bacteriemia en el
paciente inmunodeprimido que no presenta
alteraciones en el punto de salida o en al trayecto
subcutáneo está producida por el CVCP requiere el
aislamiento del mismo germen en hemocultivos
tomados a través del catéter y de una vía periférica.
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La infección del punto de salida del cat~ter

responde bien al tratamiento antibiótico; no ocurre
lo mismo en las infecciones del trayecto subcutáneo
del catéter que. generalmente. obligan a la retirada
del mismo.

En más del 50 % de los casos, las bacteriemias
relacionadas con el catéter están producidas por
staphilococcus epidermis y pueden ser solucionadas
con tratamiento antibiótico adecuado. Las
bacteriemias por otros ¡érmenes como Cmdida o
Pseudomona no suelen responder a tratamiento
antibiótico y no necesita, para su solución. la
retirada del catéter.

CONCLUSIONES

A pesar de la lista de agravios que supone el

repaso anterior a las complicaciones producidas por
los CVCP, el balance riesaoslbenefici08 ea
extremadamente favorable al uso de los mismos.

Sin ellos es imposible el tratamiento con dosis altas
de quimioterapia y trasplante de M~ulaOsea. Con
ellos aumenta la aceptación de dichos tratamientos
por parte de los pacientes y. por lo tanto, su
calidad de vida.
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Elección del Método

DR. JOSEP MI CAPDEVILA I

Tres décadas de dedicaci6n personal al
estudio de la patología vascular, bien merecen
una cierta reflexi6n sobre lo acontecido y
algunas consideraciones sobre los
espectaculares avances surgidos en le campo
del diagn6stico, pron6stico y tratamiento de las
enfermedades arteriales.

Remontándonos a 1964, por su influencia en
los afios siguientes, es útil recordar la
introducci6n del concepto de que la
arteriopatía obstructiva es siempre
"segmentaria" y, por tanto, tratable localmente
(De Bakey). Aquel planteamiento suponía
hacer abstracci6n de que la enfermedad
obstructiva arterial, especialmente la
degenerativa, acostumbra a ser s610 una
eclosi6n etio-patogénica y sindr6mica de una
topografía lesional concreta, cuando en
realidad lo que sucede es que estamos ante un
episodio esporádico, aunque no infrecuente, de
una enfermedad sistémica: la arteriosclerosis.

Bajo esta doctrina impulsada por la Escuela de
Houston, adquiere una gran relevancia el
diagn6stico angiográfico de estas lesiones y las
imágenes conseguidas, cada vez más precisas,
constituyen desde aquel momento el único
objetivo terapéutico, casi siempre de tipo
quirúrgico revascularizador.

Aparecen y se prodigan a partir de entonces,
las nuevas y espectaculares técnicas de cirugía
arterial que han dado décadas de esplendor a
nuestra especialidad y han permitido continuos
avances en el campo de la implantación
protésica, dando verdadero contenido y
acreditación definitiva a una especialidad: la
cirugía vascular.

Sin embargo, si profundizamos en esta
realidad evidente y analizamos la multiplicidad
de artículos aparecidos en la literatura de las
décadas 60 y 70, repletas de series numerosas
explicitadas o indicadas casi siempre sobre la
base de una imagen angiográfica, olvidando no
sólo el contexto genérico del paciente, las
consecuencias hemodinámicas de dicha lesi6n
y, sobretodo, que un gesto quirúrgico
esmerado es sólo un remedio paliativo puntual
de una manifestación local de la enfermedad
sistémica. Puesro a exagerar la situación, me
viene a la memoria la frase de Martorell
"operan Vds. arteriografías y no enfermos" (!)
y aquella otra " los injertos, cuando están
indicados no van bien y cuando van bien, no
están indicados" ...

Pese a todo, hay que reconocer los repeti~os

esfuerzos para mejorar la calidad de la técnica
quirúrgica y la búsqueda de un progr~ivo

refinamiento en los métodos de anestesIa y
reanimación, que globalmente han permitido
obtener resultados cada vez mejores e
incrementar el número de pacientes que se
beneficien de estos avances.

En otro orden de ideas, es evidente que el
seguimiento y evaluación de los resultados de
la cirugía de medio y largo pl~, .ha
condicionado, en cierta forma, la acredltacl6n
y progresiva sofisticación d~ los ~Iamados

métodos no-invasivos de dIagnóstico que,
asociados a la arteriografía, nos han permi~ido

aprender que no sólo es importante loc~IZar

una lesión, sino también conocer y medIr las
consecuencias hemodinámicas que de ellas se
derivan, su importancia pronóstica y su
influencia en el momento de sentar la
indicación terapéutica.

l Servicio de Ciru,fl Vaacular. Hoapital Univenitario de Bellvit,e. Barcelona, ESPARA
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y es en este abigarrado contexto, donde los
avances en el conocimiento de la enfermedad
arterial adquieren su mayoría de edad actual,
se estandarizan las indicaciones y los
procedimientos frente a una de las causas de
mayor morbi-mortalidad conocida en el
mundo: la arteriopatía oclusiva o ectasiante.
De aquí se deriva un incremento de las líneas
de investigación en el campo del diagnóstico y
del tratamiento, aunque con los objetivos
ml1ltiples yno siempre bien coordinados. La
tecnología diagnóstica con el Duplex color, la
angiograffa digital y la reciente angio
resonancia, permiten nuevos avances
terapéuticos en el campo de la farmacología, la
cirugía y hasta la "mal" llamada "cirugía sin
bisturí" ...

y ¿cómo podríamos acotar la situación actual?

Los estudios epidemiol6gicos, un mejor
conocimiento de la prevalencia de la
enfermedad arterial y, muy especialmente, la
mayor expectancia de vida que incrementa el
nl1mero de pacientes de edad avanzada, ha
producido un importante aumento de la
demanda de asistencia por una poblaci6n
caracterizada por una patocronia compleja,
portadora de un mayor nl1mero de faetores de
riesgo y una multifocalidad lesional
característicade las arteriopatías degenerativas.

Al mismo tiempo, los constantes e imparables
avances tecnológicos aportan nuevos métodos
terapéuticos, con el consiguiente incremento
del armamentario terapéutico, con
posibilidades de indicaciones diversas, que
muchas veces también dependen de factores no
siempre son coincidentes con una correcta y
estandarizada aplicaci6n, en base a los
resultados a medio y largo plazo. Es decir, la
aplicación de un nuevo método terapéutico no
siempre se indica con bases pragmáticamente
establecidas y un conocimiento profundo de su
eficacia, sino que algunas veces está
condicionada por el afán irrefrenable de aplicar
"lo más nuevo" o "lo más espectacular".

En la actualidad y con las posibilidades que
tenemos a nuestro alcance, consideramos que
la elección del método debería ir previamente
condicionada por la esperanza de vida del
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paciente, el entorno socio-econ6mico en el que
está inmerso, teniendo también en cuenta la
alta morbi-mortalidad cardiol6gica y cerebro
vascular de estos pacientes, cuya curva de
supervivencia es imprescindible analizar.

Concretándonos a las técnicas de
reconstrucci6n arterial, éstas tienen el objetivo
de revascularizar tejidos u órganos isquémicos,
conservar la función del miembro y evitar,
dentro de lo posible, la progresión de la
enfermedad.

En este contexto, la indicaci6n terapéutica
debe basarse en la edad biol6gica del paciente
y las peculiaridades de su entorno socio
laboral, los factores de riesgo que presenta, la
repercusión hemodinámica de la patología
lesional, directamente relacionada con el grado
evolutivo del síndrome isquémico que requiere
la actitud terapéutica, la multifocalidad lesional
características de las arteriopatías
degenerativas, la valoraci6n del ries¡o
quirurgico y la habituaci6n del equipo, fruto
de un entrenamiento previo y una experiencia
continuada, a una técnica determinada.

En la actualidad, las técnicas de
revascularizaci6n que tenemos a nuestra
disposición son las convencionales directas
(endarterectomía, sustituci6n protésica y
derivaci6n tipo by-pass), las de recurso (by
pass extranat6micos) y las técnicas de
revascularizaci6n "a distancia" más conocidas
como procedimientos percutdneos
endoluminales de revascularizaci6n
(angioplastia con bal6n, con o sin stent, la
aterectomía, la angioplastia láser, la
trombectomía por aspiraci6n y la aplicaci6n
locoregional de fibrinolfticos).

La aplicaci6n de cada uno de estos
procedimientos y la constataci6n de su
eficacia, está permanentemente sujeta a
controversia, destacando una supuesta
competitividad entre la revascularizaci6n
quirurgica y la percutánea endoluminal, así
como la aún vigente, entre endarterectomía y
pr6tesis artificial.

Lo irracional de estas controversias, en parte
influidas por un afán de protagonismo o por
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los intereses comerciales de marketing, las
firmas comerciales se olvidan frecuentemente
de aspectos que me parecen importantes: por
un lado, no se ha conseguido alin la pr6tesis
vascular "ideal", pese al largo camino
recorrido y el considerable dispendio
económico de las muchas líneas de
investigaci6n dedicadas a este tema y a que no
son nada desdeftables las complicaciones de las
pr6tesis actuales (trombosis, infecci6n y
pseudoaneurismas).

Por otro lado, tampoco están plenamente
acreditados, pese a la amplia experiencia
existente, los beneficios a medio y largo plazo
de la angioplastia con bal6n y, mucho menos,
'las otras variantes técnicas endoluminales. Y si
a esto aftadimos el alto costo de la sanidad y la
crisis econ6mica generalizada, parece difícil
justificar la aplicaci6n prematura y no siempre
justificada de cada una de estas posibilidades
técnicas.
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Estas definiciones, seguramente precipitadas y
con bases seguramente discutibles, no
significan que los logros y avances
conseguidos hasta la fecha en el manejo de la
enfermedad arterial sean menospreciables,
pues la realidad es que en la década de los 90,
el cirujano, el radi610go intervencionista, el
hemodinamista y el cardi610go disponen de
métodos y tecnología lo suficientemente
eficaces si son aplicados convenientemente en
cada caso concreto y con la garaDtfa suficiente
de una baja morbi-mortalidad.
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Cirugía de la Hipertensión Reno-Vascular

JOSEP Ma CAPDEVILAl

Es ampliamente conocido que el tratamiento
de la hipertensi6n vásculo-renal ha cambi~do

profundamente en los l11timos 15. año~, debido
a un mejor conocimiento de la hIstorIa natural
de la patología lesional, a la mejora de los
métodos diagn6sticos (la mayoría no
invasivos), a la eficaz asociaci6n de drogas
sinérgicas y también por los buenos r~ultad~s

y baja morbi-mortalidad de la angloplastla
endoluminal percutánea (ATP).

Además el clínico ya diferencia la nefropatfa
parenquimatosa isquémica de la hipertensi6n
arterial vásculo-renal' pues no siempre aquella
cursa con cifras tensionales altas y, en cambio,
el estadío final de aquella es la insuficiencia
renal irreversible (1, 2, 3). En la actualidad,
los objetivos terapéuticos se dirigen más a
salvar el complejo nefrónico-tubular que a
conseguir una remisión de las cifras
tensionales, es decir, mejorar o prevenir la
insuficiencia renal, más que "curar" la
hipertensión.

Aunque las drogas hipotensoras, casi siempre
administradas en forma múltiple o asociada,
son el tratamiento habitual en la mayoría de
estos enfermos, la controversia actual radica
en la disyuntiva entre las técnicas
convencionales de revascularizaci6n quirúrgica
o, por el contrario, utilizar la angioplastia
percutánea con balón.

Diversos factores y no s610 la morbi
mortalidad quirúrgica, ni la menor agresividad
y bajo costo de la ATP, condicionan la
elecci6n del método terapéutico. Entre ellos,
hay que mencionar que aún es difícil
determinar los mecanismos "causa-efecto",
entre patología lesional causal e hipertensión
arterial o nefropada isquémica.

Los métodos diagn6sticos tradicionales
(pielograma minutado, hipertensi6n de corta
evoluci6n, determinaci6n de reninas en venas
renales, etc...), ha perdido actualidad, ya que
el nefrograma post-captopril, la determinaci6n
de actividad renina periférica post-captopril (4)
y, muy especialmente el Duplex uln:as6ni~ de
las arterias renales y del parénqUIma tIenen
una mayor fiabilidad (S). La velocidad sist6lica
media, obtenida en la a. renal con el Duplex,
permite, en manos expertas, detectar: una
reducci6n del diámetro del vaso supenor al
60%, lo cual generalmente se considera como
una causa de hipertensión vásculo-renal. Los
parámetros DlSppler sobre el parénquima renal
(una longitud inferior a 8 cm. y la ausencia de
señal de flujo), son también sugestivos de una
oclusión arterial. En las estenosis unilaterales,
el Duplex permite cuantificar una disminuc,i6n
de la perfusión y en ausencia de patología
intrínseca parenquimatosa, el cociente entre las
velocidades sist6licas máximas registradas en
ambos riñones, tiene una buena correlaci6n
con el porcentaje de funci6n renal individual
determinada mediante la renografía isot6pica
(6).

En cuanto al test del captopril (7), continúa la
controversia sobre su fiabilidad real, pero hay
evidencia de que la determinaci6n de la
actividad plasmática de reninas periféric~,

después de una dosis l1nica de Captoprd,
permite identificar pacientes con una ~ta

probabilidad de que su hipertensi6n sea debIda
a una estenosis arterial superior al 60%. En
definitiva la utilizaci6n combinada del Duplex
y la deter:ninaci6n de reninas periféricas post
captopril proporcionan resultados ~uy fiab.les
en la identificaci6n de una hlpertensl6n
vásculo-renal.

Desde el punto de vista terapéutico, la

1 Servicio de Cirugía Vascular. Hospital Universitario de Bellvitge. Barcelona, ESPAÑA

59



IV ct!ISO INDIlNACJONAI, PE MPIOLQGIA YASCVLAR INTERVENCIONISTA COMO ALTERNATJYA DIWWJ1CA

este tipo de pacientes, especialmente dirigido
a conseguir cifras tensionales normales,
sabemos que una postura más agresiva de
revascularizaci6n renal, está no sólo justificada
por la hipertensi6n, sino también y sobretodo,
por el "salvamiento nefr6nico" y preservaci6n
de la funci6n renal (8).

Las indicaciones anat6micas de
revascularizaci6n, ATP o cirugía
convencional, están directamente ligadas al
tipo de patología lesional de la arteria renal
(9), hiperplasia. fibromuscular, placa
estenosante arterioscler6tica o aneurismas. La
indicaci6n de angioplastia en las lesiones
fibrodisplásicas es absoluta (10) cuando la
'hipertensión no se corrige mediante drogas
hipotensoras. En cambio, cuando la lesi6n es
arterioscler6tica, la indicaci6n varía según la
localizaci6n y extensi6n de la patología
oclusiva. Están demostrados los buenos
resultados de la ATP en las lesiones
tronculares que respetan el ostium y las ramas
distales, siendo en este caso ésta la postura
terapéutica más correcta (lO, 11). En cambio,
cuando la estenosis es ostial yuxta-a6rtica, la
cirugía convencional ofrece, como mínimo,
una mejor y más segura revascularizaci6n (12,
13, 14) Y cuando las lesiones se sitúan en las
ramas distales, la cirugía de banco "ex-situ" es
la técnica de e1ecci6n (15, 12).

Uno de los aspectos que perpetúa la actual
controversia entre ambos procedimientos, es la
disparidad en la forma de valorar los
resultados, ya que en la mayoría de series
publicadas, los parámetros no siempre son
coincidentes y, desde luego, el simple criterio
morfol6gico de una imagen post-angioplastia
mostrando una patología lesional "curada", no
significa que hayamos solucionado el problema
clínico. En este sentido, es comt1nmente
aceptado (16) que un paciente esta "curado"
cuando la tensi6n arterial post-tratamiento no
supera las cifras de 140/90 mmHg, se
considera que ha "mejorado" si hay una
reducci6n de la presi6n diast6lica en 10-15
mmHg o se consiguen cifras tensionales
normales con medicaci6n asociada.
Finalmente, el "fallo terapéutico" es evidente
cuando ninguna de las posibilidades
anteriormente mencionadas ha sido observada.
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Por otro lado, no se debería ignorar que la
ATP es una técnica relativamente invasiva, en
la que no son infrecuentes las complicaciones
(disecci6n intramural, oclusi6n trombótica,
perforaci6n, embolizaci6n distal renal y
agravamiento de la insuficiencia renal,
secundaria al contraste). En la serie de Ramsay
(17) con 691 pacientes tratados con ATP, se
reporta un 9,1% de complicaciones, siendo
éstas más frecuentes en la correcci6n de las
lesiones arterioscler6ticas. CanzanelIo (11),
sobre 100 pacientes, reporta 2 exitus después
de la ATP, agravamiento de la insuficiencia
renal en el 26% y complicaciones mecánicas
de un 14%. En cualquier caso, hoy por hoy, la
angioplastia con bal6n, es indudablemente la
técnica de primera elecci6n en la displasia
fibromuscular (9) y en las lesiones
segmentarias tronculares arterioscler6ticas (8).

Otro aspecto a considerar, cuando se compara
ATP Y cirugía es la problemática del costo
econ6mico, pues no está demostrada una
diferencia significativa a favor de la ATP. En
el estudio de Weibull (18) se compara el coste
terapéutico en 21 pacientes con ATP y 16 con
cirugía, concluyéndose que este t1ltimo fue un
12% más caro, pero en 32 de los 37 casos de
la serie que tenían lesiones arterioscler6ticas,
la permeabilidad fue mejor en el grupo
quirdrgico (100%) que en el de la ATP (62%),
así como la regresi6n de las cifras tensionales
(81 % vs. 52%). En cualquier caso, serán
necesarios estudios más numerosos para
comprobar la realidad del supuesto bajo costo
de la angioplastia con bal6n.

En relaci6n a las técnicas convencionales de
revascularizaci6n quirdrgica, los avances han
sido considerables en la t1ltima década debido
al perfeccionamiento de las técnicas anestésicas
y de reanimación y a la proliferaci6n
imaginativa de nuevas variantes técnicas. Los
clásicos by-pass aorto-renales con homo
injertos de hipogástrica o vena safena, siguen
siendo el método habitual cuando la aorta
abdominal no está afectada por la
arteriosclerosis (19). Cuando la vena safena no
es utilizable, el PTFE es la pr6tesis que ofrece
mejores resultados (20) y la endarterectomía
está ampliamente preconizada por autores del
prestigio de Stoney (21) y Thevenet (22).
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Cuando las lesiones están situadas en la ramas
distales de la arteria renal, el tratamiento
extracorpóreo con reconstrucción
microquirúrgica vascular y auto-transplante, es
mandatorio y hay grupos (23, 15) con una
amplia experiencia en este campo y con unos
resultados a medio y largo plazo excelentes.

En pacientes ancianos con arteriosclerosis
severa de la aorta abdominal, el by-pass aorto
renal o la endarterectomía pueden no ser
practicables y, entonces cobra actualidad la
técnica de by-pass espleno-renal (24) para la
arteria renal izquierda o el by-pass hepato
renal (25) para la derecha. Recientemente, en
este tipo de pacientes con arteriosclerosis
generalizada y con el común denominador de
un nivel crítico de insuficiencia renal, el uso
de la vía supracelíaca desde la porción inferior
de la aorta torácica para la revascularización
simultánea de las arterias renales y de la aorta
abdominal, está siendo utilizado con resultados
excelentes a corto plazo (26,27).

La literatura reciente que hemos revisado nos
permite afirmar que las técnicas quirúrgicas de
revascularización convencional en la actualidad
pueden ser llevadas a cabo con un alto índice
de buenos resultados (19, 13, 14). En la
displasia fibromuscular, la morbi-mortalidad es
muy baja (oscilando entre 2,1% Y6,1% en los
casos de lesiones arterioscleróticas ). En
cambio, los IfUpos que preconizan la
revascularización renal bilateral simultánea
821), tienen una morbi-mortalidad más
elevada, especialmente cuando se le asocia
además una revascularización de la aorta
abdominal. (28,29). Siguiendo los estándares
de los resultados previamente mencionados, la
mayoría de series con experiencia quirúrgica,
mencionan que el 60% de los pacientes se
consideran curados, que el 40% han mejorado
y el índice de fallo postoperatorio es inferior al
10% cuando la patología lesional es una
fibrodisplasia muscular (13). En pacientes
portadores de lesiones arterioscleróticas, pocos
pacientes están considerados como "curados",
pero la mayoría han "mejorado" en el
postoperatorio, precisando dosis menor de
medicación hipotensora. Una explicación de
estas diferencias en los resultados en los
pacientes con lesiones arterioscleróticas, sería
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que la hipertensión vásculo-renal en pacientes
ancianos a menudo coexiste con una
hipertensión esencial. Un estudio reciente de
Van Bockel (13) observa en una serie con un
seguimiento medio de 9 aftos, que la
hipertensión fue curada o mejorada en el 79%
de los casos y una estabilización de la función
renal en el postoperatorio, que oscila entre el
75 Yel 89% de los casos.

Como conclusiones forzosamente esquemáticas
de lo que antecede, podríamos enfatizar los
siguientes:

l. La multiplicidad de las vías de circulación
colateral compensatoria y el hecho de la
duplicidad renal explican el que, durante
mucho tiempo, lesiones de las arterias
renales sigan asintomáticas.

2. El diagnóstico anatómico de dicha
patología lesional no plantea, en la
actualidad, problemas insolubles, ya que
los métodos no invasivos, los funcionales
y la angiografía digital ofrecen un abanico
de posibilidades diagnósticas muy
importante.

3. Pese a los avances de la angioplastia
endoluminal y los resultados de la cirugía
convencional, en los casos de lesiones
complejas y enfermos poli-arteriales, hoy
por hoy, son técnicas no siempre
justificables para normalizar las cifras
tensionales.

4. Otra cosa bien distinta, es su utilidad en la
prevención de la insuficiencia renal, ya
que en la actualidad, constituye la
indicación fundamental de los métodos de
revascularización renal. De esta forma,
una terapéutica potencialmente curativa, ha
pasado a ser una técnica preventiva,
dependiendo de un mejor conocimiento de
la historia natural de las enfermedades de
la arteria renal y habiendo desplazado
progresivamente la filosoffa de las
indicaciones de revascularización.
Podríamos pues afirmar, sin excesivo
rubor, que la terapia" preventiva" de la
insuficiencia renal, hoy por hoy, está tan
justificada como la de los aneurismas y las
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estenosis de car6tida.

S. En la actualidad, el tratamiento más
recomendables de esta patología lesional,
seguramente es la angioplastia endoluminal
percutánea que parece tan eficaz como la
cirugía y con menor morbi-mortalidad. Sin
embargo, su eficacia en las lesiones muy
distales u ostiales, es muy discutible y.
seguramente. inferior a la cirugía
convencional.

En definitiva, son imprescindibles estudios
prospectivos randomizados para comparar
unbas técnicas, cosa nada fácil. dada la
diferencia del tipo, situaci6n y extensi6n de la
patología lesional del pedículo aorto-renal y
una no siempre uniforme manifestaci6n cUnica
de los pacientes.

Referencias .

1. Schreiber M.J. el al. The natural hiltory of
atherosclerotic ami fibrous renal artcry discase.
Urol Clin N. Am, 1984; 11:383-392.

2. Harding M.B. el al. Renal artcry ltenosis:
prcvalence and UIOCiated risk facton in patients
undergoing routine cardiac eatheterization. J. Am.
Soc. Ncphrol., 1992; 2: 1608-1616.

3. ToUellOn D.E. el al. Natural hillory of
atherosclerotic renal artcry stenosis alsociated with
aortic diléue. J. Vasc. Surg. 1991; 14: 327-331.

4. Nañy J.V. el al. Statc-of-dle art rcview: Captopril
renography-pathophYliological considerations and
clinical observationl. Sern. Nucl. Med. 1992; 22:
8S-97.

S. Hanlen K.J. et al. Renal duplex
IOnography:evaluation of clinical utility. J. Vuc.
Surg.,I990; 12: 227-236.

6. Sol T.A. el al. PercutaneouI tranlluminal renal
angiography in rcnovascular hypertension due lo
atheroma or fibrous dYlplasia. N. Engl. J. Med.,
1983; 309: 274-279.

7. Svcdty L.P. el al. Prospective analysis of strategies
lor diagnoling renovalcular hypertension.
Hypertenlion, 1989; 14: 247-257.

8. Libertino J .A. el al. Renal revascularization to
praerve and reslore renal funetion. J. Urol., 1992;
147: 148S-1487.

62

9. Cicuto K.P. el al. Renal artery ltenolis: anatomic
clallifaeation for percutaneoUl angiopluty. A.J .R.,
1981; 137: S99-601.

10. Sos T.A. Angioplasty lor the trcatment 01 azotemia
and renovascular hypertenlion in atherosclerotic
renal artcry diseue. Circulation, 1991; 83 (Suppl
1); 1: 162-166.

11. CanzaneUo V.J. el al. PercutaneouI transluminal
renal angioplasty in management 01 atherosclerotic
renovascular hypertenlion: resulta in 100 patienta.
Hypertenlion, 1989; 13: 163-172.

12. Van Bockel J.H. el al. Extracorporcal renal artcry
rcconltruction for rcnovascular hypertension. J.
Vasc. Surg., 1991; 13: 101-111.

13. Van Bockel J.H. el al. Surgical trcatment of
renovascular hypertension caused by
arteriosclerolis: influence ofprcoperative facton on
blood prcalure control culy and late aftcr
rcconstructive lurgery. Surgery, 1987; 101: 698
70S.

14. Dean R.H. el al. Failed percUtaneoUI tranlluminal
renal angioplasty: experience with lesionl rcquiring
operative interventions. J. Vasco Surg., 1987; 6:
301-307.

IS. Barral X. el al. Dysplasies des branches de l'a~re

r61ale: r6sultats tardifs de la chirur¡ie ex vivo.
Ann. Chir. Vasc., 1992; 6: 225-231.

16. Novick A.C. el al. Trends in lurgical
revascularization for renal artery diseue: ten ycan'
experience. JAMA, 1987; 257: 498-S01.

17. Ramsay L.E. el al. Blood prcslure response lo
percutaneoul tranlluminal angioplasty for
renovascular hypertenlion. An overview for
published leries. B.M.J., 1990; 300: S69-572.

18. Weibull H. el al. Clinical outcome and hcalth care
coltl in renal rcvucularization: percutaneoUI
transluminal renal angioplasty venuI rcconltruetive
lurgery. Br. J. Surg., 1~1; 78: 620-624.

19. Mercier C. el al. Occlusive discase of the renal
arteries and chronic renal failure: the limita of
rcconstructivesurgery. Ann. Vasco Surg., 1990; 4:
166-170.

20. Cormier J.M. el al. Renal artery revascularization
with polytetrafluoroethylene bypasl grad. Ann.
Vasco Surg., 1990; 4: 471-478.

21. Stoney R.J. el al. Renal endartercclomy through the
transccted aorta: a new technique for combined
aortorenal atherosclerosis. J. Vasco Surg., 1989; 9:
224-233.



IV CURSO INTERNACIONAL DE MPlOLOGIA VASCULAR INTERVENCIONISTA COMO ALTERNATIVA TERAPE\ITJCA

with polytelrafluoroethylene bypass graft. Ann.
Vasco Surg., 1990; 4: 471-478.

21. Stoney RJ. el al. Renal endartereclomy through the
transcctcd aorta: a new tcchniquc for combincd
aortorenal atherosclerosis. J. Vasco Surg., 1989; 9:
224-233.

22. Thevenet A. L'endartéricclomie. In Dubost C.,
Carpcntier A. (cds.) Actuali~ de Chirurgie Cardio
vasculaire (3- série). Paris, Masson, 1984, pp. 77
100.

23. Sicard G. el al. Renal autotransplantion: an
alteroative lo standard renal revascularization
proccdures. Surgery, 1988; 104: 624-630.

24. Khauli R. el al. Splenorenal bypass in the trcatment
of renal artcry stenosis: expcriencc with 69 cases.
J. Vasco Surg., 1985; 2: 547-551.

25. Chibaro E.A. el al. Use of hcpatic circulation for
renal revascularization. Ann. Surg., 1984; 199:
406-411.

63

26. Novick A.C. Use of the thoracic aorta for renal
rcvascularization. J. Urol., 1990; 143: 77-79.

27. Barral X. el al. Revascularisation des membres
inférieurl l partir de l'aorte lupra-cocliaque. Ann.
chir. Vuc., 1986; 1: 30-35.

28. PiqUel P. el al. Lésionl athéroscléreuscs aorto
!inales: !isultats du traitement chirurgical
simultané. Ann. Chir. Vasco Surg., 1988; 2: 319
325.

29. Branchcrcau A. el al. Chirurgie simultanéc de
l'aortc lOus-~nale el des art~rcs !inales. Ann.
Chir. Vuc., 1992; 6: 232-238.



IV INTImNATIONA), COlrRSE ON VASClll.AR AND 11''TJ<:RVENTIONAI, RAJ)(OI,OOY AS TIIEMPElJIlC M,TF.BNAT(YI

Current Status oC Revascularization Techniques

WILFRlDO R. CASTAÑEDA-ZUÑIGA1
, M.O.

The past ten years have witnessed the
development of innumerable new devices
designed for the management of
atherosclerotic/thrombotic vascular
disease. Among these are laser angiopJasty
devices, atherectomy catheters,
intravascular stents, intravascular
ultrasound and angioscopy. In this
presentation, we wiH discuss sorne of the
most prominent de\1ices, with particular
emphasis on those that are currently
commerciallyavailable.

LASER ANGIOPLASTY

Laser angioplasty had a tremendous
growth in early 1980s, with a subsequent
fall to almost absent applications.
ApparentIy, very few companies remain
and most of them have shifted their
research and development efforts toward
the development of better Jaser systems
(excimers), as well as a better recognition
of plaque versus media through
computerized manipulations. While indeed
there will be a place for a laser device
which removes plaque, undoubtedly a
better safety margin with lack of damage
to adjacent vascular wall and better long
term results wiH be required before lasers
gain widespread application again.

ATHERECTOMY DEVICFS

Many atherectomy catheters have been
developed, again with the aim of
debunking the atherosclerotic vascular
obstruction. Of the devices available, there
are basica1ly two main designs:

1.- Rotational Devices: Rotating at high
speed, these devices help cross lesions
while at the same time "micropulverize"
the atherosclerotic plaque. The fragments
produced by these devices typica11y
embolize distally, but since their size has
been said to be smaller than red cells, 'lhey
do not cause any clínical complications.

2.- Cutting Devices: In these group are
incJuded those devices in which the plaque
is cut and removed from the vessel. The
hypothetical advantages of the cutting
atherectomy devices over the rotational
puJverizing devices is that the material is
removed from the body preventing distal
emboJization of fragments which, in
patients with peor vascular bed to begin
with, could compromise the outcome. The
widest experience with any of these
devices has been reported with the
Simpson Atherocath, with long term
patencies at three years around 70%.

1 Profcuor Ind Chlinnan. Oepartmenl of RadiolollY. Louisiana Slale Universily MedicII Cenler. New Orlclnl. Louililna. U.S.A.
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Most of the other atherectomy devices
available on the market require an
associated transluminal angioplasty to
complete the restoration of the vascular
lumen to the original diameter. Longer
tenn results are required with most of the
devices to assess whether the results
obtained with these procedures are better
than these obtained with plain old balloon
angioplasty.

INTRAVASCULAR STENTS

Intravascular stents were developed-for
the management of complications of
transluminal angioplasty, such as abrupt
reclosure as a consequence of extensive
dissections, thrombosis, and/or elastic
recoil. Recently, it has been said that
primary stenting should be performed in
order to improve the results of
angioplasty. This has not been proven and
long-tenn follow-ups are required before
this can be advocated. Intravascular stents
can be divides into two large groups:
balloon-expandable stents and self
expandable stents. All available stents are
made of different metals. The stent that
has been most widely used in the United
States in the Palmaz balloon expandable
stent, with a correlative clinical success
rate of 93% at ten months and 86% at
twenty months.
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Similar results have been reported with the
Wallstent (Scheneider, lnc.) in the iliac
vessels and by European investigators.
Other stents that will be discussed during
the presentation inelude the Strecker, the
Rabkin and the Cragg stents.

INTRAVASCULAR ULTRASOUND

Intravascular ultrasound has been
developed in response to the need 10 assess
the atherosclerotic lesions from the inside,
rather than from just evaluating the
angiographic pictures. Intravascular
ultrasound has the advantage over
angioscopy in that it allows one to see
through the wall, rather than to just see
what is in the lumen of the vessel. In
addition, intravascular ultrasound allows
guidance of lnterventional procedures by
assessing the amount and location of
remaining tissue in the vascular wall, Its
usefulness will be evaluated by the
outcome of long-term results in patients in
whom intravascular ultrasound was used in
a randomized trial compared against the
traditional angiographic methods.
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Pathophysiology oC Angioplasty

P. MACKE CONSIGNY,Ph. D"

MECHANISl\fS OF BALLOON
ANGIOPLASTY

The purpose of balloon angioplasty is to

irreversibly enlarae the lumen of stenotic arteries.
Severa1 mechanisms have been proposed to explain
anaioplasty-induced arterial enlargement including
(1) the compression of plaque (the "snowball"
effect); (2) the extrusion of water from the plaque;
(3) the embolization of plaque into the distal
vasculature; and (4) the "irreversible" stretching of
tbe arterial wall. Of these proposed mechanisms,
"irreversible" stretching appears to be the dominant
mechanism.

ACUTE PATHOPHYSIOLOGIC EFFECTS
OF ANGIOPLASTY

Anaioplasty increases lumen diameter by

stretchina and cracking the atherosclerotic plaque
while stretchina tbe underlying arterial wall. This
proeess induces a number of acute pathophysiologic
changos in tbe arterial wall which are summarized
below.

Endothelial denudation

The luminal surfaces of both normal and
atberosclerotic arteries are covered with a
monolayer of endothelial cells. These cells release
a number of factors which participate in normal
arterial function. The process of angioplasty
destroys tbese cells and, in doing so, dramatically
modifies arterial wall physiology. The physiologic
changes that result from endothelial denudation
include:

Increased vasoconstrietion a"d Wlsospa'ml due to
decreased capacity to produce the vasodilators
prostaeyclin (PGIv and endothelium-derived

relaxing factor (EDRF).

ll1creased platelel adhesion and tIIgregat;on due lo

decreased capacity lo produce tbe inhibitors of
platelet adhesion/aggregation PGI2 and EDRF.

/lIcreased luminal Ihrombosis due lo decreased
capacity to produce the fibrinolytic agent tiuue
plasminogen activator (tPA).

l11creased arterial wa// pn71Ieabi/ity due lo tbe 1088
of the semipermeable barrier provided by the
endothelium and the tight junctions tbat join tbese
cells.

Cracking 01 Plaque

The process of angioplasty stretches the arterial
wall and in doing so often fractures,· the
atherosclerotic plaque. The process of plaque
fracture can result in:

Stimulatioll 01 platelel adhuion/aggregarion by
exposure of thrombogenic surfaces such as
collagen.

Thrombus lormatioll by release tissue factor
(thromboplastin, Factor 111) from within the plaque.
Tissue factor activates the extrinsic patbway of
thrombin generation resultina in furtber pIateIet
activation and fibrin formation.

VasocolIstrietion/vasospasm either al or down
stream of the site of angioplasty subsequent to the
release of thromboxane (TXAv and serotonin (5
hydroxytryptamine, SHT) from activated platelets.

Lysis 01 medial smooth muscle ceUs

Histologic and biochemical studies bave
demonstrated that the arterial stretchina and
compression that occurs durina anaioplasty results

1 Depanmenll ofRadiology and PhysiolollY. ThomasJefT.:rson Universily and JofT.:rson Medi<:al Colle,e, PhiladeJphia, hMlylvania.
USA.
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in the Iysis of smooth muscle cells in the media.
DestlUction of these cens can have varying effects
on lbe ability of the artery to undergo
vasoconstriction.

Diminished vasoconstrictioll / arterial paralysis. If
smooth muscle cen destruction os concentric, then
lile ability of the artery to constrict will most likely
be diminished and may be abolished if the
magnitude of injury is great enough.

Enhancetl vasoconstrietioll / vasospasm. If smooth
muscle celJ destruction is eccentric, then the
1IIlinjured seament of artery can still constrict and
may 10 into vasospasm. The likelihood that of
vasospasm is enhanced by the absence of
endothelium-derived vasodilators (PGI2, EDRF) and
Ihe presence of platelet-derived vasoconstrictors
(TXA2 and 5HT).

Stretching ofconnective tissue

ID order for angioplasSY to irreversibly increase
lumen diarneter, the mechanical properties of the
artery must be altered. Histologic and physiologic
ltUdies of banoon dilated arteries have revealed the
folJowina changes:

Stretching and ,earillg 01 i"terllal elaslic lami"a.
Fracture of the internal elastic lamina may permit
further expansion of the artery, since an intact
internal elastic lamina may Iimit expansion of the
1IItery.

Incnased arterial wall stiffness. Physiologic studies
bave demonstrated tbat the balloon dilated artery is
Jea compIiant I more atiff than the undilated
artery. This loss of compliance or loss of elastic
recail is the result of an overstretching of the
connec:tive tissue and smooth muscle cells within
tbe arterial wall.

LONG-TERM PATHOPHYSIOLOGIC
EFFECTS OF ANGIOPLASTY

Altbouah angioplasty produces an immediate

increase in lumen diameter, it may also initiate an
arterial repair process that can ultimately result in
• reduction in lumen diameter, a phenomenon
referred to as restenosis. The acute angioplasty
induced chan¡es in the artery that may uItimately
contribute the process of restenosis are summarized
below.

Plarelet deposition and release of platelet-
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derived growth factor (PDGF)

Upon injury to the arterial wall, platelets adhere
their alpha granules which contain platelet.derived
growth factor (PDGF), a potent stimulator of the
smooth muscle cen migration and proliferation that
contributes to restenosis.

Cell Iysis and the release of basie fibroblast
growth factor (bFGF)

Angioplasty destroys endothelial cells, smooth
muscle cens, and extracelJular matrix. This
destruction results in the release of a ,rowth factor,
basic fibroblast growth factor (bFGF), which is
also a mitogen for smooth muscle censo
Experimental observations tbat support a role for
bFGF in the early stages of restenosis include : (1)
bFGF is released from injured and dying
endothelial and smooth muscle ce1ls and damaged
extracellular matrix; (2) smooth muscle cells have
hiah affinity bFGF receptors; (3) bFGF stimulates
smooth muscle cell proliferation; (4) the infusion of
bFGF into animals that have under¡one ba1loon
injury promotes intimal hyperplasia; and (S) the
infusion of anti-bFGF antibodies partially inhibits
medial smooth muscle proliferation after ba1loon
injury.

Release ofPDGF by cells other than p/ate/ets

Recent studies have demonstrated that PDGF is
produced by many ce1ls other than platelets
including endothelial cells, smooth muscle ce1ls and
macrophages. There is considerable evidence lbat
this non-platelet PDGF participates in the smooth
muscle cell proliferation that is responsible
restenosis. This evidence includes: (1) platelet
deposition is limited to the first few days after
angioplasty but smooth muscle cell migratioo and
proliferation continues for several weeks after
angioplasty; (2) macrophages, capable of producing
PDGF are recruited to the artery by angioplasty
induced cell death; and (3) angioplasty stimulates
the expression of the mRNAs for the A-ehain and
the B-chain of PDGF by ceJls within the dilated
artery.

Angioplasty-induced produetion of other
growth factors

Several growth factors are produced either on the
luminal surface or within the balloon dilated artery.
These factors inelude:
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lnsulin growth factor-J (IGF-J). Several
observations implieate IGF-I in post-injury smooth
muscle eell proliferation ineluding: (a) IGF-I is a
progression factor whieh aets synergistieally with
PDGF to stimulate smooth musele proliferation in
vitro; (b) IGF-l gene expression is inereased by
arterial injury and remains elevated during the
period of intimal proliferation and endothelial
regeneration.

1hrombin. Observations indieating thrombin in the
restenosis process inelude: (a) thrombin is produeed
in high eoneentration on the luminal surfaee of
injured arteries, (b) restenotie lesions often eontain
thrombus undergoing eeHular reorganization, (e)
thrombin receptors are present on smooth musele
eells, (d) thrombin stimulates the proliferation of
serum-treated smooth musele eells, (e) thrombin
stimulates endothelial eeHs to produce PDGF whieh
eould promote further proliferation, and (f) hirudin,
a thrombin inhibitor, reduces intimal proliferation
afier angioplasty of rabbit femoral arteries.

Ang;otens;n. Observations implieating angiotensin
in restenosis inelude (a) angiotensin eonverting
enzyme aetivity is present within the arterial wall,
(b) the infusion of angiotensin promotes intimal
hyperplasia, and (e) angiotensin eonverting enzyme
inhibitors and angiotensin receptor antagonists
retard intimal smooth musele hyperplasia after
balloon injury.

Matrix deposition

Histologie examination of lesions obtained from
both animals and man have revealed that a large
component of the lesion is extraeellular matrix.
Furthermore, in vitro studies have doeumented that
transforming growth factor-beta, whieh is produeed
within the artery in the later stages of restenosis,
stimulates smooth muscle eells to secrete
extracellular matrix proteins ineluding eollagen and
fibronectin.

Re-endothelialization

The luminal surfaces of normal and atherosclerotie
arteries are eovered by a monolayer of endothelial
cells. These cells produce several faetors (heparin,
EDRF, prostaeyelin) that inhibit smooth muscle eell
migration and proliferation. Recent studies have
demonstrated that re-endothelialization inhibits
intimal hyperplasia. For example, intimal
hyperplasia is not observed in areas of rat earotid
arteries that re-endothelialized within 5 days after
injury. In additional studies, an inverse linear
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relationship has been observed between the
magnitude of intimal hyperplasia and the magnitude
of re-endothelialization. .
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Percutaneous Femoropopliteal Graft Placement

ANDREW H. CRAGG, M.O.

Approximately lWO years ago, we began

investigation of a technique for percutaneous
placement of a femoropopliteal bypass graft (1).
The purpose of this technique was to treat patients
who had long segment femoropopliteal occlusive
disease, which was not considered amenable to
angioplasty because of the high restenosis rate of
the technique in this situation. The technique
involves placement of a conventional bypass graft
into the superficial femoral artery. In this report, 1
described the initial application of this technique as
well as a modification of our initial technique using
a new dacron-eovered, self-expandable stent graft.

PROCEDURE

To date, this procedure has been reserved for

patients with long segment femoropopliteal stenosis
or occlusion who would otherwise be candidates for
femoropopliteal bypass. Our protocol requires
patients to have goad iliac intlow, either native or
corrected, as well as two vessel tibial ronoff. In the
United States, our experience has been limited to
the use of PTFE graft material. We use
conventional thin-walled PTFE (Gore and
Associates, Flagstaff, Arizona).

To prepare the graft, we removed the spiral outer
wrap on the graft material itself. This thins out the
graft slightly and also allows us to dilate the graft
by 1-2 mm if necessary once the graft has been
placed. At present, our preferred graft stent
combination involves suturing of two Palmaz
~ts, one on each end of the graft using
mterrupted 6-0 polypropylene sutures. The
compressed stents are placed inside the graft with
only a small amount of stent protroding outside of
the graft. The araft is then mounted on a 6 mm x
10 cm angioplasty baJloon and the stents are
crimped in place.

Aft~r perfo~ceofconventional angioaraphy and
angloplasty vla an antegrade femoral puncture, a
long 12F sheath is placed across the segment of the
femoral artery to be treated. A custom-made sheath
h~ been ~reated for this purpose (Daig Inc.,
Mlnneapohs, MN). The balloon graft assembly is
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then loaded into a short segment of 12F sheath
ma.erial. This is then back-loaded over a wire onto
the hemostasis end of the 12F sheatb. The balJoon
and stent graft combination are tben Idvanced into
the sheath and clown to the lite of intended
deployment. The 12F sheath is tben withdrawn and
the balloon is intlated to deploy the stent and graft.

The major pitfaJl of this technique is lbat friction
inside the sheath tends to force the crimped stents
off of the balloon. We have been able to deploy
these stent grafts through llF sheaths but ftnd lbat
the 12F sheath minimizes frietion and allows more
reliable deployment on this fashion.

We have experimented with an alteraative
implantation technique for the PTFE material using
Wallstents (Schneider lnc., Plymouth, MN). This
technique requires a popliteal puncture and a
through-and-through wire. While this technique has
the advantage of allowing placement of a n.xibJe
stent which we find desirable in the femoral artery,
it is cumbersome to place grafts using this
technique and we no longer perform this technique.

We have recently begun investiption of a new
stent graft which is presently undergoing clinical
trials in Europe. This is a nitinol self-expandable
stent covered by heparin impregnated dacron graft
material. The graft material is ultrathin and alJows
deployment of the stent graft through a 9F sheath,
(Mintec, lnc., La Ciotat, France) (2). With this
system, the stent graft comes loaded in a 9F
cartridge. This is back-Ioaded on a 9F sheath whicb
is placed across the intended delivery site. TIte
stent is advanced up to the point of delivery using
a 9F pusher catheter. The sheath is then withdrawn
to deploy the stent which· is self-expanding. The
stent graft can then be diJated using conventional
angioplasty balloons after placement.

RESULTS

Our initial technique using PTFE graft material

has been applied to a smaIJ cobort of twelve
patients. Technical success was .chieved in eleven
of twelve patients. AIJ of these patients hld grafts
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placed in the femoropopliteal segmento Ten of
twelve patients had favorable clinical responses
with normalization of anklelbrachial indiees and
relief of symptoms. At mean follow up of 12
months, the primary pateney is 50% (6/12).
Secondary pateney is 75 % (9/12). Four patients
liad thrombosis of their graft during the follow up
interval and underwent suceessful thrombolysis.
One patient thrombosed twice and subsequently
went on to have a femoropopliteal bypass.

ID two patients, the cause of thrombosis was
tbought to be stenosis due to compression of a
Palmaz atent placed in the adductor canal region. In
oae palient, intimal hyperplasia occurred at both
ends of a Wallstent placed in the graft. One patient
liad thrombolysis of the graft without apparent
atenosis.

ID the month prior to this wntmg (December,
1993), aine implants of the dacron/nitinol graft
have been performed in Europe. all technically
successful. Follow up is not yet available. The use
of the araft for treatment of aneurysmal disea8e.
TIPS, ud biliary obstruction is also underway. A
nndomized trial of the dacron/nitinol graft
comparíng it to conventional femoropopliteal
bypus is also being organized in Europe.
Application for a U.S. clinical trial is also pending.

DISCUSSION

Durin, the past ten years, multiple techniques

bave been investi,ated whose aim is to improve on
tbe lon,-term SUccess of balloon angioplasty.
BalJoon an,ioplasty is known to have suboptimal
resulta in the treatment of long segment disease
particularly in fhe infrainguinal vessels. In this
situation, dilatation of lesions greater than 7 cm in
lengtb carries a high rate of restenosis.

Altemative therapy such as laser and atererctomy
bave been applied vigorously to treatment of this
subset of patients with suboptimal results. Any
technique which could improve on the high
restenosis rate of long segment femoropopliteal
revascularization would find application as an
alternative to femoropopliteal bypass.

Late restenosis in femoral angioplasty is usually
due lo intimal hyperplasia and plaque progression.
When Ion, segments are treated. the chance of this
occurrin¡ at some point along the segment
increases thus maleing the restenosis rate of these
lesions hi¡her than is seen with short segment

70

disease. The technique of intraluminal graft
piacement is intuitively appealing since it may
allow isolation of the diseased segment and prevent
the ingrowth of intimal hyperplasia or plaque
responsible for restenosis. In this situation, the
graft may aet as a barrier along its length to the
development of intimal hyperplasia. The risk of
restenosis may be reduced to the conventional
surgical problem of anastomotic failure which is
known to carry a 10wer restenosis rate than long
segment balloon angioplasty.

In its present developrnent, the technique of
percutaneous vascular graft placement has many
pitfalls. With rigid stents, there is a risk of
compression when the stents are placed in the
infrainguinal vessels. This occurred in two patients
in our preliminary series. We also observed intimal
hyperplasia at the end of one of the stent/grafts.

It is likely that these grafts will suffer from the
same problems associated with surgical
anastomoses, that is. turbulence. pannus formation
and restenosis. The graft size must also be matched
to the size of the inf10w and outf1ow vessels.
Development of tapered grafts and grafts of varying
diameter may expand their use in this regard. As
with surgical bypass grafting, the status of the
inf10w and outf1ow vessels will likely play a
significant role in determining long-term patency of
individual grafts.

Future applications of this technique which are now
being investigated include the use of grafts in TIPS.
Graft material on a stent may limit tissue ingrowth
whieh is a common cause of restenosis after this
procedure. The use of stents grafts for aneurysmal
disease is now well underway. We anticipate
percutaneous coronary graft placernent in Europe
by the time of this meeting.

This is an exciting area of interventional therapy at
the present time. It is still in its infancy and it is
not clear yet how great a role it will play. The
author encourages the use of the judicious clinical
trials to prevent a repetition of the -Iaser fiasco- of
the 1980's.

Ret'erences.
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Cirugía Laparoscópica Abdominal

J. CUETO GARcfA 1
, C. MELGOZA ORTIZ2, A. WEBER SANCHEZ2

Desde los reportes iniciales en 1987 de P.
Mouret y F. Dubois, Francia, del éxito
obtenido en la Colecistectomía
Laparosc6pica se ha producido un cambio
dramático en la práctica de la cirugía
abdominal muy en particular de la
vesícula y vías biliares extra hepáticas. En
Septiembre de 1992 en la reuni6n mundial
de Consenso en Bethesda, Md., E.U .A"
el acuerdo unánime fue de establecer que
la Colecistectomía Laparosc6pica es el
procedimiento de elecci6n, debido a sus
grandes ventajas éomo son: reducci6n
importante del dolor y sufrimiento post
operatorio, ausencia de ileo y
complicaciones respiratorias, rápida
reintegraci6n a las actividades rutinarias. '
mejor resultado cosmético, etc.

Como consecuencia l6gica y al mejorar la
tecnología médica se han ampliado las
indicaciones y a la fecha se practican en
numerosos centros hospitalarios de varios
países en el mundo, otros procedimientos
tales como la apendicectomía
procedimientos de diagn6stico diverso:
vagotomías, procedimientos antireflujo, y
otros en ginecología, en urología con
resultados que inicialmente parecen ser
satisfactorios y comparables a los
obtt:nidos en cirugía convencional aunque
ob~wnente se requiere de un seguimiento
cUidadoso y prolongado para confirmar
estos resultados iniciales.

En otros casos como los de plastías
inguinales, cirugía del colon. '
hlsterectomías, se practica este tipo de
cirugía solamente en centros especializados
con protocolos de trabajo estrictos para
que en estudios prospectivos y bien
controlados se pueda establecer qué grado
de utilidad representa el abordaje por estos
métodos mini-invasivos teniendo en cuenta
s~e~pre que lo más importante para los
cIrujanos es el bienestar, seguridad y
confort del paciente.

De manera innegable en las evaluaciones
objetivas que se nevan y se llevarán a cabo
deberán incluirse relaciones costo-beneficio
toda vez que en la actualidad este es un
aspecto esencial en la práctica moderna de
la medicina asistencial.

Durante esta breve presentaci6n se tratará
de ilustrar lo antes mencionado.

Asesor del C. SecNlario dc Salud. Cirujano dc The American Briíisll Cowdray Hospilal.

2 C' .
truJano de The American British Cowdray Hospital.
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Percutaneous transgastric. interna) drainage, endoscopy and stenting of the
pancreatic duct; a new technique

J.C. Kurdziel, R.F. Dondelinger and G. Barthelme
Departmenl 01 Diagnostic and InlerventionaJ &diology. Centn HospiIII/iIr, Lumrbourr

(Received 2 July 1990; accepted after revision 28 September 1990)

Key words: Pancreaticoscopy. percutaneous; Pancreatic endoprosthesis, percutaneous; Pancreatic duet, catheter drainage; Interventional
radio1o&>,. pancreatic duct

Introduction

Percutaneous opacification of the pancreatic duct
with ultrasound and computed tomography guidance
[ 1,2] and percutaneous external ductal drainage [3]
were descrlbed as altematives to endoscopic cannu
lation when transpapillary access failed. We report the
feasibility of percutaneous transgastric transpapillary
drainage, percutaneous endoscopy and percutaneous
stenting of the pancreatic duct.

Case report

A 73-year-old male without medical history, except
extrasystoles, presented with upper abdominal pain,
with recent exacerbation. The patient lost 7 kg of
weight. Physical examination was normal. Serum
creatinine was 1.60 mg%, serum amylase 137 U/I,
CEA 4.84 U/mI, and CA 19.9 800 U/mI. Abdominal
ultrasound examination showed a well defined
hypoechoic 2-cm mass in the head of the pancreas, the
distal pancreatic duct was dilated at 8 mm. Computed
tomography of the upper abdomen confirmed enlarge
ment of the anteropostenor diameter of the pancreatic
head at 4.5 cm, body and tail of the pancreas were
atrophic. The pancreatic duct was dilated at 8 mm. The
pancreatic mass was hypodense and its margins un
c1ear, the superior mesenteric vein was compressed by
the mass. Three percutaneous pancreatic biopsies with
a 1.2 mm cutting needle were negative. CoeHac, su-

Address for reprints: R.F. Dondelinger. M.O.. Department of
Diagnostic and Interventional Radio1ogy. Centre Hospitalier. 4 rue

. Barblé. L-121O. Luxembourg.

perlor mesenteric and left gastric arterlography was
performed: the superior mesenteric vein was encased at
the level of the pancreatic mass. The common hepatic
artery was slightly displaced cephalad. Two 5 mm
pseudoaneurysms of the gastroduodenal artery were
presento Percutaneous biopsy of the pancreatic mass
with angiography guidance was negative. ERe showed
normal bile ducts, cannulation of the pancreatic duct
failed. ERP was attempted twice, and failed despite of
a sphincterotomy. ,

A percutaneous diagnostic opacification of the pan
creatic duct was planned. The dilated pancreatic duct
was punctured after computed-tomography planning
under fluoroscopic guidance with a 220 needle, by a
transgastric approach. Opacification confumed dilation
of the pancreatic duct at the level of body and tail. and
tumoral narrowing in the head. Anatomic distribution
of the pancreatic ducts was normal. Percutane0u5
transgastric catheterization of the pancreatic duet was
performed under local anesthesia and sedation, aIlow
ing further biopsies and panc;:reaticoscopy. The opaci
fied pancreatic duct was punctured under fluoroscopic
control with a F5 Teflon-sheathed needle at the level of
the pancreatic body; a 0.035 torque-controUed guide
wire was negotiated through the narrowed cephaüc
pancreatic duct and the papilla. A F8 biliary drainage
catheter was placed percutaneously in the pancreatic
duct, with the distal end in the duodenum and contrast
medium was injected through the catheter (Fig. 1). The
drainage catheter was exchanged for a 2.8 mm flexible
endoscope (Surgitek, Racine, WI 53404) over a 0.035
guide wire after dilatation of the percutaneous and
transgastric track with F9 semirigid dilators. Video
pancreaticoscopy was recorded. At the cephalic level,
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Fig. 1. A F8 drainage catheter with sideholes was inserted percutaneously through the stomach in the pancreatic duct at the level ofthe body
of the pancreas; the distal extremity of the catheter was located in the duodenum. Opacification confirmed stricture of the pancreatic duct

in the head and post-obstructive dilatation in the body and tail.
~Fig. 2. Abdominal radiograph taken 3 days after percutaneous stenting of the pancreatic duct showed complete expansion of the expandable

metal prosthesis (faintly visible) in the pancreatic head and good position of the F8 plastic prosthesis between the pancreatic duct and the!
stomach. ~

j

Discussion

8-.
~

~
¡;
.~.,
¡;¡

Among progress in therapeutic endoscopy, sphincte- g
rotomy ofthe pancreatic duct, nasopancreatic drainage j
or qrug infusion, stone fragmentation and extraction, ;

•endoscopic inspection and stenting have evolved as j
alternatives to surgical procedures in the management ~

"of chronic pancreatitis [4-6] and malignant tumor of
the papilla [7]. Percutaneous access to the pancreatic
duct represents an alternative to endoscopy when tech
nical difficulties or inadequate anatomical conri;tions
prevent retrograde catheterization ofthe papilla. Percu
taneous access to the pancreatic duct remained limited
to diagnostic opacification in the literature [1-2],
although percutaneous external drainage of the pan
creatic duct was described in acute pancreatitis [3]. A
prerequisite for percutaneous puncture is sufficient
dilatation of the pancreatic duct allowing its identifi
cation with ultrasonography or computed tomography.
When the pancreatic duct is dilated more than 3 to
5 mm, percutaneous puncture is successful in 90 % [l].
A percutaneous transgastric approach is advisible,
since a temporary prosthesis can be placed between the
pancreatic duct and the stomach, obviating for a pan
creatic leak after completion of a procedure and later
endoscopic withdrawal of material. Computed tomo
graphy is particularly useful for planning the procedure:

creatic duct stenting without exacerbation of abdominal ~

pain during survival.
the mucosa of the pancreatic duct was hemorrhagic,
without endoluminal tumor growth. Mural biopsy ofthe
pancreatic duct was repeated, and was negative. A
4-cm-long expandable metal Wallstent prosthesis
(Medinvent, Lausanne, Switzerland) with a diameter of
6 mm at full expansion was placed percutaneously in
the pancreatic duct over a 0.035 guide wire. Duodenal
protrusion ofthe prosthesis through the papilla was less
than 5 mm, as confirmed by simultaneous transoral
duodenoscopy. The pancreatic duct was inspected
again after stent placement with the percutaneous endo
scope. Perfect opening of the metal stent was con
firmed. A pancreatic fistula at the puncture site was
obviated by temporary percutaneous placement of a
stent between the pancreatic duct and the stomach. A
F8, 4-cm-long plastic prosthesis with sideholes was
selected and inserted over the guide wire with a pusher.
Neither gastric nor papillary bleeding was observed
endoscopically after pulling out the endoscope from the
stomach. The day after the procedure, clinical course of
the patient was uneventful, leucocyte count was 10 300,
serum arnylase 181 VI/l, hemoglobine 11.8 g% and
hematocrite 37.5%. Abdominal radiographs performed
3 days after the procedure showed complete opening of
the expandable pancreatic metallic stent and good posi
tion of the gastropancreatic plastic stent (Fig. 2).

The general condition of the patient deteriorated
progressively over the following weeks although the
patient could leave the hospital. Death from pancreatic
cancer occurred 2 months after percutaneous pan-
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the slice showing optimal contact between the pan
creatic body and the posterior wall of the stomach
should be selected for the percutaneous approach, as
for internal gastric drainage of pancreatic pseudocysts
[8]. Coiling of the guide wire in the stomach during
percutaneous catheterization of the pancreatic duct is
avoided by the use of a stiff guide wire. Placement of a
working sheath through the walls of the stomach facili
tates insertion of a drainage catheter, a prosthesis or an
endoscope. No particular difficulty was noticed in the
reported patient during antegrade catheterization with
the guide wire of the strictured pancreatic duct. Intra
ductal guide wire manipulation must be carried out
carefully as lhe pancreatic duct shows multiple side
branches and its wall is less resistent than the bile ducts.

In the clinical case reported, transpapillary drainage,
pancreaticoscopy and stenting of the pancreatic duct
were performed by an exclusively percutaneous trans
gastric approach. The combined peroral-percutaneous
technique commonly used in the biliary system [9],
when endoscopic cannulation failed, can also be
applied to the pancreatic duct, reducing the risk for
pancreatic trauma. Potential complications of percu
taneous transgastric puncture ofthe pancreatic duct are
pneumoperitoneum, peritonitis, sepsis, pancreatitis,
hemorrhage and vagal shock. Pancreatic bleeding and
pancreatitis are minimized by a proper technique. Opti
mal cross-section localization of the dilated pancreatic
duct reduces the number of attempts of percutaneous
puncture. When the pancreas is atrophic, bleeding and
pancreatitis are unlikely to occur during percutaneous
puncture. Metallic expandable stents introduced percu
taneousiy [10] or endoscopically [11] in the biliary
system can also be inserted in the strictured pancreatic
duct, provided no intraluminal tumor growth is present, .
which could eventually proliferate through the mesh
work of the prosthetic wall and lead to occlusion. The
flexible metallic stents expand to 6 mm and more, but
need a F7 introducer catheter. Standard plastic
prostheses can be used as an altemative choice. In the
same way, mini-endoscopes [12] in regular use for
cholangioscopy, ureteroscopy and angioscopy pass
through a F9 introducer sheath. Clinical indication for
the procedure in the reported patient was confirrnation
of pancreatic malignancy and relief from pain by
treating ductal obstruction. Intraductal biopsy re
mained negative despite of endoscopic aid, but ab
dominal pain was not exacerbated until the patient de-
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ceased. Although diffusion of this technique will be
limited, we advocate in the future the percutaneous
transgastric approach to the pancreatic duct in chronic
pancreatitis, when endoscopic treatment has failed.
Percutaneous balloon dilatation of the pancreatic
sphincter, antegrade sphincterotomy, intraductal me
chanical, ultrasonic or laser lithotripsy are other tech
niques which can be performed by the percutaneous
route, in the same setting. Failure of the percutaneous
procedure can be related to a non-dilated pancreatic
duct, inappropriate anatomical conditions which make
a transgastric approach impossible, and failure of ante
grade catheterization of the papilla. A drawback of the
percutaneous approach is thc difficulty of inspection or
catheterization of the whole pancreatic duct:·
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A.T.P. 15 Años de Experiencia
Opinión del Angiólogo y Cirujano Vascular

Dr. JOSE M. ESTEVAN'

Cuando hace lS años (1979) se introdujo en

nuestro hospital la Angioplastia Transluminal
Percutinea (ATP) como una nueva posibilidad
terapéutica en el tratamiento de las lesiones
segmentarias, estenosantes u obstructivas, de las
arterias periféricas (1), nos hacíamos muchas
preJUlltas sobre la bondad y el futuro de la nueva
técnica. Sabíamos que, como cualquier nueva
forma de tratamiento, debería demostrar, no sólo su
eficacia inicial, sino también la duraci6n de sus
poco conocidos efectos endoarteriales (2), con el
paso de los años. Por otra parte, los riesgos de su
realizaci6n y los costes generados por tan
novedosos métodos; deberían ser ·competitivos·,
clínica y económicamente, en comparaci6n con la
terapia quintrgiea convencional (endarterecto~a,

pnStesis), habitualmente utilizada para la correccl6n
de dichas lesiones (3,4). Introducía a su vez, un
cambio de mentalidad que afectaba tanto a
radi610gos como a cirujanos, que bruscamente
veCan alterados sus roles en el manejo de estos
pacientes. El Cirujano Vascular, tradicionalmente
ejecutor de la terapia, pasaba a sentar la indicaci6n
cJCniea del procedimiento que sería realizado por el
Anaiorradi610go, hasta ese momento encargado
exclusivamente del aspecto diagn6stico.

Muchas de estu preguntas y consideraciones, muy
poco contrastadas en la literatura mundial en aquel
momento (S,1), explicaban los recelos. dudas,
deaconfianzaa y suspicacias, que muchos radi610gos
y cirujanos tenCan en aquel momento, no solo en
nuestro paCa, sino en todo el mundo. Se abría un
interesante y variado debate que en muchos
aspectos. adn hoy permanece sin resolverse. Con
pocas excepciones. en nuestro país. inicialmente, la
técnica tuvo poca aceptaci6n, e incluso un cierto
arado de rechazo. mú por desenfocados
protagonismos de unos y otros que por su eficacia.
En nuestro hoIpital. el nuevo método fue poco a
poco asentindose y ·cogiendo sitio· entre el no
muy variado arsenal terapéutico que para el
tratamiento de las arteriopatías periféricas

I An,iolo.ra y Cinagía Vascular. HOSf'ital Central. OvicoJo.
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disponíamos en aquellos años. El entusiasmo y la
amplitud de miras tanto del Cirujano Vucular (Dr.
J.O. Pumarino) como del Angiomdiólogo(Dr. M.
Maynar), que por entonces diri¡Can lu respectivu
unidades, fueron la principal razón para poder decir
hoy, IS años después. y con mú de 1.000
procedimientos de ATP realizados en todos 101
sectores arteriales que: • La ATP es una variante
terapéutica de lotal valid~ en el InlIMjo de 101
pacientes portadores de arteriopatCu periféricu·.

Si bien esta aseveración previa es la conc1uli6a mú
importanto de nuestra experiencia en estOI ...
(8,9), hay mucha circunstancia y vuiadol
aspectos consecuentes a este enfoque teraJ*atico
que merecen ser comentados:

-Influencia de la ATP. en términos pnent.,
en la existencia y manejo de los pacientes
arteriopáticos. . ,
-Modificaciones terapéuticas en funci6a del
sector arterial afectado.
-Influencia de la ATP en el sepimiento de estOI
enfermos. Resultados. Complicaciones.
-C6mo se han ido modificando lu indicacioael
con el paso del tiempo. ContraindicaciOMl. etc.

Estas y otras preluntas precisarían de varios
tratados para su contestación minucm. y
pormenorizada, que se escapa tanto de la intaIcicSa
del autor, como de las posibilidades y finalid.s del
trabajo. SC podemos exponer ele forma~.
algunos hechos significativos que refltPa y
resumen nuestra actual forma de pasar alatIPecto.
Ante todo, tres consideraciones, que DO por obvias
deja de ser importante recalcar1u y lObre todo.
h~cerlas reales en nuestro trabajo cotidÍ8DO:

-Imprescindible colaboraci6n entre
AnaiorradióloJOl y Cirujanos ~~ulares.
-Ausencia de criterios competitiVOS entre lu
distintas alternativas terapéuticas.
-Indicaciones selectivas e i,ldividualiuultU.
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Desde su introducción como método terap¿utico en
nuestro hospital, los parámetros asist~nciales no
han disminuido en términos cualitativos ni
cuantitativos, aumentando tanto el número de
intervenciones quirúrgicas de cirugía arterial, como
el de amputaciones de extremidades por
arteriopatías (Fipra I).

Esta aparente paradoja, por otra parte constatada en
auditorías de otros grupos europeos y americanos
(10-16), tiene en nuestra opinión una doble
explicación; por una parte, el progresivo aumento
ele la esperanza de vida con un crecimiento
plulatiao de población añosa, ~n la cual la
prevalencia arteriop'tica es elevada (17); por otra
parte, el mejor conocimiento de esta patología
tanto por la clase mcSdica como por la población
que, día a día demanda mayores cotas de salud. Es
decir, hay realmente más pacientes y se
diapostican con más precisión. las previsiones
demográficas, según las cuales una de cada cinco
personas tendd más de 65 años en el año 2.000,
prev6a en consecuencia, un continuado aumento de
la demanda por arteriopatías perif6ricas en los
próximos decenios (18, 19).

Si analizamos el tipo de tratamiento en relación con
Jo. divenoa sectores afectados (Fipras 11 y I1I),
obIervamos algunos hechos significativos en
relaciÓll con la ATP. Así, en el sector a6rtico, la
influencia ha sido nula ya que su indicación es
uecd6tica; sí, en cambio, se ha modificado
sustancialmente la tknica quirúrgica en este sector,
coa una cui total desaparición de la
éadarterectonúa aórtica a favor de las prótesis
arteriales. Cuando se asocian lesiones en las
arteria reaaleI a la patología aórtica y se considera
iDdicllda su corrección, en casos seleccionados
bemol realizado ATP renal previa a la ciruaCa
aórtica, disminuyendo los nada despreciables
ries¡oI de la cirugía combinada aorto-renal; si bien
el DWnero de pacientes es pequeño, seis, los
.-.Jtados han sido muy satisfactorios. El sector
ilíaco es el que más ha notado en su manejo
terapéutico la aparición de la ATP, disminuyendo
de forma notoria la cirugía aislada sobre el eje
ilíaco y aumentando significativamente las técnicas
de dilatación percutinea.

Por otra parte, la dilatación ilíaca jueaa un papel d~
gran interá en las lesiones combinadas
iliolfemoro/poplíteas, con mucho, las más
frecuentemente halladas en nuestros pacientes (más
del 70" de los casos), ya que nos permite tratar
ambos sectores (ATP iliaca más cirugía
femoropoplítea o distal), con una notable
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disminución del riesgo para el paciente; los
resultados de este planteamiento asociativo son muy
satisfactorios (20,21).

En el sector femoro-poplíteo las variaciones han
sido mínimas desde la introducción de la ATP,
tanto por la complejidad del sector como por los
criterios restrictivos de indicación en función de la
morfología lesional angiognlfica. Si bien en
ocasiones se combinan ATP Y cirugía en grados
muy avanzados de isquemia, los páimos resultados
obtenidos durante el comienzo de nuestra
experiencia, han hecho que sus indicaciones sean
actualmente muy seleccionadas.

En términos generales podemos afirmar que de una
actividad muy posibilista inicial (8), hemos pasado
a unas indicaciones mucho mú seleccionadas y
restringidas en función de las características clínicas
y angiográficas de cada paciente (9). En su
combinación con los fibrinolíticos, es~

desempeñando un interesante papel, en el
tratamiento de las lesiones secundarias que se
desarrollan despu6s de la ciru,ía arterial
revascularizadora (estenosis de bocas
anastomóticas, trombosis protáicas, etc), con
frecuencia reiterativas y complejas en su resolución
duradera (22,23).

Mantenemos como l1nica contraindicación
absoluta sectorial, el eje carotídeo de deltino
encefálico (carótida coml1n, carótida interna), por
el riesgo incontrolable y potencialmente desastroso
de embolismo cerebral que conJleva la
manipulación de estas arterias cuando son
portadoras de lesiones aterotrombóticaa (24, 15).

Los resultados obtenidos con la ATP en el
tratamiento de las arteriopatías perif'ricas, estú en
función de las características cllnicas de los
pacientes (edad, grado cllnico, enfermedades
asociadas, ~tc), y de la morfolol"a y extensión de
la lesión angiográfica. Es importante recordar el
cameter progresivo y polifocal de la enfermedad
causal, arterioesclerosis, que condiciona la historia
natural de la enfermedad y hace muy complejo el
control y seguimiento de estos pacientes, siendo
muy difícil encontrar arupos homol6neos para su
posible evaluación comparativa, dadas las
numerosas variables existentes que caracterizan este
patología (26-29). Podemos esperar, sin embargo,
buenos resultados a larao plazo (30, 31) cuando se
trata de indicaciones electivas (estenosis ilíacas,
estenosis u obstrucciones cortas femoropoplíteas,
grados de isquemia poco evolucionados, ...), muy
variables en las indicaciones opcionales, cada vez
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más restrictivas e individualizadas (9, 32-36) Y
decepcionantes cuando se trata de indicaciones de
recurso, para intentar salvar una extremidad como
alternativa a la amputación (37, 38). Sí quiero
señalar, que hemos comprobado en ciertos casos,
permeabilidad de sectores arteriales tratados
mediante ATP en seguimientos superiores a diez
años, lo que en mi opinión, tiene un gran valor
positivo respecto a la bondad de esta modalidad
terapéutica.

Las complicaciones graves, empeoramiento del
estado clínico previo (trombosis, embolismo, etc)
o hemorragia, que precisan urgente resolución
quin1rgica (39, 40), han disminuido muy
significativamente con la progresiva experiencia de
los Angiorradiólogos y las mejoras en el utillaje
disponible, como se refleja en la Figura IV.

Si bien se prescribe de forma nltinaria y empírica,
no tenemos constancia del posible efecto
beneficioso de la medicación
antiagregante/anticoagulante como terapia
coadyuvante en el seguimiento a medio y largo
plazo, siendo confusos y poco concluyentes los
estudios existentes (41-44).

En resumen, la ATP ha supuesto, en nuestra
experiencia asistencial de estos últimos quince años,
una terapéutica de gran utilidad para nuestros
pacientes que, con escasos riesgos, se han
beneficiado de sus conocidas características de
menor agresividad, mayor confort, menor tiempo
de inareso, etc, y en casos seleccionados, de
excelentes resultados en el seguimiento evolutivo de
SU enfermedad.

APtNDICE

Es indudable que, desde su casual introducción

hace 30 años. la idea o el planteamiento de tratar
lesiones arteriales distantes a través de un catéter
percutQeo, ha revolucionado muy positivamente la
orientaci6n tera~utica de estos pacientes. Por otra
parte, paralelamente y gracias a ella, han surgido
un gran m¡mero de técnicas que abren nuevos
caminos y posibilitan resolver situaciones hasta ese
momento impensables o de muy alto riesgo para la
terapia quin1rgica convencional (45-52).

Estamos, y no quiero pecar de grandilocuente pero
sí de sincero, ante una nueva era terapéutica en la
que se va a modificar de forma espectacular el
diagn6stico y tratamiento de un número de
enfermedades. Ante esta situación hay que
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reaccionar con valent(a y esp(ritu abierto, y por
supuesto, con seriedad y prudencia.

Lo que, en mi opinión, no puede ni debe suceder,
es que determinados sectores médicos por
trasnochados personalismos u otros oscuros
intereses, intenten frenar este apasionante futuro
que hemos tenido la fortuna de conocer en sus
comienzos. Obviamente hay que actuar con riJOr y
evitar los sensacionalismos que tan indeseables
consecuencias tienen para pacientes y médicos.
Sociedades científicas, comités de expertos,
normativas o standards, comites de credenciales,
etc, tienen la palabra y esperemos que la acción,
para poder arbitrar y controlar la buena práctica de
estos procedimientos (53-60).

En el concreto terreno que me compete, como
Angiólogo y Cirujano Vascular, quiero manifestar
mi opini6n, por otra parte nunca ocultada, acerca
de la nominada por alsunos Terap6utica
Percutánea. Hemos constatado, ea estoI 15 años,
como los Angiorradi610gos de nuestro hospital han
evolucionado en su quehacer diario desde la
introducci6n de la ATP Yotras variadas técnicas de
terapia percutánea que abarcan un aran n\1mero de
patologías. Desde hace varios años dedican su
actividad profesional exclusiva y permantmlmtenl.
(guardias), a la An,iorradiolo,ía (diapóstica y
terapéutica) y, en menor cuantía, a otras variantel
de Radiología Intervencionista. Su volumen de
trabajo es creciente y la demanda con frecuencia les
desborda. Su habilidad en la realización de la
técnicas se ve favorecida por la especificidad de SU

trabajo. El principal beneficiado de esta ,tan
experiencia es el paciente y de forma indirecta SUI

acciones altamente especializadas. repercutea muy
positivamente en los panlmetros hospitalariol·
(ingresos, estancias. costes. etc). DeIl1lllda
progresiva. volumen de pacientes creciente.
especificidad de los m6todos. exclusivict.i
funcional, mejora de resultados•••• ¿Qu6 mú se
necesita para poder afirmar que estamos ante una
llueva especialida41. Es cierto que las
connotaciones administrativas. académica,
asistenciales y docentes que esta afirmación
conlleva, ha sido, es y senl objeto ele interminables
polémicas y discusiones, pero na es menos cierto
que cada vez se hace más patellle la necesidad de
dar respuesta a las nueva preJWatU que nos marca
el proceso tecnoI6,ico, favoreciendo la
investigaci6n y creando nuevu unidades con
capacidad docente de Te~tica Percutúlea,
adecuadamente planificadas y dotadas, integradas
en grupos hospitalarios de trabajo
multidisciplinario, que sean capaces de forma



FIGURA 1
Relación CirugíalA.T.P./Amputación
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paulatina de comprometerse con las ~xigencias d~1

prolreso Yno detenerse ante el permanente desafío
que supone la mejora de la salud.
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Fístulas Arteriovenosas Durales Raquídeas con Drenaje'
Venoso Medular

L. GUIMARAENS MARTINEZ' , L. MIGUEL MERCADE', L. SOLER SINGLA2, E. BALAGUER.
MARTINEV.

Ldividualizada en 1.977 por Kendall y Logue

(6), despu~ precisadas por Merland en 1.980 (8).
Actualmente, estin bien caracterizadas.
Corresponden a la mayor parte de los angiomas
llamados retromedulares de la clasificación de las
malformaciones arteriovenosas medulares, de
Djindjian (2). La fisiopatología de la afectación
medular permite incriminar una hiperpresión
venosa medular, cuyo mecanismo, no est4 aún
claramente elucidado. El tratamiento, ya sea la
oblitención de la fístula por vía endovascular o por
vea quinlraica, obtiene unos resultados funcionales
que van a depender de la precocidad del
tratamiento.

DEFlNICION

Se trata· de una fístula arteriovenosa directa,

microscópica, (150 micras de diimetro), sin
interposición de nido anaiomatoso, entre una o
varia arteriola menín¡eas y una vena, que se
drena a contracorriente, de manera centrípeta hacia
las venas perimedulares. La fístula, es
extramedular, de muy bajo tlujo, situada en el
espesor de la duramadre. Se asocia constantemente
a una perturbación del drenaje venoso medular
DO~, cuyas referencias normales hacia el espacio
epldunl-Iumbotacro, no son visibles.

ASPECTOS CLINICOS

Se observa UIl neto predominio masculino (7

hombres por cada mujer), en la quinta década de la
vida (edad media 58 años). El cuadro clínico que
presentan, es el de una mielopatía de nivel dorso
lumbar, de constitución proaresiva, de 6 meses a 2
años, aaravúdose replarmente hasta la paraplejia,
en de 2 a 4 años. El comienzo de la enfermedad es

raramente brutal, frecuentemente insidioso. '1 •
manifiesta por una afectación, IeDlitiva, motora o
esfinteriana. frecuentemente aislada al priDcipio.
Los problemas sensitivos. son los mú~.
afectando a los miembros inferiores de forma
asim6trica: radiculalaia de tipo L.. L, o S.; o
parestesia de tipo de quemazón o de bomúpeol.
La afectación puede., únicamente motora. de tipo
de claudicación medular. Excepcionalmente. el
comienzo puede estar marcado únicameate por
problemas esfinterianos '1'0 ,nitale•.
Independientemente del modo del comieuo la
evoluci6n. se hace en varios .... b8cia ....
afec~ci6nasociada sensitivo-motora '1 esfiDteriua.
de diVersos arados. provocando un CUIdro de
radiculomielopatía dono-Iumbar de pavedIId
variable. que estj esencialmente en funcicSII de la
duración de la evolución antes del tntami.ato. La
evolución. es pneralmente proaresiva;' Iia
embargo, una aaravación bnJtaI mú o .-.os
regresiva, aparece a veces. Esta apavaci6n. puede
ser espont4nea o provocada. duranteci~
paricularea principalmente poItUraIes (poIici6Il
sentada durante mucho tiempo)oexcepcioaam-ee.
despu~ de una mielopatla se manifiesta. sepa loa
casos, por diferentes cuadros neurol6Jicol. que
son, por orden de frecuencia decreciente: aindrame·
del cono medular; síndrome de cola de cabUIo;
paraparesia espasmódica aislada. El nivel ..,.nor
de la afectaci6n sensitiva. aparece excepcioul__
por encima de D\o; el suftimiento medut8t •
esencialmente dorso-Iumbar, cualquiera que _ el
nivel de la fístula arteriovenosa.

EXAl\fENES COMPLEMENTARIOS

El estudio del L.e.R.• muestra ea pneral UIl

aumento moderado de la proteinorraquia entre 0.60
y 1.50 arll sin reacción celular uocilda.

I Unidad de Neuroan,io,rarll Terapoluli,a. Hospilll Goln"ral dll Ca.alunya. San Cu,lt del Val'" 81"010...

2 Servicio de N.urolo,ía. HOlpi.al GlllNl'Il de Calalunya. San Cu,al doll V.II':I. Ba"llloftl.
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nSIOPATOLOGIA

El sufrimiento medular, responsable de un cuadro

de mielopatCa pro,resiva de estos enfermos, es

Al final del estudio angiogr'fico. la decisión
terapéutica. puede ser tomada. teniendo en cuenta
el nivel del origen ,de la arteria de Adamlciewicz.
en relación al de la fístula, así como las
posibilidades de un cateterismo hiperselectivo
estable, para poder realizar una obliteraci6n
endovascular de la comunicación arteriovenosa.

El enlentecimiento del sistema venoso medular, esti
iplmente demostrado por el estudio del retorno
venoso de la arteria espinal anterior, que
normalmente es visible entre lS a 20 sepndOl (7)
siendo invisible en caso dé las fístulu incluso
después de los SO a 60 segundos.

La vena eferente, presenta una trayecto ascendente
intradural hacia la rMdula. donde se redne con el
sistema venoso perimedular. que esti dilatado.
anterior o posterior. La circulaciÓD .venosa,
presenta una direcci6n. pñcticamente siempre
ascendente hacia las venas de la base del Cl'Úleo.
que parecen la principal vía de salida, es
frecuentemente muy lenta (la totalidad en la red
venosa medular no es opacificada hasta los 40 o 60
selundos). las eferencias epidurales normalel
dorso-lumbo-sacras. no son opacificadas. (salvo
raras excepciones, cuando el drenaje es
descendente) .

La arteria aferente, puede ser una intercostal. una
arteria lumbar, una arteria sacra (S) y en los casos
excepcionales, una arteria cervical. La
comunicación arteriovenosa, situada en la
duramadre, es directa, microscópica, de bajo flujo.
entre una o varias arteriolas menín,eu de fino
calibre y una única vena dilatada de drenaje.

La fístula arteriovenosa. es frecuentemente \1nica

aunque a veces, es. múltiple, puede estar localizada
a cualquier nivel del canal raquídeo dorsal, lumbar
o sacro, con una predilecci6n particular por las
regiones dorsal media (Ds a D,) y dorso-lumbar
(D12 a L3). La localización menos frecuente y quid
excepcional es a nivel cervical. (Nosotros, hemos
encontrado una fístula dura( cervical a nivel e" en
UD hombre con un paraparesia pro,resiva que se
convirtió bruscamente en paraplejia después de una
mielografCa).

Desde el punto de vista t6cnico, es importante
comenzar por una arteriografía bifemoral
retróarada simultánea (9) que nos permite
aeneralmente apreciar la arteria de Adamkieviz y
todas lu arteriu dorso-Iumbo-sacras, simplificando
considerablemente la exploración, que es delicada
en pacientes de edad, en los que aparece este tipo
de paloloaía.

La AftIioIraIIa Medular. est4 formalmente
indicada ante un cuadro de mielopatCa proaresiva,
con Resonancia Ma¡nética o mieloarafía revelando,
i....... vuculares francamente anormales o
simplemente dudosas o ante la existencia de una
hipeneñal del cono medular. Dicha anaioarafía,
identifica y 100000za la fístula arteriovenosa, elluaar
exacto de la comunicaci6n arteriovenosa en el canal
y precisa lu particularidades del drenaje venoso.
Permite localizar al arteria espinal anterior y sus
relaciones eventuales con la arteria aferente de la
fístuJa.

Si Ja Resonancia Mapética es neaativa, es
conveniente realizar. como antiguamente, una
mieloaraffa dorso-lumbar con medios de contraste
bidro.oluble. (lO). que muestra casi
CODItantemente. la presencia de improntas
vuculares mormales, muy evocadoras de una
malform1ci6a arteriovenoaa medular. Es muy
importante realizar una t6cnica perfecta con
tomograffa, en cortes finos (A-P y laterales). La
i_a- típica el la de una dilatación de las venas
retromedularea. tortuosas, extendidas sobre toda la
m6duIa dono-Iumbar hasta el nivel cervical. A
vecIIo tu iIMa"" son menos evidentes: es decir,
prIIIDCia de una dilatación de arado variable,
visible doicuMate en tomoarafía (particularmente
de tu veus perimedulares); dilatación visible
\búca....te sobre 2 6 3 seamentos raquídeos,
Iiempn pato16¡ica en la reaión dorsal media y alta;
dilataci6n de 1.. venu radiculares lumbares. Otras
.aomalíu que pueden eItar asociadas: presencia de
una caaI lumbM' estrecho, protrusiones discales.

IV CVR.4IO JNn:RNACIONAL DE RADlOI.OGIA VASCUI.AR r..'TF.RVENCIONISTA COMO ArnBNt\TIVA TEMPEtITlCA

La Resonancia Magnética, debe ser la prueba RESULTADOS
diapóstica a realizar en primer lugar, utilizando la
secuencia ponderada en T2' en los planos, sagital y
transversal, donde suele apreciarse una hiperseñal
a nivel de la médula dorsal baja y del cono
medular. Esta hiperseñal, puede ser visible en
iDcideDcia saptal. pero es frecuentemente
confirmada por los cortes axiliares transversos.
E8t' en relación con el sufrimiento isquémico
crónico de oriaen venoso del cono medular (4). Es
lDeIla. frecuente, observar una importante
dilatación vascular.
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secundario a una isquemia medular crónica por
hiperpresión venosa medular. La hiperpresión
venosa reduce el ,radiente de presión arteriovenosa
intramedular, perturbando la irrigación normal de
la médula con constitución de un edema intersticial
medular y de dilataciones venosas intramedulares
que llevan muy progresivamente a una necrosis
isqu6mica definitiva. El mecanismo de hiperpresión
venosa, no ha sido completamente elucidado: existe
una fístula arteriovenosa drenándose a
contracorriente ea las venas perimedulares, pero
esta fistula es microscópica y de bajo flujo, no
permitiendo explicar por ella misma, la dilatación
venosa observada. La perturbación de la circulación
venosa medular objetivada por la ausencia de
eferencias epidurales dorso-lumbo-sacras persiste
despucSs del tratamiento de la fístula,
independientemente de la importante mejoría
funcional, que ea frecuentemente observada. Por
último, el orilen adquirido o congénito de la fístula
arteriovenosa como de un problema venoso medular
DO ha sido detenninado actualmente.

DIAGNOSTICO DIFERENCIAL

Desde el punto de vista clínico, las fístulas durales

IOD característica. Sin embargo, es importante no
confundir la hipersoftal del cono medular y región
dorsal baj., observadas en la Resonanci.
M&JD6tica, con un tumor intramedul.r o con placas
• isladas de esclerosis mili tiple.

TRATAMIENTO

L exclusión del. comunicación arteriovenosa por

vía endovascular o por cirugí., es~ siempre
indicada ya que permite frecuentemente una
recuperación funcional notable e incluso inesperada
o simplemente una estabilización del estado
neurológico, mientras que la evolución natural de
la enfermedad se realiza siempre hacia una
paraplejia completa.

TRATAMIENTO QUIRURGICO

Las t6cnicas actuales son simples, ya sea el clipaje

simple intradural de la vena de drenaje, antes de su
~~ión al. sistema venoso medular, ya sea el
cbp.Je asociadO • la ex6resis del fragmento de
duramadre conteniendo la zona fistulosa.
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TRATAMIENTO ENDOVASCULAR POR
EMBOLIZACION

La técnica necesita un cateterismo superselectivo
de la .rteria nutricia; con verific:aci4a
preembolización de la ausencia de anatolDOlÍl de
esta arteria con la arteria espinal anterior. El
material de embolización utilizado, tiene que ser
fluido; actualmente, se utiliza el Hystoacril (n-butil
cianoacrilato) cuyo tiempo de polimeriuci6n •
modificado por la mezcla con LipiodoJ. La e&.cia
de la embolización, exi,. la oclusiÓD de la mna
fistulosa y del pie de la vena do drenaje, con el liD
de evitar una revasculariuciÓD "Pida por
anastomosis proveniente de arterias adyac:entel. El
control arteriolráfico, debe sor efectuado alJUDOS
días más tarde para verificar la .usencia de
repermeabilización de la fístula.

INDICACIONES

En equipos OJlpertos. la emboliucic5n no .....
anestesia leneral y 01 realizad., durante la
arterio,rafTa; es el tratamiento de elecci6a y de
realización simple. Dos condici~ fund.........
deben tenerse en cuenta: primero. -..cia de
arteria espinal anterior al mismo Divel de la .......
que contraindica 01 abordaje endovucullr Y
segundo, posibilidad de cateterismo supenelectivo
estable.

El clipaje quirl1raico CId l1nicanlente reservado de
primera intención, si existe una de las dos C8II8I

citadas anteriormente; o secundariamente, en cuo
de fallo por repermeabilización de la fístula deIpuá
de l. embolización.

RESULTADOS

La desaparición de l. fistula (por tbicM
quirl1r¡ica o endovasculares) va lOJUida de ..
mejoría funcional. que va a _ lIlUCbo ...
espectacular dependiendo de la precocicW del
tratamiento. Esta mejoría, 01 "_.IU__

sensible desde los primeros días que si.- al
tratamiento o se dibuja más lentamente en alpnas
semanas. Sin embar¡o, cuando no so oa.erva
nin¡:una mejoría a los 3 meses del tratamiento, 01
necesario realizar un control .rteriolráfico, a la
búsqueda de una revascularizaciÓD de una fístula o
eventualmente, de la presencia de otra flstula
arteriovenosa del mismo tipo. Es muy importante,
en un número de casos no despreciable obIervar la
recuperación de una paraplejia fl4cida. La mejoría
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funcional. es frecuentemente motora. mientras que
101 problemas sensitivos sobre todo las parestesias.
pueden tardar más tiempo en regresar. siendo esta
repesi6n. raramente total. Los problemas
esfiDterianos o genitales son igualmente. de una
mejoría muy lenta.

CONCLUSION

La existencia de una mielopatía dorso-lumbar de

forma propesiva sobre todo en el hombre. es una
iDdiClCión formal para realizar una Resonancia
MapMtica y 11I caso de ser negativa de una
mielopaffaeuidadosa. necesitandoobligatoriamente
la ralizaci6n de tomocraf{as en cortes muy tinos.
En este contexto. la presencia de inulgenes
vuculatel conduce siempre a una exploración con
una arteriogratTa medular. Esta. debe opaciticar
todos 101 pedCeulOl arteriales vértebro-raquídeos.
c6rvieo-dorso-Iumbo-sacros. empezando por la
re¡iÓG lumbo-sacra con el fin de buscar una fístula
arteriovenosa dural. en la que le retomo venoso de
la aneria de Adamltievicz. es&' ausente o muy
retruIdo. Cuaado la an,io,raHa es ne,ativa y las
_ ..... por Resonancia MaJDética o por
mielopafra 10ft cancterlsticas. es necesario
explonr l. vertebnles y la carótidas, pues existen
tT"la A-V durales intracranea1es. que se drenan
preÑl'lIItem..... por lu venas medulatel y que se
revellD por una ,intomatologCa medular (12).

Un tntamieato es sienqne propuesto. empezando
por la emboIiJaCi6ft _ectiva. que es el método de
elec:ci6a. El tnDmieato quinlrcico (11). nos parece
raervado IICtUalmeate a l. contraindicaciones de
ordea anatómico O t6enico de la embolizaci6n (1).
Dicho tratamiento permite recuperaciones
funcionales inesperadas.
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Angioscopy: current techniques
Philippe P. Giacomlno, M.O., George S. Abe", M.O., Gérald R. Barbe.u, M.O.,
James M. Seeger, M.O., Takanobu TomIIru, M.O., E. Wllllam Aklns, M.D.,lrvtn F. HawkIna. M.O.
.nd Stephan E. Friedl, M.E.E.

Examinatlon of the Internal surface of ......hu been attempted u.....V8rieIy of devIoeL _
th... sy"""s have been cumbenlome to u.., angioscopy hu not bMn wideIy Mwrin ..
minlaturization of optlcal fibera and tMIdovucular tntervention, however, have revtved In ...
gioscopy. Thls study tIIustratn a variety of angio8copn (0.15 to 3.2 mm In~ end ..
peripheral elrcul.tion. 80th pereutaneou. and IntraopenItIve.pproaches ....descrIbecI, ....
solution or CO2 ga ftush .. the vl..alzation medlum. A total o, 32 proc:edIns ....
traoperatlva: 9 percutaneous). Vlsualizatlon of the arterisIlumen provided c:IMr of 1M In ..
pereutaneous cases.'n 3 o, theM procedu ~ga... ..-d.'n the inb....adw 0••ce.r..
tall o, the obatructlon w•• noted In 11 of 23 (70%). In 5 (22%), vIsuaIlz8tIon 11 .
(9%), vlsu.llDtIon was not....1bIe. VIa the percutaneous approech, tite durMIonof'"pra n 111 ~

7 min (....... :t standard devIatIon) and the v......1zation time...20 :t .... In the hlb6JlI' .......
the duratlon o, the procedu... wa. 20 :t 5 mln wIth alonger vlsuallzation time at 37 :t 1-.whIaII ....
nl'lcantly g....ter compared to percutaneous procadu.... (p < 0.001). The voIume of ......aoIuIIin In
the percutaneous approach ranged from 500 to 800 ce and IntraoperatIveIy from 170to 100oc.llarphl'I.la
eh.racterlDtlon of the Interarteria'lnlona ahoWed whltlsh yellowWI atMroecIeroIIc ...
red brown globulated ....ah thrombU•• OrganiZing thrombua was grey In color. Ob••rvaIaM foIIowII..
laser recanallzatlon ullng • "hybrtd" probe ahoWed thermal eharring aIong the SJtarIaI ...............VIIu
allzatlon 'ollowing bllloon anglopluty ahowId Intima' fIaps, e.ge dtSllCtiona and oen••IDI"" a talle
lumen. Anglolcopy dtd not predlct or alter pertorattons wlth laMr recanallzatlon: howfter, It cid ..
selectlon of Ieslonl to .votd perforatlon. AnlIoacoPY provtded • methocI for (1) evaluatlon of 1M of
the arterial blockagl, (2) guldance of tnterventIonaI procedu.....nd (3)...........,tof.......... tollo..
Interventlon.1 prOCldu..... ThIH data, tf correIatId to ahort and long term patIncy, may provIde .....
Insight Into the mlChanlam of .rt.....1tnterventIons .nd help predict the outcome of the proceduN.
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INTRODUCTlON

Thc concept of angioscopy dares bIck 10

1913 when Rhea and Walker used • ri¡id iIIumi
nated tube in an attempt 10 visuaI_ Ihe ea
docardium. 1 Sixty years later, Shoc ti al and
Gable et al revived interest in an¡ioscepy by UI

ing a flexible device to perform endoscopy «
great vesscls.:% This step, however, WIS limiIed
by the large size of the angioscope with n:spec:t 10

!he arterial lumen. Techn~ pnJbIems such •
frequent fiber fractures and a Iadc of t1exibiIity
discouraged the early usen. Recendy, che mini
aturization of fiber optic bundles and che Idvent
of intervenúonal procedures in arteries renewcd
interest in angioscopy. Funhermore, improved
techniques to obtain a elear visual fteld such •
balloon-occluding catheters have helped 10 over
come sorne of the difficulties previously en
countc:red.
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At presento angioscopy is a reliable melhod
to assess me innvascular pathomorphology by
dÍftlCt dne dimensional color imagina. thus~
vidína more detall of the vascular stnICtUJ'e than
roucinc ansiography. Angioscopes have been
used both in peripheral and coronary ancries dur
inl innoperative and percutaneoUS proc:cdures.
The purposc of this study is to demonstl"ale me
various angioscopic teduúques in me diagnosis
oC vascular lesions and ilS potential use Cor me
conII'Ol of intervcntional proc:edures such as Iaser
n:canafizarion. ba1Joon ansioplasry and bypass
sUI'F'Y.

MATERIAL ANO METHOOS

Equipmeat used for aJIIioscopy

This study was accomplished wim seven
types oC angioscopcs (Fig. 1). These included me
foUowing:

(1) A 0.8S mm outer diameter angioscope
widl an illuminating optical bundle (IOB) sur
rounding a viewing optical bundle (VOB) (Mini
flexni, American Edwards Lab. Irvine, CA).

(2) A 1.0 mm angioscope wim an 10B sur
rounding a VOB (Miniflex ni, American Ed
wards Lab).

(3) A 1.4 mm angioscope wim an 10B sur
roundina a VOB (Olympus modc IPF 12, O
lympus Carp. of America, New Hyde Park.
NY).

(4) A 1.7 nun angioscope wim a VOB and a
swroundina anay of ilhuninating fibers (Opti
scope TI' model 310, Trimedyne, Ine., Santa
Ana, CA).

(S) A 1.7 mm ansioscope wim an 10B. a
VOB and a 0.8 nun working channel (Olympus
prototype).

(6) A 2.0 n:un angioscope with a VOB and
two working channels (0.9 and 0.6 nun). Illumi
nation was provided by an optical fiber passed
through one oC the two channels (Trimedyne,
Inc.).

(7) A 3.2 nun angioscope with an 10B, a
VOB and a 1.2 nun working channel. This scope
also had tip deflection capability (Olympus model
BF3C4).

A flexible plastic sheath surrounds and pro
ICClS Ihe fiber oplie bundles and the working

channels. These angioscopes have a spatial reso
lution ranging from SO ....m to 200 JoLrn. a mini
mum focal length from 3 mm lO S nun and a fuIl
angle oC view. from 300 to SO".

ll1umination was provided by a xenon cold
lamp (Karl Slorz 487, Culver City. CA or
Trimedyne Model 319). The images werc re
layed to a low light sensitive RGB camera (Pulnix
TMC-S4) and viewed online using a high resoiu
tion color monitor (Sony DVM-1910). PenDa
nent video rccordings (Sony 3/. inch video tape
rccorder. Model VO 5800) werc obcainl:d (Fig.
2). .

Interventlonal proceclures

[nlerventional techniques evaluated with
angioscopy included peripherallaser recanaliza
tion, balloon angioplasty, andJ!>'plss surgery.
The laser and balloon procedum werc detailed in
other reports. J.6 In brief, Iaset recanaJization was
done using a 2 mm Spectraprobe-PLRni (Tri
medyne) to rccanalize totally occluded arterial
seamenlS. A continuous-wave argon Iaser (En
docoagulator, HGM Model 2OS, Salt Lake City,
lIT) was used to energize the probe. Percutane
ous transluminaJ angioplasty (PI'A) was done
using 4 to 7 nun diameter and 5 cm long balloon
catheters (Microvasive. Inc.). Bypass surgery
was done using either prosthetic graft (PTFE or
woven dacron) or in siN vein graft. Standard
bypass surgical teehniques were used.

Patient selection

Thiny patients aged S2 to So-years, with ei
ther severc intennittent claudteation or rcst pain
had angioscopic evaluation. Each patient had
previous angiography showing total obsttuction
of the superficial femoral or popliteal aneries.
Infonned consent was obtained from all patienlS
for both the interventional procedure and lile an
gioscopy.

Percutaneous angioscopy

Angioscopes measuring I ro 1.7 mm in di·
ameter were utilized via a percutaneous ap
proach. Prior to utilization. Ihe angioscopes were
sterilized using ethylene oxide. The camera and
adapter were Ihen pUl in a sterile plastic bag and
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placed on thc fluoroscopy table. The angioscope
was connec:u:d lO a videocarnera using a C-mounl
adapler. An 8-French introducer sheath was
placed inlo the superficial femoral artery in an
antegrade fashion using the standard Seldinger
teehnique. TIte angioscope 'Nas then loaded in
side a 7-french dún-wa11 cathcter with a Tuohy
Borst c:onnec:tor al the hubo The tip of the an~
seope was advanc:ed lo the cad1eter tip and this
position sccured by tiptening of the Tuohy-Borst
coMedor. TIte lipl intensity and focus of the
angioscope were then adjusted lo provide a clear
image on the video monitor prior to insenion into
the artery.

The guiding catheter with the angioscope
were inserted into thC sheath and gendy advanced
in an antegrade fashion into the femoral anery.
TIte position of the angioscope tip Wa5 morútored
with fluoroscopy. In arder to prevenl clot forma
ti~ on the leos al che angioscope tipo heparinized
saline 'solution was infused continuously around
the angioscope (1 UlmI) from a pressurized bag al

300 mm Hg. Conttast material was injected in
tennittendy lo define me location of the vascular
obstnlction while simultaneously viewing the
lurnen with the angioscope. In order lO obtain a
c1ear field of view. the blood colwnn in front of
the scope was displaced using one or more oC the
folJowing teehniques:

(1) 60 ce of saline solution flushed by hand
injection al a rate of 2 mllsec Cor 30 seconds either
through or around the angioscope via the guiding
catheter or the wortcing channel oC the angio
seope.

(2) 60 ce oC C02 gas flush using hand injec
tion or by constant pressure from a special CO2
injector.

(3) Balloon inflation al the eatheter tip tem
porarily occluding antegrade blood flow wbile
flushing saline through' the catheter to clear the
forward blood column.

In each patient. saline or CO2 flushes were
given separately or in an altemating fasbion de
pending on the ability to visualize the images
while anempting to limit the volume of saline
solution used. 1ñe angioscope was held in a flXed
position at the tip of the guiding catheter and
coaxial positioning obtained by gende rotation
and withdraw-advance movement of the catheter
in order to obtain images of the arterial lumen.
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rather than the anerial wall.

Intraoperative angioscopy

Boch smalJ and large size angioscopes~
used in the intraopel3rive setting. A eut~
over the common femoral anay was done as J*l
of the standard surgical procedure for either by
pass. e~omy. em~y. or~
recanalization. Arter exposure of the femanl
vessels. an aneriotorny was perfonned and die
angioscope advanc:ed into the disW circulDxa.
In this setting. antegradc bIood fJow was iDIer
rupted by clamping ofthe COiIUliIOII femoraIlItay
aboYe the aneriotomy. For the smaller d.iameter
angioscopes (1-1.7 mm). the flushing teebniqua
lO c1ear the forward blood colwnn wen: the sarDe

as those described for the percutaneoul appiOldl.
When the Iarger angioscopes (2-3 nm) were
employed. an occluder balloon al the angioscope
tip was used. if it was available. and saline flush
via a woricing channel was sufficienl to clear the
field for visualization. When no occludcr balloon
was available,' simultaneous proximal flushing
through the introducer sheath and distal flushing
from the tip of the angioscope were needed to
obtain a clear field.

Angioscopy during arterial intenentioas

Anerial intervention included laser recaDa

lization. balloon angioplasty and peripheral by
pass surgery. Angioscopy was perfomted befCR,
during andIor after the anerial intervention in
order 10 diagnose the nature of the lesion. guide
the laser andIor evaluare the immediatc rauks of
the procedure. Laser recanalization· was done
using a 2.0 or 2.5 mm Spectraprobe-PLR111 •

Argon laser power was delivered using a dosime
ay matrix by starling al 5 wans for I sec and 0.2
sec pauses. Power was increased by 1 waIl in
crements until successfuJ recanaJization was
acbieved. The probe tip was positioned apinst
the arterial obstruction under angioscopic visu
alization. Visualization was maintained through
out the recanalization process. Auoroscopy was
also used simultaneoUSly dwing recanalization.
After completion of lascr recanalization. the new
channel was inspected using one of the thinner
angioscopes (1-1.7 mm). If balloon angioplasty
was needed to enlarge the residual anerial steno-
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siso then angioscopy was uscd to evaluate me ar
teña1lumen following (he proccdure. When by
pass surgery or thrombectomy wcre done. an
giosc:opy was used lO assess me fmal resulto

During the interventionaJ pnxedures. all
paIients n:ceived 10,000 U of heparin. Alter
completing me angioscopy, me angiaseope,
guiding catheter and sheatb were removed.
HemosIIsis of the entty site was obtained by
sandanl suture closule of the anery in the in
traoperative seuing or by hand pressure in case of
percutaneous procedures. AnticoagulaIion was
subsequendy reinst.ated using heparin.

Data .....,.

Dara were exprased as mean values :t I
SWldard deviation. Visualization times were
compared using unpaired two-tailed Student t
test.

RESULTS

Thiny-two angioscopic examinations wcre
peñonned in 30 patients during laser recanaliza
tion. 23 were done via aneriotomy during in
traoperarive procedures and 9 via percutaneous
approach. No complication related lO angioscopy
was noted either immediately or al short-term
followup.

Duratioa oí proceclure

PercUlaMous approach - 1ñe average du
ration ofme procedure was 30 :t 7 min (mean :t
SO). Thc visualizabon time was 20 :t 4 sec us
ing saline solution andIorCOl gas. An average of
5 (range 3-8) visualizations was attempted pe!'

procedure.
Intraoperative approach - The average

duration of (he procedure was 20 :t 5 min (mean
:t SO). The visualizabon time was 37 :t 5 seco
Visualizalion time was significantly longer in the
intraoperative procedures compared to the per
cutaneous procedures (p < 0.001).

Volume oC Ouid

PerCUlaneous approach - The volume of
saline solution which was used in each case
ranged from 500 ce to 800 cc.
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Jmraoperat;\'e approach - The volume of
saline solution was used in each case ranged from
170 cc to 500 ce.

Images

Percuraneous approach - In all nine cases
done. visualizabon of the vascular lumen pro
vided clear detall of the obstruetion site. Saline
solution was used as the onIy visualization medi
um in 6 of the 9 procedures. Saline solution was
used in an altemating fasbion with COl gas in me
3 other procedures.

I~rative approach - Visualizabon of
me vascular lumen provided clear deIaiJ of the
obstruetion in 16 of (he 23 arteries (70%). In 5
(22%). visualization was intermittenr either be
cause oC a lack oC coaxial position. low light in
lCnsily and presente oC a clot al the angioscope
tipo In 2 (9%) procedures, imagcswere not sufti
ciently clear lO identify vascular struetures; this
was due lO a teehnical problem with the monitor
and camera system. Saline salution was used as
me sole viewing medium in 21 of me 23 ~
cedures and altcrnated with COl gas in (he 2 other
procedures.

Morphology of arterial obstructioa

Occluding atherosclerotic plaques were i
dentified in 24 procedures as whitish-yellowish
lesions blocking the lumen. Fresh occlusive
thrombus was visualized in 6 aneries and ap
peared as glistening red-brown, lobulated or
smoodl surfaced (Video Sequences 3. 6). Occa
sionally, 0100 organized thrombus appeared lO

merge with the plaque and WllS'greyish with areas
of brown streaks. Above the ocClusion site, mu
ral thrombus partially occluding the lumen and
laying flat against me anerial wall was ofien
DOled. Intimal flaps were frequently nOled along
the vascular surface in atherosclerotic areas not
previously insaumented. Ulcerated plaques were
also occasionally identified in areas of dense
plaque formarion.

Guidance for interventional procedure

Angioscopy done during laser recanalization
was used ro place the laser probe in a coaxial po
sition to avoid inadvertent irradiation oC the ane-
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rial walls. This. howcver. did not secm lO pre
vent perforation during lasee rccanalization. The
tip of me tibe!' could be observed in one plane
only while advancing beyond the tip of the angi<>
SCOpe. The repetitive blue-green light flashcs
during argon Iaser at1ivarion inrarupredvisu
alization by salUI'Iling the camera SCDSOIS. Bol>
bies of boiling saline solution genc:rated by the
laser vaporization abo intenniaendy obsaucred
the fteld ofview (Video Scquence 1). Once blood
flow was reestablished across the arterial •
struetion. it became increasingly difficult lO clear
the field of view for satisfaetory visualization
without thc use of an occluder balloon.

EvaluatioD or arterial iDteneDtioDS by
aDgioscopy

Following laser recanaJiztUion - TIte walls
of the new channel creatcd by the lasee could be
identitied as regular, smooth arterial lumen sur
faces. The diamcter of the channel was not much
wider than the diameter of the probe tip used for
recanalization. The wall of the channel was
charred and white fle:cks embedded in the arterial
wall suggested calcific deposits. Intimal flaps
could also be readily visualized (Video Sequcnc:e
1). When recanalization resulted in communica
tion with the distal arterial segment, backflow of
blood was observed as the angioscope was passcd
beyond thc recanaIized segment for further in
spection of thc ancrial lurnen.

None of thc S arterial perforations that oc
cwred during lasing wcre det«ted by angiosco
py. Neverthcless. thc following example typifies
the utility of an¡ioscopy lO prevent perforation.
In an intraoperative case (Video Sequencc 2),
lasing was initiated undcr fluoroscopic guidance
only. The lasee probe could be seen making an
acute tum toward thc arterial wall, which sug
gested irnminent perforation. TIte probe was
removed and a 2 mm angioscope advanced up lO
the lesion. lhis reveaJed a dense inaalumenal
rock-like calcification. Sínce continuous-wave
argon mennal lasing is nal known to penetrate
this typc ofobstruetion, no further lasing anempts
were made and a bypass was performed.

Another example typifies (he utility of an
gioscopy lo elucidale the angiographic observa
tioos with respecl lO (he cause of an obstruetion.
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During a percutaneous case. laser rccaDI1iza1ion
appeared lO be successful in crossing the obsIruc
lion in a distal superficial femcnl anay; how
ever. thc angiogram reveaIed ID infarupbon oC
contrast flow lO the popliteal anay. It was ..
sumed that a subinrimaJ cbanne1 was aaaad .el
thc proc:edun: was not successCuI. DuriDI ID
gioscopy. branching vcsseIs ia die Jet. ti=d
segment wcre clearly v;p-ized, iI6r"ÍDI ....
the channcl was not subinIimal; however, .. 01'

ganiud thrombus was seen obsIrudiDg die Iumen
at the site of conttast inta'nlpliola by .......
raphy. Ouring this case, sÍlmlkaneous ...
scopic and angiographic imaga wcre obtaíDed.
This dernonsttared !he feasibility of cJear~
scopic visualization through !he COI" medi
um. .

Following balIoon angiop/luly (BA) - Four
arterial segments~ inspeáed aftero· Iaser
assisted balloon angioplasty. usiD& qioscopy.
In 3 of 4 balloon-dilated aneriaI seamencs, inti
mal flaps couId be clearly identified. Two had a
large dissection with a false lumen channel
(Video Sequence 7). Also, fn:sh duombus em
bedded in !he arterial wall was nofId ia one case
following BA (Video Sequence 4).

FolJowing surgictllp~ - AnaiaI
vein graft or prosthetic graft anastomosis wae
inspected in 3 patients. This reveaIed a clcan su
ture line without flaps. In ID additional case, fol
lowing embolectomy, angioscopy derDonsttaU:d
layering oC the vascular lumen with old thrombus
still adherentlO thc vascular walls. Numemus
intimal flaps wcre also observed in 1his case.

DISCUSSION

Success in obtaining sufficient visualization
to recognize intravascular struetures durina an
gioscopy depends greatly on me approech and !he
technique used. For example, innoperaIive pro
cedures were easier lO perfonn tban percutaneous
procedures. In our series, me longest dwation oC
visualizatian and (he shortest duration of proce
dure were obtained intraoperatively. 1ms is pri
marily relad to the ability to intemlpt antegrade
blood f1ow. Also. the straight configuration of
lhe peripheral arteries helped lo steer me angi<>
scope. Percutaneous angioscopy. however. is
lechnically more difficult. usuaJly requiring tem-
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porary balloon occ:lusion. Nevenheless, percu
taneous angioscopy is feasible and with mini
alUrizaIion of devi<:es. may provide a tool for
prc:cise desc:ription of arterial morphoIogy. Sira
angioscopic: saudies were initiaIal in the operating
room. cenain teehnical difficulties were en
countaed in me early pan of the Ieaming cune.
1bis expIains me reduced visibility in S cases and
sechDicaI faiJuJe in 2 ocher cases which wen: ~
poned in die innoperarive sca:ing.

Preliminary SIUdies reponed that angioscopy
could be a usefuJ tool 10 guide Iaser angioplasty
and pn~vem vesseI perforation.7 Our SlUdy 5111
gesu that angioscopy does not gready alter anai
al perfontion rates. However. a beaa' definition
of die nalUI'e of !he obsbudion may change me
approach 10 tite intervention, thus avoiding per
fontion. as delDOnSU'ated by !he eumple of the
calcified obsttuction (Video Sc:quenc:e 2).

Angioscopy provides more detail Iban is
usuaUy obtained by standard angiography.1.9 In
our SlUdy, the procedure was safe and the irnages
provided deraiIed information aboUI the obsaruc
tion. The duration of the angioscopic examinaion
can be short enough not 10 interfere with tite in
terventional proc:edwe. This study shows that
angioscopy can provide additional imaging data
which can be used 10 c:omplement standard an
giography. This imaging data was found 10 be
most useful in tite three foUowing aftlIS:

Assessment of arterial occlusion - An
gioscopy can differentiare thrombus from albero
scleroric lesion and also provided data aboul !he
age of tite duombus. IO•1I This distinc:tion is Un
portanl since fresh thrombi may be tteared using
thrombolytic therapy as a preferred approach.12
Angiographic recognition of thrombus is ofien
underestimared. 13 This may be ~Iated 10 pas
sage of contrasl a11 around the thrombus so that
only changes in density of the lumen~ secn bUI
not the degn:e of Iumen obsttuetion. Thus, an
gioscopy may provide a more accurate mor
phopathoIogic anaIysis lO help in the selection of
the mast appropriate inlerventional lechnique
(Le., laser, thrombectomy, alherectomy, or
thrombolysis).8.14..,

Guidance for inlervenrional procedures 
Angioscopy allowed coaxial positioning of the
Specttaprobe ro. tip in the occluded vessel and
confumed contaet of me probe tip with me oh-
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suuction. In spite of the ability to visualiz.e the
relative position of the Specttaprobeni lO the ar
terial wall, angioscopy did not alter the perfora
tion rateo This is due to the inability to visualiz.e
the probe's direction once il emcrs the obsttuc
tion. Nevenheless. in our study. it was possible
lO identify bifurcations and heavily calcified
plaques which~ a frequent site of perforalion,4

and thus prevenl imminent perfonlions.
Assessmenr of interwntionDl pt'OCec/ure 

The laser-formed channel 01' baIIoon clilated tu
rnen can be visualized as a cross-sectionaI im
age.16 Angioscopy provides a qualitative as
sessmenl of the immediate raults, detailing the
degree of chaning, ~iduallumen siz.e and inti
mal lean. To obtain a more accurare evalualion
of the lumen siz.e. a computer-based image proc
essing method was ~ndy rePoned by FriedI el
al. 17 Using this approach, precise determina
tion of arterial lurnen diameter befare and alter
recanalization may be obtained.

Many of the initial technical limitations of
angioscopes. such as lack of steerability and
stiffness, have becn gready ~solved. In our
study, me majar clifficulty was a sustained dis
placemenl of blood fIOm the field of view. Cau
tion must be exercised with respect lO excess fluid
delivery especially in patients with hean failure or
~ disease. 18 Hawkins el al proposed infusion
of002 gas to increase tite duration ofc1ear visu
a1ization. 19 In our series, however. no majar
difference in viewing time could be noted in the 3

. procedures done with 002 gas. The advantage of
C02 gas compared 10 saline solution is ias low
viscosity and high compressibility.-in addition 10
ias application as a visualizatial medium, CO2

gas may be used as an efficient !asing medium.20

F'mally, CO2 gas may ~uce the volume ofsaline
$Olution required during an angioscopic proce
dure.

Anolher technique lO c1ear the faeld of view
is the use oC a guiding-balloon catheter which has
becn reported by Uchida el a1. 21 •22 This method
utiliz.es an occluder balloon al me tip of a 9 Fr.
guiding catheler. The angioscope is passed
through the guiding catheter and flush $Olution is
infused around lhe angioscope lO c1ear me field.
This lechnique can reduce me volume of flushing
medium needed lO displace back flow of blood.
Also. lhe use oC a fool-paddle control high-
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prcssun: irrigation pump secms to facilitate thc
clearing of blood fIOm thc field of view.

In spite of these advantages and its low risk.
angioscopy has potential limiwions. For exam
pie. thc examination of ancrial segments facing
against the direc:tion of blood Oow may be very
difficult. due ro the inability ro displace thc blood
column. Therefore. perc:utaneous angioscopy of
the iliac aneries and aorta via a rea-ograde ap
proach is greatly limited. AnoIher situalion may
be in small aneries such as thc coronarles with
severa! t.andem lesions. 1be angioscope may not

be able ro cross beyond the proximal lesion ro
evalua!e the distal aneriaI scgments.23

Another application oC angioscopy has been
in me der.ection of congenital cardiac lesions.
Sargin has reponed on this tedmique during car
diac surgery COI' c:ongenital heart disease.24 This
was~Iy useful in deteeting me presence of
anomalous pulmonary venous retum in associa
tíon with atrial sepcaI deCects.

At present, anocher problem is the cast of
angíoscopes. In die era of cornmunicable dis-·
eases, such as hepatitis and Acquired Irnmune
Deficiency Syndrome, me issue of cheap and
disposablc angiosc:opes necds to be addressed.
Already, bigh quality plastic oprical fibers are
being devcloped fOl' such purposes.

Other intravascular imaging tcchniques,
such as cndovascular ulcrasound. are also being
developed, The advantages oC ulttasound include
thc ability to obtain images in a blood-fIIled ar
tery, me ability to obtain mcasurements ofaneriaI
wall and plaque thiclcness, and me ability to as
sess plaque composition. Calcific plaque is easily
deteeted; howevcr, 50ft plaque and fresh clot may
not be as clearly defined. The majar limitation of
cwrent ultrasound systems líes in their inability to
view in me Corward di.rection; me images pro
duced are oC me vascular wall immediately sur
rounding thc ultnsound cameter, not of me lu
men in front oC the catheter tipo At present, 30

gioscopy provides more in-depth forward view
ing of me vascular lumen.

SUMMARY

Although angioscopy has been available for
many years, practical applicatíon was not possi
ble until the advent of flexible fiber optic scopes.
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Recent developments in ínterVentional arterial
techniques have revived interest in angioscopy;
howevcr. large and bulky angioscopes still lim
ited practical use. Additionally. the lack oC an
effective blood displacemem teehniquc in onIer
to see me interior of me vascular lurnen clamp
ened early endlusiasm. Many of these probIems
have been mosdy resolved. SmaIIcr~
angioscopes with opóc bundJes less than 0.5 nun
in diameter are now available. Guiding C3IheII:n
with occ:ludcr balloons al their tips have gready
improved me pel'CUtaneoUS approIlCh COI' 1OIi
oscopy. Consequcntly, 8ftIioscopy may finaIIy
overcome 111M)' oC its earlier limitaIions.

Although bypass surgery is saD considered
as me aoJd standard fOl' treaIment oC obsIruc:tive
vascular diseasc. other interventional~.
including balloon angioplasty, lascr, and 1Iber
ectomy, havc gained accepcancc COI' lI'aIInent of
arteriallesions. Cenain devices are beaI:r suitcd
for panicular types of lesions. EndovascuIar im
aging teehn.iques and especially ..gioscopy ap
pear to be uscfuJ ro determine the procedwe of
choice by assessing die intta-aneriaI paIhomor
phology (i.e., fresh thrombus, plaque, calcifica
tíon). This ability, as well as me guidance of re
canalization and me asscssment oC intervcntional
results are valuable applications fOl' angioscopy.
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CO2 Angiography:
A Safer Contrast Agent for Renal Vascular Imaging?

IRVIN F. HAWKINS, J.R., M.O", CHRISTOPHER S. WILCOX, M.O., P.H.O.2,
scon R. KERNS, M.O", FRANK W. SABATELLI, M.O. I
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ABSI'RACT

AItbough tbe new nonionic contrast agents are

safer tban ioDic alents, renal insufficiency and even
death still occur occasionally. Tberefore, we have
explored the use of carbon dioxide (CO~ as an
alternative angioaraphy contrast agent used in
combination witb digital subtraction angiography.
Clinical observations have been made in over 800
patienta. Tbe imales obtained are of equivalent
diagnostic quality compared with those using
conventional iodinated contrast aaents. Recent
advances in ilDlllinl, includinl ·stacking·, provide
imales comparable with iodinated contrasto Very
small vessels, equivalent to third-order branches of
tbe renal artery, can be imaaed satisfaclorily with
CO,. Occasional alodies witb CO, yield information
nol apparent witb iodinated contrast alents,
including excellent visualization of arteriovenous
shunts, collateral circulations or tilling defects in
malignant tuman, as weU as minute amounts of
arterial bleedinl. Many of the advanta¡es and
disadvantales of CO, derive from its special
physical and chemical properties. Tbe advantages
include no a11erlic potentiation and no renal
metabolism of CO" because CO, is cleared by the
lunas and does not recirculate. Other advantages
include delivery by very small catheters because of
the low viscosity of CO" minimal discomfort on
injection, and very low costo However, the low
density and compressibility of CO, poses some
special problema. 1maling requires digital
subtraction anliography with electronic
enhancement and injections require an experienced
investigator and, ideally, a dedicated CO, injeclor.
Tbe dedicated CO, injector provides calculated,
controlled dosinl ud rates for injection, while
excludinl tbe possibility of air contamination. Tbe

buoyancy of CO, inhibits aood fiUinl of dependent
vessels. Accordinaly, CO, does not normally
produce aood nephrographic imaaes, althou¡h
proximal renal arteries &R normally shown clear1y.
Experimental studies in dolS, whose renal arteries
have been injected repeatedly witb supramaximal
doses of CO" demonstrate ooIy transient cban¡es
in renal blood flow and no endothelial cell dama¡e.
However, these slodies also showed clearly that
renal ischemia can occur due lo a ·vapor loct·
phenomenoa if tbe kidney is positioned vertically
above the injection site, and recurrent injectioas &R

given witbout time for absorption of tbe arterially
delivered Ca, boluses. UncontroUed studies in over
800 patients have confinned that CO, likely has a
very low renal toxicity. At tbe UDiversity of
Florida, CO, is tbe radioloaic contrast .,ent of
choice in patienta witb renal insufficiency,
especially those witb diabetes mellitus, and in"
witb p~xistingallergy lo contrast aaenta. Furtber
controUed clinical slodies are required lo define the
true clinical utility and safety of Ca, compared lo
conventioaal radiologic contrast .,ents.

Index Words: anaioarapby, nepbrotoxicity. renal
insufficieney, earOOn dioxide,
iodinated contrast .,ent.

INTRODUCTION

AIthough considerable propesa has beeo .... in

vascular imaging with ultrasound, computerized
lomoll'JPhY ud mapetic resonance ugio¡npby,
iodinated contrast angi0ll'JPhy remains tbe JOld
standard for a11 vascular imaaml. Since the
introduction of iodine as an anJiolnphie contnst
alent in the early 19208, tbe safety o~ contrast
alenta in uaioarapbic procedures has Improved
markedly. Unfortunately, procedural compliC8tions

1 Prom the DlviliOft of An¡iollnlerventional RldiolOJY, Univenit)' of Florida eoue.. of Medic:iDe, Olinelville, Florida.

2 Prom the Divilion of Nephrolo,y. Hypertenaion, Ind Tralllplmatioa and HypotenaioA Ceder, Univeraity of Florida ColI... of
Medicine, Olineaville, Florida.
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still occur. Their overall incidence is approximately
1.7% for the femoral approach (1); renal
insufficiency and even death are reported on rare·
occasions (2). The newer nonionic contrast agents
cause lesa adverse reactions (3); bowever, theyare
very expensive and several studies have failed to
show tbat the incidence of nephrotoxicity is
consisteatly reduced (4-8). However, sorne recent
papen demonstrate a lower incidence of renal
insufficiency with nonionic, compared to ionic,
contrast agents in patients witb preooexisting renal
diseue (9-11). Tbe risk of renal faiture witb any
contrast agent is increased in patients witb renal
insufficiency and diabetes. Therefore, many
pbysicians are reluctant to recommend angiograpby
in these higb risk patients, even thougb they
recognize tbat the consequences of undiagnosed
renovascular bypertension and incapacitating
periphenl vascular disease may result in a poor
outcome for tbe patient. Therefore, tbere is mucb
interest in the development and evaluation of safer
forms of renal vascular imaging.

Sínce CO2 is totally eliminated by the lungs in a
single pus, if it is injected distal to tbe renal
arteries, tbere is no impact wbatsoever on renal
functiOll. Moreover, recent evidence suggests tbat
selective renal injections also have a low toxicity
for the kidneys (12).

Many of the special advantages and disadvantages
of C~ as a ndiograpbic contrast agent are
predictable from its special pbysical and cbemical
properties. Therefore, tbese will be reviewed. A
pbysician who is considering requesting a renal
CO2 arteriognm should be aware of tbe principies
of the technique that bislher palient is to undergo.
This should enable the pbysician to plan the
procedure ratiOllally witb the ndiologist, tbus
selecting appropriate patients, and guard a¡ainst
potentialldvene effecta. Therefore, tbe metbods
used in CO2 angiograpby will be reviewed.

CO2 was first injected intraperitoneally in 1914, to
outline the abdominal structures ndiograpbically
(13). The first intravascular use of CO2 was in tbe
19S08, far demonstration of pericardial effusion.
CO2 (100-200 ces) was injected into a antecubital
vein witb the patient in tbe left lateral decubitus
positiOll, thereby trapping the CO2 in the right
atrium (14-16). The pericardial effusion was
imaged between tbe gas density in the right atrium
and the gas density of the lung. Before CO2 was
used in patients, it underwent extensive animal
testing, using both intravenous and arterial routes
of Idministration (17,18). Even with massive
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intravascular injections, only minimal and transient
changes in arterial blood gas composition were
observed. Very large volumes could be injected
repeatedly and indefinitely in dogs, if time were
allowed between injections for tbe CO2 to be
eliminated by tbe lungs.

We initially used CO2 as an arterial contrast a¡ent
in 1971, using a cut-film subtraction technique. The
CO2 was delivered with a hand syringe. It produced
diagnostic images both in the kidney and in the
extrernities. However, tbe photographic subtraction
techniques were time- consuming and, in general,
produced suboptimal images.

With the advent of digital subtraction angiography
(OSA) in 1980, this "low~ensity contrast agent"
became more readily imaged(19).

In general, the final images that can be obtained
with CO2 OSA are almost identical to those
obtained with Iiquid iodinated contrasto However,
the physical properties of the gas are quite different
from those of Iiquid contrasto

Iodinated contrast injected into the vascular system
rnixes with blood, and is excreted quantitatively
over time in the glomerolar filtrate. The high
atornic number of the iodine atoms inhibit passage
of the X-ray beam and produce a "sluldow" on the
X-ray film. The density of the image is improved
by either injecting more iodine (i.e., injecting al a
higher rate and volume) or increasing the
concentrstion of the iodine in the contrast fluid.
80th of these maneuvers will increase the total dose
of the contrast agent adrninistered and, therefore, .
will increase the incidence of toxic effects.

The principIes of vascular imaging with CO2 are
quite different from those of conventional liquid
contrasto Vessels are imaged with C~ by totally
displacing the blood from the lumen of the vessel.
This allows more X-rays to penetrate the vessel,
since the density of the gas is lower than that of the
surrounding 50ft tissues. If the blood is totally
replace with CO2, the Iddition of more C~ will
not improve the image. Since there is only a
minimal difference in attenuationofthe X-ray beam
between the gas-filled vessel and the surrounding
soft tissue, this density differential must be
enhanced using OSA. This effectively subtracta out
the imales caused by the bone ancl soft tissue.
leavinl only the CO2 image which can be further
enhanced electronically. Sophisticated software is
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now avaHable which permits not only electronic
enhancement of the contrast agent, but also allows
"stacking" of multiple images when ooly one
segment of the vessel is filled (20). This produces
a single composite image in which the entire artery
is visualized. The stacking technique permits
injection of a smaller volume of CO2, which
traverses the artery as a single large bubble. Since
its passage conforms to the interior of the vessel, if
multiple images are obtained at a rapid rate, images
of this single "bubble" which havo displaced the
blood, can be assembled lo produce a single
diagnostic image (Fipre 1). This is not possible
with iodinated contrast which simply mixes with
blood and is diluted by it.

It is clear from this analysis that the techniques
needed to image CO2 are considerably more
stringent than thoae for iodinated contrasto OSA
requires the patient lo be absolutely motiooless.
Peristaltic bowel gas motion also will degrade the
image.

CO2 images that are comparable to iodinated
contrast can be obtained only if: (1) high resolution
OSA X-ray equipment is available, (2) no motion
occurs, and (3) tho blood is completely displaced
from tho vessel.

Physical and Chmtical Propertiu 01 COz Ihat are
Revelant lo ils Use in Angiography

The gaseous properties of CO2 provides a unique
contrast ageot wbose most prominent advantages
and disadvantagea are summarized in Table 1.
Theae must be tboroughly understood to permit
consisteDt, sate delivery and for correct
interpretation of the images.

Low Viscosity

There are severa! coasequences of the extremely
low viscosity of CO2 that are relevant to its use as
an imaging agent.

l. This permits ita delivery via very small catheter
(as small as 1.5 French) whicb gready reduces
the rislc of procedural complications.

2. The low viscoaity allows CO2 to flow feom the
artery to the vein without apparent blockage of
the capillary hed. We bave demonstrated that,
when large volumea of CO2 are injected into the
aorta of a dog, the CO2 returns to tho inferior
vena cava and rigbt heart, and disappears feom
the pulmonary arteries within a few seconds.
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Since the lungs eliminate tho CO2 in a single
pass, if small volumes are injected (less tban
200 ce/s«) and if time is allowed betweea the
injections, CO2 can be injected in unIimited
volumes. However, it is very important to stress
that if a single very large bolus of CO2 is
injected inadvertendy, the CO2 can displace the
blood feom the right heart, resulting in a "vapor
lock" phenomenon and death.

3. The low viscosity apparendy permits arterial
venous (AV) shunting of tho ageat tbrougb
tumors (20,21), better col1ateral fiUin, (20), en
detection of minute amounta of arteria1 bleedin,
which may oOl be imaged with tbe more vilCOUS
liquid contrasto We bave injected C~

selectively in over 20 mali,naot
bypemephromas. The majority demonstrated
immediate AV sbunting with good opICificatioa
of the inferior vena cava which was not seea
with iodinated contrasto

Buoyancy

The extreme buoyancy of CO2 results in selective
filling of nondepeDdeot portions of the vucular
bed. For lCCurate imaging, tho blood sbould be
either totally displace from the vessel oc the ftlIioa
of interest placed aboye the injection site. With tbe
patient Iying supine, nondependent brancbes of tbe
abdominal aorta, such as the celiac axis, superior
mesenteric artery and inferior mesenteric artery,
always fill, even with injections of very sman
amounts of CO2 • 10 contrast, the lumbar arteriea
are very difficult to fill since tbey are more
posterior. Tbe origina of tbe reaal arteries .....Y
fill well; bowever, tbe more distally renal arteries
are more difficult to fiU since tbey are posterionIly
located and are below tbe injectioa site.

The buoyancy properties of CO2 can be illustrated
by tbe analogy of injecting heHum iato a baUow
tree. If tbe tree is in tbe normal uprigbt poIitioIl,
the helium will float into all of ita brIDcIles. If it is
inverted, it will be very difficult to fiU tbe diItal
brancbes and if tbe tree is tyin, oa ita siete, onIy
the nondepelldeat batf of tbe tree wil1 fiU.

Tho buoyancy properties ....y oxplain why
occasioaally tbe 10ft nlIIa1 artery i. Dot seea. This
is secondary to counter-dockwiae rotation of the
aorta that can occur in oidor patieots, wbicb resulta
in more posterior locatioa of tbe origin of tbe 10ft
reaal artery. lbi. probIem can be ovm:ome by
rotating tbe patieat in tite opposite direction (lateral
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decubitus position or a semi-prone position). The
renal artery is tben nondependent and wiU fill
readily. It can be imaged by cross-table orientation
of the X-ray beam even with a very small amount
ofC02•

Buoyancy can aIso be a disadvantage if tbe vector
of forces of tbe buoyancy exceeds tbe lcinetic
eneray of tbe venous flow in any end-arterial type
or,an such as tbe kidney, bowel, or elevated lower
extremity. lbis can lead to entrapmeDt of CO2 in
the vascular space of tbe or,an. If repeated
injectiou are lDlIde at frequent intervals, there is
potential for a "vapor lock" leadin, lo organ
ischemia. lbis phenomenon is unusual because of
the hi,b solubility of C~ in blood (20 X that of
oxygen in blood) which implies tbat, if the CO2 did
block capiUaries, tbe iscbemia sbould be very
sbort-lived since tbe CO2 should dissolve very
rapidly. In practice, the injection of C~ in areas
where it can potentially become trapped shouJd
cause only transient ischemia, providin, due time
is aUowed between successive C~ injections.

Invisibility and Compressibility

The invisible and compressible naNre of CO2 poses
unique problema for its reliable and safe delivery
into tbe vascular system. Medical grade C~ is
available in a hi,hly pure form in higb pressure
CO2 cylinders. Most portable cylinders contain over
three-million ces of tbe ,as al atmospberic
pressure. Gas is transferred from tbe hilb pressure
cylinder via a gas regulator.

If the reJUlator malfunctions, an excessive volume
of the CO2 may be loaded into a hand-held syrinle
or an anliograpbic injector's cylinder. There is also
a danler tbat CO2 could be contamíNted witb room
air via loose connecting Luer lock fittinp.

A more common problem derives from the ready
compressibility of CO2• When tbe injection is made
witb a hand-held syrinle or angi0lraphic injector,
as the cylinder of tbe syrinle is advanced, the gas
wiU iDitiaUy be compressed and will nol emanate
from tbe tip of the catheter inlo tbe vascular
system. When tbe pressure in tbe syrin,e exceeds
the resistaDce of the catheter and the arterial
pressure, the majority of the ,as will be delivered
in tbe IUl fraction of a second resullin, in an
"explosive" type of delivery. Such a hi,h velocity
injection will fill tbe vessels for only a very short
time. This problem has led lo the requirement for
a very bi¡h frame rate lo image the las. Witb
standard OSA equipment, this may exceed its
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capacity to ima,e the vessel. This problem has
been reduced by tbe development of "slaclóng
programs" which summates successive fragments of
the CO2 image lo form a composite ima,e (see
aboye).

Clearly, tbere are problems with reliable and safe
delivery of CO2• Therefore, we have recently
developed a device that delivers CO2 in a
controUed, nonexplosive manner. The CO2 puses
through multiple valves, and its passage is
moDitored by successive pressure sensors. The
system is EKG- and pressure-pted lo allow the
injection of a higber volume of CO2 during systole,
and a lower volume during diastole. This provides
a uniform displacement of blood from abe vessel.
The entire injector system is bermeticaUy sealed to
prevent air contamination. It also incorporates a
closed system witb a micro-filler which provides
sterility of the las and aulomatic cJosed f1ushinl to
prevent catheter clottin,. This device is nol yet
commercially available since it is under evaluation
by the Federal Orug Agency. However, witb
practice, CO2 can be quite reliabJy delivered by a
hand-held syringe or by mechanical injectors,
proving care is taken to use a disposable CO2
cylinderand to guard against severe, explosive-type
delivery by moving tbe syringe cylinder forward at
a reduced velocity as the injection terminates. This
requires a little practice. This tecbnique has been
described (20,22).

Diagnoslic Accuracy and Clínical Experien« 01
COz Angiography

The low-density image of CO2 is more difficult to
visualize and interpret than iodinated contrasto
However, witb meticulOUl technique elevatin, the
area of interest, restraining the patient to prevent
motion, and decreasing bowel las motion witb
glucaaon, diapostic imales can be obtained in
areater than 90" of abe studies. In praetice, CO2 is
often selected in hilh risk patients, especially those
witb renal insufficiency. Sometimes even multiple
injections of CO2 do not provide truly diagnostic
information. In tbese circumstances, a sin¡le
injection of iodinated contrast witb OSA or cut film
will produce a diagnostic study that bu limited the
risk of nephrotoxicity by severely curtailing tbe
total dose of iodinated contrast agent used.

Clínical Experien« wilh COz Angiography

CO2 is most reliable for examination of periplleral
vascular disease of tbe lower extremity, since abe
ima,es are not dearaded by bowel gas molion.
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Recently, we preformed a retlOspective study of
128 COz arteriograms obtained in 115 patients (23).
Comparison studies with iodinated contrast were
available in 98 of tbese patients. Many patients had
concomitant medica1 íllnesses that increases the risk
ofarteriography. These included renal insufficiency
in 70 patients (serom creatinine concentration
greater than 1.5 mg/dl), hypertension requiring
multiple drogs in 85, diabetes mellitus in 44, severe
colOnary artery disease in 62, and cerebral vascular
disease in 27. In this series, 47 abdominal
arteriograms were preformed for abdominal
aneurysmal disease, renal artery stenosis (Figure
2), or mesenteric ischemia. Most patients also had
an extremity study. The CO: arteriograms were
rated to be of goOO or excellent quality in 117 cases
(91 %). There was diagnostic agreement between
the COz and standard contrast studies in 95 % of the
cases. Subsequent operative findings confirmed the
correct diagnosis in 92 % of the cases with CO:.
The diagnostie insuffieiencies were due lo
inadequate visualizationof the infrapopliteal arteries
in seven cases. Although 80 patients presented with
renal insufficiency and five with recent renal
transplantation, no increase in serom creatinine
concentration was detected in any patient in whom
only COz as used. One case of contrast-induced
nephlOloxicity was Doled where both COz and
iodinated contrast were used together.

Equally goOO results were found in a seeond study
of high risk patients. This glOup had renal artery
stenosis and required reimplantation of their renal
arteries to address poorly controlIed bypertension
or deterioratina renal function (24). AII the COz
arteriograms were considered diagnostic (Figure 3). .
There were no complications deteeted in this study,
and the serom ereatinine concentration remained
s.table after the C~ arteriograms in these patients.

Preliminary data is also available on 15 patients
with renal transplant that were studied with COz
angiograms. Apio, there was goOO visualization of
the renal arteries, including second and third order
brancbes (Figure 4). No elevation in serom
creatinine concentntion or olher complications
were detected durina follow-up. It is important lo
stress that these observations were not blinded,
contlOlled studies. Tberefore, sorne minor adverse
effects of C~ may bave escaped detection.

Because of the low-density of C~ and the
nondependent position of the normally oriented
kidneys, a nepbrogram is nol usualIy done.
However, the proximal renal artery and up to the
third-order brancbes are usually well seen.
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Unfortunately, accurate and interlobular arteries are
not well imaged because they are usually obscured
by overlying bowel gas and minor degrees of
motion in the majority of patients. In patieats with
suspected small vessel disease, such as arteritis,
CO: can be used lo rule out aortic abnormalities
and main renal artery stenosis. However, standard
cut films and iodinated contrast is recommended lo
image small vessels. By combining techniques, a
diagnostic study can be obtained with as little as 10
cc of nonionic contrasto

The ability lo use COz in unlimited quantities
makes it ideal for complicated intervental
procedurés, especially in patienta witb renal
insufficiency. We bave performed several
angioplasties, including two cases of renal artery
stenosis solely with Ca,.

Renal Toxicity o/ COz A.ngiography

When COz is used fOl run-off and extremity
studies, the injection is made distal lo the renal
arteries. Therefore, there il no implCt wbatsoever
on renal function, since the CO2 is elimin.ted by
the lunas in a singles pass. Even CO2 aortopapby
plOvides oo1y a small C02 10ad lo the kidney, since
tbe buoyancy of Ca, inhibits aoOO fillina of tbe
distally and posteriorly placed renal "".
Indeed, a nepbrognm ia not usually seen durina
supine aortoaraphy. The experience of the follow
up of patienta after ca, angioarapby at our
institution encoura¡es us lo anticipate a low
prevalence of post-ca, renal insufficiency.
Moreover, we now bave clinica1 experience in over
800 patients that bave had CO2 angiograpby (19,
20,22-24). We bave nol seen evidence of clinically
significant renal insufficiency that could be
attributed lo CO2 injection. Moreover, otber ceaten
bave not reported patients with reaal loxicity
secondary lo COz angiograpby (25-27).

However, these studiea of the effecta of COz of
renal function in patieats were not rigotOUl.
Therefore, lo aasess the reaal loxicity of selective
intra-arterial CO2 injections, we undertook a renal
loxicity study in which Iarp volumes of CO2 were
injected direcdy inlo tbe reaa1 arteriee of 12 do¡s
(12). Tbe contnlatenl kidney waa used as a
control. Nuclear medicine studies witb [1311]_
ortboiodobippurate (Hippuran) and [f'-Tc)-DMSA
were obtained before Ca, wu injected,
immediate1y after, and 24 bours Iater. ti¡bt
transmissioa and 1CIDIlÍJl¡ electroa microscopy of
the kidneys wu obtained at autopsy 72 boun after
the injection of CO2• Overall, we deteeted a mean
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decrease in renal bJood f10w of 69fi immediately
after the CO2 wu injected but no change from
bueline by 24 hours. Histologic examination of the
renal arterial and capillary endothelium with
scanning eJectron microscopy, revealed no changes
in any dogo However, changes of acute tubular
necrosis were seen in one of the kidneys, and
minimal ischemic changes were seen in the
parenchyma of two kidneys. AlJ of these kidneys
were verticaJJy oriented (Figure S). Indeed, the
aaimal that developed acute tubular necrosis had an
especially good quaJity nephrogram, because the
CO2 may have beea trapped in the kidney. This
study wu desiped to subject the kidneys to a
supramaximal CO2 dose. The CO2 wu injected
repeatedJy every 2 minutes, which could lead to a
prolonged ·vapor lock· phenomenon preventing
blood f1ow. However, if time is allowed between
injections (u is routine clinicaJ practice), the high
solubility of the C~ should result in only transient
renaJ ischemia. This theory is supported by the
preliminary result of an ultrasound study in patients
in which the kidney wu imaged after injection of
CO2• If the kidney wu horizontal, the C~ bubbles
cleared in approximately 30 secands. However, if
the kidney wu vertical, approximately 2 minutes
wu required to clear CO2 from the renal cortex
(unpublisbed data; Hawkins). We conclude from
tbis experience that intrarenal arterial injection of
CO2 appears to be quite safe, providing that time is
allowed to clear CO2 from tbe circulation between
injections. In practice, the patient's position should
be changed, or 2-5 minutes should elapse between
injection to ensure that CO2 does not get trapped in
the kidneys and 1_ to iscbemia.

Neurotoxicity

At the University of Florida, we do not use CO2 in
arterial studies aboye the diaphragm, since a
preliminary study in rats suggested that CO2 may
be neurotoxic. We have, however, used CO2 in the
cerebral circulation in over IS canines without any
untoward reactions (22). Shifrin, el al. (29) have
reported similar results in canines and cite absence
of untoward reaction in patients. However, until
CO2 studies are avai1able in primates, we hold that
CO2 is clearly contraindicated in any situation in
which the cerebral circulation could be exposed.
The report of neurotoxicity in the rat also raises
concern about spina! cord toxicity. To explore this
possibility. we injected large volumes of CO2 into
the aorta of 10 dogs in the prone position. No
neurologicaJ deficit wu noted. However, we
continue to be reluctant to use CO2 in the prone
position, whereas it may percalate into spinal
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arteries until it is tested systematicaJly in primates.

Respiratory Complications 01 COz Angiography

Intuitively, it seems that repeated injections of CO2

should not be used in patients witb severe
pulmonary compromise. However, we have
undertaken CO2 angiography in 10 patients witb
severe respiratory failure, and have not detected
any obvious increase in arterial blood pC02 levels
after the studies. However, patients who are
acidotic with elevated pC02 values require
monitoring of arterial blood gases. In practice, tbe
volume of CO2 injected is quite small compared to
tbe rates of endogenous CO2 production.

Discomlort

The vut majority of patients experience no, or
mínimal, sensation during CO2 injection witb a
controlled, dedicated device. Witb the more
explosive delivery from a hand-held syringe, tbe
injection of large amounts of C~ can ¡ive
discomfort similar lo tbat provided by injection of
nonionic contrast agents. With the new slacting
programs, only very small amounts ofC~ need lo
be injected; this usuaJly results in no sensation
whatsoever.

Other Complications 01 COz Angiography

We have experienced only one significant
complication that wu attributed to CO2• This wu
a patient who developed severe diarrhea after
receiving over 200 ces of CO2 injected into alarge
abdominal aneurysm over a short time. 'lbe inferior
mesenteric artery arase from thi. aneury.m,
resulting in continuaJ expoaure lo CO2 from tbe
trapped gu in the aneurysm. Apparendy, the CO2

wbich WU trapped in the aneurysm, producing a
·vapor lock- phenODleDOD, resulted in mesenteric
ischemia. Endoscopy demonstrated tbe appearance
of iscbemic colitis. Fortunately, the diarrhea abated
after 6 hours and endoscopy tbree day. later was
normal. We believe that this is tbe same
mechanism that produced iscbemia, in kidneys
positioned vertically, in the canine study (12).

CONCLUSIONS AND CURRENT
RECOMMENDATIONS

In the put, the use of C~ hu beea extremely

helpful in providin¡ dia¡nostic studies in patients at
high risk for nepbrotoxicity because of renaJ
insufficiency, and in those who have bid a prior
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severe contrast reaction. CO2 occasionally provides
additiooal informatioo that canoot beeo obtained
with iodinated contrast by visualizing collateral
circulation, demonstrating AV shunting in
malignant tumors, and detecting minute amounts of
arterial bleeding. Occasiooally, vascular malignant
tumors can be detected with CO2 that appear totally
avascular with iodinated contrasto Also in the past,
the delivery and imaging of CO2 has been very
demanding, time-consuming, and clearIy not as
reliable as iodinated contrast agents. With the
developmeot of more sophisticated programs for
DSA and a user-friendly delivery system, as well
as the use of tilt tables, the studies have become
much more reliable and safer for the patient. The
diagnostic accuncy is now similar to studies with
conventional iodinated contrasto The apparent lack
of renal toxicity warrants this additiooal effort in
patients with renal insufficiency. Unfortunately, the
aulOmated delivery systems will not be
commercially available for at least ooe year.
However, CO2 can be delivered by hand or with an
angiographic injector. One must be familiar with
the properties of C~, and be prepared to obtain
multiple views in several positions for accurate
imaging. Very frequentIy, CO2 alone may not
provide aH the necessary diagnostic informatioo.
However, the addition of a small amount of
iodinated contrast medium will result in a
diagnostic study with a reduced risk of renal
toxicity.

It is important lo emphasize that much of the
information on CO2 angiography has been obtained
either from nonrigorous clinical studies or more
detailed examinations is relatively small numbers of
dogs. Therefore, a larger trial involving a more
systematic and quantitative anaIysis of the accuncy,
applicability, and loxicity of CO2 compared lO
conventional contrast angiography, is required
before the true place of this presently
investigational apnt can be securely stated.
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Table 1: Special Properties of Carbon Dioxide Relevant To Its Use in Angiography

Special Property Comequence

Low viscosity • Only Small catheter required for delivery
• AV shunting seen in malignant tumors witb C~
• Sbunting of agent through AV fistulae
• Improved visualization of vascular tumors
• Detection of minute degrees of arterial bleeding
• Better collateral filling.

Buoyancy • Selective filling of non-dependent vessels
• Potential lo miss filling of dependent vessels
• Entrapment of C~ in elevated organs.

High solubility • Rapid disappearance from arterial tree.

Compressibility • Difficulty in providing controlled injection.

Pulmonary Clearance • No recirculation
• Limited exposure of kidney lo agent even witb direct

intra-arterial injection.

Summary of the major special pbysical and chemical properties of C~ and tbeir consequences for ita UIe as
an angiographic alent. For furtber discussion, see texto

Table 2: Summary of Relative Advantages and Disadvantages of C~ Compared lo
Conventional lodinated Contrast Renal Angiop-apby.

Advantages of COz • Low costo
• Low viscosity reduces tbe catbeter size requirements.
• Apparent absence of nephrotoxicity if ·vapor lock· phenomenon is

prevented .
• No contraindication in patients witb iodine aller¡y.
• No recirculation allowing unlimited quantities lo be injected.
• Enhanced visualization of AV anulomoses and malformations, certain

vascular tumors, or bleeding sites.
• Minimal discomfort.

Disadvantages of C~ • Inadequate diagnostic visualization in • small percentageof studies.
• Potential for ·vapor lock· ischemia, if repeated rapid injectioos are liven

and tbe patient is not properly positioned.
• Can faíl lo image dependent renal arteries if tbe patient is not repositioned.
• Distal renal arteries are difficult lo imale.
• It produces a poor nephrogram.
• Requires sophisticated OSA programminl and preferably • dedicated

iJÚector.
• May prolongs procedure time.
• Potential, unexplored danger of neurotoxicity.
• Potential danger of air embolization if Ce>: system is not bermetically

sealed.
• True benefits and toxicity yet to be rigorouslyevaluated in blinded,

controlled trials.
• Presently investigational.
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The Amplatz. Clot Macerator: Initial Clinical Experience

MARCOS A. HERRERA, M.D. I

The Amplatz clot macerator was used in
twenty vessels in twelve patients for the
mechanical removal of thrombus. Age
range from 24 to 71 years; eight male and
four female. Venous thrombosis was
treated in eleven patients and arterial
thrombosis in one. Of the eleven patients
with venous thrombosis, seven were
located to the subclavian vein; three to the
axillary; two in the superior vena cava;
two in the inferior vena cava; two in the
femoral vein; and two in the pulmonary
arteries. The patient with arterial
involvement had thrombosis of a limb of
an aortobifemoral bypass graft.

An 8-Fr device was used in all cases in
combination with a lO-Fr Schneider
guiding catheter.

By using an Iris adapter, contrast medium
could be injected during the clot
maceration while preventing blood loss.
Manual suction was applied during the
mechanical maceration. Total running time
was, on average, three minutes.

Significant removal of thrombus was
ac~ieved in all patients (70-80%), with a
resIdual narrowing of 20-30% in SO% oí
the patients, and oí 40-5095 in 2095 oí the
patients. No major pulmonary emboli was
detected by lung seans after the venous
proced~res. Angioplasty and/or súrgical
correction of the underlying anatomic
problem was undertaken in all cases. The
Amplatz macerator is an effective device
for the removal oí thrombus.

l Auiltlnt ProfellOr of Radiolo,y. The Univenity of MinnelOta HOlpital .1Id Clinic. Minneapolil, MN. U.S.A.
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Transluminal angioplasty oand etTective tbrombolysis witb sodium
pentosane polysulphate given orally
L ......1, l. la.,.,·, A. KIlI·, E. EnIIIII , G. Horritbl , A.. Naua,M.~, K. , .........

I DepIr.III n' 01 RacIiaIaIJ
z111~ 01 Medir¡ae.
J 111 o.,.n..a 01 SurIIrJ. Medic:aI UaiwrIilJ. H·7624 ~CS.Ir¡..... u. 13. Hunpry CcnanII Labor....... QMlftly Ikllpilal.It-7623~.
~L2~ .

AbItnd. A c.- repon ol. a 52-year-old female
is pnIeIlted wboIe recent arterial tbrombOlis bad
beea uavened by a transluminal aJIIiopIuIy Tefton
catbeter leavioa only a narrow cbannel for b100d ftow.
TraaslumiDaI dilatation was not perfonned because
the rec:entIy developecl tbrombus sbowed only weak
adhereace to the vaacuIar waU. Durina 10 days of
sodium pentosan poIysulphate treatment orally lhe
cIot reI01ved resultina in a we1l establisbed disCaI ftow.
The Cale i8dic:ateta new opportUnity 10 treat recently
developed tbrombi in the vascular system especially in
tbose patieldl CIIeI bavio. some patbway for blood
ftow beside tbe doto

Key ... Tranalwninal anaioplasty - lbrombolysis
- Fibrinolysil - Arterial lhrombosis - Atbel'OlClerosis
- Orall, iachIc:ed duombolyaia - Sodium pentosane
polysulpbale

Tra~1IIDiaal .ftIinpIMty iI ... offectiw method of
lreatin, c:bIonic arterial ocdusionI, but lO recanalize
recendy 0Clduded arteriel has provecI rilky in terms
of a hiP tbRBboelllbolic o compIic:adon rateo In
these cueNeIec:dw tbromboly* bu beca me recom
mended ueatment of choice. In SOlDe casa, how
ever. selecIive 1,. cannot be accomplilbed. In such
cases vaae:uIar lUqII'J bu been me onIy altemative
lreat~t. o

RecommenclatioM fOl oral ftbrinolytic slimulanls
a.ppeared in the literacure in 1980 (6). used in combina
Ilon wilh pcrculaa'()U5 Inanll1uminul ul1ltiul,laslY
and somo preliminary experiences were published
even earlier (5). The removal of remaining clots or
~lheromata after tranaluminal anaiopbasay Wilh orally
mduced tbJombolytil was the aoal of our early inves
ligalions [7. 8. 9. 10J. Even wilh u 1M) ycar old occlu
sion. the lower segment of the abdominal llorta llnd
bOlh common i1iac aneries have been successfully
cleared of deposits [10).
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A ftllytwo-,....oId widII dll .

in¡ diIIIncI 01 juIl cwer 2Il1O 1bere _
over die ripI f .....,. widl aood ,........ _ baila ....
Tbcre were ptIIies beIDw ,be _ 11ft
side. Tbc DappIer-iDda Iow • 0.6 11 ,. 1idI.
A' , • 1ca llCIIGIis u' ••1WlI ....
proaiaaIl 01 .. liaIb anay (F 1) .....
WII fiel"bll" "nclld te .....N .....
clen:illc 10 Rli. ' •• ca lUId
IU lake Trcaa-I 2 )C 1 XPia' 3 )C 1 lablclll la

day. 1bree flIId-I widt of
~yn..,.._1_ diII..- _!ti .......
lbe pulienl Ud 4 prior 10 ber A ncw
i1nliuanun~ • '.5ca _:'Ulillloollbe lcfI puplilcal
arl\:ry (I:il. 2). Tra.....in , ......................
"unce!~ alabe as- 01 dleUClCllldi. cIaI. To n:anaIiJc
wilh •~ ••cIII.i.- .. ca 1'.11l1li _ ..., uta'"
la 01 d 01 cIoI 10 ( 3). TIIc
palicat reftaId ""l9iH DI fl'CMll
lIoIpiaII08 SP54- 150..cnIIJ ., befofe
mcaI. TreaaaI .,. 1 ciar. x..a , 1 tIbIeI
(lSO.........11•• _pe' .11,. ). ciar. DI .. iIIIInIcIed
10 conIiDue _ 0. ., 1Id

anliolMllJ .. lit "" T'r widt ia
lhe caIf. Alter ltNpi' 11 O8 ISdl 'a,llnt· day
anJiopaplaJ wida _ 01 •
dot.free oI _., mi f.d _
lhe Icft 1idI. 11111 wilIIr bourial
anerial selT. JI tUl r. .My..-.cbed
depoaill oa .... .a;-~ "1ICII a,... (Fil. 4.-5.).

'n,~ finu .lbIcrvalim,,, on sul........" pulyan""", (puly
saccharides) were published .early al 19411 1151. ThellC
negatively char¡ed substances may inil.te separatian
b~lw...'Cn pIasminoacn aetivaaOl'S _ their inhibilors 13.
131 allowial availability for tibrinQl)'tic activation. In
some patienls. h()wewr. no ac.1ivaaion uf lhe fibrinolYlic
system can be obtained by addinl polyanions to the
coUected plasma in vitro (3). lbis phenomenon can be
enc:ountered with human medication as well (our
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Figo 1. Fiftytwo-year-old female o subtotal
stenosis (1 cm) oC the Idt popliteal artery

4

Figo 20 Three months o the stenosis is a com
plete occlusion (9.5 cm)

j
•
~
:>

¡
¡:;

~'igo 30 During allemplt:u transluminal angio-~

plaslyo occluuing material easily traversed Wilh~

guide wire and F5 Tellon catheter i
j
~

j
~

lf

I
~

J
~..

5

Fig. 4. and 5. Angiography. 1'5 days later. shows recanalisatilln
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unpublished experience). The thrombolytic effect of
sodium' pentosan polysulphate (SP54) was experi
mentally established by Halse [4]. Administration of
SP54R in man resulted in activation of fibrinolysis in
whole plasma as well as in the euglobulin fraction,
associated with lowering of antiplasmin activity [1].
SP54R stimulated lipolytic activity, and had moderate
antiinflammatory effects [11]. The drug prevented lipid
deposition in cholesterolfed rabbits [2]. Pentosan poly
sulphate potentiates and prolongs nicotinic acid
induced fibrinolysis [14].

It might be expected that with orally induced
thrombolytic stimulation an entirely new era will
arrive with regard to arterial and perhaps venous
thrombosis and their prevention. The effectiveness of
such a medication is 4uite difticult to evaluate for lack
of randomized studies so faro Sut carlil:r data [S-10,
12, 13, 15, 161 suggest that this phenomenon (kserves
the attention of interventional radiologists, angiulugisls
or even vascular surgeons. The result of such a treat
ment may be striking especially if there is a pathway in
the occluding clot made by catheter technique to give
the chance to the enzymes to meet their counterparts,
the fibrin molecules.
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Consideraciones sobre la utilización de Stent y By-pass en los
Sectores Aortoilíaco y Femoropoplíteo

l.A. JIMENEZ-COSSIO, M.D. 1

La evoluci6n y a veces la "involuci6n" de la

Cirugía Vascular en la últimas décadas ha traído
como consecuencia modificar técnicas de
revascularizaci6n en determinados sectores
arteriales. Concretamente, en los sectores
aortoiliaco y femoropopliteo hemos vivido
considerables innovaciones en relaci6n con las
técnicas utilizadas.

La década de los 70 se vio influenciada por las
extensas endarterectomías, con excelentes
resultados en el sector aortoiliaco y muy deficientes
elt el femoropopliteo. La complejidad de la técnica
y la elevada morbimortalidad especialmente en el
sector aortoiliaco hizo abandonar prácticamente esta
técnica.

derivativas: by pass femoro-femoral o
femoropopliteo, ante la presencia de lesiODes
combinadas.

En el sector femoropopliteo, somos mú eldptiC08
en la indicaci6n de "stent", prefiriendo el by-pus
con vena safena interna invertida.

En la siguiente Tabla, establecemos las indicaciooes
de revascularizaci6n en los sectores aortoiliaco y
femoropopliteo:

SEcrOR AORTOILIACO SEcrOR FEMOROPOPLrI'BO

• By-PI.. material Iinl6tko By-Pua v... • .....
iDleml iave1tida

• Slenl maco + By-Pa.. femoropopliteo

• Slent iliaco + By-PI.. femoro-femoral

La estrecha colaboraci6n de angiondi6logos con
cirujanos vasculares contribuid a mejorar la
valoraci6n en conjunto de las lesiones arteriales y
establecer aquella terapéutica que implique los
mejores resultados inmediatos y tardíos.

Desde comienzo de los 80, los by-pass
femoropopliteos con vena safena interna invertida
y los aortobifemorales, con material sintético
vinieron a constituir las técnicas mú empleadas. La
incorporaci6n de los by-pass femoro-femorales
abri6 otra alternativa para la resoluci6n de las
lesiones aortoiliacas, así como los by-pass "in situ" ,
para las lesiones distales.

Las técnicas de radiología intervencionista
surgieron como terapéutica alternativa y como
generalmente ocurre en todo tratamiento
revolucionario, lO ampliaron excesivamente sus
indicaciones. La experiencia adquirida por los
angioradi61ogos en los últimos años, esta
consiguiendo situar estas posibilidades terapéuticas
en su justo lugar.

Las angioplastias transluminales y los "stents" han
contribuido a ampliar, modificar y mejorar la
revascularizaciÓD en estos sectores. Concretamente
en el sector aortoiliaco el OstentO encuentra a
nuestro entender, su máxima indicaci6n,
fundamentalmente en las lesiones estenosantes u
obliterantes segmentarias de iliaca común y en
ocasiones como complemento de técnicas

• Slenl By-Pa.. "in litu"

Jefe de Servicio de Anaiología y Cinagía ValCular. Hospital "La Paz", Madrid.
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Critical Analysis of Peripheral Arterial Thrombolisis

KRISHNA KANDARPA, M.O.

The goal of intraarterial tbrombolytic tberapy

(!TI) is to rapidly restore blood flow to tbe
ischemic limb and lo identify underlying obstructive
lesions for treatment by surgical and/or
percutaneous techniques. lIT is gaining wider
acceptance by refemng physicians as its role in tbe
treatment ofperipheral arterial occlusions (PAO) is
clarified in terms of: 1) patient selection by clinical
and arterio¡raphic criteria (1-3), and 2) sites and
types of conduita amenable to treatment -Tbe
present discussion will be limited to tbe use ofm
in lower extremity arterial ischemia where tbere is
most experience. However, experience wítb upper
extremities (8), dialysis fistulas (9,10), and
coronary & cerebral vessels is ¡rowing-, eg.,
arteries of tbe extremities, bypass grafts, etc. (4
10). Tbrombotic or embolic arterial occlusions
causio¡ worsenin¡ claudication or limb-threatening
ischemia are amenable to lIT. Botb acute and
chronic tbrombi have been successfully lysed
(2,3,6). Absolute contraindications to m inelude
patients witb irreversibly -SVS Category III
ischemia- ischemic limbs (2), active intemal
bleeding, intracranial neoplasms, and recent stroke
or craniotomy.

Althou¡h m has a high success -clinical success
is defmed as complete tbrombus lysis and
improvement in clinica1 status- rate (about
SS %.90% initial clínical success rate for urokinase)
and aceeptably low rate for significant
complications (e,. , major bleeding < 3 %, and
deatb <2%) (2.5,6). tbe treatment is resource
intensive and expensive. Major contributors to the
cost of tberapy are expensive lytic agents, tbe
requisite serial anaiographic foUow-up, and the
near universal practice of intensive care (ICU)
monitorio¡ durina prolonged enzyme infusion. In
addition, morbidity increases with duration of
therapy (11). None of the clinically used lytic
agents can differentiate between an occlusive
tbrombus causin¡ ischemia and one that is fonned
in response to vascular injury (e.¡., at a puncture
site); tberefore, bleeding complications are a
inherent problem with thrombolytic therapy, albeit
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to varying degrees. Attempts to malee this treatment
easier on tbe patient and physician center around
reducing tbe duration of therapy by modifyinl
dosing technique (11), usin¡ faster actin¡ enzymes
(12,13), infusina enzymes more efficiently (14,15),
and minimizinl or even eliminatina ICU
monitorin¡ (16).

At the present time, urokinase (UK) is preferred
over streptokinase (SK) becauso of it has a lower
incidence of complicatioas (UK VI. SK:
amputations, S% v•. 16%, major bleediaa 3% v•.
11 %. and death, 1.6% VI. 1.9%) ud IreMer
efficacy (initial clinica1 success cate of9O% for UK
VI. 60% for SK). In addition, McNamara (1) has
reported a significant shorteniq of the mean
duration oftreatment witb UK (lS hours, versus 42
hours for SK). This is confirmed by the experieDce
of otbers as well (4,5,11). Some of diese
differences may be attributable lo the
pharmacokinetics of tbese drugs (17). Streptokin'se
has to fonn a complex with a molecule of
plasminogen before it can convert a second
molecule of plasminogen lo plasmin, the enzyme
which lyses fibrio. Tbus, streptokinase depletes
plasminogen (tbe substrate needed for fibrilinosis)
twice as rapidly as urokinase or tissue-plasminogeo
activator (rt-PA), botb of which directly activate
plasrninolen. Tbís may account for tbe lonpr
duration of treatment witb SK. Streplokinase also
causes a more rapid and profound depletion in
fibrinoaeo tban does UK or rt-PA. Fibrinopa ~
needed for the production of fibrin. &be maua
component of the hemostatic plu¡ wbkh preveots
hemorrha,e. Finally, there are two important
coosequences lo the fact that SIC. is a bIc~
proteio. First, patients ex~ t:o p~or
streptococcal infections may have antabocbes which
may cause hypersensitivity reactions durina SK
infusion or, if present in hi,h titres, may reduce
the efficacy oftbtombolysís witb thí. dru•. Second,
patients exposed to SK, which is anti¡enic, develop
antibodies to it early during treatment and may
require up to six montbs before the~ caa .be
reexposed lo it (1S). Several recent studaes which
have considered the nsks and benefits of m with
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UK versus SK have concluded tbat treatment of
peripberal arterial occlusions witb urokinase is
safer and more cost-effective (7,19-21), altbougb
UK is the more expensive drug.

Presently, urokinase (UK) is also preferred over rt
PA for rrr in the lower extremities, altbougb
initial clinical success rates are similar, because UK
bu lower reported incidence of complications (UK
VI. rt-PA: amputations, 8 % VI. 17 %, major
bleedin, 3% vS. 10-15%, and death, 1.6% vS. 4
10%). Tissue-plasminogen activator has an
iDcreased affinjty lo fibrin-bound plasminogen
(17,18), but it can also convert circulating
pJasminogen to plasmin at much sJower rates. Tbis
fibrin-specificity was tbougbt to endow rt-PA witb
a more rapid Iytic effect. In an early study using rt
PA for tbrombolysisin peripberal artery and bypass
graft ocelusions, Graor et al. (12) reported a 92 %
success rate for Iysis of peripheral tbrombotie
occlusions (of mean duration < 6.5 days) with a
mean Iysis time of 3.9 hours, and no major
compIications! However, a recent randomized
comparison (13) of rtPA to urokinase for treatment
of periphenJ arterial and graft ocelusions (of mean
duration < 12 days) showed that althougb Iysis
progressed more rapidly with rtPA, there was no
significant difference either in the number of
patients acbieving complete Iysis at 24 hours or in
the elinical outcome at thirty-days between the two
matcbed groups. Furthermore, there was a
significantly greater suppression of fibrinogen
levels in the rtPA group with mort major bleeding
complications. Tbe rtPA dosin, was similar in the
two studies, hut preliminary transthrombus bolusing
and concomitant IV heparin IIlticoagulation were
empJoyed in all parienta in die randomized trial
(13). A recent study whieh specificaJly eompared
the relative risk ofstroke witb different lytie agents
in patienta beinl treated for acute myocardial
infaretion found that, althou,h the ineidence of
strote was not increased with tbrombolysis per se,
rt-PA had an excess of strokes in comparison with
streptokinase (22). Tbis latter finding is in
agreement with the findings of the ISIS-3 study
(23). Tbe higher eomplication rates generally
reported with rt-PA may ironically be related to its
fibrin-specificity and its inability to differentiate
between pathoJogic and physiologic thrombus.

More recently, Graor et al. (24) reported the
findinas of a retrospective study which compared
tbe efficacy and .fety oflocaJ intraarterial infusion
of SK (n == 200), UK (n==200), or rt-PA (n=65) for
peripheral arterial occlusions. Results were as
follows: 1) compJete thrombolysis with clinical
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improvement: SK = 60%, rt-PA = 91 %, and UK
:::; 95%; 2) major bleeding: SK :::; 28%, rt-PA :::;
12%, and UK = 6%; 3) intracranial hemorrhage:
SK = rt-PA = 2%, UK = none; and 4) death: SK
= 4%, rt-PA = 2%, UK = none. Their obvious
conclusioD from this study was tbat UK was the
sajesl and mosl efficacious oj lhe Ihree drugs
compared. Tbe question of whether rt-PA or any of
tbe newer and more expensive Iytic agents (eg.,
pro-UK or Scu-PA, APSAC) will, with further
accumulated experience, replace UK, as UK has
replaced SK, is as yet unsettled. Cost-effectiveness
studies comparing UK to rt-PA are awaited.

Methods for more efficient use of enzyme include
preliminary bolusing of the entire thrombus prior to
the initiation of infusion (11), optimization of
treatment doses (12,25,26), use of several new
catheter systems which bathe the thrombus more
effectively during infusion (27-29), and forced
infusion of the enzyme into the thrombus (pulsed
spray) in order to mechanically disrupt the clot and
to create a greater surface area for enzyme action
(30,31). In a retrospective comparison of two
groups of patients receiving two different
transthrombus bolus doses (52K IU vs. 230K IU)
but similar infusion regimens, Sullivan et al. (11)
reported tbat witb high-dose bolusin¡ the time to
completion of thrombolysis was significantly
reduced (from 33.6 hrs to 10.4 hrs.). In
contradistinctioD, in a randomiz.ed prospective trial
comparing two dose regimens ofurokinase (50K IU
bolus plus 50K IUIhr for 24 hours versus 250K ro
bolus plus 2S0K IUlhr four hrs. and then 12SK
IUlhr for 20 hours), Cragg et al. (25) found no
significant differences between the two groups of
patieóts, except for higber costs associated with tbe
higher dose of UK used. Similarly, a study by
Berridge et al. (26) used rtPA for thrombolysis of
peripheral arteries at a much lower dose (0.5
mglhr) tban Graor et al. (3.5-7.0 mglhr) (12), on
occlusions of longer duration (mean = 17 days)
with a reported mean duration of treatment of 29
hours, but with comparable clinical outcome. Tbey
concluded tbat low-dose rtPA was as clinicaUy
effective (albeit slower acting) as tbe high-dose
regimens reported, with the additional benefit of
reduced systemic Iytic effects. Althou¡h the optimal
dose for neither UK nor rtPA has been firmly
established, these studies suggest that larger doses
are nor necessarily more clinically efficacious.

In earlier animal experiments, we (1S) and others
(14) had shown that foreeful infusion of enzyme
into the thrombus accelerates thrombolysis. We
have recently completed a randomized prospective
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clinical trial comparing conventional slow infusion
to forced intratbrombic infusion for treatment of
PAO (31). Initially both groups ofpatients received
intra-tbrombus spray-bolusing ofUK tbrough a tip
occluded multi-sideslit (pressure responsive orifice)
eatbeter (AngioDynamics, Glens Falls, NY), but
then one group (n- 13) received slow continuous
infusion (IMED infucion pump, San Diego, CA)
while the otber (n- 12) continued to receive spray
infusion (prototype pulse-spray injector,
AngioDynamics, Oleos Falls, NY) for the four
hour duration of the protocol. We were able to
acbieve antegrade flow and significant Iysis
( c!: 9S ") of tbe tbrombus in the majority ofpatients
on botb groups in under four bours. However, tbe
difference in total treatment time (100% Iysis of
tbrombus with clinical improvement) between the
two groups was not only not statistieally significant,
but it was also longer by a factor of ten compared
with the total treatment time (under two bours)
reported by otbers (30). When the two groups of
our study were combined and the results of total
treatment times were compared to our own recently
documeoted bistorical record (13), we found that a
significantly greater number of tbe study patients
(78") were completing their treatment within
twenty-four hours than our patients previously did.
We attribute tbis shortening to tbe agaressive initial
spray bolusing wbich both groups in tbis study
received. Restoration of brisk antegrade flow may
reduce the effectiveness of continued pulse-spray
infusion, perhaps accounting for tbe lack of a
significant difference in total treatment time. In
addition, pulse-spray infusion was as safe as
conventional infusion in our study. Based on these
fmdings, we would recommend early and
aggressive pulse-spray bolusing ofthe thrombus by
the eozyme. It sbouJd be noted tbat pulse-spray
tbrombolysis appears lo be quite effective in
reducing treatment time of tbrombosed dialysis
fistulae where tbrombi are usually acute and
detected early (9,10,30).

Controversies in tbrombolytie tberapy as elsewhere
in interventional radiology stem from lack of
information or, as is often tbe case, the inability to
directly compare studies. Factors such as
differences in initial tbrombus burden migbt
account for sorne of the difference in reported
treatment times. Sorne of tbe differences are due to
initial study design (eg., patient selection criteria,
equivalence of Iytie activity of drug doses chosen,
treatment endpoints, etc.), but others are in
standards of praetice (eg., eompletion of treatment
does not necessarily correspond to total Iysis of
tbrombus). In olber words, wbereas one
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practitioner may accept residual thrombus al the
end of treatrnent (32), another O18y continue
infusion overnight in order lO eliminate all
thrombus (29). We favor the latter practice because
of the preponderance of clinical evidence,
especially in the literature on tbrombolysis for aculo
myoeardial infarction, tbat residual tbrombus 08

itself higbly tbormbogenic (33,34), and that
thrombolysis itself may be associated witb in vivo
activation of tbe eoaguJation system (35-37).

The use of coneomitant intravenous heparin durina
urokinase thrombolysis has reduced the iDeidence
of perieatbelor thrombus formation to about S". In
fact one of the most distressing set-backs during
tberapy is caused by retbrombosis due to inattention
to maintaining therapeutic anticoagulation levels.
An IV bolus of heparin of 70mglkg followed by
continuous infusion at 700-1000 unitslbr lO
O18intain a PlT between 80-100 seconds is
reconunended. However, tbe anticoqulation
acbieved iD any iDdividual with a IÍven doIe of
heparin is highly variable (38). Therefore, we have
recently shifted to following activated clotting times
and maintaining them al 250-300 seconds during
tberapy.

Although we antieoagulate an of our patients
intravenously with heparin, we have nOl explóred
the benefits of mixing beparin directly lO the UK
solution as has been recently advocated (32).
Although, admixing beparin may be of benefit in
preventing rethrombosis in aculo plalolet-rieh
arterial tbrombi as would be found in dialysis
fistulae, tbere may be no such benefit in older
arterial thrombi whieh are generany devoid of
platelets. In addition, once flow is reestablisbed
systemic heparinization should prevent
retbrombosis. LeBlang et al. (39), bave recently
reported tbat they found no significant difference in
outcome whether tbe beparin was IÍven
intravenously or whether it was given directly inlO
tbe intraarterial sbeath. We have aJso not studied
the benefits of suction-tbrombeclOmy for
"debulking" thrombus (40). In our forced-infusion
study, we have limited our pulsing rato to two per
minute, and there may be a benefit to increasing
tbis rate at least during the initial bolusina (41).
Recently, there have been experimental reports on
the aceeleratioD of thrombolysis by the additioD of
local ultrasonic energy (42), but these ideas need lO
be tested clinieany.

The ultimate goal of accelerated thrombolysis
should be lo shorten the entire treatment time,
ineluding adjuDctive angioplasty if necessary. lO
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uader two hours. Long-term efficacy of this
tleatmeot depeads on deteeting and correcting
uaderlyin, obstructive lesions (5,43). One group
bu reported tbat patients undergoing thrombolysis
IDaY be monitored safely outside of an intensive
cate setting (16). We do nol recommend this
practice presently, but if it is found to be
universally safe, a considerable cost reduction will
be realiad even if the goal of single-session
tberapy is nol achieved in tbe near future.
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Intraarterial Tbrombol,.is ofLo_er Eatremity
OcclasioDs: Prospective, RaDdomized Compaii80D
ofl'orced PeriocUc lDIa.iOD and CODveDtioaal
810. Continuoa. lDIa.ion1

A prospective randomized controUed
trial eompared torced infusion (FI) 01
urokinaH (UK) with conventional
slow eontinuOUl infusion (CI) in 25
patienta with 25 acutely ischemie
lower limbs. Demopaphies, ischemla
eategories, and inflllion rates and
doses were similar tor both groups. A
preliminary single-pa.. bolus 01 UK
was injected into the thrombus in all
patienta with a pulaed·spray tech·
nique, and heparin wu administered.
UK was then infuMd with a O pump
(n • 13) or a prototype pulsed..pray
pump (n = 12). The primaly end
point wu patency, de8ned as at leut
95% thrombolysis by volume, with
brisk antqrade .8ow occurring
within 4 houn. Eleven of the 12 p"
tienta (92") who underwent FI and
nine 01 the 13 (10") who underwent
CI had patency within 4 hours. How·
ever, 10 patienta who underwent FI
and nine who underwent CI had re
sidual thrombi prolonpg infusion.
No signifieant dUferenees between
the two groupt wae appuent in
speed of lysis, initiallUCeeu rata,
eompUcation rata, or 3O-day diDical
outcome. Lytie therapy, however, wu
eompleted within 24 houn in 18 of 23
(7&") suceesslu1Iy treated patienta
(p ••01).

1ncIe......: ArteMI, perlphenl. 92.7214 •
Arteries, stenOllis or obatruction. 92.7214 • Ar
teries, lransluminalanpoplllty, 92.1274 •
Crafb, stenOllis. 92.452 • Thrornbolylil,
92.1274 • UrokinaIe,92.1274

RadIo. 1,"; 188:861-861

T OCAL intraarterial thrombolytic
J." therapy is useful for restoring
blood flow relatively rapidly to an
ischemic limb and for identifying un
derlying obstructive lesions for fur
ther treatment. Although regional
thrombolysis with urokinase (UI<)
has a high initial success rate and an
acceptably low rate of major compli
cations (1-3). the treatment has re
mained resource-intensive and ex·
pensive. Major contributors to cost
are the lytic agents. the requisite serial
angiographic follow-up. and the near
universal practice of monitoring in
the intensive care unit during pro
longed enzyme infusion. In addition.
morbidity increases with duration of
therapy (4). Attempts to make this
procedure easier on all concemed
center on reducing the duration of
therapy by modifying dosing tech
nique (4). infusing enzymes more effi
ciently (5.6), using faster acting en
zymes (7,8). and minimizing or even
eliminating intensive care monitoring
(9).

Because conventional (slow) local
infusion techniques do not deliver
optimal concentrations of lytic en
zyDles into the thrombus where dot
bound plasminogen can be converted
into plasmin. methods for more effi·
cient use of enzymes have evolved
and indude (a) preliminary "Iacing"
of the entire thrombus (intrathrombus
bolus technique) before initiation of
slow infusion (4). (b) use of one 01 sev·
eral new catheter systems that slowly
infuse the entire length of thrombus
more effectively (10-12), and (e) Ere
quent periodic torced infusion (FI)
(with a pulsed.spray technique) of
the lytic enzymes into the thrombus,

which mechanically disrupts the clot
and ereates a greater surface area for
enzyme action (13.14).

In 1989, Bookstein et al (15) used
UJ( for pulsed-spray thrombolysis and
reported mean times for completion
ol Iysis in 10 peripheral arterial bypass
grafts and seven native arteries of 91
and 7S minutes, respectively. Re
cently, the same group (13) confirmed
these resulta, reporting mean times
for completion of lysis in 18 bypass
grafts and 15 native arteries of 93 and
65 minutes, respectively. The data
were analyzed retrospectively in
these uncontrolled studies. Those ly
sis times are dramatically shorter than
the 24-72 hours generally reported in
the literature (1f>-20). 8ecause such
reduction in total treatment time
could have a profound influence on
the further a«eptanee and utilization
of thrombolysis for the initial recanali·
zation of ischemic Iimb!. we designed
the following prospective random
ized. controlled study. The purpose of
our study was to determine whether.
after administration of a preliminary
single-pass pulsed-spray lacing (bo
lus) of UJ( into the thrombus, contin
ued FI resulta in a safe and subltantial
acceleration of thrombolysis when
compared witp conventional slow
continuous infuslon (O).

MATERlALS ANO METHODS

This study wu Qmdueted with tJw .po
proval of our institution'. Human Re
seuch Committee. from January 1, 1990,
through luir 31. 1992, we performed
thrombolysiJ in 75 lower extmnitift.
Some of thae patientI and/or their rem
ring pbysidans elected not lo participale
in the raeuch protocol, while othen were
exduded on the buis of the crilena Iisted
below. We Wlft able lo obtaln infonned
consent from 27 patients who met the in-

I From the Oepartmenll of RadioIosY (1(.1(.. P.S.c., J.E.A., J.F.P.• M.F.M.). Surpry (M.C.D., A.O.W.,
J.A.M.), and MedIcIne (S.Z.C.), BrIgham and Women's Hospital. Harvard MedicaI SchooI, 75 Francia
St, Boston, MA 02115. Ilecetved Mudl17, 1993; ~vision requested Apri123; revislon NCeived Me)'
10; accepted May 18. SIlppOfted by a gnnt &om AngioDynamics. Division of E-Z.Em. 1nc. Cien FaI1s,
NY. Ad4ftM reprIat NlpIIIta 101(.1(. A1lbnYtaIIaM: a· continuous infulion, Fl •

e RSNA, 1993 formi inlusion, UK. uroldNIe.

117



IV JNTERNATlONAJ. COURSE ON VASCULAR AND INTF:RVENTlONAb RADlOI.OGY AS TIIEMPEUTIC ALIERNATIVE

FI.... l. FJow chan shows procedural protocol for lower extremity thrombolysis.

I Bigible patienr consenrs ro srudy

T
I Baseline arteriogram ro docurnent extent of thrombus 1

1
!'O

r Thrombus crossed by guldewlre ? 1

*YES1 Eliminare

RandoltÚZe patienr from

J.
study

Administer IV heparin: bolus 3-5.000 unlts. infuse 600-1000 units/h.
adJust P1T to 1.5 - 2.5 times control ( 33 s).
Place 5 Fr. intraarterial pulse-spray cameter

T
1 SiD¡le-pass ux. boIus: 25 K lU for every 10 cm. length of rhrombus: I

(Flve 0.2 mI allquotes [@ 25 K lU/mI] pulse-sprayed every 20 seconds)

Contlnuous Forced
Infuslon, CI InfuslOD. FI

Above spray-bolus by band. rAbove spray·bolus by pump. I
1 1

Conventional slow iDfusion Forced periodlc iDfusion of UK
of UK vla endhole usinl vía sideholes using automatic
condDuous infusion pump: pulse-spray pump:
4,000 lU/min x 2 h (80 m1Ih) 4.000 lU/min x 2 h (0.2 mI/30s)
2.000 lU/min x 2 h (40 mI/h). 2.000 IU/mIn x 2 h (0.2 mI/60s),
at concentradon of 3,000 lU/mI at concentration of 10.000 lU/mI

ID i N:)

rPatencyat 30.60.90,120,180,or 240 mins.? 4 houn complete. or adverse event 1 ]
YES !

I End protocol and resume routine cUnical care I

dusion criteria. One patient withdrew
consent before undergoing angiography,
and one patient was eliminated from the
study because the thrombus could not be
crossed with a guide wire. Thus, 25 pa·
tients were randomly placed into one of
the two treatment groups.

Patients were eligible for inclusion, be
fore arteriographic evaluation, if they
were oIder than 18 years of age and their
medical history and results oí physical ex
amination and noninvasive evaluation
were consistent with lower extremity na
tive arterial or bypass graft thrombotic
or embolic ocdusion of less than or equal
lo 3O-day duration. Patients with any of
the foUowing criterla were excluded:
(a) symptorns and signs of irreversible limb
ischemia (Society for Vascular 5urgery/
lntemational Society of Cardiovascu1ar
5urgery category III iJchemia), (b) active
internal bleeding within the past 3 weeks,
(e) cerebrovascular acddent within 1 year,
(d) intracranial neoplasm or intracranial or
intraspinal surgery within the past 2
months, (e) major thoracoabdominal sur·
gery, inc1uding biopsy, within the past 10
days, (f) open heart surgery within the
past 3 weeU, (g) severe impairment of he
patic function, (11) severe uncontrol1ed hy·
pertenlion. (i) recent major trauma or caro
diopulmonary resusdtation, (j) history of
emboli from cardiac souree, (k) subacute
bacterial endocarditis, (1) severe coagulop
athy, (m) diabetic hemorrhagic retinopa
thy, (PI) lactating fema1e, pregnancy, or
unexplained amenorrhea for three or
more days beyond expected menses.
(o) inability to give informed consent. and
(p) inability lo cross the entire thrombus
with a guide wift.

The iIow chart of the study protocol ilI
shown in figure 1. Patients were random
ized by seIection of consecutively numo
bered sea.Ied envelopes lo undergo treat
ment by meana of elther a (PI - 13) or Fl
(PI - 12). The mean ap of the patients in
both treatment groups was 63.9 years %
12. There were seven men and six women
in the a group and four men and eight
women in the Fl group. UK (AbbokinIIe;
Abbott Laboratories, North Chicago, m)
was intraarterially admiNsteredto al1 pe
tienta with a S-P puIIed-spray catheter
(AngioDynamics, GIens Pal1s, NY) with
pressure-responsive side holes distributed
over its distal 10 cm. This catheter can
serve as an end-hole catheter when the
tip-occ1uding wift ilI removed.

A preliminary bolus of UK was intra·
thrombicaUy administered lo al1 patients
with the pubed.spray technique. Heparin
was adminilltered intravenously lo aD pa
tienta. Por the a group, the bolus was
hand injected by withdrawing concen·
trated UK from a 10-mL syringe connected
to the reservolr port of the pubed.spray
connector and injecting the UK forcefuUy
(simulating the action of the pubed·spray
pump) with a l·mL tubercu1in syringe
connected lo the injection port. ThilI was
foUowed by slow a (continuous infusion
pump; !MED, San DIego, Calif) through
the end hoIe (the tip-occ1uding wift was
removed), which wu embedded in the

proximal thrombus. For the FI group, an
investigational prototype automatic
pubed-spray pump (AngioDynamics) was
used for both the initW boIut and the sub
sequent Fl technique (pubed spray vía
side hola) for up lo the 4-hour duration
of the protoeoL Administration 01. the pre
liminary bolut wu completed in al pI
tienta within !>-O10 minutes.

UK concentratlons and infusion rates
were calculated lo provide equivalent
doses within a given period regardleu of
the treltment technique employed and
were comparable with the high doses
used in previous studies (13,15). Durlng
bolus adminilltration, the catheter was ini·
tiaJly placed at the distal end of the throm
bus and retraeted proximally in 1O-cm sec
tiON, lacing the entire thrombus (ie.
depositing enzyme locaIly) as the catheler
was turned about its axis alter each spray.
Alter the bolus was adminilltered, the
catheter was placed proximally in the
thrombus for both groups. The a group
received slow infusion of UK vía the end
hole. For the Fl group, the distal 10 cm of.
the catheter was embedded in the throm
bus and UK was adminilltered 10rcefuUy
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with the pulsed-spray technique. !he re
search protocollasted for a mlxímum of 4
hours; during thill time. the patients were
monitored c10sely in the angiography
suite.

Angiography was performed frequently
to monitor for progress of thrombolysis
with use of lo,,"-osmolarity contrut
agents. lntraarterial digital subtraction an
giograrns were obtained unless substantial
changes were observed ftuoroscopicaly,
necessitating a cut·film single leg Nn-off.
When marked lysis was noled and the
thrombus was no longer present around
the catheter. the catheter was advanced
into the thrombus (proximally for the CI
group and 10 cm for the FI group). A cut
film arteriogram was obtained in aU pa·
tients at completion of thrombolysis.

The milestones for progression of ther
apy were de6ned as foUows: RecaPlaliutioPl
refen to the establishment of a continuous
channel of at leat the diameter of a wire
throughout the length of the thrombus
with or without substantial ftow, ptlttltC!!
refen lo our end-point criterion of 95% or
greater thrombolysill by volume with brisk
antegrade ftow, and complttiorl 01 trtatmePIt
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Tablel
AuodaIad lUIk FadDn

DiIbetB meUitul 3 3
HyperteNion 10 8
Smoking hiItory 10 5
Coronuy artfty cIiIaM 6 6
Hypen:lMguIabIe Ita.. 2 1
Prior vllCUlu MqII1 9 13

Noee.~ai tbI dllualCll~ tbI
poupelaltalllácally ........

required totallysis (100%) without any
trace of residual thrombus.

The primary end point of this study was
95% or greater Iysis of the initial thrombus
volume with brislt antegrade flow (paten
cy) at any time within the ftrst 4 hours of
treatment. as estimated with angiography.
The research protoeol was discontinued if
patency was achieved (as determined by
consensus of the interventional racüology
team) or if the 4-hour limit was reached.
Acute complications, adverse effects of
treatment, or an unacceptable wonening
in the condition of the patient were a1Io
reasons for terminating UK administra
tion. Alter completion 01 the thrombolytic
therapy, routine clinicaI are was re
sumed. U further thromboIysis wu re
quired, UK was administered at 1,000
Ulmin (20 mL/h via the end hole with the
lMEOpump).

Thrombus volume wu estimated retro
spectively from meuurementl of post
thrombolysis veuel ctiameter and 1en¡th
in regions where thrombus wu previ
ously presento UdWMter vaneeS, the vol
umes 01 segmentl of different diameters
were added. In addition. an ubitrary nm·
off !!core (ranglng from Oto 3) wu....
Ushed as follows: 1 polnt wu glven for
eaeh continuous VeIMl, 0.5 wu given If
the veuel wu prnent but diIcontinuOUl,
and Owas given if the veuel wu abeent.

The duration 01 UK administration and
the size of the population sample weIe
bued on two prevtoua lbIdia In • pro
spective randomized compariIon of re
combinant tiIIue-type pIuminopn acti
vator and UK for pIIipheraI arterial
thromboI)'Iis, MeyeaMtz et al (8) em
ployed. conventioNl UIC infuIion tech
nique similar to the lIowa resu-n UIed
here ~twithout UIinB the puIIed-spray
technique to adminillter the initial bolus)
and found that ROM of their patiefttl
achieved 95% lysiI witIdn 4 houn. Con
versely, Bookstein et al (15) reponed that
94% of their patientl treated with pu1Ied_
spray techniqun and UIC dOlft similar to
thOM UIed in thilltQdy achieved "com
plete" thrombolysil within 2 hours. Por
the sake 01 sample Iize estimation (21), we
assumed that the lUCCftI rate for patlncy
within 4 hours with conventional a wu
actually 20% and that wtth pubed-spray
FI was 80%. This would bias the calcula-

RiIk Pactors

Trullnlnt Group

a PI
(" • 13) (". 13)

tion toward a higher sample size require
mento On the basis of these assumptions, a
sample size 01 sÍ)( patientl in eaeh group
would provide a one..ided a error of 0.05
and an SO% power (~ - 0.2). Our sample
size was twice that required, and the probo
ability of an SO% success rate with Fl ver
sus a 20% rate with conventional Cl re
sulting from chance alone would be less
than 5%.

The collected data were analyzed for
significance of differences between the
groups with regard to (11) the number of
cases achieving patency within 4 hours,
(b) the mean times to achieve vanous mile
stones of treatment. and (e) the rates 01
successful initial dot Iysis. In addition, we
a1Io anaIyzed the proportion 01 Iimbs sal·
vaged at 30 days with Iytic therapy alone
or with adjunctive percutaneous and/or
surgical intervention as well as the rate
and severity of complications. Determina
tion of the statistica1 signi8cance of di&r
ences between popu1ation mean values
was performed with the Student t test,
and comparison 01 proportions (ratea) wu
made with the Filher exact test. A P value
01 s.05 was considered signiflcant.

RESULTS

Tables 1 and 2list the demographie
eharacteristics of the two patient
groups and the ischemia status of
their treated Iimbs, respectively. None
of the dilferences was statistically sig
nificant, although the patients who
underwent FI had a greater propor
tion of more severely ischemic timbs
and all had grafts treated (P - .(6).

Patency was achieved within 4
hoUR in nine of the 13 (70") patients
who underwent a and 11 of the 12
(92") patients who underwent FI
(P - .16). One patient in eaeh group
chose to discontinue partidpation in
the study during the 8nt 4 hOUR.
Thus, 100" of 'patients in the FI group
and 15,. of patients in the CI group
(P - .12) achieved patency in leN
than 4 hoUR. !bree other patientl
who underwent CI faüed to achieve
95,. Iysis; treatment wu discontinued
in two patients, one becaUM of ex
travasation of eontrut materialat a
graft anastomosiJ and the other be
cause of acute reocclUlion of a native
artery after a vuovagal epilode.
There wu no signiicant difference in
the mean boIus doee (P - .54), the
mean dose 10 achieve patency within
4 hours (P - .43), or the mean total
dose infused for completion of throm
boIysis (P - .44) between the two
groups (Table 3).

Table 4 lhows the mean times re
quired to achieve the variOUl mile
stones of treatment. Although pa
tency wu achieved within 4 houn in
most patienta, based on our strinpnt
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standard of pradice that requires
complete lysis with no residual
thrombus (and perhaps because some
judgment was involved in determin
ing the "exact" amount of thrombus
to undergo lysis), the team in con·
junction with the referring vascular
surgeon almost always decided to
continue infusion ovemight. In fact,
complete lysis was aehieved in only
two patients in each group in lesl
than 4 hours. The mean hospital stay
was 10 days =10 for the el group
and 9 days =6 for the FI group.
There was no statistically significant
difference between the two groups in
any 01 these treatment milestones,
including the hospitalstay.

Table S shows the number of pa
tienta in eaeh group who achieved
complete Iysis within 4 hoUR, within
24 houn, and in more than 24 hoUR.
!be dilference in the number of pa
tienta in each group achieving Iysis in
leu than 24 hoUR (eight in the CI
group and 10 in the Á group) and
those requiring more than 24 houn
(three in the CI group and two in the
FI group) was not significant
(P - .32).

!bere was no significant difference
in the limb-related complications be
tween the two groups. Emboli oc
curred in &ve patients in eadt ¡roup.
All emboli were small (2-3 mm) ex·
cept for a large distal embolus from
the üiac artery in a patientund~
ing CI. In addition, most of thete em
boli (three 01 the 6ve in the CI group
and four of the &ve in the FI group)
resolved within the observation pe
riad with continued UI< infusion.
Groin hematoma (> 2 cm in diameter)
deve10ped in two patienta in each
group; none required surgica1 evacua
tion. Three of the 12 patientl under
going FI and one of the 13 patienta
undergoinga needed red blood ceIl
tranIfusion within 12 houn of ther
apy (not necasari1y related to bIood
losa from Iytic therapy), but the di&r
ence between the groups wu not sta·
tistic:aJly ligni8cmt (P - .%1). SimiIIdy,
there wu no sipi8cant difference in
the number of patientl who experl
enced concurrent rethromboeis (two
in the a IfO'lp, one in the Fl group),
compartment Iyndrome (two in the
a group, none in the FI group), or
~ (two in the CI grouP'
none in the Fl.group) in leN than 30
days (P - .2). The one patient in the
FI group with a hypercoagulable state
exPerienced recurrence of severe con
current thromboeia during therapy
and underwent prolonged treatment
of 44 hours. There were two patients
in the CI group who had a hyperco-
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L'"(h)

FJ

FJ
(11 -11)

8 (8.3)
15 (12)

1.16(0••)
O
12

179,000 ~ 7f,OOO
532,000 ~ 115,000

1.620,000 ~ 1.115.000

1viable 6mb, 11 thrutned
limbI

Treatment Group

CI 40 ~ 19 92 ~ 31
FJ G:i:20 95:i:50
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T...... iatkIn witllin t h

Group (1IIln) (1IIln)

T.....
"....Ca r.......,,~

1'IIDe tD AchiIft

T........
Cc!IDpI*L,..

Group sth :dth >3th

CICa -11) 2 I 3
FJ(II -12) 2 lO 2

NcMI.-DIta_ _ :i: ........
......DII _ tllepaapa_
nDt 11 Met' .., ... " 9

CI

sis when compared with conventional
slow infusion. However, the advan
taga obIerved in in vivo laboratory
models should not neceuarily be ex
pected lo translate proportionately lo
clinicaI practice.
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OISCUSSION

In theory, formuI intrathrombic:
ínfuIion of pIuminogen activalon
acceleratles thIOmbolyIiI by dilrupt
ing the thrombu and inc:reaIini the
surface atea avaiIaIM for enzymatic
action. Early Iaboratory experiences
had sugested that the ralle-limiting
step inthlOmbolylil is the sIowneII in
düIuJion ol enzyme &om the dot'.
surface inlo its intentkes(~ ancl
that thIOmbolyIiI could be acceler
ated by macerating the clot and mix
ing it directIy with the enzyme (23).
In later animalstudies (5), a marked
inaease wu reported in the rate of
Iysis with use ol supplemental intra
thrombic spray injection ol enzymes
when compared with puathrombic
slow infusion. We have sho'wn. in an
in vivo study (6), that periodic PI of
streptoldnase inlo rabblt inferior vena
cava thrombi accelerated thromboly-

the end ol the procedure in the rates
of thrombolysis success or fallure be
tween the two groups (P • .(9). Simi
larly, there are no statistically signifi
cant clifferenc:es in the rates of
continued claudication, Iimb salvage
or loss, death, or positive clinicalout
come (nine ol the 13 patienb [69"Jin
the CI group, seven of the 12 [59"1in
the FI group).

agulable state; thrombolysis was un
successful in one within the protocol
period (4 hours), and the.other had a
successful outcome with an unevent
fui clinical course.

Other complications (occurring
within 30 days) not related directly to
the treated limb were comparable be
tween the two groups. Acute renal
faüure occurred in none of the pa
tients in the CI group and one patient
in the FI group, rigon occurred in one
patient in the CI group and none in
the FI group, and trace hematuria oc
curred in llOne of the patients in the
CI group and ORe patient in the FI
group. ORe patient who underwent
a had minor changa at electrocar
diography without subsequent myo
cardial infarction. No significant dü
ferences were noted between the two
groups, including two deaths (occur
ring within 30 days) in the FI group
(P •.2) that were not directly related
to lytic therapy. One patient died of
myocardW infarction within the Iirst
week after therapy, and the other
died of pneumonia in the third week
after therapy. Two patients in eaeh
group were hospitalized ror more
than 2 weeks.

Therapeutic success was defined as
a positive clinical outcome at 30 days
with resoIution or improvement of
i1chemk symptoms. The treatment
wu c:onsidered a faüure if occlusion
ot a treated graft or artery recurred,
the Iimb was amputated, or the pa
tient died. Five patients in the O
group and seven patients in the FI
group underwent thrombolytic ther
apy aIone (two in nch group) or with
angiopluty (three in the a group,
live in the FIcr). There wu no
significant dift nce in sua:aúul
revuc:ularization ratles between theIe
two subp'oups (live ot &ve petientlln
the a group VI stx ofseven in the FI
group). Four of eight patientl in the
CI group and onIy one of Ive petieftts
in the fI group subIequftltly uncter
went succesetul SUf8lcal revucular
ization procedures. Although the
number of patients who sublequently
underwent surgicaI revasculariation
is smaII, the success rate for the pa
tients who underwent PI was signifi
candy Iower (P < .05) than that in the
panents who underwent thrombo
Iytic therapy aIone or with anglo
plasty. The significance is not altered
if the deceased patients are excluded.
In comparilon, this difference be
tween the similara subgroups (Ive
of 8ve patients vs four aleight) was
not significant (P • .1).

Table 6 shows various 3O-day clini
cal outcomes. There is no difference at
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Table'
TJürty-day CUnical Oub:ame

Note.-None ot!he d..... between the
groups la statlatlcaUy 1ipI8cult.

• This palienl experiencecl. putia1 reocdu
Ilon.

[nitiallhrombolysis suc-
cesa 8 11

[nitiA! lhrombolysis faiI-
ure 5 1"

Adjunctive surgical pro-
cedure nec:essary 8 5

C1audication at 30 d 2 3
Limb N1vage 11 10
Limblou 2 O
Dealb O 2
POIitive clinical outcome 9 7

Of the patients who remained in
our study, pateney was achieved in
less than 4 hours in 75% of patients
who underwent CI and aU of the pa
tients who underwent A, although
this difference is not statisticaUy sig
nificant. Similarly, times for comple.
tion of lytic therapy after the 4-hour
formal research protocol were not
diHerent, suggesting that, on the
whole, the two infusion techniques
used in this study were equally effica
cious with respect to speed of lysis.
Indeed, except for a müd trend to
ward faster completion of lytic ther
apy and a smaUer dose of UI< with FI,
there were no significant differences
in the immediate relults, complica.
tions, or 3O-day clinical outcomes be
tween the two treatment groups.

It is notable that the time required
in our trial for completion of throm
bolysis was longer by a factor of 20
relative to the time of only 1-1.5
hours reported by Valji et al (13) and
Boobtein et al (15), who used pu1sed
spray methods and UI< infusion rates
and dosel nearly identica1 lo those
used herein. Mewiuen et al (11) used
a different side-hoIe catheter lo ad.
minister UI< inlo eisht occluded na
ti~e arteries with a P1IlIed-spray tech
mque and reportee{completion 01
lysis in a mean of 0.8 hour with an
infusion rate of 600,000 U/h-which
is much grea~r than the rate used by
uso However, In a later study using
the same pu1sed-spray pump with
similar UI< doses and treatment end
points, Hallisey et al (24) were able lo
demonstrate a shortening 01 therapy
time in only three of their nine pa
tients (mean infusion time, 2 hours).
The remaining six patients required a
mean iniusion time of 23 hours lo

of our CI group. The bolus technique
used by Meyerovitz et al diifers from
our technique in two ways: We in
jected a preliminary bolus of UI< into
the thrombus with a pulsed-spray
technique via a side-hole catheter,
and we used a larger dose.

None of the patients in the study
by Meyerovitz et al achieved com
plete lysís within the first 4 hours,
while six patients achieved it within
24 hours and 10 in more than 24
hours. In comparison with our CI
group, the difference between the
number of patients completing lysis
within 24 hours or more almost
achieves statistical significance
(P • .07). A similar comparison with
the FI group shows a significant dif
ference (P - .02). If the results from
our CI and FI groups are combíned
and compared with those from the
study by Meyerovitz et al, the in
crease in the number of patients com
pleting lysis within 24 hours becomes
signi6cant (P - .01). Although condu
lions must be drawn cautiously from
historical comparisons, there is none
the)ess a suggestion that this redue
tion in treatment time when como
pared with our own prior experience
(8) can on1y be credited lo one change
in technique-namely, the initial in
trathrombic administration of a'bolus
with a pulsed-spray technique, which
was the common denominator in the
treatment protocol of both groups in
this study. This was an unexpected
finding.

In a randomized prospective trial
comparing two dose regimens of UI<
(a 5O,()()()-IU local bolus administered
with an end-hole catheter plus 50.000
IU/h ror 24 hours versus a 25O,()()()-IU
local bolus plus 250,000 IU/h for 4
hours and then 125,000 IUlh ror 20
hours), Cragg et al (27) found no sta
tisticaUy significant differences be
tween the two groups of patients
with respect ro duration of infusion or
mean time for completion of lytiI.
Thus, the increase in the proportion
of cases completed in lesa than 24
hours in the present study may be
attributed lo the action of initial force
fui pulse-spray administration of a
bolus through a siete·hale catheter,
rather than lo the larger mean boIus
dose in comparison with Meyerovitz
et al (8).

FI does not áppear lo carry an
added risk over conventional slow
infusion methods. 8ecause develop
ment of distal emboli is a feared com
plication of FI, a diligent effort was
made lo record all embolic events,
regardless of clinieal importance.
Most emboli, however, resolved dur-

achieve complete thrombolysis
which is similar to that reported
herein.

Discrepancies in reported duration
of thrombolytic therapy are often dif
ficult to explain because of the inabil
ity to directly compare studies. Fac
tors such as patient selection criteria,
limb ischemia status, and thrombus
age and burden might account for
some of the differences. Other difier
ences might be due to study design or
choice and definition of treatment
end points. Whereas one practitioner
may accept a residual thrombus or
smaU distal emboli at the end of treat
ment (13,25), another may choose to
continue infusion ovemight lo elimi
nate aU evidence of thrombus (12).
We favor the latter practice for the
treatment of peripheral arteries be
cause of the preponderance of clinical
evidence that a residual thrombus is
highly thrombogenic (26).

In our study, some of the difference
in the mean time lo completion of
treatment between the groups (28
hours for the a group vs 20 hours for
the A group) may be related to the
fact that, as a group, the patients who
underwent a completed their re
search protoeols slighdy earlier in the
day (by approximately 1.S hours
[P - .15]) than did those who under
went FI. This may have resulted in a
slight increase in the mean interval to
subsequent (out-of-protocol) angio
graphic foUow-up for progression of
lysis (16.7 hours ror the CI group vs
13.9 hours for the FI group, P • .06),
which was almost always performed
early the next morning. Such practical
considerations in treating and moni
toring patients may also contribute
substantially to the differences in the
time ror completion of thrombolysis
reported in the literature.

In a prospective randomized tria!
completed at our institution just be
fore initiation of this study, Meyero
vitz et al (8) compared the efficades of
recombinant tíssue-type plasminogen
activalor and UI< ror- thrOmbolysis of
acute peripheral arterial and graft oc
clusions. The demographic and clini
cal characteristics of the patients in
their study were comparable with
those of the present study. Spedfi
eaUy, in the patients receiving UIC,
Meyerovitz et al slowly injected a ha
lus (lacing) of 60,000 U of UJ( by hand
via an end·hole catheter as it was
withdrawn from the distal lo the
proximal part of the thrombus. Then
UI< was administered with the a
technique by using an IMED pump
with a dose and intravenous antico
agulation regimen identical to those

a FI
(11 - 13) (11 - 12)

Treatment Group

Outcome
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Figure Z. (A) Schematic 01 a thromboHd vessel with a concentricaUy placed side·hole calhe·
ter. !he fuU lo~ 01 the exiting jet 01 fluid is directed radiaUy into the thrombus. (8) As blood
flow is reestablished, the fluid jea are redirected toward lhe flow; lhe radial component
(V'[r» of the jet velocity is insufficient to penetrare the thrombus.

( B )

~ We expnM our gratitude
lo Lemuelllethuene, PhD. for alllstance with
.tudy dnl¡n and ItIt1slkal aNlysil of the data.

Iysis with angiography. If properly
applied, this may be one presently
available approaeh to minimizing re·
source utilization. Another group has
reported that patients undergoing
thrombolysis may be monitored safely
in a non-intensive eare setting (9). If
this practiee is found to be universaUy
safe, a considerable cost reduetion
will be rea1ized even if the goal of sin
gle-session therapy is not acmeved in
the near future.

In conclusion, continued FI of UK
does not significandy accelerate
thrombolysla or improve JO-day elini
cal outeome when eompared with a
when both groups receive a prelimi
nary bolus by means of the pulsed
spray technique. We were unable to
reproduce the short treatment times
reported by ValJi et al (13) and Book
stein el al (15), although we used
comparable doses anc:f teehniques.
However, we are now able to acmeve
complete lysis in most patients within
24 hours, probably because of the ad
ministration of the initial pulsed
spray bolus. This should result in a
decrease in the need for intensive
care monitoring. The role of automa
tion (the pu1sed-spray pump) is one
of adding convenience and consis
teney. We hav~ limited OUt pulsing
rate to two per minute. It la possible
that inereasing the pulse rale may
inerease the rate of lysis. We have not
explored the ftexibility, nor optimized
the use, of the prograrnmable auto
matedpump.•

~
...-Tip-ocduded eameter_

(A)

when eompared with conventional
slow local infusion. However, we did
nol Md such an added effect. It is
possible that FI quiddy loses its effec
tiveness. As shown in Figure 2, when
the thrombus surrounds the eatheter,
the fuU force of the radiaUy exiting jet
is available to penetrate the thrombus.
However, as brisk antegrade blood
ftow is reestablished, it redirects the
jets so that the radial eomponent is
decreased and the impact on the re
ceding clot surfaee is reduced. Thus,
the pulsed-spray technique is most
effective during the initial bolus admin
istration and may be leas effective once
antegrade flow has been reestabIished.

We have nol studied the bene&ts of
suction thrombectomy as a "debulk
inl" procedure during thrombolysis
(30'>. Results from recent experimenta
demonstrating ac:celeration of throm
bolyIiI by the addition of local ultra
sonic energy (31) are encouraging, but
thete teehniques mUlt be teIted clini·
caUy. !he ultimate goal of .....arch in
accelerating thrombolysia shouid be
to shorten the entire treatment time,
including adjunctive angiopluty, lo
about 2 hours. There la no convincing
evidence in the literature suggesting
that termination of l)'tic therapy and
early angioplasty in the presence of
residual thrombus la safe or dinically
ef&cacious.

Of note, LeBlang et al (16), in a reto
rospective anaiysis, reported a mean
infusion duration time of 21 houn
with use of a continuOUl, low-dose
(mean, 87,000 U/h) overnight drip
infusion of UK without traNthrom·
bus administration of a bolus and (in
general) monitoring progression of

ing the treatment periodo The remain
ing emboli either needed no further
intervention or were removed at sur
gery performed for other reasons.

The higher rate of observed emboli
in our study may be due to many fae
tors aside from diligent observation.
First. it is possible that administration
of the initial bolus in both groups
eaused thrombus fragmentation re
sulting in a greater number of emboli.
Interestingly. eontinued FI beyond
the initial bolus did not appear to in
crease the rate of emboli formation in
the FI group. Second, Bookstein et al
(23), who reported an emboli rate of
4%, attributed this lo leaving a distal
2-cm plug of thrombus untreated for
the first 15 minutes. However. during
this early period, which eorresponds
to our preliminary bolus administra
tion, we saw no emboli. All of our em
bolie events occurred much later in
the treatment. Moreover, we prefer to
reestablish ftow as saon as possible.
Indeed,. we found that for both groups,
the time to achieve pateney inereased
linearly with the number of run-off
vasels (r - .77, P < .05 for the el
group; r - .74, P < .05 for the FI group).
This suggest5 that the presenee of
large eollateral vessels reconstituting
the distal run-off vessels may provide
a k»wer-resistance pathway for blood
flow and delay recanalization of the
ocduded conduit. 8ecause these col
lateral vasels alane are unable lo pre
vent iJchemia, it would seem prudent
to rapidly recanalize and reestablish
flow through the ocduded eonduit.
FinaUy, we note that, in general, the
rates of other important acute and
... complications are nol düferent
&om thoIe n!ported previouIIy (28,29).

Although the number of patients in
our study is smaU. thoM who were
not succestfuUy trealled with duom
bolytic therapy ala... or with anpo.
plasty, and thus required surpry, did
worse-a finding that was more Iig.
nificant in the FI group. We report the
association but propase no causative
relationship. AU of the patients who
underwent FI had previous1y under·
pe surgical vascular procedures
(P - .(6) and tended lo have more
severe ischemia. Moreover, most pa
tienta in the FI group did not require
surgery and had a high success rate,
arguing against FI being a cause of
poor surgical outeome. The 3O-day
dinícal outcome in both groups wlS
similar.

We expected that the effea of the
continued FI with the aulomatic
pump wouJd outweigh that of the
preliminary boIus and that it would
accelerate thrombolysis significandy
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Intravascular U1trasound:
Implications for Intervention

BARRY T. KATZEN, M.O"

..

During the past several decades angiography has

been well established as the "gold standard" for
detailed assessment of arterial structures.
Oepending on the type of imaging system
employed, detailed evaluation ofdiverse portions of
the circulation can be obtained over large areas of
the vascular system. It provides a two-dimensional
detailed evaluation of vessels,including branches
and collateral circulation in patients with occlusive
disease. Bydefinition, angiography provides images
of tho luminal surface, showing irregularities,
stenosis, and occlusions but providing no
information about tho vessel wall deep to the
lumen. Anpopaphers in clinical poetice havo long
heard COllUDeDta from our surgical colleagues
regarding underestimation of oxtent of disease
based on their correlativo observations at the time
of surgery. In addition, intra- and inter-observer
variability limits the quantitativo assessment of
disease and therapeutic interventions. 1 y 2

The recent development of clinically useful
intravascular ultrasound has allowed for the first
time, tho interventionalist to obtain unique and
additional information about the vessel wall
compared lo angiography. The continued
miniaturization of ultrasound tecbnology and
concomitaDt efforts of cathoter tecbnology has
facilitated thi. growth. At the SalDe time, si¡nificant
advances in percutaneous intervention for vascular
disease as made the information obtained by
intravascular ultrasound more directly relevant lo

intervention. The purpose of this discussion is lo

review the recent development in intravascular
ultrasouad (lVUS) tecbnoloB)' and lo define its
clinical benefit in daily poetice of interventional
vascular radiolo,y.

TECHNICAL CONSIDERATIONS IN IVUS

Suc:cessful acquisition of lVUS images involves a

combination of both ultrasound and catheter

technologies. Because of the invaaivo nature of the
examination is limited lo adjunctive use durin,
diagnostic and therapeutic proceduros.
Characteristics such as tlexibility, tnctability over
a guidewire, radiopacity, and durability are as
important as the technological aspects of the
ultrasound transducers and imaging cansoles. Ifone
cannot place the lVUS catheter in the area of
interest, a failure of acquisition occurs as surely as
if the ultrasound imagín, device failed. This
represents a unique problom lo manufacturen. of
ultrasound equipment and has Jead lo coopetahve
efforts with catheter manufactures.

Investiptors have evaluated both pbased array
(multiple small transducers at the catheter tip) and
mecbanical typell of trausducer for use in
intravascular ultrasound with each approach havin,
advantages and limitations. Phased array .ystems
(0.1. Endosonics, Intertherapy) employ multiple
crystals (32-64) to simulate and reconstruct a cross
sectional 20 image. Advantages of·this approach
iDclude the use of a catheter with no moving parts,
facilitatin, "over the wire" designa, and havin,
theoretical advantages for intelration into
interventional devices such as angioplasty ballooas
and atherectomy devices. Limitations ¡nclude the
need for more computer power to handle data and .
secondary increase in costo Additionally, imagin,
of largor vessels such as those in the peripberal
circulation has been more difficult, however hiah
quality images have been obtained in the coronary
circulation.

Mechanical transducers employ a rotatinl
transdueer drivea by 10 extemally aupplied~
drive (Diasonics/Boaton Seiearifle Corpóratioa.
Cardiovascular lmapn, Systems CVIS).
Frequently, intemal mirrors are used reduce the
ilDl,in, window of the tranaeIucer' ando further
enhance ¡maae quality. Catheters used Wlth these
types of systellll are IOmewhat larger (4.8-8F) and
use "monorail" or "over the wire" introduction

1 Modiol1 Direc:tor. Miami Vucular Inltituto. Baptilt HOlpital. 8900 Nonll Kendan Orive. Miami. Fl 33176
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utilizing small (0.016-0.025 in) guides. Traversing
the aortic bifurcation or delivering the ¡VDS
eatheter selectively lo visceral vessels is still
somewbat difficult without using a guiding catheter.

¡VUS catheters have been evaluated in a variety of
frequencies from 20-40 mHz. These frequencies
are CODSiderably bigher than those used in
CODventional extemal vascular ultrasound (5 mHz),
takina advlDtaae of improved resolution resulting
from sborter wave len¡tbs. In the peripberal
circulatiOD. the lIlOIt widely used types are 20
mHz, al10wina penetratiOD of 1.5-2.0 cm. These
frequeociel have produced imaps of consistently
mata quality, but recentIy ¡VUS catheters of 30
mHz have been under evaluation.

U.. of intravascular ultrasound requires a sheath
for introduetiOD, and guide wires of smaller size
tUn usual forexchIDge (0.014-0.025 in). Since the
catbeters are dedicated use, it requires an additional
step durina the procedure, addina procedure time.
With experience this can be limited lo less than five
minutes. Additional cost is added, however, not
oaIy by tbe ultruound machiDe, but by the
díIpoeabIe catheters needed for imalina. Tojustify
this increue in procedure time and costo this
u-aml amdality muat provideUDique information,
.... iD lOme way enbances understandina of the
procedure and effects therapeutic decision-makinl.

UNIQUE INFORMATION PROVIDED BY
INTRAVASCULAR ULTRASOUND

An,ioppby provides detailed IODlitudinal·
iaformation about vesaeJ., but ia limited in ability
lo ..... tbe veuel wall. Intravucular ultrasound
allowa 2D axial ÍJIIaIinI of tbe vessel, providina
iaformation about the lumiDal surface as well as the
otber histolo¡ic layen. Post processina can allow
duee dimensional reconstruetion of imaaed
se¡ments furtber enhancing the quality of this
information. It requires no ionizina radiation, no
injections of fluida, and there is no inherent time
limit on imaain¡. Additionally the information is
diaitized IDd may be suitable for quantitative
ualysis such as diameter, area, and percent
stenosi. calculations, as well as useful in attempting
tiuue cbancterization.

Investiption of ultrasound applied in vessels in
vivo _ iD vitro have demoDstrated similar
findinp. The three mslololic layen of the arterial
wall CID be clearly identified IDd have distinctive
ultrasonic characteristics. 3,4,5
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The intima is hyperechoic with a varying coarse
and smooth echogenie pattero. In normal arteries it
is quite thin, but can inerease signifieantly if
intimal hyperplasia develops post intervention. A
distinct thin hypoechoie layer is now felt to
represent media. The adventitia is hyperechoic
with an indistinct outer margiD where the outer wall
of the artery is covered by surround 50ft tissue.
Calcium witbin the wall of a vessel produces
acoustic shadowing, a typical sonic characteristic.
Generally bis calcium is deep to the intima and
does DOt result in degradation of the imaae. Plaque
iD byperecboic but may bave a mixed pattero witb
bypoechoic aceas. This is compatible with the
lcnown histologic complexity of plaque, including
predominantly fibrous material mixed with Iipid
components. Thrombus is hyperechoic but has a
frequently distinctive fiDe pattero recognizable by
experieDced observers. Flowing blood is easily
identified during real-time examiDation with fine
moving with the cardiac cycle. Vessel wall
elastieity may be evaluated subjectively during
imaging. Variables in ultrasonic appearance of
vessels occurs due to differences iD manufacturer,
¡ain settinas during examiDatioD, frequency of
transducer, and vessel size. None the l~s, the
characteristics described aboye are reproducible and
predictab\e, making them c\inicaUy usefu\.

More recently authors have begun to assess the
poteDtial of ultrasound to distinguisb plaque types
in smaller (coronary) muscular arteries. PotkiD and
coUeagues 6 compared ultrasound images with
correspondina mstolo¡ic sections of excised
coronary arteries. The authors were able to
correctly predict the presence of fibrous and
calcific plaque with an accuracy of 77 % and 83 %
respec:tively. Both of these types of plaque are
hiah1y echogenic, with calcification producing
typical acoustinl sbadowing 7. lt was considerably
barder lo determiDe the presence oflipid coDtaining
or mixed plaque with 23 % and 43 % success
respectively. Sinee lipid filled areas are
hyperechoic, they may be obscured by aceas of
ealcification , or surround tissue. None the less,
tbere is bope that improved technology and further
iDvestigatioD will allow improvement in the
potential that ultrasound offers for tissue
specificity.

CLINICAL APPLICATIONS

The unique informatioD offered by intravascular

ultrasound has its greatest value during the
treatmeDt of vascular disease by percutaneous
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methods. Additionally, our experience at tbe Miami
Vascular Institute has shown it to be of value in
some cases of trauma where two dimensions
longitudinal ima¡ina.. has inherent limitatioDS.

VESSEL MEASUREMENT

While di¡ital subtraction an¡io¡raphy has

provided sipificant clínical benefit in performin¡
diapostic and tberapeutic vascular procedures, one
of the sipificant limitatioDS has been in tbe
difficulty in determinin, accurato cross-sectional
diameter. While most OSA systems have
measurement prolfUDl, tbeir accuncy has been
suspect particuIarly wheo tryin¡ lo acquirement
lolerances of less than 1.0 mm. Oue of the benefits
of intravascular uItruouod is tbe ability to
accurately measure 8,9 not ooly vessel diameter,
but cross-sectional arca and percent stenosis 10 as
well. Other potential benefits include tbe potential
for evaluatin¡ vessel compliance. Tbese
measurements can be done ·on line· witbout
significant procedural delay. These measurements
have proveo valuable in determinin¡ balloon size
for PTA, athereclomy device size, and measurin¡
accurate residual stenoseS post procedure. Tbey
have also been of va\ue in obtainina accurate siz,ina
prior to steot deployment.

USE DUlUNG TRANSLUMlNAL
ANGIOPLASTY

Ultrasouod observations durio, tbe performance

of percutaneous transJuminaI angioplasty have
documented the increased sensivity tor ca1cium, as
weU as Ibe significant residual luminal narrowín¡
tbat is present poIt PTA. Our c1inical experience
confirma \he oblIervatiODS in coronary arteries of
Tobis el a111: residual atberoma of sipificance is
stiU preeent (avenae residual .tenosis-7395 by
atea), IUUestin, • possibJe cause ol inherent
resteaosis or early failure. Early prototypes of
balloon catbeters intelrated witb central transducers
.are currently bein¡ evaluated, and may at tbe lest
contribute lo a better understandin¡ of tbe
anaioplasty procea.

¡VOS provides definitive information about lesion
location, percent Itenosis, lesion lenlth and extent
ol ca1cifications and is tberefore useful as an
adjuoct durin, angioplasty ofperipberallesioDS 12.
IntravalCular ultra80uod offers particular
advanta¡es in patients witb decreased renal function
and/or diabetes by reducinl contrast injections used
for localization and monitorioa of the procedure.
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Because of increased abiJity to evalute the vessel
wall, ¡VOS offers lreat promise in increasin¡ 'in
vivo understandina of the an,ioplasty proceu,
hopefully leadina lo better outcomes or therapy.

DETECTION OF INTIMAL DISSECTIONS

Intima! dissections, botb spontaneous and

iatroaenic, are well visualized by 20 cross
sectional ultrasound imalinl. While spontaneous
dissections are lenerally detected by other means
¡VOS has been shown 13,14,15 lo be useful in
detection of aortic dissectioos. While more
conventional methods, such as cr sean, or
an¡i0lrapby. may more simply establish tbis
diaposis, ¡VOS may be of assistance durin,
angioaraphy in detectina tbe precise point of re
entry or termination of \he dissection.

More frequent use durin. interventiOD bu shown
ultrasound to be more sensitive in detectina the
presence and extent of post-PTA diaections, than
anliolraphy. One would Ollpect thiI superiority
since dissections are lon¡itudinal and ¡VOS ima¡es
perpendicular lo the plane of dissection. In many
cases fully appreciatinl \he extent ofdissection will
intluence tberapeutic decislon-makin&~ p1acina an
intravascular stent, prolonaed baUoon intlation.
atherectomy,

Oissections have been noted lo be of two
predominant types: localized lOOlitudinal and
spiral. Eitber type may extend lo compromise the
lumen, but spiral dissections are leoerally a cause
of immediato luminal compromiso and wiU
generally lead lo eodovascular stent placemeat.

USE DURING ATIlERECl'OMY

Percutaneous athereclomy· is a method of

treatment olvascular disease relyina on removal of
plaque lo reslore luminal pateocy rathet than
·controlled injury· associa&ed witb balloon
anlioplasty. Some investiptors beüeve tbismedlod
may be superior lo PTA 16,17 but this bu not
been well established in the lCieatific Iitenture.

It secms intuitive that a procedure lo remove plaque
shouId depend OD • lldequate method of
determinin. a therapeutic end-point which has
traditionally been ID¡ioaraPbY. A recent study at
our institution 18hasconfirmed previously reported
observations in the coronary arteria 19,
an¡i0lrapby provides a ¡ross underestimation of
residual plaque compared to intravascular
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ultruouDd. Yocle has previously considered the use
of IVUS 20. In our own series in patients wbo
cIetermined to· bave an adequate result (%
steDosia(lO%) 6895 of lesiODS were found to bave
residual steIlo8is)30~, the traditional end point of
íaterveatioD. Oae would assume tbat assessmea.t of
tbe efficacy of atberectomy has been limited by
these sipificant observations and repeat studies
sbouId be performed to re-evaluate outcomes. For
dús reasoa IVUS has been utilized routinely in our
OWD institutioo to determine vessel sia as well as
perceat stenosis pre and post interventioo.

1bree dimensional reconstructiODS of vessel walls
can be ICCOIIlplisbed in pnctical real-time utilizing
.tjunctive worbtation technolo,y. 'Ibis type of
display aIlows a more intuitive look at tbe vessel
wall, exteat of plaque oc dissection, and provides
• more complete auessment of tbe effect of
tbenpy. Clinical value has led IVUS manufactures
lo conaider includin, tbis type of software in base
• tI.

Receady, investiptofl bave considered tbe
...ratioG of IVUS into atherectomy devices
21,12. Tbis would allow oo-line _ment of tbe
effic8cy of pblque removal and recIuco proceclure
tiJa WIIil. OII1y in itl early staps, it appears tbat
eveatually tecImolosical burdles will be overcome
iD acbievin, tllis goal.

USE 01' IVUS DURlNG
STENT PLACEMENT

Ltravascular steats bave beeIl proven to be of

value in tbe treatmeot of ililc artery di... wbere
angioplasty has produced a suboptimal resulto
IDdicatioal for .. include sipificant intimal
dissectioas compromisinl flow, complex lesiODS,
total occlusioas ancl complex lesiODl. As previously
reported by PaImaz 23, ideal steDt placement
resultl in integration of tbe eacIovascuIar device
iato tbe arteriallumen by endoltbelialization of the
lteDt aur&ce. Receody, it has become apparent tbat
iDcomplete deployment of the stent will result in
deIayed oc incomplete endotbelial covering.
Therefore it has become relevant to ascertain
wbetber complete steDt inflation has oc:curred.

In clinical trials CODducted al·tbe Miami Vascular
Institute 15, iatravascular ultruound was used to
_ .... of IteDt iaflatioo (abutment) apinst
tbe arterial wall after deploymeat with sati.factory
result t-.cl on anaiograpby. In 20% lesioas, stents
were DOted lo be incompletely deployed, requirinl
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additional intervention witb a larger balloon lo
achieve complete deployment. Stent struts are
clearly identified by tbeir regulady spaced. higb1y
ecbogenic appearance.

IVUS may also be useful in evaluating tbe extent of
intimal dissection and in particular, tbe
effectiveness of stenting in eliminating tbe adverse
effects of dissection. Following recanalization of
total oc:clusions, wben questions arise as lo wbetber
subintimal passage has oc:curred, IVUS may
provide the answers. Ultrasound is also a sensitive
detector of intimal hyperplasia whicb may develop
witbin tbe stent, altbougb no specific ecbogenic
pattem bas been noled for this entity, baving tbe
same appearance as normal intima.

FUTURE DIRECTIONS

Intravascular ultrasound will continue' to improve

as more investigations consider it's importance.
Clearly technologies are being explored lo integrate
IVUS capabilities witb interventional devices
including PTA balloons and atberectomy devices,
with several concepts beina explored 14. Additional
empbasis will be made on image quality and
processing, iDcludina tbree dimensional
reconstructions in real time. The practical result of
these efforts will be more accurate assessments and .
control on interventions, bopefully awultiog in
improved initial and long term outcome.

CONCLUSIONS

Intravascular ultrasound technololY has made
significant advances since its first clinical.
applieation. Smaller and more flexible catheters, in
CODjUCtioD witb improved image quality bave
areat1y reduced catbeter time, makina IVUS lesa
cumbersome and more· practical durina
intervention. Unique information obtained includes
tissue specific data about tbe vessel wall deep to tbe
lumen, more sensitive and accurate demonstration
of extent of plaque as well as exteDt of
calcification, and accurate measurement of luminal
diameter area, and percent stenosis. Ultrasound
also has tbe potential for specific tissue
cbancterization: detecting fibrous, calcific, or
lipid-laden plaque as well as tbe presence of
tbrombus. 'Ibis information may bave value in
determining wbicb intervention might be best suited
for a particular lesiono Additionally. early
prototypes of devices (PTA balloons, athereclomy
devices, and lasers) in whicb IVUS ÍI integrated
offees hope for more precise localization and on
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line assessment of efficacy of therapy. Three
dimesional reconstructions may be perfonned in or
near real time, providing additional perspectives
about extent of disease and effects of therapy. The
established increased sensitivity over angiography
malees ultrasound a suitable method of comparison
of various types of interventional devices. In the
current environment of critical cost effective
analysis, ¡VDS contributes significantly to the
efficacy ofintervention which will hopefully lead to
better long term results. Studies are underway lo
evaluate tbe effect of tbis increased accuracy on
long term outcome. Based on our clinical
experience, intravascular ultrasound would be a
useful imaging tool lo tbe active interventionalist.

References

1. Fiab.r L.D., ludkina M.P., ulpOranc. l., et .1.
Reproducibility of coronary .rterio,raphic readi", in the
coronary artery IUrpry ItUdy (CASS). C.thet C.nliov.ac
Dial 1982; 8: 565-75.

2., Sie,.1 R.l., Sw.n K., Edw.nI. O., .t .1. Limitationa of
pott-mortem ....aamont ofhuman cOronary .rtery .izo.nd
luminal narrowi",: dift'erenti.I.ft'ecta OCtillU. fix.tion.nd
proc.aain, on v....I. with diff.rent dep.. oC
.theroaclero.i•. 1 ArA ColI C.nliol 1985; 5: 342-6.

3. Ou...nbov.n W.l., Euod C.E., Friotman P., M.ltik F.,
Lanc.. C., SI.,.r C., Serruy. P., O.rritaon P., Pieterman
H., .nd Bom N. Intrav.acul.r echo,raphic ......ment of
ve...1w.1I ch.racteriltic.: • correl.don with hi.tolo,y. Int
1. C.nI Ima,in, 1989; 4: 105-116.

4. M.llery 1.A., Iobia 1.M., Oriffith 1., ae...rt 1., McRae
M., Mouuabeck O., Be...n M., Moriuchi M., Henry
W.L. A.....ment of normal and atheraclerotic arterial wall
thickno.. with an intrav.acular ultraaound ima,in, c.theter.
Am Hea" 1 1990; 119(6): 1392-1400.

5. Seael RJ., Ariani M., Fabbein M.C., Ch•• 1.S., Park
1.C., Maurer O., Forreltcr 1.S. HillOpatholo,ic v.lidation
oC .n¡ioacopy ud intravaacular ultraaound. Circulation
1991; 84(1): 109-17.

6. Potkin B.N., BadOrelli A.L., ae..." 1.M., Novill. R.F.,
Aimaaor Y., RobeN W.C., Leoa M.B. Coronary artery
imalina witb intraYalClIlar hiJh-frequ.ncy ultraaound.
Circulation 1990; 81: 1.575-1585.

7. Ou_nhoven E.l., Eaaed C.E., Lanc.. C.T., M.ltik F.,
Friotman P., Vln E,mond F.C., Rieberl., Boach H., Urk
H.V., Roelandt 1., Bom N. Arterial wall characteriatic.
determinad by intravaacul.r ultraaound ima,i",: and in
vitro ItUdy. 1 Am ColI Canliol 1989; 14: 957-962.

8. Sto Ooar F.O., Pinto F.1., Alderman E.L., Fiz,erald P.1.,
Stadiua M.L., Popp R.L. Intravaacular ultraaound imalina
of an¡io¡raphic.lly normal coronary .rterie.: .n in vivo
compariaon ""ith qu.ntitative 'lIiio,raphy. 1 Am ColI
Canliol 1991; 18(4): 958-8.

9. Sheikh K.H., Davidaon C.l., Ki••lo K.B., H.rriaon 1.K.,

128

Himmelltein S.I., Ki.ao l., Baabore T.M. Comp.riaon oC
intravaacular ultraaound external ultraaound ud diJital
.n,io,raphy Cor ev.luation of peripheral artery dimeDlÍODl
and morpbololY. Am 1 Canlio! 1991; 67(9): 817-22.

lO. p.ndian N.O., Krei. A., O·Donnell. Intravaacular
U1traaound Eatimation of Arteri.1 Steno.i•. 1 ArA Soc: Echo
1989; 2: 390-7.

11. Tobill.M., Mabon D., Lehman K., M.riuchic M., Honye
l., Henry W.L. Intracoronary Ultraaound imalina After
Balloon AnJioplalty. Circulalion 1990; 82(4); 175: m-676.

12. llner 1.M., Roaenfield K., Loaonlo D.W., el al.
Percutaneou. intrav.acular US a••djunct 10 catheter-bued
interventiona: pnliminary exporienc. in patienta witb
peripheral v.acular diae.... RadioJoay 1990; 175: 61-70.

•
13. Cav.ye D.M., French W.l., White R.A., Lerman R.D.,

Mehrillier C.M. Intrav.acular ultraaound imaaina oC ID

acute di...ctin, aortic .neury.m: a ca.. report.l Vaac Sur¡
1991; 13(4): 510-12.

14. Pande A., Meicr B., Fleiacb M., Kammerlandor R.,
Simonet F., urch R.lntravlacularultraaound fordia,.-ia
oC .ortic diasection. Am 1 Clnlio! 1991; 67(7): 662-3.

15. Williama D.M., Simon H.l., Marx M.V., Statltey T.D.
Acute Traumatic Aortic: Rupture: latravaacular Ultraaound
Findinal. RadiololY 1992; 182: 247-249.

16. Simpaon 1.B., Selmon M.R., Robertaon O.C., ot 11.
Transluminal therectomy Cor occlulive peripheral vlacular
di...... Am 1 Canliol 1988; 61: 960-1010.

17. Selmon M., RobertlOn O., Hinohara T.. et al. F.cton
'1IOCi.led with reltenoli. followin, auc:ce.ÑI peripheral
.therec:tomy.J AmCoIIC.nlioI1989; 13: 108A(.batract).

18. Kawn B.T., BenenatiJ.F., lecker 0.1., Zemel O. Role oC
Intrav.acular Ultraaound in Peripheral Atberec:tomy ud
Slent Placement. Circulation 1991; 84: 0-542 (abatract).

19. Ehrlich S., Honye 1., Mabon D.• Bernltcin R., Tobia 1.
Unreco,nized lteno.il by .n,io,raphy documen&ed by
intravaacularultraaound. C.thet-Clnliovaae-Diapl99l; 3:
198-201.

20. Yock P.O., FilZierald P.l., Linter D.T., An¡eIaen B.A.
Intravaacular ultraaound ",idance Cor catheter-buod
coronary intcrventiona. 1 Am ColI ClnlioI 1991; 17(6
Suppl B): 39~5B.

21. Yock P.O. Catheter apparatu•. European patalll No.
0234951. 1987.

22. Yock P.O. Personal communic.tion. February 1991.

23. Palmaz 1. Intrav.acular se.nta. Syllabua: A Catc¡oric:a1
COUfll in I*rvenaional RadioloJY. RSNA 1991
Dec:ember. pp 185-192.

24. Crowley R.l., H.mm M.A.,loahi C.D., Roberta O.T. Int
1 c.nI lmalina 1991; 6: 145-6.



IV JNTERNATIONAL CO\!RSE ON YASCJJLAR ANO INTERVENDONAIc MDJOLQGY AS 11IEIW"EVI1C AlcDRNATIYI

Vaseular Examination

PETER LANZERI

Even in the high tecbnology era the physical exam
remains the principie means lo assess patients with
vascular disease. Tnditionally, a single vascular
terrilory was examined. More reeently, &CCOunting
for the systemic nature of vascular disease a more
comprehensive approach js preferred.

The exam consists of eliciting the medical history
and performing a thorough bodily inspection,
palpation and auscultation. Finally, the standard
blood pressure measurements are talcen.

MEDICAL HlSTORY

Medical history provides.a summary ofpatient's

health problems and where relevant of his socio
economical background. In form of a structured
intervjew the patient's permanent medical record is
obtained.

Ordinarily the physician .,egins the interview with
inquirin, about the current primary and secoDdary
cardio-vascular symploms. Patient's free narratioD
is completed by recording the degree of
interference of symptoms with patient's life style.
The onset of symptoms, provoking circumstances,
duratioD, frequency, severity and respoDse to
relieving attempts should be noted.

The physician proceeds to inquire about the hislory
of the present symploms, or jf applicable of the
already known specific cardio-vascular disease.

Next, a brief overview of patient's other (non
cardio-vascular) medical problems (major illnesses
operatioDs or accidents) is provided and the list of
all current medications including dosages and
timetables are drawn up.

Eliciting the cardiovascular risk profile and detailed
history of the previous cardiovascular diseases

1 Kardiolo,ilChe OemeinlChafttpraxil. Dannatadt, Oermany.
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represent the final focus of the medical hislory
talcing. In the former, specifically the absence or
presence of arterial hypertension, tobacco use,
genetic and familiar predisposition, lipoprotein,
carbohydrate, coagulation, homocystein and iron
metabolism disorders, obesity, level of physical
activity and negative stressors should be noted.
Each risk factor should be individually documented
(etiology, duration, level of control and
complications, Dumber ofcigarette packs per day in
years in smokers, the severity of familial
predisposition, the type of obesity, etc.) In high
risk patients additional information might be useful
(e.g. dietary habits). The laboratory results of the
latest metabolic evaluations should be DOled. A
complete list of previous cardiovascular diseases is
drawn up, a detailed description of each
cardiovascular illneas including previous findings,
medical records and olber relevant documents' is
fumished.

Inquiry about patient's social background completes
the oral part of the physical examination. Other
components of the standard medical hislory talcing
(e.g. review of systems) are Dot mandatory and
remain at the djscretioD of the physician.

Following the interview the physician proceeds with
a thorougb physical examination of the patient. The
focus of attention is tbe status of tbe beart and of
thecirculatory (arterial, venous,lymphatic) system.
The secoDdarily involved organ syatems (e.g.
nervous system in stroke victims) are also
examined in detail. The exam is completed by an
orienting general medical examination. CoDducted
by a master the exam provides all necessary .and
essential clues lo desjgn the most streamlined
economical and straigbt forward diagnostic and
occasjonally also a therapeutic regimen for a ,iven
individual patient. The essential components of a
comprehensive physical vascular examination will
be reviewed and discussed.
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Doppler U1trasound

]ANIS GISSEL LETOURNEAU, M.D.

Recent teebnolo¡ic advances in conventional and

color-Doppler duplex sonograpby bave afforded
dramatic cbanges in tbe utility of non-invasive
vascular imaging. Tbese advances permit bigb
resolutioa imaging 01 the vessels and perivascular
tissues and simultaneous Doppler assessment of
f10w within tbese vessels. Tbe advantages to the
patient of such non-invasive tecbnologies over
conventional invasive studies are obvious; however,
successful use and interpretation of duplex
sonograpby requires an understanding of not ooly
tbe strengtbs, hut a1so tbe limitations, of the
modality.

PElUPHEItAL VENOUS SYSTEM

Tbe aa:uracy of compreasion ultrasound in tbe

diaposia of deep venous tbrombosis in tbe
femoropopliteal system is widely recognized. Tbe
addition of Doppler interrogation to tbe basic
compression examination permits assessment of
f10w by tbe study of spontaneous waveform
cbaracteristics, as well as flow responses to distal
auamentation or proximal compression or Valsalva
maneuvers. Tbe latter maneuvers aid in tbe
diapoaia of valvular incompeteoce, as reversal of
f10w can be seen in the vein below tbe level of
incompetent veins. Additionally, comparison
Doppler sludies between tbe veins of tbe
symptomatic and asymptomatic sides ofien provide
useful infoimation regarding venous stenosis caused
by either intrinsic or extrinsic factors. In the veins,
steno~is is suggested by the presence of bigh
velOClty f1ow, Joss of respiratory phasicity,
turbulence, and abundant f10w tbrough
geograpbically COIltieuOUS collateral veins. .

Tbe basic compression ultrasound study of the
femoropoplitea1 aystem can be extended when
additi?na1 da~. is deemed necessary for the
refemna pbyslclan or tbe interventional radiologist.
For example, ifanticoagulation is to be undertaken
for deep venous thrombosis of tbe calf, tbese
vessels can be examined witb color Doppler and
augmentation teebniques. If tbe proximal extent of
a femoral vein tbrombus cannot be defined, the

131

examination ahould be continued proximalJy into
tbe iliac veins or even tbe inferior vena cava to, in
part, belp assess tbe need for diapostic
venograpby or tberapeutic fitter placement. Wben
filter placement ia anticipated, patency of tbe
potential jueular or femoral venous access sites can
be also verified by duplex sonoarapby. Afier filter
placement, tbe location of the filter can be checked
by sonography and caval f10w assessed by Doppler
aboye, at, and below the level of tbe filter;
similarly complications at the venous insertion site

, can be studied.

Conventional and color duplex sonograpby are
becomina increasinaly important in tbe diap08Ís of
upper extremity venous pathology. These clinical
situations usually relate to central catbeter
complications; bowever, specific and leas common
entities, sucb as effort tbrombosis and tboracic
outlet syndrome, can also be diagnosed witb~
modalities.

Because of the location of subclavian and
innominate veins, compression teebniques cannot be
applied lo tbese vessels. Consequently, studies of
tbe upper extremity veins rely, lo a mucb greater
extent than do those of tbe lower extremity, on
analysis of waveforms and comparison with the
other side. Upper extremity veins are characterized
by strikingly dynamic f1ow, reflecting transmission
ofthe cardiac hemodynamics. Respiratory pbasicity
is also superimposed on these transmiued pulsation.
Collateral vessels can demonstrate normal or near
normal waveforms; misidentification of tbese
collateral vessels can resolt in diagnostic problems.

Witb central catheter placement complete or non
occJusive tbrombosis of the vem can occur, as can
focal or lona segment stenosis. When tbere is
complete tbrombosis, tbe vessel may be expanded
with clot of varyina ecboaencity, incompressible,
if accessible lo compression, &nd witbout f1ow;
coJIateraJ vesseJs may also be seen. Mural or free
f10ating tbrombus can be seen without complete
occlusion of the vessel and dampen tbe waveforms,
and may increase the veJocity to f1ow. In tboracic
outlet syndrome flow alterations and even cessation
f10w occur with abduction of the shoulder.
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PElUPHERAL ARTERIAL SYSTEM

Lterest in duplex assessment of lower extremity

arterial di-.se is due in pan to the accepted utility
of the modality in carotid pathololY and deep vein
tbrombosis and in part to tbe expandecl tberapeutic
optioaa available for revascularizatioo. However,
ditpOltic criteria for tbe lower extremity arteries
are much less well-definecl tban are those for tbe
carotid arteries.

Hemodyuamically ai¡nificant lteDosis are usually
dIaracterized by all~ a doublinl ofpeak systolic
wlocity, increased turbulence and, on occuion, as
witb complete occlusion, alteratioo of tbe distal
waveform to a monopbasic sipal.

Clinica1 settings in wbich duplex sooography is
useful include suspectecl stenosis or occlusion o(the
Dative peripheral arteries. Knowleclge of tbe level
of disease may be useful even in a patient destined
for arterio¡raphy to help plan tbe diagnostic, and
possibly tberapeutic, angiograpbic approach. In
patients who have undergooe surgical arterial
NCODStruction, duplex SODography can be used
routinely to diapose COmplicatioDS tbat may
predispoee to araft failure or used in symptomatic
patienta, to diapose clinica1ly siJlÚficant graft
Itenoses or occlusions. Doppler festures tbought to
prediet araft failure include anastomotic or oon
anastomotic stenosis, l~ araft velocities from
iaflow diseue, cantiac failure o diffuse araft
urrowina, and poor distal ruo-off. The preaence
lIIld location of bemodyoamica1ly aipificant
arteriovenous fistulas can also be define by duplex
lODO¡rapby, permitting accurate radiologic or
1Ur¡ica1 correction.

Ifarteriopphy or radiologic intervention has beeo
UDdertaken~ duplex sooography is useful in defining
puncture aite complieatioDS, such as hematoma,
pseudoaneurysm, or arteriovenous fistula.
Pseudoaneurysms are characterized by tbe presence
of a pulsatile perivascular mus, witb a
communieatin¡ neck' tbat demonstrates either
turbulent to-and-for flow or bigh velocity flow.
Compression over the neck of a pseudoaneurysm
witb color Doppler monitoring may obviate tbe
oeed for surgieal interventioo. Arteriovenous
fistulas alter tbe proximal venous and arterial
waveforms, with tbe vein beiog more pulsatile than
usual and tbe artery more low resistance in nature;
tbese waveform alterations can often be used to
precisely define the level of the arteriovenous
fistula, even when tbe fistula itself cannot be seen.

,.,
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CONCLUSION

The application ofconventional and color Doppler

sooography to a variety of clinical problems is
increasingly sopbisticated. These oon-invasive
modalities are useful in diagnosis and in tbe follow
up of treatment for pathology in botb tbe peripheral
venous and arterial systems.
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Early Sonographic Evaiuation of the Transjugular Intrahepatic
Portosystemic Shunt (TIPS)
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WUfrido R. CastaIieda-Zúñila,* Juis Gissel Letoameau
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S.E.. Minneapolis. MN 55455. USA

Abstract. The purpose of this study was to evaluate
duplex and color Doppler findings in patients before
and within 24 h after transjugular intrahepatic porto
systemic shunts (TIPS). Conventional duplex and
color Doppler were used in the assessment of 19
patients who underwent TIPS as part of a prospec
tive protocol. Patients were examined within 24 h
before and after the procedure. Before TIPS, pat
ency, ftow direction. and peak ftow velocity in the
main portal vein and hepatic artery were studied, as
well as patency and ftow direction in hepatic veins,
splenic vein. and inferior vena cava UVC). lmmedi
ately after the procedure. sonographic identification
of stent position. shunt patency, and flow dynamics
were evaluated and patency and flow direction of
hepatic veins. splenic vein. and IVC were deter
mined. The portogram performed at the end of the
procedure was compared with the 24-h sonographic
studies after TIPS to determine sonographic/angio-

. graphic correlation. No intraparenchymal abnormaI
ities or perihepatic fluid collections were detected
after the procedure. The metallic stent was clearly
seen in all patients. Mean peak shunt flow velocities
were 139 ::!: 50 cm/sec within 24 h after TIPS. Ab
sence of ftow through the shunt was correctly identi
fied in one case and confirmed angiographically.
Mean peak flow velocity in the portal vein before
TIPS was 22 ::!: 13.6 'cm/sec and increased lo 43.6
::!: 9.1 cm/sec after TIPS (p < 0.05). The hepatic
artery peak systolic velocity increased from 77 ::!:

51 cm/sec before TIPS to 119 ::!: 53 cm/sec after the

·Pr~unladduss: Departamento de RadiolOJÍa. Instituto Nacio
nal de la Nutrición. Vasco de Quiroga 15. 14000 TIalpan. Mexico
City. Mexico .

Co"espondt!n('~ 10: H. Ferral. M.O.
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procedure (p = 0.029). Conventional duplex and
color Doppler ultrasound proved to be a useful non
invasive diagnostic method to assess patients who
have undergone TIPS. We propose its use as the
primary diagnostic modality in these patients.

Key words: TIPS-Ultrasound. Ijver-Hepatíc ar
tery-Portal hypertension

The transjugular intrahepatic portosystemic shunt
(TIPS) is a relatively new procedure that prQvides
an alternative to surgically created portosystemic
shunts in the treatment ofthe complications ofportal
venous hypertension, particularly bleeding varices
[1-3]. The shunt is created by formins a traet from
[he hepatic venous circulatíon to the portal venous
system through the hepatic parenchyma; patency of
the shunt is maintained with metalJic stents [l, 2].
The long-term clínical impact of TIPS procedures
has not yet been established and the expected he
patic hemodynamic changes involving the shunts
themselves, the portal and the hepatic venous sys
tems, and the hepatic artery are not yet understood.
Color Doppler ultrasound has been used suc:cess
fully in the follow-up of patients with sUrPcaHy ere
ated portosystemic shunts. decreasing the nced for
angiographie evaluation [4-7]. On this basis, we de
cided to establish a protocol to evaluate all patients
undergoing TlPS at our institution using duplex and
color Doppler sonography. The purpose of tbis pa
per is to describe our findings in an attempt to define
expected hemodynamic chanles and to present the
correlation of sonographic flndings with anlios
raphy.
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Materials and Methods

Nineteen patients (11 females and 8 males) underwent TIPS be
tween September 1991 and July 1992. The mean age ofthe patients
was 49.6 years (range 18-81 years). AII ofour patients had chronic
liver disease and portal hypertension. The underlying cause of
liver cirrhosis was ethanol abuse in 1I patients, viral hepatitis in
3, chemotherapeutic drugs in 2, congenital hepatic fibrosis in
2, and portal hypertension secondary to diffuse metastatic Iiver
disease in 1patient. The indication for T1PS was bleeding esopha
geal varices in 9 patients and control of refractory ascites in 10.
The technical aspects of the T1PS procedure have previously
been described [1-3). In our series, lhe Wallstenl (Schneider
lnc., Plymouth, MN) was utilized to create the portosystemic
shunt in all cases. The technical success was 100%. Portal veno
grams of the newly created shunt were performed in all patients
before the procedure was terminated.

AII patients undergoing T1PS in our institution are enlered
into a prospective study protocol which ¡neludes routine sono
graphic and angiographic shunt evaluation. Sonography is rou
tinely performed within 24 h before TIPS, within 24 h after TIPS,
at the time of discharge from the hospital, at 1-2 monlhs, al
3 months, and at 3-month intervals thereafter. Angiography is
performed at the time of the TIPS procedure and at 6-month
follow-up intervals, Additionally, angiographic evaluation of the
shunt is performed at any interval if suspicion of shunt occlusion
or malfunction is found on sonographic evaluation.

Sonographic studies are performed using an Ultramark-9 HDI
unit (Advanced Technology Laboratories, Bothell, WA, USA) or .
an Acuson-128XP-10 unit (Acuson, Mountain View, CA, USA).
Conventional duplex and color Doppler imaging are performed
with phased and curved linear array and sector transducers (2.25,
3.5, and 5.0 mHz). Studies performed within the 24 h before the
TIPS procedure inelude a thorough vascular assessmenl using
conventional duplex and color Doppler sonography. Angle cor
rection is used in all velocity determinations. The main, righl,
and left portal veins are carefully studied to determine patency,
flow direction, and flow velocity. Hepatic artery patenc;:y and
peak systolic velocities are determined. The splenic vein, hepatic
veins, and inferior vena cava are examined for patency and flow
direction.

The sonographic study performed wilhin 24 h after T1PS fo
cuses on shunt function and hemodynamic changes in lhe hepatic
arterial and portal circulations, and careful evaluation of the pa
renchyma and perihepatic spaces for the detection of fluid collec
tions. Stent position and anatomic relation to the portal and he
patic veins are determined. Peak shunt flow velocities are
obtained in the proximal (hepatic vein) end, midportion, and distal
(portal vein) segments ofthe shunt. The purpose ofthe 24-h post
T1PS study is twofold: 1) to detect any immediate complications,
and 2) to establish normal baseline values for shunt flow veloci
ties, hepatic artery peak systolic velocity, and portal hemodynam
ics in all patients. Sonographic studies performed within 24 h
after TIPS are compared with the portogram done at completion
ofthe procedure. The portogram is then considered the diagnostic
gold standard. In cases in wAich sonographic findings suggesl
shunt occlusion, angiographic evaluation of the shunt is recom
mended. In those patients who undergo angiographic evaluation
as a result of abnormal findings, the portogram performed after
ultrasound is used for comparison and considered the gold
standard.

This paper addresses the results of sonography 24 h before
and 24 h after T1PS and compares these findings to the post
TIPS portogram in an effort to establish expected sonographic
hemodynamics in the shunt and hepatic vasculature following
TIPS, Descriptive analysis of the data obtained from the pre
T1PS evaluation and 24-h follow-up studies are presented using
mean values ± l SD. Mean velocities are compared usi g the
paired t-test; p-values ofless than 0.05 are considered statist'cally
significan!.
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Fig. 1. Doppler sonography through (he midportion of a well
functioning shunt demonstrates the expected lurbulent high ve
locity blood flow (300 cm/sec) wi(hin (he sIen!. The walls of the
stent are well visualized within the liver parenchyma.

Results

Nineteen patients who underwent TIPS at our insti
tution are included; 17 were evaluated before TIPS.
In two patients, the TIPS procedure was performed
emergently due to rapid c1inical deterioration, and
an ultrasound could not be obtained before TIPS.
AH 19 patients were evaluated within 24 h after TIPS,
The stents were c1early seen in aH 19 patients. The
waHs of the stent were seen as highly echogenic
paraHél lines (Fig. 1), The ¡iver parenchyma pro
vided an excellent window for stent visualization.
No intrahepatic fluid collections suggestive ofhema
toma or biloma were identified in any of the patients
after TIPS.

Sonographic-Angiographic Corre/afion

Within 24 h of a technically successful TIPS, ultra
sound detected the presence of shunt f10w in 18
patients, Ultrasound correctly predicted theabsence
of blood flow in 1 case, An angiogram performed
immediately after the ultrasound confirmed an oc
c1uded stent due to stent retraction and subsequent
dislodgement from the portal vein lumen, Sono
graphic examination immediately following shunt re
vision with placement of an additional stent con
firmed shunt patency. In one patient we incorrectly
raised the question of nonocclusive thrombus at a
site of high velocities (350 cm/sec) and incomplete
colOr filling of the shunt. The stent was found to be
normal at angiography. We now recognize this as
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Table 1. Peak slenl velocilies (Cm/sec) al ~4 h

Table Z. Hepalic artery peak systolic velocity (cm/sec)

a technical pitfall of ultrasound which we did not
recognize early in our leaming curve.

n Mean:: SO Min Max

Proximal (HV) 14 171 :: 69 60 300
Midportion 17 155 :: 63 60 300
Distal (PV) 17 106 :: 73 :!O :!75

Discussion

in all patients. After TlPS. portal vein ftow velocity
was 43.6 :: 9.1 cm/sec (p < 0.05). Antegrade portal
venous flow was confirmed in the main portal vein
in all patients after the procedure.

Hepatic artery peak systolic velocity was ob
tained in 15 ofthe 19 patients in the pre-TlPS evalua
tion and in 17 patients at the 24-h follow-up. Two
patients did not have an ultrasound before TIPS. In
two patients with massive ascites. the hepatic artery
peak systolic velocity could not be adequately as
sessed due to technical factors before TIPS and at
24 h after TIPS. and wereexcluded from analysis.
Mean hepatic artery peak ~ystolic velocity was
75 ± 49 cm/sec in the pre-TlPS patient group and
increased to 118 ± 55 cm/sec at the 24-h follow-up
(Table 2). In the 14 patients who had both pre- and
24-h post-TIPS hepatic artery velocities available.
the mean peak systolic velocity increased from 77 :t
51 cm/sec to 119 ± 53 cm/seco The mean difference
between the pre- and post-TIPS values was 42 cm/
sec (p = 0.029).

In the establishment of a new therapeutic vascular
procedure such as TlPS. development of sensitive
and specific noninvasive means of postprocedural
evaluation is desirable. Early literature conceming
TlPS has largely focused on technique. patency
rates. c1inical outcomes. and angiographic studies
[1-3]. Two recent articles have been written on the
duplex sonographic evaluation of patients underg~

ing this procedure. and have shown that sonograph~
evaluation ofthe TIPS shunt is an adequate. accessl
ble. noninvasive method that provides useful he~
dynamic information in this complex set of patients
[8.9]. Taking into account that duplex sonography
has been shown to be an effective means of evaluat
¡ng surgical portosystemic shunts [4. 5. 7]. w~ think
it has considerable potential in the evaluatlOR of
patients who have undergone TIPS. in .pa~ be~ause

of the ease of intrahepatic stent visuallzatlOft m the
majority ofpatients [8. 9]. The additional use ofcolor
Doppler sonography enhances vessel iden~ificati~n

and f10w documentation. thereby theoretlcally 10

creasing the sensitivity of this exami~tion.

Even in a prospectivesonographlc study such
as this. acquisition of a peñectly complete d~tabase

is difficult to accomplish for two reason~. Flrs~. all
patients have advanced cirrhosis. often wllh ascltes.
and can be difficult to evaluate sonographically. Sec
ondly. compliance with follow-up a~pointments and
examinations is often less than deslrable. Nonethe
less. certain important findings are apparent.

Our data from functioning stents show that flow
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:!20

20
35

75:: 49
118 :: 55

n Mean:: SO Min Max

15
17

Pre-TIPS
24 h post·TIPS

Portal Vein and Hepatic Artery Velocity Changes

The flow velocity in the main portal vein before TIPS
was 22 :t 13.6 cm/seco with antegrade portal flow

Shunt Flow Dynamics

The shunts of all 19 patients were sonographically
evaluated within 24 h after successful TIPS. Tbe
color ftow pattem within the shunt is crnu:acterized
by complete filling of the s~unt lum~n wlth colo~.

and evidence of turbulento hlgh veloclty ftow mana
fested by color aliasing which appears predomi
nantly in the most proximal segment of the shunt.
Due to technical factors. a complete complement of
shunt velocity measurements was not obtained. in
all 19 patients. However. at least one shunt veloclty
determination was made in each patient. Peak veloc
ities were obtained in the proximal (hepatic vein)
portion in 14 patients. in the midportion in 17. and
in the distal (portal vein) segment in 17 patients.
These velocities were used in our statistical analysis.
At 24 h. the mean peak velocity in the proximal
portion of the stent was 171 ± 69 cm/seco in the
midportion it was 155 ± 63 cm/seco and in the distal
portion. 106 ± 73 cm/sec (Table 1). The difference
in peak velocities within the different segments of
the stent was not statistically significant.

The mean shunt f10w velocity in the 19 patients
evaluated at 24 h was 139 ± 50 cm/seco In two
patients. ftow through the shunt could not be demon
strated when using the 3.5 MHz transducer. This
technical problem was overcome by using a 2.25
MHz transducer to examine the patients: adequate
f10w through the shunt was demonstrated in both
cases.
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through the shunt is characterized by a broad range
ofvelocities, typically with high peak velocities; this
correlates with the findings of Surratt et al. [9]. Care
fui angle correction is required to obtain accurate
f10w velocity determinations. Such high f10w veloci
ties through the shunt might be expected, as the
blood f10w from the portal system is shunted directly
from the main portal vein (usually 15-17 mm inner
diameter) through a shunt that not only offers lower
vascular resistance but also has an inner diameter
of 8-9 mm [10]. The pressure differential afforded
by a patent portosystemic shunt should direct the
majority of splanchnic f10w through a small caliber
shunt; f10w velocities would, therefore, be expected
to be high. This also explains the increase in main
portal vein f10w velocities after TIPS, which was
statistically significant. This finding correlates with
those of Surratt et al. [9] and supports the strength
of this finding.

Interestingly, we have found that f10w velocities
vary in different segments of the shunt, with a trend
toward higher velocities at the proximal (hepatic
vein) and midportions of the shunt; however, no
significant differences in the velocities were found.
Greater pressure differentials are expected in the
proximal and midportions of the shunt and, there
fore, are probably responsible for the slightly higher
f10w velocities in these segments. We anticipate that
analysis of stent f10w velocity will provide useful
information regarding shunt function as further c1ini
cal experience is obtained [11].

The lowest f10w velocity obtained in our group
of patients was 20 cm/seco This low value in retro
spect was probably a technical error. This was the
second TIPS patient we studied and we probably
chose a suboptimal angle and cursor position. None
theless, f10w velocities in this particular patient con
sistently remained well below the mean for this pa
tient population.

Duplex sonography has been shown to be an
excellent method for determination of shunt patency
[4, 5, 8, 9], and in our series there was excellent
sonographic/angiographic correlation within 24 h of
TIPS when compared with the post-TIPS portagram.
As surgical shunts are frequently difficult to visual
ize sonographically [4, 5, 12], one would expect com
parable or better diagnostic results for sonography
in TIPS patients, as the intrahepatic location of
the shunt is more amenable to sonographic assess
ment. Our preliminary data support this. In addition,
we have found that the use oflower frequency Dopp
ler transducers (2.5 MHz) is helpful in examiriing
large patients, patients with massive ascites, or
shunts suspected to have low f10w velocities if no
f10w signal is obtained within the shunt with a higher
frequency Doppler capacity transducer. These tech-
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Fig. 2. A Doppler sonography of the hepatic artery before TIPS
demonstrates a monophasic waveform with peak systolic velocity
ofapproximately 40 cm/seco B Doppler sonography ofthe hepatic
artery 24 h after TIPS (same patient as 2A) demonstrates signifi
cant elevation of hepatic artery velocity to greater than \00 cm/
seco Superimposed portal venous f10w is seen.

nical problems have also been addressed by Surratt
et al. [9] and correlate with our findings.

The possibility of stenosis within the stent is a
m~or diagnostic consideration in these patients.
Metallic stents, in general, are susceptible to intimal
hyperplasia and thrombus formation which may
threaten adequate shunt function and even patency
[13]. As this may be corrected by balloon angioplasty
and/or atherectomy before complete shunt occ1u
sion occurs, early detection is critical. We hope that
the establishment of expected shunt velocities im
mediately after TIPS will provide an important base
line in these patients. Any significant deviation from
expected normal velocities might indicate shunt mal-
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function. More data will be needed to support this
theory.

There is a significant increase in hepatic artery
velocity within the first 24 h following TIPS (Fig.
2A and B). Successful placement ofthe shunt diverts
the portal flow from the liver. Given that most of
the blood flow to the liver is provided by the portal
vein [14]. even in patients with portal hypertension.
we think that this elevated hepatic arterial flow in
shunted patients is a hemodynamic response to pre
serve liver perfusion [15], previously described as
hepatic arterial buffer response [16-18]. Similar
findings have been documented in series analyzing
nonselective, surgical portosystemic shunts [14].
Further analysis of patients with functional and
dysfunctional stents will be required to establish
whether this hepatic artery response has any prog
nostic significance related to stent or hepatic func
tion or to patient survival.

We conclude that sonography is an excellent
noninvasive method of assessing the hemodynamic
changes in patients who have undergone TIPS. The
duplex and color Doppler sonographic criteria used
to characterize properly functioning and dysfunc
tional stents will likely be more c1early defined in
the near future with careful and thorough assessment
of these complicated, but interesting, patients.

Acl.:nowledgmenl. We are grateful to Joan Watkins for her dedi
cated secretarial support and patience.
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Stent Implantation in Femoropopliteal Arteries
Problems and Solutions

DIETER D. LIERMANI

ABSTRACT

Recurrent steDolis or occlusioDS by intimal

hyperplasia occurs in up lo 40 " of IOY kind steot
impllOtations infemoropopliteal arteries and peatly
restricta the indication for steot implantations.
Repeat ballOODlDpoplasty (PTA) IOd subsequent
prophy1actic endovascular radiotherapy with a
surfacedose of 12 Oy usin, an iridium 192 8OUn:e

was investipted as a means lo reduce or eliminare
furthu recurrence. 20 patienta underweot
confirmatory diapostic atherectomy. PI'A or laser
recanalization and rsdiation in one session. All 20
had developed recurrent steoolislocclusion 6-8
months after oriJinal steot implantatioDS.

One ofthe 20 has redeveloped recurrent obstroction
two years aboye the irradiated area. 19 patienta
have not redeveloped recurrent obstroction between
7 to 43 montbs after this treatment, which up to
date showed no short term or long term
complications. We conclude that this limited
experience is promising enough to warrant further
study.

An additional aspect is the treatment of severe
dissections. We analyzed, in how far a transient
stent implantation may be an altemative lo
permaa.ent steatimplantation in the treatment of
therapyresistant "di.-:tions.

INTRODUCTlON

Th8 'develop...m of vascular endoprostheses or

stenta opeoed new treatment options for arterial
occlusive di_ UDlIII08pable with balloon PI'A
alone (1-8). PI'A IOd stent implantation are
usociated with iatropnic trauma lo the vessel wall
considered the trilaU mechanism for intimal
hyperplasia (10-18). Tberefore, recurrent stenosis
secondary lo intimal hyperpluia remained a

frequent problem for infrainpinal arterial atenta

usually within 6 months after placement (9,19-21).
Por the peripheral stents recurrent stenosis and
occluSion reaches up lo 40 " (9).

Tbe good results reported for tbe radiotherapy of
keloids (22-25) prompted us lo develop OUt

therapeutic CODcept of prophylactic irradiatioll lo
reduce trus hyperplastic vessel wall reaction. Small
caliber radiation 8OUn:es usin, tbe afterlO8dinl
teehnique were previously applied lO bile clueCa
(26). We applied trus teehnique of eodovascuIa'
radiotherapy (ERAD) lo 20 patieots widl recursw
stenosil after steotin,.

An additional aspect il the treatmeot of severe
dissections. In most cases a repeated PI'A witb
inflation for time periods of 2 mio lo S mio il
sufficient to cause 10 oCclusioo of the false 11ItDen
after dissections and to avoid IOY surJical
treatment. In cases of persistence ofdissectioo with
severe f1owreduction, the stent implantation il the
only interventional method to guarantee a patent
lumen. Unfortunately we had a lot of resteoolil in
case of permanent stent implantation in case of
intimal hyperplasia. We analyzed, in how far a
transient stent implantation may be 10 altemative lo
permanent stentimplantation in the ,treat1DeDt of
therapyresistant di~tions.

, MATERIAL ANO METRODS

Patienta older than 70 yun with recurreot,
clinically relevant steooses or ooclUliODl ia tbe
steoted vascular .....t 1.. daMa • ..-ths after
placement and witbout contraiDdicatioas lo
anticoqu1ation were eliaible for BRAD.

Befare uaderaoinI repeat bel100D PI'A or ....
recanalization with a special matted sappbire tip
which aUows treatmeot without subsequent PI'A in
the stented vascular seament, bioply by Simpson

1 Dcpartment ofRadiololY, JohaM Wolfpna Ooethe Univenity, FrankÑrt
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atherectomy was performed for bislological
confirmation ofintimal byperplasia. So far we bave
treated 8 women and 12 men, a,ed 70 - 84 years.
AI1 patients bad a history of severa! PTAs for
OCCJusiODS and reoccJUSiODS in the superficial
femoral artery before bein, treated by placement of
oae or severa! tantalum stenta. Tbe len¡th of the
ltented vascular se¡menta ran,ed from 000 to 14
cm.. In aU 20 cases, histolo,y revealed intimal
hyperpluia as the cause of the restenosis.

ERAD wu performed under beparinízation. After
PTA or Iaser recanalization of the restenosed,
ltented vascular .¡meots, a 9 Frencb strai,bt
eatbeter (Wílliam Cook, Europe) was introduced
throuab a 9 F femoral introducer sbeath over a
pidewire until ita tip was positioned below the
IeJIIIeIlt to be treated. The 9 F catbeter tip was
tapered (O.S cm) 10 tbat the coaxially introduced S
F ead-occluded eatbeter (Nucletron, VeenendaI,
Nether1aDda ·1berIDostic·) and the caJibrated wire
• it couId not advance tbrou,h its tipo Tbe
calibntecl wire witb a diameter o( 1,1 mm
(NucletroD, Veenendal, Netberlands ·Theranostic·)
first determined tbe exact Jen¡lb of tbe stented
vucular .pDIIlt which determiDed the distanee to
wltieh tbe aft«loadin, probe wu later ínserted.
Tho 9 F catbeter and the coaxial advanced end
occluded S F catbeter witb the calibrated wire was
positioDed lO, that its distal &eetion marks tbe lower
ead of the irndiation field whieh extended 1 cm
beyoncl tho actual steot location. The calibrated
wire wu tben withdrawn while the S F end
~Iuded catheter and the 9 F eatbeter remaíns in
place. The S F catbeter ICCOmmodates tbe 1,1 mm
iridium probe, which was of the same diameter as
tho calibrated wire, after beiq connected to tb.
oudet vaive of tbe iridium 192 aource. We used a
Nucletron (Micro) Selectron Hi¡h Dote Radiation
(HDR) treltmeDt plannín, system (Nucletron,
VeeneadtI, NetberIands) venion 10.10, for tbe
exact calculation, supervision and ¡uidanee of tbe
afterIC*IiDa procedure. The radiation 8OUrco was
iridium 192 at a stren¡lb of 10,000 Ci. Tbe
refereDce dolo wu 12 GY delivered in about 200
IOC, depeDdin. on tbe source activity and the
i8odoIe lea¡lb. After ERAD the catheters were
removed aad lDIIlU&1 preaure applied carefully lo
tbe puacture site for 10-20 minutes. Patients were
l)'Itemically heplriDized for 72hours and continued
OD CoumIriD anticoaaulation .for 6 montbs.

Clinica1 patieat follow-up wu performed includin,
ankle arm índices (AAI) before, immediately after,
3 and 6 montbs later, and tben every 6 montbs.
Additional examínation by Mapetic resonanee
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angiograpby (MRA) was performed before and
after the procedure and at 6- month intervals using
FLASH gradient spin-echo sequences with a tlip
angle of 30' in a vertical and coronal projection
witb a 1.0 TesJa unit and a neck coil (26). In
addition intravenous OSA and higb resolution cr
were perfonned after 6 and 12 montbs.

Concerning tbe aspect ofsevere disseetioDS we used
a temporary stentimplantation in peripheral arterioso
In 10 cases of a therapyresistant dissection after
recanalízation of an occluded vesselse¡ment we
implanted tantalum stents in tbe dissection arca for
at Jcast 24 h lo 48 h. The length of tbe stented
vesselseament ranged from 4 cm to 12 cm, the
diameter from S mm lo 6 mm. The introducer
sbeatb remained at the punctureside and the patients,el 1000 I.U. ofheparinlb usin, a perfusion system
for the wbole time. After tbis period, the stents can
be casily withdrawn by a special forcopssystem
witbout any dama,e of lbe vesselwall. Tbis
technique bad been used sinee experimental
extractioDS sbowed exeellent resulta (or the
tantalum stent while other stent types can not be
cxtracted interventionally.

RESULTS

L all 20 patients, rePeat PTA wu performed

witbout leaving behind any residual stenosis in the
stented seament. Subsequent ERAD witb 192
iridium delivered 12 Oy to the vessel wall in all
casea, with an exposure· time of about 200 seco
ERAD added about 45 minutes in eacb case; most
of tbis extra time was taken up by transportina tbe
patients between tbe interventionallavatory and tbe
afterloadin, room, which are Jocated in different
buildin,s. No post-procedure bleeding at the
puncture site occurred. Follow-up for 2 patients is
now 43 months and the mean follow-up for &11 is
21 montbs. lbe clínic&1 stá,e improved in 11
patients from Fontaine's sta,e IIb lo sta,e I and in
7 patients from stage In to sta,e l. Tbe
improvement in 2 cases was oo1y from staa. 11 to
stap lIa, tbe Iimítin. factor in tbese cases bein, a
contralateral occlusion. No deterioration of the
clinical stap and no restenosis wu found at
foUow-up in 19 patients. Occlusion in one case in
tbe orilin of tbe SFA two years after irradiation
tberapy cannot be probed. Tbis patient was treated
by bypass surpry. Neither cr and MRA revealed .
any radiation-índuced chan,es to tbe tissucs
surrounding tbe vessel. lbe patients did not report
any discomfort durin, or afler ERAD and no
delayed complications have emeraed lO date.
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ConcerniDg tba indication for temporary stent
impl8Otation, all dissections bad disappeared after
successful treatment. AH stents had been easily
removed by a special forceps afler 24 h to 48 b
witbout any clamap of tbe vesselwall. The patients
were followed between 3 months and 14 montbs
wilbout restenosis. AJJ patients were treated wilb
cumarine or ASS as a Jona term lberapy. Por lbe
follow-up is relativo sbort, a comparative analyzes
to permanent 8teat impJ8Otation is to earJy.

DISCUSSlON

At tbi. earJy staae, ERAD as a tberapeutic

concepl lo prevent recurrent intimal byperplasia in
stented vascular seaments should be performed ooly
after very careful consideration of tbe potentional
benefits 80d risks. The metbod can be compared
with low dose irradíation ofnon-malipant lesions,
e. a. prophylactic irradiation aaainst keloids,
imdiatioo of heman¡iomas, Peyronie's disease or
80y 8Oti-mfJammatory radiotherapy (22-25). Use of
lbe conllCt radiation lberapy .in afterloading
teehnique has lo be Itrictly separated from 80y kind
of extemal beam irradiatioo. It keepI the radiatioo
dose lo the tissue surrounding tite tarpt orpn and
consequently al the aame time the aomatic risk lo a
mínimum. 'Ibe dolo for ERAD is derived from
treatment of keloids. Irradiatioo of keloids is
performed as fractionated contICt lberapy to a fixed
total dOlO. The radiation source i. strontium 90
(25). We calculated lba equivalent dose for single
step iridium 192 afterloading treatment as 12 Gy.
Treatment ofa vessel wall by fractíonated radiation
would be impractícal. Compared to external beam .
imdíation, tbe conllCt radíation dose decays
steepJy protectina lbe surroundina tissue. Tbe dose
of intraluminal iridium 192 drops from a surface
dose of 12 Gy lo 8.77 Gy at 4 mm, 5.51 Gyat 6
mm, 3.96 Oy al 8 mm and 3.03 Oyal 10 mm (pig.
3). The risk of dama.. lo lbe IdjlCellt nerve tissue
can be reprded as low. Reported tolerance of
peripberal DeJ'Vea lo a smale radialion dose is 15
Gy (27,28). Por ethical reuons and in order to
minimizo lb. ri* of radialion-induced malign80t
transformation, OUt pilot study was restricted to
patients over 70 yoan old. In Iddition, lbese
patients had a hiItory of multiple reatenosea of the
particular vucular IeJ1D8Dt at short intervals even
before steIlt pi........ anda Pootaine's atap oflIb
lo IV. We discuueel OUt therapeutic coocept and
any altemativea in detai1 wilb lbe patientl.
Intraarterial afterIoadma lberapy wu feasible as
small caliber lOUn:ea were available from
deve10pments mide for malipant lesions oflbe bile
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duct (29).

Tbeories aOOut lbe development of intimal
byperpluia in arteries (10, 11, 12), and the role 01
PTA (13,15) or stents (16, 17, 18, 30) led us to
Idopt the COIlcepl of treatment for keloids (20-25)
to the treatment 01 intimal hyperpluia. AJthoup
lbe small number ofpatients 80 fu treated does not
allow any definitive conclusions, we think there is
a aoad chaDco that thi. treat..-t ..,..,unr
hyperpluia inside the stents. The initial results are
certainly encouraaina. Wilb the exceptiOD of the
aOOve-described 80matic risk 01 imldiatiOD, we do
not seo any other relevant short-term or looa-term
side effects ar complications. One potential short
term effect that could have been expected is 8Il

increased risk 01 thrombosis secondary lo edema or
inflammatory I'eICliOD lo the radiatioo, but this wu
not observed in any case. Lon.-term effecal of
radiolberapy such as scar formatiOD wilb arterial
constriction aflor aOOut SO Cy and are unlike1y lO
aceur after about SO Oy and are unlikely lo 0CQ1f

afler tM endovascular applicatioo of 12 Oy. Tbe
dose used by us, however, caUIII ripificant
reduction 01 mitosis oo1y in lbe most expoeed cella
and oo1y partial cell necrosis. This effect ~pther
with lbe reduction of the rato of myofibroblut
mi¡ration miaht be lbe reason lar the abseace 01
restenosis in Out population. 01 all the su.....
treatment reaimes lar intimal hyperplasia (31-39),
ERAD is the ooly ooe 80 fu that can be u.t
successful1y undee clinical conditioas. Tbe
discovery of mecliators of intimal hyperplasia
secondary to 80y kind of vessel wall injury led to
lbe development of substances which disrupt or
reduce this procesa. Unfortunately, the substances
are directed against only ono or two of tM arowth
factors, while others remaín unaffected (40-45).
Another model favors a genetic influence on the
vessel wall tissue (46-49). Tbe results 01
experiments wilb the implu.atatioo of lO'alIed
covered stents in animals are not particularIy
encoura¡ina, as hyperpluia occurs Il the traDlitioo
zone between steIlt and veuel wall (50,51).

There are al80 lOme preliminary experimmtal
models in which the steat is prepared with beparin
or chemotherapeutic subltlllCll morder lO reduce
intimal hyperptasia after stent impladatiOll (51). Al
Ieut 80IDI biocompatible aew.. JIIIferials with
different cllancteristiCl havo been developed in
animal models (52,53). However, most 01 these
models have not yet been teIted clinicalJy. We
conclude that the ulti~ value of steIlts in lbe
therapy 01 arterial acelusive dileue of
femoropopliteal arteries dependa on successful



IV INTUNADONAI, COURSE OH VASCJ.llAlt ANJ) INDRVENTlOHAL BADIOLQGV AS IHEBAPEVTIC ALIERNAIJVE

iDhibition of intima! byperplasia. ERAD presents a
promisin, clinical technique.

The first positive results after transient
steatimplantation may show an alternative lo
permaneot stentimplantation and sur¡ical therapy in
cae of severe dissections in peripberal vessels.
Tantal steats are !be best for eay rescue after a
defined time witbout damap of tbe vesselwall,
wbile other commercial available stent types are not
retrievable by interventional metbods. The use of
tite tantalum stent in treatment ofsevere dissections
can be nc:ommanded.
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Pm:utaneou placement of porIOIY"
temic ahunla requiNI acceu lo tlae por
talaya...&om a tranajaplar ap
proach. Col. Dopple1' .........phy wu
used lo clirect tia. tranIjap1ar puncture
in intrahepatic portaIiystemic ahunt
procedUftl in toar patleats.1n e&eh
case, tia. tKhnique aI10wed quick, sale
tranljuplar punctan el the portal vela
and c10Ie real-time ......... of tlae
procedun.

Inda..... Hype'Iei.'" pclftII. H.711,
95.711 • Uver.lnterYentillllll .....ure,
761.12986 • Portal vein. 951.7\1 • Sh1iIntI. por.
tosystemlc, 951.453, 982.453 •~ (US).
Doppler studia

RHioIaIJl9920 184:7.81-284

'T'HE transjugular intrahepatic porto
1. systemic shunt (TlPS) technique is

emergíag as a useful percutaneous al·
temative to sclerotherapy and surgery
in the treatment of portal hypertension.
The initial proeedure. as reported by
Richter et al (U), involved a combined
transjugular·and percutaneous transh..
patic portal approach. After percutan..
oas transhepatic insertion of a stone
retrieval basket into th. desired portal
branch, a needle wu pIaced into the
seiected hepatic vein by way of the
transjugular access. The basket was
used as a target for the Medie. which
was then carefully advanced (under
fluoroscopic guidance) out of the he·
patic vein, through the Iiv~ paren·
chyma, and into the portal branch.
Once the portal branch was reached.
successive balloon dilatation and stent
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venitan.. Univenidad de Navarra. Avda Pío XII·
sin, 31008 Pamplona. Spain; and the Depart.
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France. Rec:eivN November 15, 1991; revision
reqwntN December 26;revilion reeeived febo
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placement aUowed the aealion of an
intrahepatic portosystemic shunt.

Percutaneous transhepatic acxess to
the portal system in advanced cirrhotic
patienta is not a risk-free procedure (3).
In fact. the failure to embolize the trans
hepatic acceas tract wu the cause of
death in one of the nine palients in
cluded in the report by Richter et al (2).
In view of this risk. most authors have
abandoned the transhepatic puneture.
Identification of the portal vein with
transabdominat ultrasonography (US)
or arterial portography has been used as
a substitute in planning of the course of
the shunt tract (4-8). We describe our
experience with color Doppler US
guided transjugular placement of intra
hepatic portosystemic shunta.

Patients and MethodI
During the put year, we performed

TIPS proeedures in 23 patientl, by using
a right jugular venous approach and no
percutaneous transhepatic puncture. In
the put four patienta in whom we have
performed the procedure, we used
color.Doppler ftow US guidance during
the proeedure.

Repmentatiw CJW rqKJrt.-A 56-year
old woman was admitted with a history
of liver drrhosis, portal hypertension.
asciles. and gastroesophageal varices.
She had had five previous episodes of
variceal bleeding, and an had been
treated with endoscopic sderotherapy,
to which she had become nonrespon
sive. Surgical portal decompression was
ruled out due to her poor clinical status.
Placement of a TlPS wu decided upon.

At US, a sman, retracted üver without
nodular parenchymallesions was seen.
Antegrade. hepatopetal flow in a 14
mm·wide portal vein was observed.
Prophylactic antibiotics and sedatives
were administered intravenously. The
right intemal jugular vein was punc·
tured percutaneously. and a lo-F intro
ducer sheath with a hemostatic valve
(Cook Europe. Bjaeverskov. Denmark)
was advanced into the inferior vena
cava. A 7-F cobra catheter (usa. Biller
ica. Mass) was successively placed into
the right and middle hep. veins. and
hepatic venograms were obtained at
various projections. The rest al the pIO
cedure was performed with additional
US monitoring by a radiologtst (I.M.L.)
with experience in interventional proce·
dures and USo A color Doppler flow sy..
tem with a 3.5-MHz sector probe (128
XP/I0; Acusan. Mountain View. Calif)
was used. The presence of asatic fluid
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contributed to the easy visualization ot
the right lobe of the Iiver.

Witla color DoppIer USo the positicIns
of the right and middle hepatic veins in
relation to the branches of the right por
tal vein were easily revealed. l'he right
hepatic vein showed an excessively pe
ripheral course, fu from ideal for shunt
ing purposes (Fig 1). The middle hepatic
vein was selected. owing to ita better
orientation and clase proximity to the
anterior branch of the right portal vein
(Fig 2).

With fluoroscopic guidance, a rigid
O.03S-inch Amplatz SUide wire (Medi·
tech/Boston Scientific, Watertown.
Mus) was inserted into the middIe he
patic vein (Fig 3). A transjugular MedIe
(transjugular cholansiography seto
Cook Europe) (l6-puge inner tranIIep
tal needle; 9-F outer Tefloa. cathetllr)
was placed over the AmpIatz guide wire
and advanced into the middJe hepatic
vein; the tip wu Ieft al the middJe por.
tion ot the veuel. Alter removal ot the
guide wire, under US guidanc:e, the
needJe wu advanced gendy toward the
neuby visualized portal branc:h. In con
trast to the guide wire, which wu euily
visible at USo the smooth surfac:e ot the
needle was not so clearly deteeted.
Flash artifacts (9) caused by the dis
placement of the needle and adjacent
liver parenchyma were observed durinS

. advancement of the tip (FiS 4'. Despite
these limitations. sufficient guidaftce
was provided. and bIood w.. upirated
after a single 3-cm advancement
through the Iiver parenchyma in the
preselected diIection.

lntroduction of contrast mediwa
(Omnigraf 300; Juste SAQ.F., Madrid)
allowecl confirmation that a branch al
the right portál vein had been reached
(Fig 5), and a O.035-inch guide wire
(Radifocus; Terumo, Tokyo) was ad·
vanced into the portal system with both
intermittent~ and US guid
ance (FiS 6). After removal ot the Me
die. a S-F straight cathetllr (Cordis-Eu·
rape, Qosteinde. The Netherlands) was
advanced distally over the guide wire.
which was then replaced with a 0.035·
inch Amplatz guide wire.

Dilation of the parenchymal tract
connecting the portal system to the
punetured hepatic vein wu achieved
by means of a 3-F 8-mm-diameter angio
plasty balloon catheter (Schneider Eu
rope. Buelach. Switzerland) placed over
the Amplatz guide wire. Two 120-sec
and, S-atm inílations were enough to
dilate the tract (Fig 7). The "waist"

http://Hyptftcmioii.poMal9i.71I
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1. 2. 3. 4.

lation disorders and ascites, is at high
risk for complications (1,3). In fact, one
of the patients reported by Richter et al
(2) died from intraperitoneal hemor
rhage after embolization of the percuta
neous access tract to the portal system
failed. As Richter et al initialIy stated, a
transhepatic portal access seemed to be
necessary to aliow exact planning of the
course of the shunt tract (2), but, idealiy,
this could be obviated by using stereo
scopic fluoroscopy, US, or detailed pre
procedural sectional imaging (1).

As more experience has been accumu
lated, transhepatic portal puncture has
been demonstrated to be unnecessary
(4-8). Previous arterial portography and
transabdominal US are employed in
stead to provide sorne kind of guidance
in identification of the position of the
portal vein. In our experience, although
previous portographic images are useful
to avoid gross miscalculation in ad
vancement of the needle in the coronal
plane, exact tridimensional imaging
with these is lacking, and the needle tip
can be misdirected either ventraliy or
dorsaliy away from the targeted portal
vein branch. Furthermore, as can be fre-

Figure 5. Opacification of the peripheral
right portal branches at contrast material in
jection through the transjugular needle con
firms successful puncture.

Discussion

hepatic vein to right portal vein ap
proach was used. The right portal vein
was entered at the initial attempt in one
case, while in the remaining two cases, a
second attempt was necessary, after
slight modification of the angle of the
needle tipo In alI four patients, success
fuI puncture of the portal vein took less
than 7 minutes, aliowing completion of
the entire procedure in 40-105 minutes.
In no case did we r'leed to administer
more than 100 mL of iodinated contrast
material, even with performance of he
patic venography and direct portogra
phy.

In alI four cases, color Doppler US
guidance aliowed appropriate selection
of the hepatic vein and portal branch
and close real-time monitoring of the
puncture. Continuous visualization of
balioon inflation and prosthesis deploy
ment were easily achieved.

The TIPS has been a long-desired,
attractive altemative to the surgical de
compressive approach in the treatment
of portal hypertension (10). The initial
attempts, at first with sorne form of tub
ing (11-13) and later with balIoon tech
niques (14-16), demonstrated feasibility,
but long-term patency was not usualiy
achieved. With the advent of either bal
loon-expandable (1,2,17) or self-expand
ing (4,18-20) metallic stents, success
with TIPS procedures has become more
achievable. As stated by Richter et al
(1,2), however, considerable procedural
problems with stent placement re
mained to be solved, despite this initial
clinical success. The chalIenge posed by
this evolving technique is evidenced by
the many technical variations that have
been attempted (2,4-8,21).

A most critical point to the TIPS pro
cedure has been related to the need for
transhepatic portal access to guide the
transjugular nee.dle (1). The percutane
ous puncture of a small, hard, cirrhotic
liver, commonIy associated with coagu-

Figures 1--4. (1) Longitudinal color Doppler sonogram. The right hepatic vein (blue) is easily identified. Its trajectory, far away from the portal
branches, makes it less than convenient for shunting. (2) A sagittal oblique image shows the favorable alignment of the middle hepatic vein
(blue) to the right portal vein (red). (3) The echogenicAmplatz guide wire inserted into the middle hepatic vein is easily visible. (4) Color Dop
pler sonogram obtained during the hepatic puncture. Motion-related color (flash artifacts), although visualIy disturbing in the frozen image,
does not hamper the correct advancement of the needle. The needle tip, reaching the portal vein branch, is identified as a smalI echogenic dot
(arrow).

caused by the portal wali disappeared
after 40 seconds of inflation. After the
angioplasty balioon catheter was ex
changed for a 7-F Wallstent introducer
catheter (Medinvent, Lausanne, Swit
zerland), a 62-mm-Iong, 8-mm-djameter
self-expanding prosthesis (Walistent;
Medinvent) was deployed with com
bined fluoroscopic and sonographic
monitoring (Fig 8).

There is an inherent shortening of the
Walistent prosthesis when it is deliv
ered, and the exact decrease in length
and the relative positions of the ends of
the prosthesis with respect to the punc
tured points in the connected vesseis
are difficult to predict with fluoroscopy
alone. In contrast, US allowed for simul
taneous direct visualization of both the
prosthesis and the vessels during the act
of deployment. The exact distance of
liver parenchyma to be traversed be
tween the targeted vessels was deter
mined. The positions of the ends of the
prosthesis in relation to the exit and
entry points on the vessels being con
nected were readily apparent. This fa
cilitated adequate positioning of the
prosthesis, leaving the distal centimeter
of each end within the lumen of the he
patic and portal veins, respectively.

Results
In the representative case, flow across

the shunt from the portal vein to the
hepatic vein and the inferior vena cava
was observed shortly after the proce
dure (Fig 9). Injection of contrast mate
rial into the portal vein revealed rapid
fIow across the shunt and into the infe
rior vena cava (Fig 10). The entire proce
dure took 40 minutes. The portosys
temic pressure gradient dropped from
32 to 15 mm Hg right after the proce
dure. Five days later, the portosystemic
gradient further decreased to 12 mm
Hg. .

In the three other patients in whom
color Doppler US guidance was em
ployed during the procedure, a right
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6. 7. 8a. 8b.

Figures 6--8. (6) A O.035-inch guide wire, transjugularly placed in the portal vein, is seen as an echogenic line (arrow) across the portal vein
lumen. (7) Longitudinal sonogram shows the properly positioned inflated balloon catheter (arrows) in the parenchymal tracto (8) Progressive
opening (a, b) of the self-expanding prosthesis is clearly depicted.

Figure 9. Color Dopplei sonogram shows
completely expanded prosthesis with good
flow from the portal vein to the hepatic vein.

Figure 10. Portal venogram shows portal
flow through the shunt toward the inferior
vena cava.

quently observed at US, pushing of the
needle in a hard cirrhotic parenchyma
usually produces sorne extent of down
ward displacement of the entire liver,
rendering inaccurate the landmarks
provided by previously obtained porto
grams. These shortcomings may partly
explain the multiple puncture trials (22)
occasionally required to gain entrance
to the portal vein. Moreover, with fluo-

roscopic guidance alone, inadvertent
puncture of hepatic artery branches or
biliary ducts can occur (22), owing to
their proximity to portal vein branches.
Likewise, "blind" fluoroscopy-guided
advancement of the transjugular needle
in a small, retracted, and hard liver can
result in accidental perforation of the
inferior surface of the liver, the underly
ing gallbladder, or the adjacent colon
(23,24). In the presence of ascites, calcu
lation of the true boundaries of the liver
with fluoroscopy alone can be even
more difficult.

In our preliminary experience, ad
vancement of the transjugular needle
with US guidance overcomes most of
these shortcomings. We have found
color Doppler US to be particularly use
fuI not only in selection of the hepatic
vein and portal branch most suitable for
shunting, but also in proper placement
of the needle and direction of its ad
vancement (25). Adequate balloon dila
tation of the parenchymal tract and
proper placement of the prosthesis
were accurately verified with USo Im
mediately after the prosthesis was ex
panded, flow across the shunt was eas
ily demonstrated.

Three other well-known occasional
drawbacks with TIPS procedures are
the need for a large amount of contrast
medium, long duration of the proce
dure, and, hence, considerable exposure
to radiation. Prolonged operation time
and excessive exposure to radiation pro
vide inconveniences mainly for the ra
diologists performing the procedure.
On the other hand, the dose of iodi
nated contrast material is most critical
for the patient, since excessive amounts
may cause deterioration of renal func
tion (26,27). In our experience, US guid
ance resulted in a low requirement for
iodinated contrast material: Aside from
30-50 mL used in the initial hepatic
venography, only 40-50 mL were em
ployed in direct portography performed
before and after the TIPS procedure.
Color Doppler US monitoring allowed a
quick and successful entry into the por
tal system and thus reasonably short
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procedure duration and minimal radia
tion exposure. •
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Traa8JaplarIDtrabep.Uc Porto.,.telllic 8llant:
EYalaaUoa _tia Doppler SoDograpll,l

To ...... tite potIIDtIa1 role of al· N ONSUllGICAL creation of an intra- hepatic portosystemic: stents were in·
trucnmd (US) in evatuating trans- hepatic portosystemic shunt duded in this study. The indiationl for

jugularly inNrted~ticpor- hu been a long-sought, attractive al- the TIPS were variceal bleeding that had

toIystemk ahanta, .... a on temative to both decompressive become nonresponIive lo sderotherapy

peñonDed SODOpaphIc, inducling shunt surgery and endoscopic sclero- (16 cases) and refracIory ucites (seven as-

dupla aad color Dappler, .tudia in therapy in the treabnent of variceal
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portal..iaauMII ti-. 7 (nap, W8JI reau1tecI in early fhunt doIan. vent. Lausanne. Switzerlmd)"43 or 62 mm 8-
long, ~10mm in diMneter, were inIerted .

3-16) cmIHC báoN ......... lo 2' Only with tite advent of vucuIar . by UIin¡ a pen:utaneoul teehnique. Trana- I
(~ 18-&7) cmI..W lIIOIdbs al- stents, either balloon-expanda or jugular accetI wu the only route .-n- .§

ter. antiDg. Plow rwvenal wu de- seIf-expanding, hu the tranajugular ployed, withoutan~ trans- ªtected in tlae intrahepatlc portal intrahepatic portosystemic shunt hepatic punctwe. intrahepatie portal i
branchea la 16 (69") of the 23 p" (TIPS) technique achieved dinical system wu punctured and cathetertzed ¡tienta. US aUowed prompt cletection sucass (5-8). by means of c:ombined 8U0101COpic and
and management of two c.... of in- Until recent1y, angiography has sonographic control in all palients. color .1l

complete .teIlt apauioD and one been the standard technique far eval- Ooppler US guidance (16) beins utIIizIId in f
case of .hant ataosia due lo pseudo- uation of transjugularly placed porto- the Iut 19 cues. Alter balIoon dilation of

~the multing intraparenchymal trad, the
intimal hyperpluia. Soaography ia a systemic stents.An~phy is inva- metaIlic MII-expandins stents were ele-
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valuable too1 for evatadon oi sive, however, and ita consequent "ployed. allowing the high-pIessuIe portal
c1wIps in hepatic heIDodynamica limitations u a routine follow-up blood lo divert towaId the 1ow-pnIIUN
alter lraDajugular bdrahepatic .hant technique. Clearly, lesa invasive fol- hepatic vein. The TIPS insertion teeh-
placemat. low-up techniquea are highly desir- niques have been described in deUi elle-

able. Doppler ultruound (US), either when (~1.16-18)and wiU notbe"
Inda ..... Hypertenslon. port& 94.711 • duplex or color-coded, hasJroved CUIIed here.1n 19 caes, ri&ht hepatie

Uver, interVentional pI'OCIIdure. 761.12986 • extrernely useful in the ev uation of vein-rigbt portal vein shuntinl- par-

POl'tal vein, 957.711 • ShuMs. portoIystemic. the hepatic vasculature and various formed. Theri=:vein "Cllln-

951.453, 9I2.W • U1trasouIld (US). DoppIer surgica1 portosystemic shunta (9-14).
nected to the· hepatie vein in the

ltudieI We undertook this study lo _ the mnaining tour ........
In eIlCh olour,....., ......US

RadIoIot11t93; 186:529-534 role of Doppler US in the evaluatlon evaluation _ perfotrrld....TIPS
of drrhotic patients with percutan.- inMrtión. EarIy .......,..~ were
oualy inserted intrahepaüc portosyJ- peformed dudnltlw 8nt week after the
temic shunta. pnpctme.Late~con..-

were carried out 2-3 months aftIr TIPS
inIeItion.

MATERlALS ANO METHODS
Patients uncIeIwent scanning with an

I From the DepartmenII of ltadiolosY (J.M.L,
Acusan U8 XP/I0a-putld-=,y

J,I.B.) 1M HepatokJsy (L.G.V., J.M.Z.. J.P.), Uni. From February 1991 lo February 1992- sysa.n (Aculan.- MountaiIl vn,
A 28-maHperture phaIed-array vectorversity Oinic. UniYft'lidad ele Nlvlrra, Avdl 6S drrhotic~tsunderwent treatmlftt
tranIducer.= at 3.5 MHz. wu em·P10 xn I/n, 31008 PamptGna, S~in; 1M Depart- with the procedure at our institu- pIoyed. The fNquency for colormenta of RadioIosY (H.P.R., F. .J.) 1M Hepatol. tions in a cooperative project. Among theogy (J.P.V.), C.H.U. TouIouM Ranpeü, Tou- 29 TIPS procedum pftformed at the Uni· imaliRl wu aIso 3.5 MHz. Palients were

(OUN. FI'IIlCe. From the 1992 RSNA scientific
assembly. Received June lO, 1992; revilion re- versity CUnic of Navarre in that periodo
quested Augult 5; revlIion recetved September sonographic foUow.up as desaibed below
11; ICcepted September 21. Ad.... repriIlt re- was earried out in 23 case.. These cirrhotic
qunta ID '.M.L patients (alcohoüc [11 • 101, postneaotic AIIbNftation: TlPS· lnnsiusular intrll\e-

[n. 131) with transjugularly plaeed intra· pltic portosystemíc shunt.
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a.

Figure 4. Color Doppler sonogram obtained
in a 53-year-old man shows brisk flow along
the entire length of the stent up to the infe
rior vena cava (*). AJiasing (coded red-yel
low) (arrow) is prominent in the hepatic vein
end of the stent. Antegrade, hepatopetal flow
is preserved through the right branch of the
portal vein (arrowheads) peripheral to the
stent entry point.

b.
Figure 2. TIPS in two different patients.
(a) Sonogram obtained in a 52-year-old
woman shows the walls of the bent stent as a
row of echogenic dots that correspond to the
metallic wires. The slightly everted end is
seen entering the portal vein. (b) Sonogram
obtained in a 45-year-old man shows the
prosthesis in its complete length. The smooth
curvature of the stent contributes to the opti
mal hemodynamic orientation of the shunt
with respect to the decompressed portal vein
(*) and the draining hepatic vein (arrows).

The prostheses were adequately
visualized in a11 cases. The morpho
logic characteristics of the stent were
clearly depicted, and the k.nown lon
gitudinal flexibility of the Wa11stent
prostheses (24) was readily apparent.
This characteristic a110wed optimal
adaptability, the metallic prosthesis
conforming to the diverse spatial ori-RESULTS

Early sonographic examinations
after TIPS insertion showed no paren
chymal hematomas, bile collections,
segmentalliver infarcts, or other in
trahepatic findings related to the in
sertion procedure. Only small and
transient echogenic areas in the pe
ripheralliver parenchyma (Fig 1)
were observed in seven patients ex
amined during the first hours after
TIPS insertion. This finding was possi
bly related to inadvertent introduc
tion of sma11 microbubbles during the
various manipulations (mainly cathe
ter exchanges) required throughout
the insertion procedure.

vein) across the shunt during the firs·t
week after TIPS insertion and 2--3 months
later. Opacificati,on of the shunted portal
system, measurement of pressure gradi
ents across the shunt, and variceal evalua
tion were achieved by means of this tech
nique.

Figure 1. Obligue sonogram obtained 2
hours after TIPS placement in a 45-year-old
mano Small echogenic areas (arrows), proba
bly due to small microbubbles. are commonly
seen during the first few hours after TIPS
insertion.

L ~

Figure 3. (a) On a Doppler study obtained in a 56-year-old man before shunt placement,
slow (8-12 cm/sec) flow is seen in the main portal vein. (b) After shunt placement, a fourfold
increase in portal flow velocity (up to 40-45 cm/sec) is seen.

examined in the supine and left posterior
oblique positions after at least a 7-hour
fast, and both subcostal and intercostal
approaches were used to fully assess the
Iiver and neighboring structures.

AH the sonographic studies were per
formed or directly supervised by one of
the authors a.M.L.) with experience in US
and interventional procedures. In the
baseline US evaluation, previous to TIPS
insertion, the patency and flow character
istics in the main portal vein and its
branches were evaluated. Visualization of
portosystemic collateral vessels, the size of
the spleen, and the presence of ascites
were also registered.

In the follow-up sonographic studies,
complications of the insertion procedure
(eg, hematomas, intrahepatic bile collec
tions. infarcts) were sought. Variations in
the visualization of portosystemic collat
eral vessels, spleen size, and ascites were
recorded. Sonographic studies were then
focused on the intrahepatic shunt. The
caliber, configuration, and relative posi
tion of the stent with respect to both the
portal branch and the draining hepatic
vein were carefully assessed. The pres
ence, direction, and characteristics of flow
within the shunt and adjacent vessels
were evaluated by using both duplex and
color Doppler USo

A low pulse repetition frequency was
employed to obtain adequate color Dop
pler sensitivity. Since low frequencies can
result in aliasing, which occasionally mim
ics flow reversal, an adequate sampling
rate was employed to avoid misinterpreta
tions (19,20). Furthermore, flow direction
assessed with color Doppler US was con-
.firmed by the results of spectral Doppler
studies in questionable cases. The angle of
insonation was kept to less than 60°,
whenever possible, to minimize sampling
error in measurement of Doppler shifts. In
some instances, obtaining sueh a satisfac
tory Doppler angle was difficult. No at
tempt was made to grade flow volume
(21-23).

As part of the follow-up protocol, direct
transshunt portography was also per
formed in all 23 patients by means of
transvenous access (usually right femoral
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entations of the connected vessels
(Fig 2). No shadowing effect was
caused by the metallic stent (25).

The shunting effect created by the
TIPS was reflected in a c1ear increase

a.

b.

Figure 5. Color Doppler sonogram obtained
in a 67-year-old man shows fast flow inside a
shunt. (a) Aliasing (coded red-yellow) is ob
served near the hepatic vein end of the
shunt. (b) Duplex Doppler measurement of
flow velocity inside the shunt. Continuous,
high-velocity (up to 200 cm/sec) flow is seen.
Spectral broadening is evident. The baseline
has been moved to avoid color aliasing.

in portal flow velocity in all cases. The
maximum velocities before and after
shunting were obtained in eaeh pa
tient (Fig 3). The mean maximum ve
locity in the main portal vein changed
from 7 (range, 3-16) cm/sec before the
procedure to 23 (range, 15-45) cm/sec
in the early sonographic controls after
TIPS insertion and remained with
slight oscillations at sonographic con
trols 2-3 months la ter (mean, 24 cm/
sec; range, 18-47 cm/sec).

In spite of the deep location of the
shunts inside the abdomen and the
fact that most of them were oriented
almost perpendicular to the sound
beam, shunt patency was readily
demonstrated with color Doppler
sonography. Aliasing was frequently
observed in color Doppler examina
tions, reflecting the high flow veloci
ties inside the stent (Fig 4). It was usu
ally more difficult to perform accurate
spectral Doppler velocity measure
ments of the flow across the shunt,
mainly because of the difficulty in
placing the sample volume at a suit
able angle. High-velocity flow across
the shunt, ranging from 65 to 220
(mean, 123) cm/sec, was observed in
all cases (Fig 5).

Patency and direction of flow in the
intrahepatic portal branches were
readily apparent in aH cases. AH pa
tients showed antegrade, hepatopetal
flow toward the liver periphery in
these intrahepatic branches befare
shunting. Early after TIPS insertion,
hepatopetal flow was maintained in
the intrahepatic portal vein branches
in only seven patients (Fig 4). In the
remaining 16 patients, a reversal of
the flow direction, with the blood

flowing toward the shunt, was ob
served in the intrahepatic portal vein
branches (Fig 6). In the patients in
whom antegrade, hepatopetal flow
persisted in the portal vein branches
after TIPS placement, a small area of
reversed color, indicating a local
change of flow direction, was fre
quently ohserved in the right portal
vein branch immediately adjacent to
the prosthesis entry point. Careful
analysis showed that this finding was
due to turbulence in blood flow as it
flows around and through the in
serted prosthesis (Fig 7). All intrahe
patic portal vein branches remained
patent, with no occ1uding c10t or par
tial thrombosis.

Patency of the stent in the hepatic
vein was maintained in all cases (Fig
8). While normal, biphasic flow was
present in 18 cases, a continuous, tur
bulent hepatofugal flow, a frequent
finding in the hepatic vein in cirrhotic
patients (26), was observed in five
cases. The tributaries draining into
the hepatic vein with a stent main
tained their patency and flow toward
the inferior vena cava in aH cases.

In a sonographic control examina
tion performed in one patient 2
months after TIPS insertion, a dis
crete, eccentric narrowing of the lu
men, probably due to pseudointimal
hyperplasia (27), was observed. The
stenosis was dilated with an 8-mm
angiaplasty ballaon. Postdilation im
ages shawed complete relief of the
stenosis (Fig 9).

The diameter was measured alang
the entire length of the stent, aHow
ing detection of persistence of incom
pletely expanded segments in two

~ ~ ~

Figure 6. (a) Doppler sonogram shows oblique, longitudinal view of the shunt along its main axis in a 45-year-old mano Revers~d, hepatofu
gal flow (coded blue) is seen in a branch of the right portal vein (straight arrow), draining toward the prostheses. The hepatIc vem wIth a stent
(curved arrow) is patent and shows normal flow toward the inferior vena cava. (b) Duplex Doppler study confirms flow reversal m the same
right portal vein branch. Reversed portal flow (arrows) is seen below the baseline in the opposite direction to that in the acco?"paning branch
of the hepatic artery. (e) Direct transshunt portogram obtained in the same patient. High-¡;,ressme mJectI~~ of contrast matenal m the mam
portal vein results in artifactual, transient antegrade filling after the peak of the mJectlOn ( mlxmg artIfact ) m both the nght portal vem
branches (black arrows) and hepatic vein. Although la ter digital subtraction images (not shown) dlsc\ose the tme flow dlrection m each vessel
(white arrows), care must be taken not to misinterpret this technique-related artifact as tme hepatopetal flow m the portal vem branches.
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three cases of mild to moderate ascites
resolved completely after the TIPS
procedure.

Probably because of the relatively
short folIow-up study period (30,31),
only a moderate decrease in splenic
size was detected in most cases after
shunting. In the first week after
shunting, mean splenic size dropped
from a baseline of 15.9 (range, 9.2
24.4) cm to 15.4 (range, 9.6-21.9) cm.

Figure 8. Sonogram obtained in a 51-year
old man shows normally direeted flow to
ward the inferior vena cava in the peripheraJ
portion of the hepatie vein with a stent.

b.

a.

and ensuing difficulty in flow detec
tion in most instances (29).

Apart from the seven patients in
which the main indication for TIPS
was ascites refractory to diuretic ther
apy, mild to moderate ascites was de
tected with US in three other patients
befare shunt placement. After the
procedure, tense ascites was reduced
to a rninimal amount in five patients
and greatly improved in two. The

~ ~

Figure 9. Shunt stenosis. (a) At 2 months after TIPS insertion in a 44-year-old woman, sono
gram shows a short stenosis, resulting in a loealloss of the color eolumn, in the middle portion
of the stent (arrows). (b) Direet (tTansshunt) portogram eonfirms the uneven reduetion of eali
ber, probably due to pseudoi!1timal proliferation (arrows). (e, d) After balloon angioplasty, res
toration of the stent lumen is observed on (e) an angiogram and (d) a color Doppler sonogram.

...."

a.

Figure 7. (a) Color Doppler sonogram shows antegrade flow (coded red) in the right portal
vein braneh in a 53-year-old mano A small area of reversed flow (coded blue) is seen where the
right portal vein braneh is entered by the prosthesis. (Filtering has been set to deteet low, ve
nous velocities. Henee, brisk flow inside the stent is not shown in this image). (b) The same
finding (*) is prominent in another patient, a 67-year-old mano

patients 3 and 4 days after the proce
dure. In bo~h of them, initial balIoon
dilation of the intrahepatic parenchy
mal tract was performed before stent
placement but was not repeated after
deployment of the prosthesis. Pres
sure gradients remained moderately

I
elevated (19 and 14 mm Hg, respec
tively) at the end of the procedure,
and portograms showed persistent
incomplete opening of the stents at
that momento Further dilation was
not considered necessary in the hope
that progressive opening of the self
expanding prosthesis would take
place spontaneously, as it frequently
occurs in the biliary tract (28).

At subsequent sonographic controls
3 and 4 days after the initial proce
dures, no further increase in the cali
ber of the self-expanding prosthesis
was observed. Both transshunt porto
grams and pressure-gradient mea
surements were similar to previous
ones. This prompted additional selec
tive balIoon dilation of the shunts. In
both cases, after baBoon dilation of
the prosC léSis, a second stent was co
axially dq'loyed, partialIy overlap
ping the ~rst one. This second pros
thesis a]!\)wed a more adequate stent
placement in the portal vein (Fig la).
Immediately after the baBoon angio
plasty and deployment of the second
prostheses, the pressure gradients· fel1
from 18 and 14 mm Hg to la and 9
mm Hg, respectively, in the two pa
tients.

Late portographic control examina
tions in most cases showed a striking,
almost complete decompression of
the gastroesophageal varices. On the
other hand, as might be expected, US
was not as reliable a method for the
evaluation of gastroesophageal col1at
eral vessels, neither before nor after
TIPS insertion. Ascites, gastrointesti
nal gas, and deep location of gástro
esophageal collateral vessels ac:
counted for the poor visualization
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a.

d.

Two to 3 months later, however, a
significant decrease to 15.1 (range,
9.5-22.1) cm was observed (P < .05).

DISCUSSION

Goldberg and Pat~l (32) first pro
posed in 1977 the use of sonography as
a noninvasive method of evaluating
portosystemic shunts. More recently,
duplex Doppler sonography and color
Doppler imaging were found to be ap
propriate evaluation tests to assess the
patency of conventional, surgical porto
systemic shunts (11-14). We found that
US is similarly useful in evaluation of
the hepatic hemodynamic situation af
ter percutaneous, nonsurgical portosys
temic shunting.

For decades, angiography has been
the traditional method of evaluating
surgical portosystemic shunts. At pres
ent it remains the standard evaluation
technique after TIPS insertion. Fortu
nately, the portal system is readily ac
cessible through the transjugularly
placed intrahepatic stent. Selective
shunt catheterization allows both opaci
fication of the portal system and direct
measurement of the pressure gradient
across the shunt. Direct portograms ob
tained in this way in these patients al
low visualization of variceal collaterals.
Patency and flow across the shunt are
also clearly depicted.

On the other hand, direct portograms
offer little information about local, sub
tle hemodynamic changes occurring in

b.

e.

the intrahepatic portal branches after
TIPS placement. As we frequently ob
served, a low-pressure portal injection
of contrast material can result in artifac
tual nonopacification of sorne portal
branches because of preferential flow
through the stent, while a high-pressure
injection can overflow into the entire
intrahepatic portal system, th.en mo
mentarily masking any reversed (hepa
tofugal) flow in these vessels. This re
port demonstrates that these limitations
are easily overcome with Doppler imag
ing. Due to its noninvasive nature,
sonography does not interfere with the
complex hemodynamic patterns in the
cirrhotic Iiver with a stent, and misinter
pretations of flow direction are thus
avoided. As a result, accurate informa
tion about the true direction of flow in
each individual vessel is provided.

Doppler sonography aJlowed us to
detect true reversal of portal flow in the
intrahepatic portal branches in 16 (69%)
of 23 patients. This phenomenon, which
could be labeled stealing of flow from
the neighboring portal branches into
the shunt, is obviously difficult to detect
with direct transshunt portography. In
fact, we cannot find any previous ex
plicit mention of this relevant finding in
the litera'ture about TIPS. This reversal
'of intrahepatic portal flow implies that
the TIPS, while adequately lowering the
portosystemic pressure gradient, might
diminish hepatic portal perfusion. In
two of the four patients who showed a
slight impairmerit in hepatic function,
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c.

Figure 10. (a) Color sonogram obtained in a
51-year-old man shows incomplete stent dis
tention, probably due to elastic recoil of the
balloon-dilated cirrhotic hepatic parenchyma
traversed by the prosthesis, immediately af
ter TIPS insertion (arrows). In addition, the
portal end of the stent, although adequately
inserted into "the portal vein, is not well
aligned with portal vein flow. (b) Sonogram
obtained 3 days later shows the expansile
force of the prosthesis has not sufficed to
counteract the pressore of the hard cirrhotic
parenchyma and so complete the distention
of the stent. Incomplete expansion (5.5 mm
in diameter [between cursors]) is confirmed
by means of caliper measurement. (e) Imme
diately after prosthesis balloon angioplasty,
the stent has approached 8 mm in diameter
(between cursors). An angiographic catheter
(arrows) is seen as a third bright line be
tween the stent walls. (d) Deployment of a
second prosthesis, partially overlapping the
first and extending into the main portal vein
(arrows), was carried out under combined
fluoroscopic (not shown) and sonographic
monitoring. (e) Color sonogram shows ade
quate stent caliber and correct alignment
with the long axis of the portal vein, result
ing in satisfactory flow across the shunt.

as well as in the two patients who de
veloped mild, transient, new-onset en
cephalopathy episodes during follow
up, flow reversal was seen in the
intrahepatic portal vein branches. Nev
ertheless, the clinical significance of
these local hemodynamic changes is
poorly understood at present (33,34)
and remains to be evaluated with long
term follow-up.

The crisscross design of the WalIstent
allows blood to flow freely through the
small holes in its wall. In all of our cases,
Doppler imaging, both duplex and
color, allowed confirmation of this find
ing, no thrombosis being observed in
the portal or hepatic branches crossed
by the prostheses.

As might be expected, flo~ velocity in
the main portal vein increased mark
edly immediately after shunt placement
and remained stable thereafter. While
direct portograms provide only a rough,
subjective estimation of flow velocity in
the portal vein, Doppler sonography
allowed measurement of a mean in
crease of 17 cm/sec in maximum veloc-
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ity in that vessel. Similarly, color Dop
pfer US easily depicted high-velocity
ftow through the shunt in an patients.
Shunt patency could be dearly demon
stnlIed in every case. Nevertheless, ac
cumte 'l'Yntitative ftow-velocity mea
suawments inside the stent proved to be
mcn diffic:ult (20-23), because of the
abnoIt perpendicular orientation of the
stent 60w with respect to the trans
duc:er in many cases.

lhe üver, by providiftg an excellent
acoustic window, always anows the me
ta1Iic prosthesis to be easily visualized.
PNCilIe diameter measurements can be
performed, and accurate evaluation of
the exaá poIátian of the intrahepatic
stent is consiatently provided. We found
US particuIarly usefuI in deteeting cases
in which further manipulations were
necessary. US alJows precise measure
ment of the stent diameter, greatly faro
itating the detection of zones of incom
plete stent expansiono Most interesting
is that US aJJows simultaneous visual
ization of both the shunted hepatic ves
seis and the prosthesis connecting
them. As a result, the relative position
and anguJation al the end of the pros
theIiI with respect to the walls of the
v..... with stents can readüy be dis
pIayed. Hence, ínappropriate position
ins of the ends of the stent can be de
teded easily. Fortunately, the ftexibility
of the Wallltent prostheses aUowed us
to eorrect the situation by inserting a
second prosthesis partialIy overlapping
the Ikst one and protnading farther into
the portal vein.

OS showed certain Umitations in the
evaluation of theIe patients. In contrast
with its abiIity to depkt the ftow in both
the itent and the he¡Mtic veueIs, US
WM not as useful in evaluating the gas
troesophapal colIateral vessels. Ascites,
bowel gaa, the boc:Iy habitus ot the pa-
.tient, and the deep location of these
veIIeIs (29) all contributed to poor visu
aliution in most of our patients. As a
consequence, the evolutionary changes
in the varicu1 coBatera1 vessek after
TIPS placement must be monitored by
more invuive means. Although it
would be highly desirable to have a
noninvasive method ot correctly evalu
atiftg gutroesophageal c'OBateral vessels
and pressure gradients, we are foreed to
rely on transshunt portography and
endoscopy at the momento Neverthe
less, in view of the findings eartier de
scribed at Doppler US in the intrahe
patic portal branches, we must be
cautious in the interpretation of persis
tent visualization of the gastroesopha
geal coBateral vessels by means of direct
portography. Conceivably, artifactual
fiDing and opacüication oi "empty" var
iceal coBateral vessels, due to a sudden
high-pressure injection oE contrast ma-

terial in the portal bed, is possible dur
ing portography. The theoretical risk oE
"overdiagnosis" andlor "overtreatment"
of variceal coBateral vessels must be
taken into account.

Finany, accidental puncture of both
the intrahepatic arterial branches and
biliary ducts (17,18), which could lead to
hematoma formation or bile leakage, is
not uncommon during misdirected nH
die passages. Although in the fonow-up
oi the cases reported herein we did not
observe either intrahepatic hematomas
or bile leaks, we beüeve that conven
tional sonography would be the tech
nique of choice in deteeting these po
tential subsequent complications of
accidental injury of arteqal vessels or
biIiary ducts.

As ltated by Ralls (10), portal blood
ftow pathophysio1ogic dwac:teristics
are compiex and incompletely defined
even by means of invasive standard-of
reference techniquel such u angiogra
phyand percutaneous venography.1n
this context, Doppler sonography can
add valuable information lO that pro
vided with angiographic studies. Owing
to its noninvasiveness, US aUows acquí
sitian oE useful hemodynamic: data
without extrinsic interference by con
trut material injections. On the other
hand, shunt catheterization remains
invaluable in obtaining meuurements
oE portosystemic pressure gradients,
visualizing coBaterai vessels, and per
forming additional interventional pro
cedures. Once again, the complemen
tary roles of Doppler sonography and
angiographic techniques in evaluating
the vascular sysIem are appreciated. •
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Carotld Blfurcatlon Imaglng: Magnetlc Resonance Anglography
Compared to Conventlonal Angiography and Doppler Ultrasound*

P. C. BulJa1, R. B. J. Klop2, B. C. Elkelboom2
, W. P. Th. M. Mall1, C. J. G. Bakker1, F. J. A. Beek1,

,... P. G. van Glla1
, E. H. 01ll0n1 and L. M. P. Ramo.'

Departments of lRJldiology and 2Vascular Surgery, Utrecht University Hospital, Postbus 85500, 3504GS Utrecht, The
Netherlands

Purpose: lo evalute tht cliniazI usefulness of tire two dimensional "Time o/Flight" (2D TOn Magnetic RtsoMna Angiogra
phy tedlnique (MRA) in imaging tire carotid l1ifuraztúm as compared to convmtionaI angiography and pulsa1 and roIour
DoppIer uitrasound. Mtthods: in 19 ptUients with possible cerebravascuúrr disetlse and eight voluntms, contnlst angiography
mzs comprlrtd with MRA in 21 carotid bifuraltions and with Doppler ultrasound in 23 l1ifuraltions by two indeptndent
observers. In 19 bifuraltions, all thr« ttdmiques were available Jor comprlrison. Internal CIlrotid arteries were graded nomuzll
minimal diseGst, miId, modmtt ur stVm stmosis, ur occluded. Results: ooerall agreement betwem contrast angiography and
MRA txisted in 62% for one observer and 76% for the other. When MRA and Doppler agrml, agrmnent bttwttn these two
investigrztions and contnrst angiogrrtphy txisttd in 77-81 %. The majar probImr with MRA mzs ovnetimIztion of modnrJteIy
stmostli wsMs; 50% of the msels with a modmIte stenosis on contnrst angiography were judged sevmIy stmosed 0fI MRA.
An ocdusion mzs never mistllken for a stenosis by MRA. Evaluating tire seperate slias, acquired in the lO TOF MRA
investigrztion, tlppImd lo bt essentW lo avoid this mistake. Conclusion: at presmt 2D TOF MRA is not clinically useful for
diagnosing the deg'r« of carotid ilTtery stenosis. MRA hizs a clear tendency to oomstimIlte the deg'r« of stmosis especially
moderately stVm smroses. To date, there art no objective methods lo corrtd for this mistake. Techniall imprDVer'llmts may
makt MRA abttter diagnostic tool in tire futurt..

Key Words: Carotid arteries; Carotid arteries angiography; Magnetic resonana angiogrrzphy (MRA); Doppler ultrasound;
Magnetic Resonana (MR) l'tlSCular studies.

Introductlon

Magnetic Resonance Angiography (MRA) is a
recently developed technique for imaging blood
vessels. Vessels ean be imaged in a three dimensional
(3D) manner on a regular MR scanner in 30 min, with
out the use of eontrast agents. Its major advantage as
eompared to eonventional eontrast angiography is
the non-invasive character of MRA which thereby
eliminates the risk of vascular injury, stroke and con
trast reaetion and the costs of post-angiography
patient observation.

The purpose of this study was to evaluate the
clinical efficacy of the two dimensional "Time of
Flight" (20 TOF) MRA technique in imaging the ea
rotid bifureation on patients and volunteers as eom
pared to eontrast angiography and pulsed and eolour
Doppler ultrasound.

• Presentecl at the 6th ARnual Meeting of the European Vucular
Society, Athenl, September 1992.

Material. and Method.

Between luly 1991 and March 1992, MRA of the ca
rotid bifureation was performed on 19 patients (mean
age 58) and eight volunteers (mean age 29); eight
were female and 19 were male; ages varied from 6 to
79 years. Indications for the MRA examination of
patients were eerebrovascular aecidents in 15 and
suspected earotid or vertebralartery dissection in one
and two patients respectively. One patient was
asymptomatic. In one of the volunteers, the bifur
cation was situated higher than estimated, so it was
not adequately eovered by MRA.

Contrast angiography was pertormed and avail
able for evaluation in 13 patients. In five patients no
eontrast angiography was performed. In one patient
the study was lost. The quality oi the intravenous
digital subtraction angiogram ot one bifurcation was
poor and therefore was excluded from evaluation. In
some cases the patient had undergone operation on
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one of the carotid arteries in the period between the
separate studies; for this reason contrast angiography
couldfinally be compared with MRA in 21 bifur
cations and with Ooppler in 23 bifurcations. Ooppler
evaluation was performed on aH but one patient and
three of the volunteers. Therefore, MRA could be
compared with Ooppler scanning in 44 bifurcations.

The time intervals between the two or three
separate investigations were 2 weeks in two patients,
4 weeks in nine, less than 3 months in four and less
than 6 months in three patients. In one patient, 1.5
years elapsed between contrast angiography and
MRA. Since this patient had been operated on during
this interval, only one bifurcation was left for com
parison. This bifurcation was already occluded at the
time of the contrast angiography, so comparison with
MRA of this bifurcation was legitimate.

Ooppler evaluation was performed by an experi
enced team of technicians with a 7.5 Mhz linear array
transducer with pulsed and colour Ooppler capabili
ties (Advanced Technology Laboratories, Inc.). The
degree of stenosis was determined by measuring the
peak systolic velocity and the end diastolic velocity.
Stenoses were graded in one of five categories: 0-39%
(normal/minimal stenosis), 40-59% (mild), 60-79%
(moderate), 80-99% (severe) or occlusion.

Contrast angiography was performed in other
institutions in five patients. Intravenous digital sub
traction angiography (OSA) was performed in five
patients and intra-arterial contrast injection in eight
cases with conventional radiographic imaging (2) or
digital subtraction imaging (6) in two planes. The
degree of stenosis was calculated by comparing the
most stenosed diameter with the diameter distal to
the stenosed area where the vessel had a normal
appearance. The degree of stenosis was determined
by the reports that accompanied the exams and one
observer. In those cases in which there was any
doubt on the degree of stenosis, a second observer
gave his judgement and a final classification was
made. The stenoses were classified using the same
categories as used in the Ooppl~r evaluations.

20 TOF MRA was performed on a 1.5 Tesla
Philips Gyroscan 515 with a 3 mT/m gradient system
and an open head/neck receiving coil. Scan par
ameters were TR60ms, TE 14ms and a 600 flip-angle.
Sixty slices were obtained with a thickness of 3 mm
and a 1 mm overlap. A cephalad presaturation slab
was used so that the only strong signal arises from
vessels with a craniaIly directed flow. On each slice
onIy such vessels (e.g. the carotid and vertebral ar
teries) appear bright, surrounded by much darker
stationary tissue. The examination time was about
20-25min.
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Fig. 1. Normal carotid bifurcation imaged by MRA. Apparent
stenosis of external carotid artery caused by artefacts.

After this acquisition, three dimensional com
puter calculated reconstructions were made by using
a Maximum Intensity Projection (MIP) technique,
showing 15 different projections of a 12 cm long tra
jectory of the carotid vessels, rotating around the
vertical axis from Oto 1800 (Fig. 1). From each carotid
artery two different reconstructions were made: one
including the vertebral artery and one of the carotid'
bifurcation only. These projections as weIl as aH indi
vidual slices were recorded on film. These were
evaluated by two radiologists independently who
were unaware of the results of the other investi
gations. The degree of stenosis was classified in one
of the categories mentioned aboye.

20 TOF MRA is caIled 20 because the images are
acquired as separate thin (20) slices. Another method
is the 3D TOF MRA, in which the data are acquired
from one large (3D) sample volume instead of thin
slices. The reconstructions, calculated by the com
puter using the MIP technique are calIed 3D, because
they can rotate in a movie on a monitor screen, giving
it a three dimensional appearance.

Results

Contrast angiography and Ooppler agreed in 18 of 23
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Table 1. Degree oi intemal carotid artery stenosis: Doppler versus contrast angiography

Contrast angiography

Doppler 0-39%

0-39% 5

40-59%

60-79%
\

80-99% ~

Occlusion ~.~

.:J.
Total 5

40-59% 60-79% 80-99% Occlusion Total

6

o

5

8

4

23

Table 2. Degree of intemal carotid artery stenosis: MRA versus contrast angiography

one category. Fifty percent (two out of four) of the
moderately stenosed-bifurcations on contrast angio
graphy were graded as severely stenosed by MRA by
both observers.

There was agreement between Doppler and
MRA in 28 out of 44 cases for observer 1 and in 33
cases for observer 2 (64 and 75% respectively). As
mentioned aboye, Doppler showed a stenosis in one
case of an ocdusion in one bifurcation. When there
was disagreement between these two investigations,
the difference was more than one category in two
cases for observer 1 and in five cases for observer 2 (5
and 11% respectively).

In 19 bifurcations, contrast angiography, MRA

cases (78%; TabIe 1). In one patient, DoppIer showed
a mild stenosis while on contrast angiography (and
MRA) an ocdusion was seen. Repeated Doppler
investigation showed a large branch of the external
carotid artery which was mistaken for the internal
carotíd artery in the fírst examínation. In the other
four cases the difference in degree of stenosis was not
more than one category.

There was agreement between the findings in
contrast angiography and MRA in 13 out of 21 cases
for observer 1 and in 16 cases for observer 2 (62 and
76% respectively; Table 2). In no cases was an ocdu
sion mistaken for a stenosis or vice versa. Also the
dífference in degree of stenosis was never more than

TotalOcclusion80-99%

Contrast angiography

60-79%40-59%0-39%MRA

Observer 1
0-39% 5 1 6

4,

1·

5

5

215

5

3

2

Occlusion

40-59%

60-79%

Total

80-99%

Observer 2
0-39%

40-59%

7

2

60-79% 1

80-99% 6

Occlusion

Total 21
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Table 3. Depee of infemal cuotid utery sfenoail: MKA and Doppler (in agreement) venus contrut angiopaphy

Contrastangi~phy

MRA and Doppler 0-39% 40-59% 60-79% 80-99% Occlusion Total

Observer 1
0-39% 3 4

40-59% O

60-79"10 O

80-99% 2 3 5

Occlusion 4 4

Total 3 1 2 3 4 13
Obserwr2

0-39% 4 1 5

40-59"10 O

60-79% 1 1

80-99"10 2 4 6

Ocqusion 4 4

Total 4 1 3 4 4 16

and Doppler were all available for comparison. For
observer 1, Doppler and MRA agreed in 13 cases
(68%) and for observer 2 in 16 cases (84%). Compar
ing these cases, in which Doppler and MRA agreed to
contrast angiography, there was an overall agree
ment in 10 out of 13 bifurcations for observer 1 (77%)
and in 13 out of 16 cases for observer 2 (81"0; Table 3).

Dlacuaalon

In this study contrast angiography and Doppler
agreed in 78% of the cases. Results from other centres
vary: Jacobs et al. 1 reports an overall agreement of 77
87%, which is similar to our results; Riles et al.2 found
an agreement in 65%; Withers et al.3 reported an over
all agreement of 94"0; 5teínke et al." reported 80%;
and Mattos et al. 5 82%. So Doppler is not an infallible
technique. Its reliability seems dependent on the
skills of the technician who performs the investi
gation. In one Doppler examination in our study a
branch of the extemal carotid artery was mistaken for
a patent intemal carotid artery where the intemal
carotid artery was actually occluded. Occlusion is a
contraindication for operation. If the preoperative
evaluation had been limited to Ooppler, a mistake
like this could have resulted in an unnecessary oper
ation.

Contrast angiography is regarded as the "go1d
standard" for evaluation of vessel stenosis. In Utt's
study, two observers agreed 72% of the time on 94
evaluated contrast angiograms of carotid bifur
cations, using a similar five category system for the
degree of stenosis.6 This low figure largely reflects
the disadvantage of the "forced-ehoice" ranking
systems, which leads to borderline cases being placed
in one category by one observer and in an adjacent
category by the other observer. Also, in this study
contrast angiograms were performed in different
centres and by different techniques. The quality of
the angiograms that were available for comparison
therefore was not uniformo The poor quality resulted
in one carotid study to be excluded from this study.
For these reasons contrast angiography cannot
simply be seen as the gold standard. Important c1ini
cal decisions however are often made on basis of con
trast angiographic studies.

In this study, agreement between contrast angio
graphyand MRA existed in 62% for one observer and
in 76% for the other. This study is rather small in the
number of bifurcations examined. In the recent litera
ture, three studies evaluated exclusively the 20 TOF
MRA technique for the carotid bifurcation, with
classification of the degree of stenosis in five groups.
Litt et al.6 compared contrast angiography and MRA
in 94 carotid bifurcations, with two separate
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observers interpreting the results. Heiserman et al. 7

did the same with 73 bifurcations, evaluated by tour
different observers. Riles et al.2 compared contrast
angiography, MRA and Doppler in 74 bifurcations,
evaluated by a team of radiologists who came to one
judgement on the degreé of stenosis. Although the
MRA techniques in these studies differ to some
extent in the parameters used, an overview of the
results of these different studies is very useful in
demonstrating the problems. that exist at this time
with the 2D TOF MRA technique.

In Table 4 the results collected from the studies in
the recent literature are grouped together. A total of
553 bifurcations have been examined. Contrast angio
graphy is used as the gold standard, despite the re
strictions that exist in doing so. The middle column
shows the numbers and percentages in each category
in which MRA agreed. Overall agreement was 70%.
In the se~te studies the a~ment varied from
52"0 (Riles~ lo 79"0 (Heiserman).7

Closer examination of the separate categories,
however, reveaJs that apeement is very good in the
groups of normal and severely stenosed vessels (80
and 95"0 respectively), but pool in the intermediate
groups, the mildlyand moderately stenosed vessels
(48 and 36% respectively). From a clinical point of
view the major problem is overestimation of a moder
ate stenosis: 61% off the vessels with a moderate sten
osis on contrast angiography were judged severely
stenosed on MRA. In the three individual studies this
percentage varied from 48-76%; in our study it was
50%. Even in the catesory of mildly stenosed vessels,
10% were seen as severely stenosed on MRA. One of
the suggested criteria for operating asymptomatic
patients is the existence of a 80-99% stenosis. Many
patients would be operated on unnecessarily if MRA
were the sole preoperative study.

The tendency to exaggerate the degree and
extent of stenosis by MRA is a consequence of excess
ive signal1058 in a stenosed segment, caused by com
plex flow patterns (Fig. 2). A strong sipl is gener
ated by blood flowing in a regular, laminary pattem.
The MR apparatus is able to sorne extent lo compen
sate for changes in 80w velocity, but when this
change is too lárge or when flow turbu1ence beyond a
certain degree exists, then the sipI diminishes or
disappears. In significant stenases, there is a signifi
cant disturbance oUlow velocity, which often leads to
overestimation oi the degree of stenosis by MRA.
Distal to a stenosis there is always a regían with tur
bulent flow, which in generalleads lo overestimation
of the length of the stenosis. Flow reversal also causes
signal 1058 due lo dephasing and saturation. Flow
reversa! in post-stenotic areas additionally leads to
exaggeration of the length of the stenosis. Reversed
flow can occur in the bulbus of normal bifurcations.
As a result, in our study an area with deaeased
signal in the bulbus was seen in some healthy volun
teers, which can be misinterpre'" as mild stenosis.
This in part ClOU1d expIainwhy in literature 17% of the
normal bifun:ations were judged as mildly stenosed.

In time, observers become familiar with the arte
facts just mentioned and it is possible to adjust for
this tendency to overestimate stenases when inter
preting MRAs. There are, however, no objec'tive en
teria for doing so; some moderately stenosed vessels
are correctly demonstrated by MRA, but others are
depicted as severely stenosed. As it is impossible in
individual cases to know to what extent artefacts
have an influence, interpretating MRAs might
become a very subjective matter, in which mistakes
can easily be made. To date there are no objective
criteria that can be used to correct for these problems
and it is questionable whether such criteria can ever

Table 4. Accuracy 01 MRA versus contrut angiosraphy ("gold standard"): data &om 3 recent studies

MRA underestimation MRAcom!ct MRA overestimation

Stenosis by contrast angiogr.phy" > 1 category 1 category 1 category > 1 category n

Normal 142 (80"0) 31 (17'J10) 5(3%) 178

Mild 28 (25%) 54 (48%) 19 (17'J10) 11 (10%) 112

Moderate 2(3%) 28 (36%) 47 (61%) 77

Severe 1 (1%) 3 (2%) 127(95%) 3(2%) 134

Occlusion 14 (27%) 38 (73"0) 52

Total 1«1%) 47 (8%) 389 (70"0) 100 (18%) 16 (3%) 553

• Oegreeofstenosis: normal- 0-15% or0-10% stenosed; miJd .. 16-49% or 11-50% stenosed; moderate = 50-79% or50-75% stenosed;
severe "" 80-99% or 76-99"0 stenosed; occlusion "" 100% stenosis.
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(b)

Fig. 2. Exaggeration of severity and length of stenosis by MRA (a) as compared to contrast angiography (b).

from the internal carotid artery in sorne cases was
very difficult when looking only at the films of the 3
dimensional reconstructions of the carotid bifur
cations. It was only after examining the 60 separate
slices, also printed on film, that they could make the
correct conclusion. On these slices in general, there is
symmetry in the course of the vessels on both sides,
specially at the level of the beginning of the carotid
syphon. If, at this leveI, on one side no signal arises
from the internal carotid artery then the existence of
an occlusion is almost certain. In our study these
separate slices appeared to be indispensable for a cor
red interpretation of the results. In the studies from
Litt6 and from Riles2 in which this mistake occurred
(11 and three times) the separateslices were not stud
ied.

Asevere stenosis is rarely mistaken for an occlu
sio on MRA, an occunence which would otherwise
have great clinical importance as weIl.

It has been suggested that MRA combined with
Doppler might replace contrast angiography. Our
study indicates that such a combination would be
inadequate. Even when MRA and Doppler agreed,
there was an agreement of these two studies with
contrast angiography in only 77 and 81 % (Table 3).

(a)

be developed. Conceivably, technical improvements
may prevent these artefacts in the future: shorter
echo times and smaller voxel size theoretically could
give significant improvements, as well as specially
designed transmitting and receiving coils.

At its current state of development 2D TOF MRA
cannot be relied upon when it shows asevere sten
osis as there is a significant possibility that the degree
of stenosis is, in reality, only moderate. On the other
hand, if asevere stenosis exists on contrast angiogra
phy, then there is a 95% chance that it will be shown
as asevere stenosis on MRA. In this way, MRA might
be useful as an initial screening method in order to
prevent patients from undergoing an unnecessary
contrast angiogram.

Another major problem is the occlusion "that is
rnistaken for a stenosis by MRA. Table 4 shows that,
in the other studies, this occurred in 14 out of 52 cases
(27%). In these cases, a branch of the external carotid
artery was rnistaken for the occluded internal carotid
artery. This misinterpretation also has a major clinical
impact, as occlusion is a contraindication for oper
ation. In our study such a rnistake never occurred.
However, the observers in ou{ study did note that
discriminating these external carotid artery branches
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Riles:? under these conditions found an agreement in
33 out of 49 cases (67%) and found that the combi
nation of Doppler and MRA shows a tendeney to
overestimate the degree of stenosis. Our study, with
its limited numbers of exams also shows this
tendency. Therefore, the combination of MRA with
Doppler cannot replace contrast angiography at this
time.

Other problems with MRA are motion and swal
lowing artefacts that can impair the quality of the
reconstructions and make interpretation very diffi
culto Additionally, claustrophobia sometimes causes
patients to refuse a MRA. Furthermore, patients with
pacemakers or sorne surgical clips cannot undergo
MRA.

From these observations we can conclude that
2D TOF MRA alone is not reliable for evaluating the
degree of carotid artery stenosis. Especially in the
group of moderately stenosed vessels, there is a clear
tendeney to overestimate the degree of stenosis and
there still is no objective way to correct for this over
estimation. This is also the case when MRA is com
bined with Doppler. However, either method can be
used as a screening method.

2D TOF is not the only MRA technique. Other
techniques are 3D TOF, phase contrast and "black
blood" imaging. Anderson,8 in a recent study, com
bined 2D TOF with 3D TOF in one investigation,
using complementary information arising from each
technique. Despite this strategy, the overall agree
ment between contrast angiography and MRA was
only 64%. In his study a different category system

was used. But again, six out of 11 patients (55%) who
had a 60-94% stenosis on contrast angiography
appeared to have a 95-99% stenosis on MRA.

There is a possibility that technical improve
ments may make MRA a better diagnostic tool in the
future. But at present, MRA cannot be used to replace
contrast angiography.
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CT Aagio....pby: AppUcatioD to tbe Bva1aatioD
ofC&rotld Artel7 SteDosis1

PURPOSE: To determine whether
computed tomographic (CT) angi
ography can be UHd la accuately
quantify carotid .tellOMl and differ
entiate leVere .ten... from occlu
sion..

MA1ERLU.S ANO MEl'HODS: CT
angiograpby wu ued lo evaluate 50
carotid arterin in 27 patieDta who
were reiaNd Iot l1JI'Iia1 evaJuation
alter diapaeis uf can6l.teDoIria and
who had uaderpne standard ansiog
raphy. Four observen read eaeh
study separately in a blinded fashioa,
then allloar observen topther re
viewed th...tudia in which the
individual readinp cUffered la reaeh
a consensus readins-
RESULTS: The COIlMIlIUS readiop
for the two mocIa1itia were in agree
ment on .tenOlIa catepry in 41 (82~)

of the 50 cuotid arteria (1Cw = 0.852
% 0.114). The couenaus readiop in
the other nine arteria dilfered by
only one catepry; leVen had lesa
severe .teDOSis at CT angiography
and two had more senre .tenosis.
The CT angiograms also depicted a
variety of additional abnonnalities,
includiog loops (11 • 6), aneurysms
(11 = 2), and ulcera (n • 4).

CONCLUSION: Thne resulta indi
cate that CT angiopaphy can non
inva.ively plOvide most uf the in
formalion needed befaN carotid
endarterectomy.

Inda tam8: CoII'OCid arteria. ItenOlÍl or ob
struetion. 172.721 • Computed tomography
(CT). comparative ltudia. 172.12116 • Com
puted tomography (CT). preoperative.
172.12116 • Computed tomognphy (CT).
three-áimensionaL 172.12117

R.adiolosy 1993; 189:211-219

CAROllD endarterectomy is now
widely used lo treat carotid ste

nases and thereby reduce the risk of
subsequent stroke (1,2). The North
American Symptomatic Carotid End
arterectomy Trial (NASCET) reported
an absolute reduction in risk 01 ipsi
lateral stroke 0117% at 2 yean in pa
tients with greater than 70~ carotid
stenosis who were treated surgical1y
compared with medically treated pa
tients (1). Thererore, in order lo iden
tify patients who wiI1 benefit from
endarterectomy, Masaryk and
Obuehowski have argued that the
goals 01 carotid imaging must be lo
accurately quantify the degree of ste
nosis, to differentiate between severe
stenosis and ocdusion, and lo detect
any associated abnormalities such as
tandem lesions that may affect the
surgical procedure (3). In addition, in
accomplishing these goals, the imag
ing modality should subject the pa
tient to a minimum of risk and the
health care system to a minimum of
cost.

Three imaging modalities, selective
carotid arteriography, pulsed and
color Doppler ultrasound (US), and
magnetic resonance (MR) angiogra
phy, have been extensively evaluated
in assessing carotid disease. Selective
carotid arteriography is the standard
against which al1 other modaUties are
usual1y compared. This technique ac
complishes al1 of the analomic imag
ing goals as defined by Masaryk and
Obuchowski but does so with a smal1
but definite risk of causing a stroke,
which is what the evaluation and sur
gical procedure were meant lo pre
vento and with the costs ot a period 01
inpatient observation and of treat
ment 01 any complications that may

occur (4-6). To reduce these risks and
costs, the noninvasive modaUties 01
US and MR angiography have been
developed and evaluated. US is
widely used as a screening modality.
While the accuracy 01 US in deteeting
severe stenases was suboptimal in the
NASCET study, other authora have
reported accurades of • 90% in diag
n05ing severe stenases (7,8). !he more
recently developed technique 01 MR
angiography has improved in accu
raey in recent yeara, and recent re·
ports indicate a sensitivity of over
90~ in deteeting severe stenases
(9,10). However, the penistent ten
deney lo overestimate stenONJ with
MR angiography results in poíitive
predictive values ror severe stenoses
as low as 39~ (9). Polak et al have re
ported that the combination of US
and MR angiography may provide
sufficient preoperative information in
m05t patients (11). However, both US
and MR angiography have been re
ported to yield false.positive and
false-negative results in diagnosing
carotid ocdusions, a differentiation
that is crucial lo surgical planning
(7,12-14). Heiserman et al recently
reported 100% accuracy in differenti
ating severe sten05is from ocdusion
using MR angiography (10). Never
theless, the number 01 subtotal ocdu
sions studied with MR angiography
remains small, an4.the acc:uracy of
MR angiography iíl this respect re
mains unknown.

er angiography is a new noninva·
sive vascular imaging teehnique in
which angiographic images are pro
duced by perfonning three-dimen
sional (3D) display or reconstruction
of vessel anatomy as depieted on the
overlapping images obtained with
helical er. In 1984. Heinz et al de-

I From the Departmenta 01 DI.1gnostic Radiology (E.H.D.• M.S.v.L.• MoA.F.• W.P.T.MM) md Sur·
gery (B.C.E.). Univenlty Hospitlll Utrecht. Heidelbergl.aan 100. PO Box 8S5OO. 3S08 CA Utreeht. rhe
:-.Ietherl.ands. Received Nowmber 3. 1992; revlsion requested December 29; fina! revision received
Mav 19, 1993;.accepted May:U. Addnu Nprint nq.... ti» M.S.v.L.
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scribed the use 01 thin-seetion dy
namic cr to allow direct visualization
01 earotid atheroma and thrombi and
demonstrated the possibility 01 mak
ing 3D reeonstruetions 01 the earotid
artery (15,16). However, because the
CT scanners in use at that time were
relatively slow, a bolus 01 eontrast
material was lollowed by a very slow
rate oi contrast intusion(~ drops
per minute), and only a smalllength
01 earotid artery eould be imaged dur
íng the injection phase. The recent
technical developments 01 slip-ring
CT, which aUows very rapid imaging,
and independent 3D workstations
that allow rapid manipulation 01 data
have reawakened interest in the pos
sibiJity oi using contrast material
enhanced CT lar vascular imaging
(17-19). This study was therelore per
formed to ascertain whether these
new teehnical developments eould be
used to aecurately quantify carotid
stenoses and differentiate severe ste
noses from ocdusions.

MATERlALS ANO METHODS

Pa......

AIl patients with symptom&tic carotid
diJale who were refmed for sUf8ical
evahaation and who had undergone or
were goins lo undergo angiography were
alUd lo participate in the study. Critena
for referraI induded ans'ography per
formed elsewhere (11 - 21) or at our iNa
tution (11 - 15) and color and dupla
Doppler sonography performecl at our
¡nsatudon (11 - 14). Al1 parients who were
asked to partiápate in the sludy did 10. A
variety of angiography teehniques were
used, including selective carotid aft8iosra
phy, aortic arch injection angiography,
and intravenous digital subtraction angi
ography (OSA). For an artery lo be in
duded in the study, at leut two angio
graphic views of the bifurcation had lo be
available.

A total of 27 patients (54 caroad mmes)
were induded in the study. They ranged
in ap from 37 lo 79 yean (mean. 62.5
yean =10.9 [standard deviationJ). There
were 16 men and 11 women. All were be
inS evaluated for known or suspected ath
erotlderotic disease except the youngest
patilnt. who had a known dissection in
volms une carotid artery. Four caratid
arteries were exduded from further evalu·
ation for the foUowing reasons: in two in·
stanees. there was no corresponding angi
ographic image of the carotid bifurcation;
one artery wu aftected by a known dissec·
tion. a disease not included in the current
study; and one CT angiographic study
wu unsuccessful due to swaUowing arti
faet on the CT sean. Therefore. a total of SO
caratid arteries were available for evalua
tion. Angiograms were obtained by means
of seleetive carotid injeetion in 17 arteries.
aortic arch injeetion in 21. and intravenous

injeetion in 12. In 13 arteries, CT angiogra
phy preceded standard angiography by
i.9 days : 9.0 (range. 2-28 days). One ar
terv was examined bv both methods on
thé same day. Standárd angiography was
performed before CT angiography in 36
arteries; 32 were studied within 4 months
before CT angiography (mean. 42.7
days : 37.9; range. 1-118 days). Two pa
Hents (four arteries) were exarnined with
angiography 9 and 12 months before CT
angiography.

lmaging

The CT scans were obtained with a new
slip-ring CT seanner capable of perform
ing SO consecutive rotations in SO seconds
(Tomoscan SR-7000; Philips Medical Sys
tems Intemational. Best. The Nether
lands). The paaents were positioned su
pine on the CT gantry table with the head
tilted back as lar as comfortably possible in
order lo avoid artifaet from fillings in the
teeth. A lateral scanogram wu then obo
tained. With use of the scanogram as a
guide. the gantry was angled 10 that it
was perpendicular to the presumed
course of the carotid artenes. Again with
use of the lateral scanogram. the distance
from the anterior arch of the first cervical
vertebra to the midbody of the seventh
cervical vertebra wu measured lo acer
tain the number oí gantry rotations re
quired to image this area with use of one
rotaaon per second and atable speed of 3
mm/sec. Typic:ally, 40 rotaaons were per
formed. although sume paaents required
a. few as 3S or as many u SO.

The section thickness was 3 mm. and a
secaon was reconstrueted every 1 mm.
resulting in 105-1SO 3-mm sections each
overlapping 2 mm with eaeh adjacent seco
tion. The actual nwnber of sections de
pended on the number of gantry rotations
that had been performed. The other CT
sean parameters were u follow.: 120 kV,
250 mAs. 512 x 512 matrix. and 167-mm
field of view. In one patient. a field of view
of 156 mm wa. used. anel in another. a
field of view of 250 mm was used.

Intravenous contrast material (ioxitala
mate (Telebrix; Cuerbet Nederland.
Gorinehem. The Netherlandsl (3SO mg
iodine per milliliterJ) was mechanicaUy
injeeted through a standard catheter
placed in an antecubital vein.In mOlt pa
tients. a volume of 120 mL was injeeted at
arate of 1.8 mL/sec, with a sean delay of
35 seconda. While we were optimizing the
contrast material protocol early in the
study. variations occurred in the volume
and rate of contrast material as weU as in
sean delay (volume range • 90-140 mL.
rate range - 1.4-2.0 mL/sec. and sean de
lay range - 25-35 seconds). Since the 3D
reconstruction technique (deseribed in
detail below) aUowed exelusion ol calcified
plaque. a non-<ontrast-enhanced series
was not obtained.

Quiet breathing was permitted during
the examinatíon. The patients were
strongly encouraged to refrain from swal
lowing during the period of actual CT
data acquisition, usually about .w seconds.
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The scanner then required approximately
15 minutes to reconstruct the sections.

Three-dimensional Reconstruction

The data from the CT sections were
then transferred to an independent work
station for 3D reconstruction (Gyroview
HP. Philips Medical Systems Interna
Honal). A surface-rendering 3D technique
was used with a "region-growing" seg
mentation process as described below
(20.21). The reconstructionl were per
formed by one of two operators (E.H.D.•
M.A.F.) without knowledge of the results
of angiographic assessment.

To perform region-grawing segmenta
tion, mínimum and maximum Hounsfield
density levels for the region must be de
fined. An objective means of determining
the mínimum Hounsfield density level for
the caroad segmentation range was used
to minimize operalor dependence. First.
the two-dimensional (20) CT imases were
viewed to determine the .ite of maximal
caroad stenosis. The density of the central
portion of the lumen (Od at that level was
either direct1y measured or calculated. Di·
rect measurement was performed if the
lumen wularge enough lO place a region
of interest in the central portion of the lu·
men away from the periphery of the lu
men. where the individual voxels are com
posed partly of lumen and partly of
plaque. When direct measurement was
not possible due to small cross-sectional
area, the density was calculated by mea
suring the density of the lumen. again
only of the central portian. a few rnillim..
ters aboye and an equal distance below
the stenosis and averaging these values.
The density of 10ft tissue (OST) was deter
mined by measuring the density of the
ipsilateral stemocleidomutoid musde.
The mínimum segmentation level (OMIN)
was then calculated with the following
formula:~ - OST + 0.7(OL - OST).
The mean Ol was 299.6 % 59.7 (range. 212
447), the mean OST was 86.0 : 13.6 (range.
57-127), and the mean~ was 235.3 :
43.8 (range, 175-342). The maximum seg
mentation level wu set 10 that the cOrtex
of the vertebral bodies and thus the cen
tral portion of any calcified plaques was
exeluded from the segmentation range.

This segmentation range was strietly
adhered to within severa! centimeters
aboye and below the stenOlis. Toward the
more caudal and cranial extents of the ca
rotid arteries. the segmentation range was
notapplicable due to changes in the con
centration of contrast material and beam
hardening from the shoulders and skuU
and mandible. In those locations. a more
subjective segmentation range was used
to adjust for the change in Hounsfield
numbers. since these region! were not cru
cial to displaying the stenosis.

Having defined the segmentation range,
the carotid arteries were then segmented
by using a region-growing process in
which a "seed" is placed in the vessellu
men and aU contiguous pixels that have a
density in the segmentation range are in
eluded in the deñned lumen. Regardless
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Table 1
CT Angiography versus Standard Angiography: Consensus Readings

Nolle.-N1IIlIben are numben of individual readinp. lndices of concordance for individual relld
ings were as foIIows: percentap apeement - 80.0'10. weipted percentap agreement - 93.3"......
0.835 ~ 0.057.

Table2
CT Aagiography versus Standard Angiop'aphy: Individual Readillgs

Note.-Numben are·numben 01 c:onsensus relldlnp.lndices of concordance for CONellSUl'relIdIngs
were as foIIows: percentap asreement - 82.0". weipted percentap agreement - 90&.0". And .....
0.852 ~ 0.114.

for chanc:e agreement (23). In addition. a
weighted 1( index (1<,.) wu calculated for
the individual and consensus readings.
This inc1ex is a meuure of c:oncordance
with a correction tor chance agreement
anc1 weights the results lo dístinguish be·
tween varying degrees of c1isagreement
between the two modaUties being com
pared. It is the statistic of ehoice for mea
suring the agreement of ordinal data (data
in which there are three or more catego
ries that bear a ranlced relationship) (23).

RESULTS
Fifty carotid arteries were evalu

ated in this study. The consensus
readings oí the CT angiograms and
those oí the standard angiograms
were in agreement in 41 (82%) oí the
SO arteries (Table 1). The stenosis cat
egpryatCTan~phywuone

eategpry less severe than at angiogra
phy in seven arteries (14%) and one
eategpry more severe in two (4%). No
readings were more tban one cat
egpry apart. Seventeen arteries were
examined by using a selective carotid
injection. There wu agreement on
stenosis category in 14 (82%) of these
17 arteria Twenty-one arteries were .
examined by using arch aórtography,
and there wu agreement in 17 (81%)
of these 21 arteries. Twelve arteries
were examined by using intraftnOUS
OSA, and there wu agreement in la
(83%) of these 12 arteries.

There was a discrepancy between
severe stenosis and ocdusion in on1y
one case. In that case, patency wu
observed on the CT angiognm but
nol on the selective carotid OSA in\
age obtained 28 days later. In retro
spect a "string sigo" of pseudo-ocdu
sion may have been present on the
standard angiogram. in which case
angiography was falsely positive for
occlusion.

Each oí the SO arteries wu graded.
separately by four observen, multing
in a total oí 200 readings. The indi
vidual readings for CT angiogrlphy
were in agreement with those for an
giography in 160 (lid) of the rnd
ings (Tabie 2). The stenosis eategory
at CT angiography wu ene eategory
lesa severe in 27 readings (13.5%). The
stenosis category at CT angiogrlphy
wu more sevete by one catesorY in
13 readings (65"). The rata of agree
ment for the tour individual observen
were as foUows: observer 1, 86"; ob
server 2. 76%; observer 3,76%; and
observer 4, 82%.

There was a discrepancy between
severe stenosis and occlusion in eight
oí the 200 individual readings. Four of
these readings concemed the artery
mentioned above that appeared to be

o
O
1
7

O
O
6

26

Occluded

O
3

14
O

O
12
S2
2

Severe

graded according lo the foUowing duIii
cationscheme: miId - 0"-19'}(, diameter
reduction, moderate - 20"~", se-
vere - 70"-99", anc1 ocduaion - 100".
This dusi&cation system maintains the
critical criterion of 70" as the level at
which a stenosis is graded u severe that
was recommended as a result of the
NASCET stuc1y (1,2.2).

Each observer fint made a subjective
assessment of the degree of stenasis. U the
carotid artery wu nonnal or occIuded, no
objective meuurement wu made. In the
other cases, an objective meuurement
was made by using vernier calipen (aecu
rate lo 0.01 mm). The site of maximaI ste
nosis was meuurec1 and compare<! with
the more distal, postbulbar internal carotid
artery, as in the NASCET stuc1y (1). The
percentage of diameter reduction was
then calcuIated. When an observer's sub
jective assessment anc1 objective meuure
menta resulted in different slenosis cat·
egories for the same carotid artery, the
observer was asked lo review the fiIms
and make a linal decision on the stenosia
category. Finally. cases in which there wu
disagreement between the observen were
reviewed by aII four observen logether in
order lo reaeh a consensus.

The stenosis eategory inc1icated by the
CT angiogram wu compared with tNit
indicated by the standard angiogram. A
percentage agreement and a weighted
percentage agreement between the two
studies were calculated for the individual
reaclings u weU u for the group consen
sus reading. The !atter statiStic weighta the
resulta lo distinguish between varying de
grees of c1isagreement (eg, one-category
disagreement vs two) but does not correct

3
4
1
O

9
19
S
O

Model1lte

Moderate Severe Ocduded

Slenosis Calegory at Standard Angiography

StenoIiJ Catepy at Standard Angiography

16
1
O
O

63
6
O
O

Mild

MiId

Mild
Moderate
Severe
OccJuded

Mild
Moderate
Severe
Oc:cluded

Slenosis Category
al CT Angiography

StenosiI Category
at CT Anpgraphy

Evaluation

The CT angiograms anc1 stanc1ard angia
grama were revíewed sepuately and in a
blinded fuhion by eaeh of four observen
(E.H.D.• M.S.v.L., B.C.E.• W.P.T.M.M.) in
order to quantify the degree of carotid ste
nosis. The severity of the stenasis was de
termined by comparing the narrowest di·
ameter of the stenotic segment with the
diameter of the interna1 carotid arterv weU
beyond the bulb (1.2.2). !he Slenases 'were

of the segmentation l'llJl8e UHd. the edges
of calc:ified plaque wi1I fa1I within that
range owing lo partial volurne effects.
Sueh ca1cüied plaques were manually re
moved from the segmented lurnen by
drawing a boundary lineo The cervical por·
tions of the common and intemal carotid
arteries were segmented, but only the
proximal extemaI carotid artery wu in
eluded. lince that artery wu not the focus
of this study.

A 3D reconstruction of each carotid aro
lery was then performed and displayed by
uling a shaded-suriace display projection.
Having viewed the CT images during the
segmentation process, the operalor had an
idea of how the reconstruetion should apo
pear. (f any unexpected lnc:Iinss were ob
served in the 3D image, the :ID CT images
were reviewed lo ensure that no mistake
sueh u inappropriate placement of the
seed had been mac1e in the segmentation
procesa. Finally, the view of eaeh carotid
bifurcation that showed the most severe
luminal narrowing wu recoided on film.
The entire 3D reconstruction process re·
quired between 30 and 45 minutes lo pro
duce a 3D image of both carotid arteries.
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the two studies is that Schwartz et al
used 30% stenosis as the point of dif
ferentiation between mild and moder
ate stenosis whereas the current
study used 20% stenosis for this dif
ferentiation.

Perhaps the most important differ
ence between this study and that of
Schwartz et al is the method by which
the minimum segmentation level was
determined. The choice of minimum
segmentation level is crucial in use of
surface-shaded displays to assess the
degree of stenosis. Early in our expe
rience with CT angiography, it be
carne apparent that an objective
means of determining this level was
needed, since different operators
made different subjective assessments
and thus produced images of the
same carotid artery showing different
degrees of stenosis. Schwartz et al
addressed this problem by measuring
the attenuation value of the intralu
minal contrast material at the narrow
est point in the artery (19). While this
method is appealing due to its ease of
application, it adds a degree of vari
ability, since the lumen is very small
in cases of moderate to severe steno
siso In such cases, it is difficult to ob
tain reliable density measurements
owing to the small number of pixels
representing the lumen and the par
tial volume averaging of the pixels on
the periphery of the lumen with adja
cent structures.

The minimum segmentation level
used in this study was reached by us
ing the following reasoning: Voxels

~ ~

Figure 1. Severe stenosis of the left internal carotid artery is visible on both the CT angio
gram (a) and the selective left carotid angiogram (b).

Schwartz et al (19). They compared
CT angiography with standard angi
ography in 40 arteries and found
agreement in 92% of cases. There
were a few differences between these
two studies, which may account for
sorne of the difference in correlation
between CT angiography and angiog
raphy.

All of the angiograms in the study
of Schwartz et al were obtained with
selective carotid injection (19). The
angiograms in the current study were
obtained with aortic arch injection in
21 arteries, selective carotid injection
in 17 arteries, and intravenous OSA
in 12 arteries. Intravenous OSA is
known to occasionally produce erro
neous results and is thus not an ideal
standard of reference, but we chose to
indude these 12 arteries since the
cases were available (24). To allow for
the shortcomings of intravenous OSA,
the correlations between the various
angiographic techniques and CT angi
ography were separately analyzed.
There was no major difference in cor
relation with CT angiography be
tween the groups. CT angiography
correlated with angiography in 82%,
81 %, and 83% of arteries, respectively,
for selective carotid injection, aortic
arch injection, and intravenous OSA.

The same number of stenosis cat
egories was used in both studies, and
both studies used 70% as the crite
rion for severe stenosis, as recom
mended by Fox (22) in response to the
NASCET study (1). The only differ
ence in stenosis categories between
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Masaryk and Obuchowski recently
argued that a carotid imaging modal-,
ity should be judged by its ability to
allow accurate quantification of the
degree of stenosis, differentiation of
severe stenosis and occlusion, and
detection of associated abnormalities
such as tandem lesions that may affect
the surgical procedure (3). The pur
pose of this study was to ascertain if
CT angiography could be used to ac
complish the first two of these three
anatomic imaging goals.

The results of this study suggest
that even at this early stage in the de
velopment of CT angiography, steno
ses can be quantified with this modal
ity. Specifically, the stenosis category
indicated by the consensus CT angio
graphic readings agreed in 82% of
cases with that of the consensus an
giographic readings. When the results
of the two studies differed, they were
only one category aparto The correla
tion of CT angiography with standard
angiography varied for the different
stenosis categories. Seventeen mildly
stenotic arteries were identified with
angiography, and CT angiography
allowed correct c1assification of 16
(94%). Eight moderately stenosed ar
teries were evaluated, and four ap
peared to be moderately stenosed at
CT angiography. There were 17 se
verely stenotic arteries at angiogra
phy, and CT angiographic results
were in agreement in 14 (82%) (Fig 1).
The other three were c1assified as
moderately stenosed with CT angiog
raphy. There were eight arteries inter
preted as occluded at angiography.
Seven (88%) of these were interpreted'
as occ1uded at CT angiography, and
one was interpreted as severely ste
notic. This case is discussed in detall
below.

These results may be compared
with those of a recent study by
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patent at CT angiography but was
read as occ1uded on an angiogram
obtained 28 days latero Two other
readings were falsely positive for oc
clusion at angiography owing to fail
ure by two observers to notice a string
sign on the angiogram, indicating pa
tency. The other two readings were
falsely negative for occlusion at angi
ography: In one artery, one observer
misinterpreted a stenotic external ca
rotid as a patent internal carotid; in
another artery, one reader called the
cervical carotid patent after observing
a patent carotid siphon, which the
other readers thought filled through
intracranial collateral vessels.

DISCUSSION
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a.

b.

on the edge of the vessellumen are
composed partIy of lumen and partIy
of atherosclerotic plaque. If a voxel is
composed of 50% or more vessellu
men, as indicated by its density rela
tive to that of the lumen and plaque,
then it should be included in the seg
mented lumen. Since the plaque was
often too small to allow placement of
a sufficient region of interest for reli
able density measurement, a decision
was made to use the density of soft
tissue as represented by the ipsilateral
stemocleidomastoid muscle at the
level of the stenosis as a rough ap
proximation of that of soft plaque. By
using this approximation and by in
cluding voxels with a density halfway
between that of soft tissue and the
lumen in a preliminary set of recon
structions, the stenosis on the CT an
giograms tended to appear less severe
than on the corresponding angiograms.

c.

Therefore, an empirical choice was
made to include voxels with a density
representing 70% lumen and 30% soft
tissue. Even with use of this 70% level,
there was still a tendency to underes
timate stenoses in this study. Seven of
the nine arteries for which the steno
sis category was not in agreement
with that on the angiogram appeared
less severe on the CT angiogram. In
creasing the minirrium segmentation
level aboye that used in this study
will decrease this tendency toward
underestimation but may concomi
tantly increase the chance of produc
ing 30 irnages depicting stenoses that
are not real. Since the minirnum seg
mentation level is crucial to accuracy
in CT angiography, further research
must be done to optimize it.

The second anatomic goal of any
carotid imaging modality as defined
by Masaryk and Obuchowski is its
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~Figure 2. Severe stenosis versus occlusion.
(a) CT anglOgram reveals apparent disconti
nuity in the proximalleft internal carotid ar
tery (often seen in severe stenoses with CT
angiography), with a patent lumen beyond
the discontinuity. A1so visible is severe steno
sis of the right external carotid artery. (b) CT
image demonstrates small contrast material
opacified lumen of left internal carotid artery
(arrow). Note the mural calcifications. (e) Se
lective left carotid angiogram obtained 28
days after CT angiography was interpreted
as showing occlusion. There is a vague sug
gestion of a string sign of pseudo-occlusion
(arrow).

ability to allow differentiation of se
vere stenoses from occlusions, since
endarterectomy is possible in the
former situation but not in the latter
(3). No imaging technique allows
100% accuracy in making this distinc
tion. Even angiography may yield
false diagnoses of occlusion by failing
to demonstrate slow flow through a
highly stenosed lumen (25). Schwartz
et al reported 100% accuracy in mak
ing this distinction with CT angiogra
phy (19). There was only one artery in
the current study for which the con
sensus readings of the two studies
disagreed regarding occlusion (Fig 2).
In that case, patency demonstrated on
the CT angiogram was not demon
strated on the angíogram obtained 28
days later. Review of the conL'ast
enhanced CT images revealed that an
almost punctate opacified lumen was
visible centrally within the internal
carotid artery on 55 overlapping im
ages covering a distance of 55 mm (all
the way up to the most cephalad im
age), an observation that would ap
pear to indicate that the carotid artery
was patent at the time of CT angiog
raphy (Fig 2b). It is conceivable that
the subtotal occlusion apparently pres
ent at the time of CT angiography
had progressed to complete occlusion
by the time of angiography. However,
review of the selective carotid OSA
image obtained after CT angiography
did suggest a possible string sign, in
which case angiography was falsely
positive for occlusion (Fig 2c). Per
haps a cut-film arteriogram might
have better demonstrated the possible
string sign, but such a study was not
obtained, since the initial injection
image was interpreted as showing
occlusion.

One great advantage of CT in gen
eral is its ability to allow detection of
slight differences in contrasto Since
the 20 CT images allow visualization
of the course of the internal carotid
artery whether patent or not, a very
small opacified lumen (which may
not be visualized with angiography in



~sis, disease progression is not a con- 8-
vincing explanation for all of the. nine ~

cases of disagreement, although lt ~

may have contributed to sorne of j
them. t

As a new technique, CT angiogra- ~

phy must be compared with the otherj
currently available noninvasive mo- 11
dalities. US uses no contrast material ~-

E

and is an excellent screening modal- ~

ity, with a sensitivity as high as 90% g
in detecting severe stenoses (7,8,12).
However, US may result in a false di
agnosis of occlusion in cases of severe
stenosis (7,9,12,14). In addition, it fails
to provide an overview of the carotid
circulation, as may be needed to
guide surgery (27). Such an overview
may allow detection of tandem ste
notic lesions or distalloops or coils of
the internal carotid artery, such as
that seen in Figure 3, that may affect
the surgical procedure. These more
distal abnormalities are not so well
evaluated with US (27). Also, many
surgeons prefer confirmation of the
US diagnosis before performing end
arterectomy, since the surgical proce
dure itself is associated with a total
perioperative complication (death or
stroke) rate of 5.8%-7.6% (1,2). CT
angiography as performed in this
study allowed thorough examination
of the entire cervical carotid artery
and quantification of any visualized
stenosis but did not provide evalua
tion of the carotid origin or carotid
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whether CT angiography could be
used to detect them are not yet clearly
known and may provide the basis for
future research.

One limitation of the current study
is the time interval between CT angi
ography and standard angiography,
raising the possibility of disease pro
gression between performance of the
two studies (29). 80th studies were
performed within 30 days of each
other in 31 of the 50 arteries, between
31 and 60 days of each other in five
arteries, between 61 and 90 days of
each other in six arteries, and more
than 90 days apart in eight arteries.
The time interval between the two
studies in the 41 cases in which agree
ment was observed was 58.1 days ±
97.1. Disease progression between the
two studies might be expected to
manifest itself in the nine arteries in
which the CT and standard angio
grams were in disagreement. In four
arteries in which disagreement oc
curred, the worst disease was seen on
the second study, which was obtained
41.5 days ± 43.7 after the first study.
In the other five cases of disagree
ment, the worst disease was seen on
the first study, which preceded the
second study by 45.4 days ± 34.1.
Therefore, given the roughly equal
distribution of cases in which the first
study detnonstrated the worst steno
sis and those in which the second
study demonstrated the worst steno-

b. ~a. .~_

Figure 3. Carotid loop with aneurysm and ulcero (a) CT angiogram, (b) selective carotid an- .~

giogram. 80th studies demonstrate a normal right carotid bifurcation and a more distal loop, ~

with aneurysmal dilatation and a proJectmg ulcer on the descendmg hmb. The external ca- ~

rotid arteries were not reconstructed, thus accounting for their amputated appearance on the ¡
CT angiogram.
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cases of pseudo-occlusion) would be
expected to be visualized on the 2D
CT images, especially since the con
trast material is administered over a
relatively long time, thus opacifying
any patent arteriallumen. A similar
use of CT to establish patency of the
distal internal carotid artery when
cerebral arteriography failed to allow
visualization of this structure was re
ported by Riles et al in 1982 (26). Fu
ture research should address the
question of whether CT might be
more sensitive than typical angiogra
phy in detecting pseudo-occlusions.
However, until proved otherwise,
cut-film arteriography with a pro
longed selective injection and pro
longed filming remains the standard
of reference and should be performed
in cases of suspected subtotal occlu
sion (25).

The third goal of any carotid imag
ing technique as indicated by Ma
saryk and Obuchowski should be to
detect any associated abnormalities
such as tandem lesions that may affect
the surgical procedure (3). The tech
nique used in our study was intended
to yield a thorough evaluation of the
entire cervical carotid artery and did,
in fact, result in the display of several
abnormalities in addition to stenosis,
including carotid loops (n = 6), aneu
rysms (n = 2), and ulcers (n = 4) (Figs
3, 4). Since the CT scanner used in this
study allowed 50 seconds of uninter
rupted scanning, we were able to im
age the entire cervical carotid artery
(up to 15 cm of scanned length with a
table speed of 3 mm/sec). The capabil
ity of this CT scanner to scan for 50
continuous seconds represents a sub
stantial improvement over that used
in the study by Schwartz et al, in
which only 24 seconds of continuous
scanning was performed, resulting in
imaging of a smaller length of the ca
rotid artery.

Nevertheless, our technique did not
allow imaging of the carotid origin or
the carotid siphon, the two locations
at which tandem lesions are most fre
quent (27). The surgical importance of
these tandem lesions has been the
subject of recent debate. Masa~yk and
Obuchowski argue that detechon of
these lesions is crucial before per
forming carotid endarterectomy, since
patients with such lesions are at
greater risk for intra- and periopera
tive strokes and significant cardiac
complications (3). Polak argues that
such lesions are uncommon and that,
in any case, detection of such a lesion
would probably not result in post
ponement of surgery (28). The surgi
cal importance of tandem lesions and
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Table3
Statisticallndices and Failure Rates: CT Angiography and MR Angiography

Statistical ¡ndices

Weighted Positive Negative
Percentage Percentage Predictive Predictive Failure

Weighted Agreement Agreement Sensitivity Specifidty Value Value Rate
Kappa Index (%) (%) (%) (%) (%) (%) (%)

CT angiography
Current study 0.852 82.0 94.0 82.4 93.9 87.5 91.2 1.9
Schwartz et al (19) 0.929 92.5 97.5 100.0 100.0 100.0 100.0 0.0

MR angiography
Huston et al (9) 0.731 59.0 89.0 90.0 83.1 39.1 98.6 5.1
Heiserman et al (10) 0.852 79.1 94.6 100.0 94.7 66.7 100.0 7.3

~ ~

Figure 4. Stenosis with ulcero (a) Aortic arch ¡njection angiogram reveals severe stenosis and
ulceration of the proximal right internal carotid artery. (b) CT angiogram depicts the ulcer, but
the stenosis appears less severe.

siphon, and thus abnormalities in
these regions would have been over
looked had they been presento

MR angiography of the carotid ar
teries has been the subject of much
recent research. MR angiography
does provide an overview of the ca
rotid circulation, but its accuracy in
diagnosing bifurcation stenoses may
be hampered by signalloss in areas of
turbulent flow (13,30-33). However,
recent studies by Huston et al and
Heiserman et al using state-of-the-art
2D time-of-flight MR projection angi
ography have reported improve-
ments over previous studies in the
accuracy of MR angiography (9,10).
Since the raw data were reported for
~)Qth of these MR angiographic stud
les as well as for the CT angiographi<:
study by Schwartz et al (19), the data
can be subjected to statistical analysis .
for comparison purposes, as shown in.
Table 3. The values of the statistical

. i!,dices for each study are affected by

the number of vessels studied, the
number of stenosis categories (four or
five), the definition of these categories
(particularly the definition of severe
stenosis, which had a minimum value
of 70%,76%, and 80% in the different
studies), and the distribution of dis
ease among these categories. Never
theless, these statistical indexes do
provide sorne basis for comparison.

All of these studies involve ordinal
data (the classification of disease into
categories of severity). Therefore, in
dices of concordance rather than
trend are most appropriate for com
parison. The most usefuI of these in
dices is the weighted Kindex (Kw ),

which corrects for chance agreement
and weights the results to distinguish
between varying categories of dis
agreement (23). If perfect agreement
existed between the two compared
modalities (MR angiography or CT
angiography vs standard angiogra
phy), the index would have a value of
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1.0. To calculate sensitivity, specificity,
and positive and negative predictive
values, the ordinal data must be con
verted into dichotomous data (data in
which there are only two categories,
ie, disease is either present or absent).
This can be accomplished by defining
a positive test result as one that shows
the presence of surgical disease (ie,
severe stenosis) and a negative test
result as one that shows the absence
of surgical disease (ie, occlusion or
nonsevere stenosis).

The results of this statistical analysis
for these two CT angiographic and
two recent MR angiographic studies
are shown in Table 3. The values for
CT angiography for all of these statis
tical indices compare favorably with
those for MR angiography. The larg
est difference between the two mo
dalities appears to be in the positive
predictive values. Owing to the over
estimation of stenosis that may occur
with MR angiography, the predictive
value of a positive MR angiogram (ie,
surgical disease is present) can be
much less than that of a positive CT
angiogram. Thus, there is much less
certainty that a patient with a positive
MR angiogram actually has surgical
disease than when the patient has a
positive CT angiogram. The predic
tive value of a negative result (ie, sur
gical disease is not present) is very
high for both modalities.

Another advantage of CT angiogra
phy compared with MR angiography
that is evident from Table 3 is the
lower failure rate of CT angiography.
This failure rate is related to the pe
riod of time required for data acquisi
tion during which the patient must
remain motionless: a maximum of 50
seconds for CT angiography versus
10-15 minutes for MR angiography.
In addition, CT angiography can be
performed in patients with cardiac
pacemakers and in claustrophobic
patients.

CT angiography does, however,



IV CURSO INTF..RNACIONAL DE RADlOU)GIA VASCUI.AR INTF..RVENCIONISTA COMO ALTERNATIVA TERAPEUTICA

have certain disadvantages that are
inhermt to the technique. Foremost
among these is the use of a bolus oi
intravenous contrast material, a disad
vantage not shared by US and MR
angiography. The use of contrast ma
terial subjects patients to all of the
weU-known risks of nephrotoxicity
and aUergic reaction. In addition, the
use ot a bolus might be problematic in
patients with diminished cardiac out
pul However, the total volume and
rate oi contrast material used in this
study were essentiaUy the same as
thoee used daily for routine CT appli
cations and thus subject the patient lo
no more risk than any other contrast
enhanced CT study. Another disad
vantage of CT angiography is that
there is some degree of operator de
pendence in performing the segmen
tation for the 3D reconstruction if the
shaded-surface display technique is
used. To minimize some of the opera
tor dependence, an objective means
of setting the minimum segmentation
level wu used. HOWevef, sorne op
erator dependence persists in a few
cases when aboundary line must be
drawn to exdude contiguous calcified
plaques. ThiI form ot operator depen.
dence does not exist when maximum
intwnsity pro;ections (MIPs) are used
to provkie the 3D display, but such
pro;ections do result in some diffi·
culty in "seeing through" cak:ilied
plaques (18). The most reproducible
and accurate technique for the visual·
ialían oi CT angiographic data re
mains to be established.

A section by section seed-growing
proc:ess was used in this study lo pero
form the segmentations and produce
the surface-shaded displays. This
.technique as described herein re·
quirn about 30-45 minutes. 80th
multiplanar reconstruction (MPR) or
MIPs would provide a more rapid
view, but both have disadvantages
and therefore were not used. Sagittal,
coronal, or curved plane MPR aUows
visualization of the caurse of the ca·
rotid artery in many cases but can
ptOft.difficult to use in lortuous ca·
rotíd arteries. In addition, use of this
technique can easily result in a misdí
agnosil in cases of occlusion of the
internal carotid artery if the common
carotid artery is aligned with a verti
caUy oriented extemal carotid branch,
which may then be misinterpreted as
a patent interna! carotid artery. MIP
images preserve the CT attenuation
information contained in the 20 sec
tions but also require editing to evalu
ate the lumen in the vicinity of calci·
fied plaques (18).

The stenases in the current study

were assessed both subiectively with
visual inspection and objectively with
a pair of vernier calipers accurate to
0.01 mm. Oespite the accuracy of the
calipers, there was some difficulty in
measuring the diameters of the lumen
as shown on the films, since the CT
angiograms represent a 3D projection
of voxels measuring 0.3 x 0.3 x 3.0
mm that overlap in the longitudinal
direction. Thus, clase inspection of CT
angiograms reveals a contour com
posed of pixels rather than a smooth
contour, and it is difficult lo decide
exactly where to place the calipers
along this bumpy conlour ror the pur
pose of measurement. Use of a
jewelel's eyepíece as performed for
angiography in the NASCET study
would result in the &ame problem (1).
Therefore, the stenoses were finaUy
assigned lo categones on the batis oi
the individual readel's combination
of visual assessment and objective
measurements.

cr angiography is a new techo
nique, añd lUrther research wiU be
necessary lo assess its role in the
evaluation of vascular dísease. Certain
advances can be expected in the near
future as the capabilities of commer·
ciaUy available scanners and worbta
tions are expanded. In particular, de
velopment of x·ray tubes that have a
higher heat capadty and x-ray detec·
tors with improved sensitivity may
aUow data acquisition for longer than
50 seconds, which would aUow cover·
age oi the same area with thinner sec
tions, thus producing a better ap
proximation of the true anatomy of
the vessel with less partíal volume
effect. Inereased use of nonionic con
trast agents wiU reduce the- risk of
contrast material reaction anc:l may
decrease the occurrence of inadvert
ent swaJlowing by the patients as the
contrast material is administered. In
addition, development oi subtraction
techniques may aUow the production
of cr angiograms without the need
for segmentation on each individual
CT image by aJlowing subtraction of
calcified plaques adjacent to the ves
sellumen. Nevertheless, even in its
current early state of development,
CT angiography can provide most of
the ínformation needed before carotid
endarterectomy and thus, in conjunc
tion with US or MR angiography or
both, may eventually reduce the need
tor preoperative carotid arteriogra
phy.•
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The U.S. F.D.A. Trial oC the Wallstent

MARTIN E.C.,MO; KATZEN B.T., MO; SCHWARTEN O.E., MO ET AL

Currently, there is only one stent that is available

in the United States. To introduce a second stent
requires an FOA trial whieb began in August 1991
and closed in January 1993. Ouring that time 226
patients were entered. Indieations for stent
placement were restenosis within 90 days of an
angioplasty procedure (17 patients) and iliae
ocelusions, (13 patients). Otherwise stents were
plaeed for a faHure of angioplasty. This was
defined as a poor cosmetic result with a 30 % or
greater residual stenosis, a dissection longer than
the dilated lesion, or a pressure gradient more than
5mm Hg in tbe iliae artery. The exelusion eriteria
were single or multiple lesions longer than 10em in
lengtb, perforations or aneurysms eaused by the
angioplasty and patients unsuitable for
antieoagulation. One bundred and forty patients had
stents plaeed in the iliae system and 91 patients had
femoral stents. Five patients had both femoral and
iliae stents.

The 140 patients witb mae stents had 173 lesions
stented in 165 limbs at risk. Eighty per cent of
these were an SVS Grade I with a mean ABI of
.63. In the Hiae system, only 13 occlusions were
stented, tbe remaining stents were placed in
stenoses (145). The mean lengtb of tbe ocelusions
treated were 6.6em (range 4-13cm) and of tbe
stenoses 3em (range .1-18em).

AH patients havinl iliae stents were started on
heparin 4 hours arter the procedure and it was
continued until the foHowing moming. Patients
were started on aspirin which continued
indefinitely.

The primary angiograpbic success of stenting in the
mae system was 94.4%. The mean ABI rose from
.64 before stenting to .85. Using the Rutherford
seale, 78 % of the patients were in the + 2 and + 3
eategories and 95 % were + 1 or greater. At 6
montbs the mean ABI of the group with mac stents
was .92. By life table analysis, using a change in
the Rutberford scale to represent a stent faHure,
there was an 85 % patency at 6 montbs and a 77"
patency at 1 year. Sixty percent of patients bad
foHow up arteriolrams at a mean of 6 months
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whieh revealed a 93 % pateney. The results in the
Hiac system are liule different from the Palmaz
trial, both in demographics and results. (1)

Ninety-one patients had femoral Wallstents placed
in 118 lesions in 96 limbs at risk.

AH patients with femoral stents were beparinized
wit,h 5000 units during the implant and started an
intravenous heparin 4 hours after the procedure.
They were started eoncomitantly on coumadin and
the heparin eontinued until such time as tbe
prolhrombin time was 1 1/2 times normal. Tbis
was usually 48 hrs. They eontinued coumadin for
6 monlhs and tcok aspirin indefinitely.

In the femoral system 77 stenoses were stented as
were 41 occlusions. The averale lenlth of tbe
stenoses was 3.7em, (range 1-3Ocm) and of tbe
occlusions 9.1cm (range 1-3Ocm). Whereas tbe
stenoses were predominantly short, occlusioos were
approximately evenly distributed between 0-5cm~ S
IOcm and greater than IOcm in lenltb. Tbe latter
were protocol violations. TIte majority of patients
bad claudieation. Seventy-five per cent were in tbe
Society of Vascular Surgery grade I and the mean
anlcle brachial index of the femoral lrouP was .66
(SO ± 0.2).

As a result of stent placement, the stenoses
increased in diameter from l.Smm te S.4mm and
the occlusions increased to S.4Smm. Tbe primary
angiographie success was 96.4%. Tbe mean aakle
brachial index increased from .66 (SO ± .2) to .96
(SO ± .21). We also classified the primary
clinical suecess using the Rutherford eritena. Ifone
uses only +3 and +2, which repreaeat very Itrict
criteria there was an 88 % primary success rateo If
one in~ludes + I then the primary success rate is
96 %. (+ 3 implies normalization witb an ABI
¡reater than .9 and no symptoms. + 2 is an
increase in ABI of . I and an inerease in catel0ry.
+ 1 represents either one of tbese eriteria hut Dot
both). Tbere was no sipificant ditTerence in tbe
results between stenoses and occlusions.

The initial ABI increase te .96 fell at six montbs to
.92 for both stenoses and occlusions. The latest



IV lNTF:RNATlONAL C0l!RSE ON VASCULAR AND INTERVENTIONM BADIOI.OOY AS TIIERAPEt.rrIC AlJERNATIVE

follow Up is a mean of 8 months. The mean ABI in
stenoses is .88 and in occlusions .83. Using the
Rutherford classification there is no statistical
difference between stenoses and occlusions. At a
mean of 8 months 72 % of the occlusions are in +3
or +2 category and 79 % + 1 or greater. There has,
therefore, been a clinical deterioration.
Angiograpbic follow up have been acbieved in 48
of tbe 91 patients. At 6 montbs, 11 patients bave
occluded or stenosed >50% for a six month
angiographic patency of 77 %. These results are
beginning to mirror those previously described by
Sapoval (2) and Zollikofer (3).

The complication rate is typical of multi center
trials with a total of 16 % but only 2.7% required
surgery.
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formed to determine the feasibility of percutaneous creation of
portosystemic shunts. In 1982, Colapinto and colleagues [6,
7] reported the first clínical experience ín which percutaneous
portosystemic shunts were created by dilating the track with
angioplasty balloons. Long-term patency was, however, a
problem, as the track tended to close in a relatively short time
(Dotter CT et al., presented at the annual meeting of the
Radiological Society of North America, November 1991).

With the development of vascular stents has come a sud
den revival of interest in this techníque [8-10]. Recently,
Ring et al. [11], Richter et al. [12, 13], and Zemel et al. [14]
reported their initial clinical results. In all previous studies, a
rigid needle was used to create the transhepatic track. We
report our preliminary results with percutaneous establish
ment of a portosystemic shunt in which a flexible needle was
used to create the track.

Subjects and Methods

From May to October 1991, 17 men and six women 39-70 years
old (mean age, 54 years) had a transjugular intrahepatic portosys
temic shunt (TIPS) created. AII patients were admitted to the hospital
because of Iife-threatening bleeding in the upper gastrointestinal
tract due to gastroesophageal varices, and all had a history of liver
cirrhosis (alcoholic in 16, idiopathic in three, postinfectious in four) ,
portal hypertension, and gastroesophageal varices. The disease in
these patients was classified according to clinical and laboratory find
ings as Child's C (10), B (six), and A (seven). The number of bleeding
episodes varied from one to five (mean, 2.5). Twelve of the patients
had had endoscopic sclerotherapy one to 12 times, and 60% of the
patients had required one or more blood transfusions. Five of the
patients had signs of encephalopathy before the TIPS procedure
was done, as shown by the results of standard quantitative tests
(Reitan test) and blood ammonia levels. AII patients have been taking
lactulose and following dietary restrictions to prevent encephalopa
thy. Creation of the shunt was an elective procedure in 21 patients
and an emergency procedure in two, who were admitted with mas
sive bleeding in the upper gastrointestinal tract and did not respond
to conservative medical management, including fluid replacement, IV
vasopressin, balloon tamponade, and sclerotherapy.

Before creating the shunt, we assessed the anatomy of the portal
vein by using indirect portal venography with injection of the supe
rior mesenteric and/or the splenic artery. The diagnostic study was
usually performed 1-7 days before creation of the shunt to avoid
potential contrast nephropathy from the large volume of contrast
medium required for the diagnostic and therapeutic studies. If the
patient was referred for an emergency TIPS procedure, the preoper
ative assessment and the shunting procedure were done at the
same time. Hepatic venography was used, either simultaneously or
subsequent to indirect portal venography, to assess the anatomy of
individual veins and the relationship of the hepatic vein to the
branches of the portal vein (Figs. 1A-1 C). The wedge hepatic and
inferior vena caval pressures were recorded in arder to calculate the
portosystemic pressure gradient befare shunting. In some patients,
a wedge hepatic venogram was also obtained to evaluate the anat
omy of the portal vein further (Fig. 2). In addition, Doppler sono
graphic examination of the hepatic and portal veins was used to
assess patency of the portal vein and the direction of flow in the por
tal branches.

The TIPS procedure was performed in the angiographic suite,
and local anesthesia was used. No antibiotic prophylaxis was used,
and no anticoagulants were given either during or after the proce
dure. In one patient with severe psychomotor activity, general anes
thesia was used. IV midazolam (Versed, Roche Laboratories,
Nutley, NJ) was used for sedation. Because dilatation of the trans
hepatic track caused severe pain, the track was infiltrated with a
local anesthetic (Iidocaine, 1.5 mg per kilogram of body weight) in
the last 15 patients. Infiltration of the track was accomplished by
using a catheter with multiple side holes (Cook Multipurpose, Cook,
Inc., Bloomington, IN). The catheter was positioned over a
guidewire at the level of the parenchymal track. A Y-connector was
placed over the wire, and the anesthetic was injected through the
side arm of the Y-connector. No adverse reactions were induced by
the intraparenchymal injection of lidocaine.

Percutaneous access was obtained through the right internal jug
ular vein by using the Seldinger technique to place a 10-French
sheath. A 7-French multipurpose catheter was used to selectively
catheterize the right hepatic vein in 21 cases, the middle hepatic
vein in one case, and the left hepatic vein in one case. With fluoro
scopic guidance, a flexible needle/trocar was used to establish a
transhepatic track from the hepatic vein into the portal vein. For the
needle puncture, the needle/trocar system was taken to a medial

A B e
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Flg. 1.-.4 and S, Anteroposterlor (A) and lateral (S) Indlrect portal venograms (lnjectlon Into superior mesenterlc artery) show catheters placed In
rlght (stralght arrow), mlddle (arrowhead), and left (curvad arrow) hepatlc velns to assess velns' relatlonshlp to portal vein. Clearly, right hepatic veln
provldes shortest and easlest access.

e, Lateral venogram obtalned after slmultaneous Injectlon In rlght hepatlc veln (arrows) during Indirect portal venography. Note relatlonship of rlght
hepstlc veln to portal veln.
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TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT

Flg. 2.-A, Wedge hepatlc venogram shows
good opaclflcatlon of portal veln, which has
hepatotugal flow. Note fllling defect within por·
tal veln (arrow), suggestlng partlal thrombosls
of portal veln.

B, Portal venogram obtalned durlng transo
jugular Intrahepatic portosystemlc shunt pro
cedure conflrms presence of thrombus in portal
veln (arrow) causing significant obstruction o,
'Iow, as shown by perslstent opacification of
gastric varices. Thrombus was fragmented and
Iysed In order to malntain patency of shunt.

A

position in the hepatic vein that had been entered in order to form a
straighter track. The needle/trocar set consists of a flexible 0.038-in.
(1-mm) trocar with a sharp tip sheathed in a 5-French Teflon cathe
ter. The 5-French catheter fits through the lumen of a 10-French
Teflon catheter and metal cannula assembly (Fig. 3). Aspiration of
blood and subsequent injection of contrast medium confirmed that
the portal vein had been entered. A stiff-type ang·led glidewire (Ter
umo, Medi-tech, Boston Scientific Corporation, Boston) was used to
enter the portal vein in all cases. After passage of the glidewire into
the portal system, in order to predilate the track, the locked assem
bly of the 10-French Teflon guiding catheter/metal cannu/a and the
5-French Teflon catheter was advanced into the portal vein until the
tip of the 1O-French guiding catheter was seen within the portal vein;
the pressure in the portal vein was then measured. The 5-French
catheter and the 10-French guiding catheter/cannula assembly was
then removed, and a 9-mm (diameter) angioplasty balloon was
introduced to fully dilate the track in the hepatic parenchyma. Pres
sures in the portal vein and in the hepatic vein were then recorded in
order to reassess the portosystemic pressure gradient. Subse
quently, the length of the track from the portal vein to the hepatic
vein was measured, and a self-expandable Wallstent (Schneider,
Zurich) of adequate length was placed in the track and dilated to 9
mm. More than one stent was required when the parenchymal track
was long or when placement of the first stent was inaccurate. Pres
sures in the portal vein, hepatic vein, and inferior vena cava were

B

then recorded. Nex!, portal venograms were obtained by injecting
contrast material into the superior mesenteric vein to assess the
flow through the shunt and evaluate the persistent opacification of
the gastroesophageal varices (Fig. 4).

In sorne cases, a pressure gradient greater than 15 mm Hg was
present after placement of the stent. In none of the cases was fur
ther dilatation of the stent attempted (Fig. 5). The sheath was sub
sequently removed, and local pressure was applied at the level of
the percutaneous puncture in the neck.

Follow-up of the patient included clinical and Doppler examina
tions, including base/ine evaluation before discharge from the hospi
tal and evaluation 1, 3, 6, and 12 months after discharge. An
angiographic follow-up, including pressure measurements, at 6
months or sooner was planned as an outpatient procedure if the
patient had any duplex sonographic or clinical evidence of malfunc
tion of the shunt. Endoscopy to rule out the presence of potential
bleeding lesions other than esophageal varices was performed only
if the patient had evidence of gastrointestinal bleeding.

Results

Mean hospital stay after the TIPS procedure was 6.5 days
(range, 2-30 days). The time required for the procedure was
from 1.0 to 6.5 hr (mean, 3 hr). The time required and the
number of needle passes needed to obtain access to the

A B
FIg. 3.-A, Photograph shows Rosch portacaval shunt set, RUPS-100 (Cook, Inc., Bloomington, IN). A =1G-French introducing sheath and 10-French

_1 dllator, B =1G-French Teflon catheter, C =14-gauge transjugular needle, D =S·French Teflon catheter, E =62.S-cm flexlble-tlp needle.
B, Magnl1led lIIustratlon shows assembled set: flexlble-tlp needle (straight arrow), 5-French Teflon catheter (arrowhead), 10-French Teflon catheter

(open alTOw), and 1G-French Introducer sheath (curved arrow)..
(FJga. 3A and 3B courtesy of Cook, Inc., Bloomington, IN.)' 175
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A B

Fig. 4.-Porta/ venogram obtained alter place
ment of Wallstent shows smooth angle of stent in
track. Ends of stent are clearly seen within hepat
ic and portal veins. Note forward flow into
branches of portal vein.

Fig. S.-A, Portal venogram obtained before stent dilatation shows extensive gastric varices.
B, Portal venogram obtained alter stent dilatation shows lack of opacification of gastric varices

and preservation of forward flow into branches of portal vein.

portal vein decreased as more experience was gained
(Iearning curve). In our first cases, the mean number of nee
die passes was 16 (range, 3-25); this decreased to a mean
of three (range, 1-7) in our last 10 cases.

Technical success was achieved in all patients. The porto
systemic pressure gradient decreased from a mean of 26 ± 6
mm Hg before establishment of the shunt to a mean of 16 ±

3 mm Hg afterward. Angiograms showed antegrade flow
through the stent in all patients; antegrade flow through
branches of the portal vein was evident in 16 patients, and
persistent opacification of the gastroesophageal varices was
seen in 14 patients.

Of the 21 patients in whom the right hepatic vein was
used, connection with the right portal vein branch was
obtained in 12, with the left portal vein in six (at the level of
bifurcation), and with the main portal vein at the level of the
bifurcation in three. In the patients in whom the middle and
left hepatic veins were used, the connection was made with
the left portal vein.

The bile duct was punctured in four patients, the gallblad
der in one, and a branch of the hepatic artery in one, but no
clinical manifestations associated with these events were
seen. The patient who had general anesthesia for the proce
dure was comatose for 2 days but recuperated fully and was
discharged 15 days after the TIPS procedure.

The first eight patients in whom the intrahepatic track was
not infiltrated with local anesthetic had moderate to severe
pain compared with those patients in whom the intraparen
chymal track was infiltrated with anesthetic, who had only
minimal pain. The follow-up period has been 6-16 months
(mean, 12 months). Eight patients died. One patient who
was in a hepatic coma and had severe hepatorenal failure
before the TIPS procedure died 48 hr after the procedure
was done without having come out of the coma. Four
patients died 2 months after the TIPS procedure: one of a
massive cerebral vascular accident, one of an acute myo
cardíal infarction, one of pneumonia, and one of sepsis due
to infection of ascitic fluid. One patient died of massive
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bleeding from esophageal varices 24 hr after the TIPS pro
cedure. Another died of disseminated intravascular coagula
tion afier successful establishment of a second TIPS, which
was created because of thrombosis of the first one caused
by bleeding varices. The eighth died of unknown causes 4
months afier the TIPS procedure. Therefore, the 30-day
mortalíty was 4%, and the 90-day mortalíty was 30%.

The remaining 15 patients have undergone angiographic
evaluation, seven because of recurrent bleeding in the upper
gastrointestinal tract and eight as a routine 6-month follow
up study. Seven patients had recurrent variceal bleeding.
Two of these had a thrombosed shunt 2 and 3 months afier
the TIPS procedure was done, and creation of a second
TIPS was required. Four others had stenosis of the hepatic
vein 3-4 months afier shunting, and balloon dilatation and
stenting were necessary to relieve the obstruction. The sev
enth patient hemorrhaged because of a persistently elevated
(22 mm Hg) portosystemic pressure gradient. These
patients have remained asymptomatic since reintervention.
Of the eight asymptomatic patients who had a routine angio
graphic-hemodynamic follow-up, three had stenosis of the
hepatic vein but have remained asymptomatic, with patent
shunts shown by Doppler sonography. After creation of the
shunt, one of the patients who had encephalopathy before
the procedure and an additional patient have had two subse
quent hospital admissions because of encephalopathy.
Ascites was present in 11 patients; it disappeared in four,
and the amount of fluid decreased in seven after the TIPS
procedure.

Discussion

The prevalence of gastric and esophageal varices in
patients with liver cirrhosis varies widely, from 14% to 77%
[15-18], and the prevalence of bleeding from gastroesoph
ageal varices in these patients varies from 13% to 70% [19,
20). The risk of bleeding is said to be about 10% in patients
with liver cirrhosis who have not had any previous episodes

I
~
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of bleeding from gastroesophageal varices. In patients who
have had a previous episode. the risk of rebleeding is 46%
[21]. A higher prevalence of bleeding, from 65% to 81% [18,
22], has been reported in a selected group of patients with
Iiver cirrhosis who were followed up prospectiveJy.

Endoscopic sclerotherapy provides good palliation, but as
the cause of portal hypertension is not eliminated, the preva
lence of rebleeding is high [23-27].

Surgical creation of a portacaval shunt remains the best
method for decompression of the portal system and there
fore for preventing rebleeding from gastroesophageal var
ices [1, 20, 28]. Morbidity and mortality are less in patients in
whom the surgery is elective, in patients with good residual
liver function, and when small H-grafis are used to prevent
liver failure and encephalopathy [29].

The concept of a percutaneous transhepatic portacaval
shunt evolved from the late 1960s. Rbsch et al. [3] described
use of a needle for percutaneous transhepatic liver biopsies,
and subsequently a percutaneous portacaval shunt in ani
mals was reported. The needles initially described by Rbsch
et al. and subsequently modified by Colapinto et al. [6] have
a rigid shafi and a sharp cutting tip in common. Although the
rigidity of the needle allows better torque and, therefore,
improved control during the transhepatic puncture, the risk
of using such a sharp, rigid instrument, particularly if the
operator is inexperienced, might outweigh the advantages of
this designo A flexible, Teflon-sheathed stylet has recently
been developed by Rbsch. We have not had any difficulty in
advancing the needle, even through fibrotic livers. Another
advantage of this needle is that afier passage of the
guidewire, the assembly of a 5-French Teflon sheatlHnetal
cannula and 10-French guiding catheter can be easily
advanced over the guidewire into the portal vein to predilate
the parenchymal track. Afier the metal cannulaJ5-French
Teflon sheath is removed, an 8- or 9-mm angioplasty balloon
can be easily advanced over the guidewire to dilate the
parenchymal track.

In our series of 23 patients, our technical success was
100%, as compared with the 75% reported by others [12,
30]. Initial clinical success was achieved in all patients.
Recurrent bleeding was seen in 35%, good control of ascites
in 63%, and encephalopathy in 9%.

Richter et al. [12] recommended use of a transhepatic
approach to the portal vein for guidance during the establish
ment of the connection between the hepatic vein and the por
tal vejn. Unfortunately, in their series, one death was directly
related to the percutaneous transhepatic track; massive
bleeding occurred afier loss of percutaneous transhepatic
access despite the successful creation of a percutaneous
portosystemic shunt. Sonographic guidance of the needle
during the TIPS procedure has been used [12-14, 31].

We consider it essential to obtain a good quality angio
graphic evaluation of the patient's anatomy; this includes
use of indirect portal venography, hepatic vein venography,
wedge hepatic venography, and measurements of wedge
hepatic vein pressure to assess the anatomy and the porto
systemic pressure gradient. Anteroposterior and lateral
angiograms should be obtained in order to evaluate the rela
tionship of the hepatic veins to the portal vein. Additional
information obtained from the initial angiographic evaluation

ineludes the presence of gastroesophageal varices, other
sources of bleeding, the status of the hepatic artery circula
tion, and the direction of flow in the portal vein (hepatofugal,
hepatopetal) .

Probably the most important information obtained from the
angiograms is data on the patency of the portal vein.
because thrombosis of the portal vein (Fig. 2) can be
present in some patients, particularly those who have had
sclerotherapy several times [29]. Doppler sonography can
also be used to assess the status of the portal vein and to
determine if the flow in this vessel is hepatopetal or hepato
fugal. If large collaterals are present. Doppler evaluation of
the portal vein can be difficult, and then portal venography is
the only accurate method of obtaining this information.

No deaths were directly associated with the TIPS proce
dure, even though one patient died 48 hr afierwards,
because of terminal and irreversible hepatic and renal fail
ure. Pain during dilatation of the transhepatic track was a
common problem in the first eight cases. Subsequently,
direct injection of local anesthetic into the transhepatic track
eliminated this problem [32]. Interestingly, none of these
patients had adverse reactions to the intraparenchymal
injection of lidocaine. We do not recommend this approach
in patients with a history of adverse reactions to this group of
drugs. The long duration of the procedure is a relative prob
lem, which has improved as we have become more profi
cient with the procedure.

The self-expandabte Wallstent was usad to maintain
patency of the shunt. It was chosen because of its flexibility
and self-expanding capabilities, which allow the ¡;tent to
adapt itself to all types of tracks, preventing kinking in areas
of angulation and migration of the stent (Fig. 4). Stent migra
tion has been described with other types of stents [14].

The diameter of 9 mm for the stent was chosen on the
basis of surgical experimental and clinical data. It has been
reported that total decompression of the varices is not nec
essary to prevent rebteeding from gastroesophageal varices
[33, 34]. The ultimate factors that cause variceal bleeding
are not fully understood. The hemodynamics of the portal
circulation are extremely complex and can be altered by a
number of factors. Even though a larger shunt diameter is
theoretically desirable to adequately decrease the portal
pressure, it is well known that use of a larger shunt may
increase the risk of encephalopathy [35]. The idea of creat
ing a small-diameter shunt that will partially divert the portal
flow was re-established by Rypins and Sarfeh [29J. The main
purpose of this approach was to decrease the risk of
encephalopathy by maintaining flow via the portal vein. How
ever, it was found that, in some cases, the shunt would still
cause complete diversion of portal blood flow.

Other researchers [34] recommend embolization of gastro
esophageal varices afier partial portal decompression via
surgery. Fourteen of our patients had persistent opacification
of their esophageal varices afier creation of a TIPS. We
decided that embolization was no! necessary in one patient
because the portosystemic pressure gradient decreased
markedly afier creation of the shunt, and we thought this was
adequate to prevent rebleeding from the esophageal varices.
A patient with rebleeding from gastroesophageal varices
afier a successful TIPS procedure could undergo dilatation of
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the shunt to decrease the portosystemic pressure gradient
further and therefore stop the bleeding, or the varices could
be easily embolized through the shunt [11,13]. An increase
ín the diameter of the TIPS is possible only when the Palmaz
51ent is used, because the diameter of the Wall51ent is fixed.
Dilatation of the Wall51ents with 10- or 12-mm angiop/asty
ba/loons may be attempted. In our experience, this has
causad 51ent shortening and minimal increase in shunt diam
eter. As further ctinical and hemodynamic data are gathered,
guidelines for shunt dilation, vanceal embolization, and ere
ation of a seeond shum will mo51 likely be established. Long
term follow-up data will be critical in this regard.

Creation of a TIPS is a simple, safe, and reliable means of
decompressing the portal vein in patients who have portal
hypertension associated with Uver cirrhosis. Clearty, more
data are needed to prove the long·term efficacy of this proce
dure. Randomized tria/s comparing its efficacy with the effi
cacies of surgical shunts and sclerotherapy are warranted.
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Long Term Results of Thrombolytic Therapy

T.O. McNAMARA, M. D. I

Long term results of thrombolytic therapy
depend upon the type of conduit, the
location, the need for PTA, the result of
PTA, the status of the runoff vessels, and
whether thrombolysis was successful.
Thrombolysis yields the best long term
results in native arteries (iliac > SFA), if
lysis. was complete, if the runoff is good,
and In non-smokers. (Table 7).

The results of "late failure" are different
th~n those following bypass surgery. Late
fal1ure after successful thrombolysis is due
to st~nosis in the previously long
occluslOn. As a result the patient has the
sa~e or less severe symptoms. In contrast,
fallure of a bypass graft is usually due to
advancement of disease at the distal
anastomosis and/or the distal vessels.

The graft usually thromboses and the
thrombus extends into the next arterial
segment(s). Thus, the patients has
multilevel disease. This often gives limb
threatening signs and symptoms. The
in~dence of amputation following late
fal1ure of a thrombosed bypass graft is
higher than following reocclusion or
stenosis developing within a previous
occlusion. (Table 8,9).

Conclusion:

Thrombolysis makes an enormous
difference in the acutely ischemic limb by
virtue of saving both lives and limbs. It
makes a big difference in chronic
occlusions improving the patency versus
direct guide wire traversal and PTA as the
initial step.

\ Chief , Angio/ lntervenlional Scclion al UCLA Mcdical Cenler, Los Angeles, Califoma, USA.
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TABLE l. INITIAL LYSIS

ACUTE OCCLUSION COMPLETE PARTIAL NONE

ILIAC 95 4 1

SFA 78 21 1

ABF 90 10 O

FERM-POP 75 25 O

TABLE 2. l° PATENCY % (YEAR)

ACUTE OCCLUSION O 1 2 3 4 5

ILIAC 98 98 95 90 85 80

SFA 88 85 80 76 69 65

ABF 95 90 75 70 60 45

FERM-POP 85 70 50 32 18 5

TABLE 3. PATENCY % (YEAR)

LYSIS O 1 2 3 4 5

COMPLETE 100 100 92 80 72 65

PARTIAL 60 48 40 30 22 12

NONE 30 20 15 10 O O

TABLE 4. INITIAL LYSIS

CHRONIC OCCLUSION COMPLETE PARTIAL NONE

ILIAC 50 30 20

SFA 40 40 20

ABF 85 15 O

FERM-POP 85 S 10
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TABLE 5. l° PATENCY % (YEAR)

CHRONIC OCCLUSION O 1 2 3 4 5

ILIAC 90 90 86 86 80 80

SFA 70 66 60 56 SO 45

ABF 95 90 80 72 6S 50

FERM-POP 85 80 70 35 O O

TABLE 6. PATENCY % (YEAR)

RUNOFF VESSEL O 1 2 3 4 5

4 80 78 74 70 63 57

3 78 74 70 69 60 59

2 75 70 66 60· 50 43

1 78 70 56 45 20 O

TABLE 7. BEST LONG TERM PATENCY (FAVOURABLE FACTORS)

• Complete lysis
• Iliac Artery
• Non-smoker
• Two runoff arteries
• No residual stenosis

TABLE 8.

LATE FAILURE AMPUTATIONS

LYSIS IPTA RARE

BYPASS GRAFT 2-10%
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TABLE 9. LATE FAn..URE

CONDUIT LIMB THREAT (9Ii)

NAnVE ARTERY RARE

BYPASS GRAFT 10-25 9Ii

TABLE 10. BEST LONG TERM PATENCY

• Native artery -Iliac> SFA
• Lysis recanalizes
• Large vessels
• Singles, short stenosis
• No residual stenosis

TABLE 11. GRAFT PATENCY

• Vein >PTFE
• Monitor with U.S.
• Preemptive PTA
• Atherectomy?
• Stent?

TABLE 12. POST·LYSIS (ANTICOAGULANT?)

• Ectasia
• Slow flow
• U Cardiac output
• 1 vessel runoff

TABLE 13. POST·LYSIS PATENCY (ANTICOAGULANT?)

• Emboli
• PTFE graft
• No stenosis to PTA
• Unsuccessful PTA
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TABLE 14. BENEmS OF LYSIS

• Convert occlusion to stenosis
• Therefore, shorter lesion
• Minimizes risk of false channel

TABLE 15. LONG TERM PATENCY (lMPACT OF LYSIS)

• Stenosis > Occlusion
• Short > Long

TABLE 16. PATENCY

• Proxima > Distal
• Big > Small vessel
• Focal > Diffuse
• No residual stenosis
• Good flow/runoff
• Normal risk factors

TABLE 17.

• Thrombolysis converts occlusion lo stenosis.
• Then patency follows stenosis pattems.
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Uses oC balloon expandable stents
in combination with PTFE

JULIO C. PALMAZ, M.O.·

INTRODUCTION

Tbe use of stents in combination witb PTFE

offers tbe possibility to treat focal vascular lesions
otber than stenosis or occlusion in patients whom
cannot otberwise undergo surgical repair for any
reason. This is feasible in aneurysms,
pseudoaneurysms and arteriovenous fistulas by
excluding the abnormal vascular lumen witb PTFE
coaxially placed over stent as iIIustrated below.

FiJUre 1: &lIoon intlation expands stent and PfFE material
simultaneously occluding the lumen of the arteriovenous fistula
(F).

lt is understood tbat may of the materials needed to
perform tbese procedures have not been designed
for endovascular application and are not yet
approved for clinical use as depicted here.
However, because of their potential Iife-saving
nature, it may be useful to review these techniques
in come detail in case the need arises to use them
in a critical situation.

MATERIALS AND METHOD

Because of its plastic characteristics and the lack

of a reinforcing layer Impragraft (TM) PTFE is

radially expansible if a coaxial balloon is inflated
within its lurnen. This material may radially
elongate witb Iittle elastic recoil severa! times its
original diameter before rupture. lbis typically
occurs after stretcbing 600-700 percent (7). The
experience provided by bench and animal testing
and tbe limited clinical endovascular use of tbis
material suggests tbat radial expansion within tbe
350-450 percent of tbe original diameter may be
adequate for practical use because the physical and
mechanical characteristic of the material are not
profoundly altered in this range. This ideal
expansion ratio must be kept in mind during tbe
selection of tbe diameter of the bypass material for
a given target lesion.

We mount Impragraft (TM) on balloon expandable
stents (Johnson and Johnson Interventional Systems)
by placing tbe graft material coaxially ever tbe
stent and cutting it witb a scalpel blade to mátcb
the lengtb of the stent. We select the stent type
trying to mach its expansion range to that of the
graft as suggested on the table ahove. The graft is
affixed to the stent with 6-0 polypropyiene suture
with non-cutting needle. The sutures are placed on
each quadrant of the stent circumference, 5 mm
from the ends as depicted below.

Figure 2: SUlure placementto affix PTFE to a coaxial stent. The
insert depicls a suture lied around one of the bridges between
adjacent slruts.

lProffelOr and Chief of Cardiovascular and Speciallnlervenlions. The University ofTexas Healh Science Center at San Antonio.
Texas, U.S.A.
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GRAFT DIAMETER (MM)- EXPANSION BANGE (MM) STENT DIAMETER (MM) SHEATH SIZE (ID.
FRENeH)

3 TW 7-S MEDIUM 2.5-- lO

3.5 TW S-lO LARGE 3.3--- 12

4 TW 10-15 14

Table 1.
- Impra,raft TW (lbin wall)
-- (JobnlOll and JohnlOn Interventional Syllem, P294)
--- ( JobnlOn and JohnlOn Interventional SyllCm, P30S)

lbe choice of the balloon catheter is critical
because of two reasons: a) the need of maintaining
the lowest possible profile to allow the smallest
introducer sheath diameter. Table 1 indicates
suggested sheath sizes for the different stent graft
combinations. b) The other important factor is the
length of the balloon in relationship with the length
of the stent-graft assembly. If the balloon is longer
than the stent-graft the balloon will adopt a
dumbbell configuration at the beginning of the
inflation causing retraction of the graft material and
possible tear of the PTFE material at the site of the
sutures. These tears may result in longitudinal
splitting of the material at higher inflation
pressures. If the balloon length is matched with the
stent-graft the expansion begins at the center of the
assembly preventing suture disruption. In selecting
tbe appropriate balloon length it is important to
remember that the nominal balloon length reflects
the length of the cylindrical portion of the balloon
and disregards the tapered portions at the ends.
This indicates that for a 3 cm stent-graft the ideal
balloon length should be 2 cm and have short
tapered ends. For a stent-graft assembly composed
of two 3 cm stents in tandem with a single piece of
coaxially mounted graft the balloon should be 4 cm
long. After complete expansion, the stent-graft may
have tapered ends, requiring repositioning of the
balloon and reexpansion of both ends to attain a
cylindrical configuration as iIIustrated below.
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Fi",re 3: A) Exceuively Ion, balloon wilb dumbbell expanaion
cauain, retnction of Ibe ,nft over lbe lIent wilb
dama,e at lbe auture aites.
B) Shol1er balloon expanda lbe lIent-graft from lbe
center out. Thia producea tlpered enda.
C) Balloon repoaitionin, and inflation expanda Ibe
tlpered end.

To stabilize the stent-graft on the balloon during
withdrawal ofthe sheath a "pusher" catheter can be
coaxially mounted over the shaft of the balloon
angioplasty catheter. This provides an edge 00 the
back side of the balloon that prevents backward
displacement. For balloon catheters with 5 French
shafts a pusher can be fashioned out of an 8 French
Van Andel catheter with the tapered tip cut off.
Balloons catheter with a 6 French chaff accept 8
French Van Andel catheters.

Figure 4: ASlCmbly of balloon angioplasty calbeter, puaher
calbeter and stent-graft.

Stent-graft combinations larger than 15 mm in
diameter . require pre-expansion of the PTFE
because larger balloons generate lower pressures.
This determines a smaller margin of safety between
the pressure needed to expand the stent-graft and
the burst limit of the balloon. The pre-expanded
graft must be folder around the stent and balloon
catheter like an umbrella and loaded inside a
delivery sheath with a hemostatic valve, as
iIIustrated below. The assembly may be sterilized
with ethylene oxide prior lo use.
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GRAFT DIAMETER EXPANSION RANGE (MM) STENT DIAMETER SHEATH SIZE
(MM)'" (MM) (FRENCH, ID)

5 ST 15-20 (pRE-EXPANDED) 4.3 16

6 ST 20-28 (pRE-EXPANDED) 18

Table 2. (. Imp... TM) PrFE ....ft eonduill of alindan! wa11 thiekne.. and their expanaion ...."e. matchi." "nl and introdueer aheatha.

Fiaure 6: Large ..nt-....ft i. expanded with partial withd...wal
ofthe delivery aheath (left). Complete withd......al ofthe aheath
a11ow. the PrFE eonduit 10 expand (eenler). Inlroduction of a
aecond Itent throu¡h the aheath ia poaitioned and expander at the
dialll end (ri,h\).

Fiaure S: A large ba1100n an,ioplalty eatheter i. uaed lo pre
expand PrFE (top). Tbe resulti." material i. sutured to a brid,e
approximately in the middle of a "nt. Tberefore, half of the
..nt ia BOl eovered by PrFE (middle). Tbe redundant PrFE i.
folder with two lo."itudinal fold. runni." alon¡ the eatheter
• aft. inaide of a aheath with a hemoalltie valve (bottom).

Unlike stent-graft combinations of 15 mm in
diameter or smaller, the large counterparts are
delivered lo tbe target site pre-loaded. Tbis means
tbat tbe sheatb is introduced into the vessel with fhe
balloon and tbe stent-graft inside its lurnen. After
reaching the desired position, the sheath is
withdrawn and the balloon is inflated to deploy the
stent. Because using graft material of larger
diameter usually involves using greater lengths only
part of the graft is supported by stent. The graft
ends are applied aaainst the arterial wall by the
expanded stent which function as a friction seal.
Only one stent is affixed to the PTFE material
prior lo placement. A distal stent may be placed
immediately after the stent graft is deployed.
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Table 2 shows suagested PTFE diameter and tbeir
expanded diameter range, correspondina stent and
introducer sheaths. Balloon angioplasty catheters
15-30 mm in diameter are not available for arterial
use. In exceptional situations, valvuloplasty and
prostatic dilatation balloons could be used for tbese
purposes. These balloons should have shafts DO

larger tban 7 Frech lo fit the suggested sheaths and
overall lengths of 100 cm.

Intraarterial placement of the large vascular lCCesS

sheaths, size 12 French and larger, requires direct
exposure of the vessel. Occasionally, 12 French
sheaths may be introduced percutaneously in
patients with large, non-tortuous vessels because
these procedures may be done, in general, with
small doses of heparin. Introduction of 12 and 14
French sheaths into surgically exposed common
femoral arteries should begin with a needle
puncture followed by over-tbe-wire exchange. This
technique preserves blood flow around tbe sheath in
contrast witb the use of arteriotomy and vessel
loops. For sheath sizes 16 French and larger,
arteriotomy and vessel loops may be used without
disadvantage since these diameter sheaths usually
interrupts blood flow.
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Endovascular Grafts

JUAN CARLOS PARODI M.O.

In 1988 a project that had been abandoned
by us in 1979 was restarted. The project
was related to the transluminal treatment
of aneurysms. Since then experiments
were performed in 43 dogs. Most of them
were used trying to develop a good model
for testing several deviees for aneurysmal
exclusion. The last 8 experiments were
performed in Buenos Aires and in San
Antonio, Texas with the final design (two
balloon expandable stents and a daeron
graft overlapping the stent). The deviee
was deployed in the infrarenal aorta in a
retrograde fashion from the femoral artery
under fluoroseopie guidanee. The animal
work proved the feasibility of the method.

On September 7, 1990 the first human
~pplication of the method was performed
m Buenos Aires, the procedure was
sueeessful. The same day, the second
procedur~ ended up as the first and only
case consldered as a primary failure. The
stent was improperly deployed. The patient
had to be operated upon, but had favorable
outeome. As of Oetober 1993. 45
proeedures using the graft-stent
combination have been performed. 38
aneurysms were treated, one of them was
caused. ~y an infrarenal aortic disseetion.
In a~dltiOn seven patients with traumatie
artenovenous fistulas and false aneurysms
were treated suecessful1y.
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Initial primary success was 80 %,
mortality rate for the procedure was 5.2 %
One patient developed a distal aortic
dilatation 18 months after the initial
treatment. The distal stents was placed too
proximal1y to the aortie bifurcation 1eaving
part of the aneurysm uneovered by the
graft. Thus, this complication was
considered to be caused by the
mispositioning of the distal stents. Two
addi~onal patients in whom only a
proximal stent was applied developed
distal reflux after 8 and 24 months.

AH of our patients were foHowed by
physieal examination, color duplex sean,
CT sean and arteriography.

The longest follow-up is 36 months and
the shortest in one month. With the results
we have had until now. We can eonclude
that the procedure is applieable even in the
very high-risk subset of patients we
treated. Long-term outeome is still
unknown.
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Co-knit Stent/Graft for Endovascular Treatment of Aortoiliac
Aneurysms

P. PIQUETI, P. ROLLANDI, 1.M. BARTOLII, C. MERCIERI

OVERVlEW

A new concept for the treatment of abdominal

aortic aneurysm has been employed in animal
studies to excJude blood flow from artificial aortic
aneurysms in mini-pigs. Two patients have been
treated with the device.

TECHNOLOGY AND APPLlCATIONS

The co-knit stent/graft, developed by Boston

Scientific A/S, lylJinge, Denmark, is a tubular,
balloon-expandable stent/graft co-knit from
intertwined strands of tantalum wire and texturized
Dacron fiber. In theory, the Dacron fiber would
encourage a controlled deposition of fibrin to cover
the stent/¡raft complex, forming a new aortic
flowpath and excluding blood flow from an
aneurysm. Additionally, it was postulated that the
fibrin seal, occurring from in vivo clotting
processes, would encourage endothelíalízation of
tbe stent/graft complex, forming a natural barrier
lo blood leakage.

EXPERIMENTAL RESULTS

Eight Pitman-Moore mini-pigs underwent aortic

reseetion and surgical insertion of an artificial
Dacron aneurysm graft. The aneurysm (3cm
diameter X 4cm length) was joined to the native
aorta by a lOmm X lcm tubular graft at the
proximal and distal ends. After 15 day recovery
period, a lOmm X 6cm co-knit stent was
introduced into the false aneurysm graft of 7 mini
pigs. The 8th pig was retained as control. Post
insertion angiograms revealed immediate exclusion
of tbe aneurysm from the new aortic bloodflow
path. Autopsies performed at 24 hours (l pig), 1
week (l pig), 3 weeks (2 pigs) and 6, 9 and 12
weeks (l pi¡ each) confirmed fibrin deposition
covering tbe entire co-knit stent/graft and excluding

1 H6pital de la Timone, Maneille, Fnnce.
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the aneurysm. Prom 24 hours lo 3 weeks, tbe fibrin
deposition became progressively moreorganized, as
shown in SEMs. At 6, 9 and 12 weeks, patbology
studiesconfirmed thecomplete endotbelialization of
the 6cm length co-knit complexo Additionally, •
neointima and a neomedia-like layer containing
fibrous and collagenous structures was evidenced,
suggesting the formation of a neo-vascular wall.

INITIAL CONCLUSIONS

The initial animal study of the tantalumldacron

co-knit stent suggest that the concept ofutilizing the
body's own fibrin to from a natural, permanent
barrier to blood flow could be used for clínical
treatment of abdominal aortic aneurysms. The first
clínical placement of the device in an iliac
aneurysm resulted in aneurysm exclusion, and
continued patency at 5 montb follow-up. A patient
presenting an infra-renal aortic aneurysm was
successfully treated with the device. Other clínical
placements with long-term follow-up studies,
including intravascular ultrasound to assess
neovascular wall formation, are planned.
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Arterial Volume Flow by a New U1trasonic
Measurement Technique

R. RANALLI. B.E.E.• M.S.E.

The direct measurement of the velocity
profile oí blood flowing in a vessel yields a
volume flow estimate that is more accurate
than single-point Doppler Ultrasound. A
volume flow estimate is made by integrating
the veloeity profile measured along a diameter.
The many velocity measurements made
contribute to higher precision in the integrated
velocity estimate. Also, the veloeity profile
fumishes the funetional diameter of the vessel
at many points through the car~iac cycle. ~is
algorithm, as implemented ID the PhIllPS
CVf'M system, was tested theoretically by
numerical modelling, and experimentally with
a flow simulator. The effect of beamwidth,
vessel size and measurement position, .
misalignment on the volume flow estlmate
were studied. Experimental and theoretical
results agreed well and showed that the flow
estimation algorithm can produce precise and
accurate (± 15%) volume flow estimates.
Beamwidths of 1.0 to 1.5 mm are a good
match to axial resolution and yield accurate
volume flow estimates in vessels over 3 mm in
diameter. Larger beamwidths give lower
volume flow estimates, but are not as sensitive
to misalignment.

To validate the clinical use of this new
technique, twenty three investigators from
founeen institutions in Europe and the United
States of America have continuing experiments
and clinical studies. Over ten papers have been
published or presented since the effort began
two years ago. In vitro experiments with
computer controlled flow test objects and
string test objects have been used. Flow
meters, timed fluid volume collection and
accurate motion sensing have been used to
establish the accuracy, and correlation of
velocity and flow volume in the CVI™
method. Multiple studies have shown that
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when a velocity at a site is chosen from within
a CVI™ velocity image and compared to the
spectral Doppler estimate of ve~ocity for th~t

same site, excellent agreement 15 found. Thls
new measurement technique therefore extends
a small region velocity estimate to a
quantitative description of velocity over a wide
area.

Since pulsed Doppler has not been found
clinically reliable as a method of volume flow
measurement, all comparisons of the CVJTM
volume flow measurements were made to
accepted flow meter and timed fluid collection
techniques. Again, excellent results were
found, which provided the basis for animal
model and human in vivo studies. Animal
models have shown excellent agreeD,lent
between CVI™ and flow meter or timed fluid
collection techniques.

Human studies of normals have been used lO
identify the range of blood velocity and
volume flow rates for various anatomic sites
and population variables (sex, age, etc). Initial
studies of flow affected by pathology or
treatment are promising and will continue to
provide more information and understanding in
the future. Within the eonstraints of the
methodology, a new ultrasonic technique is
available to accurately identify velocity and
volume flow rates for diagnostic, therapeutic,
and patient monitoring tasles.



IV INIESNATIONM COlfRSE ON vASCULAR ANO INTERVENTIONAI. RADlOU)GY AS THF.RAPEUTJC N.If.BNATIVE

TIPSS

G.M. RICHTER, M.O.

STENT TYPES FOR TIPSS

To date there is a variety ofvascular stents on the

marlcet which might offer promise for its use in
trIlm.iuaular intrahepatic portosystemic stent
shunt (TIPSS). Vascular stents are implanted as
permanent devices. Choice of material and design
properties, therefore, must be directed towards a
maximum of intracorporeal endurability. In this
regard, factors such as metal corrosion, structural
weak points or histologic inertness are of utmost
importance. In the long history of medical
applications stainless steel 316 L has shown an
excellent biocompatibility without anY known
corrosion problem. By contrast, Tantalum alloys 
the material used for the Strecker stent- are prone
to relatively rapid intravascular corrosion. In
addition to possible corrosion, specific design
problems -or wealc points- may add to failure in
longterm endurability. Therefore, in the design of
a permanent vessel implant crossing points with
metal riding over metal ("fretting corrosion")
should be decreased to a mínimum.

For the transjugular intrahepatic portosystemic
stent shunt (TIPSS) two different stent types are
widely used: the balloon expandable PALMAZ
i1iac stent (Johnson & Johnson Interventional
Systems, Warren, NJ) and the selfexpandable
WALLSTENT (Schneider, Zurich, Switzerland).
The Palmaz stent consist of a single segment
tubular stainless sleel mesh, surgical grade 316 L
with a wall thickness of 150 ~m (=0.004") and an
unexpanded length of 30 mm. Around its
circumference, each stent has 4 staggered, offset
slots that are 4.5 mm long. Its diameter in the non
expanded state measures 3.1 mm. Radial
compression of the stent over a balloon catheter
decreases this diameter by closure of the slots and,
thus, firmly attaches the crimped stent to the
catheter (7F shaft). The Palmaz stent is a typical
malleable stent type that, when expanded, employs
plastic forces to withstand hoop stress. As it has no
expansible force by itself, expansion of the coaxial
balloon used for stent delivery will impose a force
beyond the elastic limit of the metal mesh and,
thus, radially open the slots to quadrangles. It is
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because of this mode of actin that such a stent type
has a wide range of possible luminal diameter
which is solely dependant on the balloon size used
for delivery. Tbe Palmaz type is the only atent that
allows such a variability. Tbe size of tbe balloon
applied for stent deployment determines tbe final
expansion ratio. By contrast, tbe Wallstent
(Schneider) is a selfexpandable vascular
endoprosthesis the design of which closely
resembles a "chinese finger". The basic metallic
material from which the stent is manufactured is a
commercial secreto Because of the spring load of
the design a special delivery system is provided
which consist of a 7F catheter at tbe distal end of
wbich the stent is both hold in place and flattened
down by a plastic membrane that covers tbe wbole
seto A side-arm is connected to tbe narrow
interspace between shaft and membrane. As saon as
contrast medium is injected at a limíted pressure of
4 atm max. througb this side-arm friction between
membrane and catbeter shaft is minimized anel tbe
membrane can be pulled back. This pulting or
rolling back of the membrane will set free the stent
from distal to proximal as it pops up from its
springload. The stent is very flexible will open
even wben heavily bended or curved without
kinking.

In addition to the previously mentioned two otber
stent types the Gianturco-Stent (Cook) in the
modified version by Róach (28) has been advocated
for TIPSS. This stent is also categorized as self
expanding and is made from spring load stainless
steel wire which is bent in a zigzag pattero and
soldered at the ends to form a closed circle. Tbe
thickness of tbe wire, its inherent spring load, the
number of tbe tums and the angularíon of the tums
determine the final diameter and tbe resistance to
hoop stress. Usually, a single stent c~Jinder is 2.5
cm in lengtb. For long segment stentlng there are
double or triple cylinders available. For deployment
the sent can be pushed trou¡h a delivery cartrid¡.e
in a compressed state. A specific feature of thls
stent is its availability in large diameters
particularly useful in venous stenting.
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HISTORIC REMARKS

In 1969 Rosch et al, published initial resuIts ofa
mainly nonsurgically created portosystemic
connection between the inferior vena cava and the
portal circulation in a canine model (27). During
the following decade similar models have been
described in literature none of which, however,
achieved acceptable c1inical relevance for potential
treatment of portal hypertension (2,12,21). The
lirst realization of nonsurgical portosystemic
shuntin, in man was reported by Colapinto in 1982
(4). By means of longterm balloon dilatation he
tried lo keep patent a coMection between liver
veins and the portal circulation previously
established by transjugular puncture. Patency,
however, was very poor. In larger series, the
concept proved unsatisfactory due to high rates of
tract occlusion and rebleeding (1,10). A substantial
improvement of the concept was contributed by the
development of balloon expandable metallic
endoprostheses, particularly, the socalled Palmaz
stent (Johnson & Johnson, Warren, New Jersey,
USA): in experimental dog models in 1985 and in
1987, respectively, Palmaz demonstrated sufficient
long-term patency ofportosystemic shunts bridging
the inferior vena cava and the portal circulation by
scaffolding the intrabepatic tract with his stent
(17,18). Roseh, too, tried to seaffold artificial
intrahepatic portosystemic tracts in a swine model
with a different stent type: he used the modified
Gianturco stent, a self expandable metallic
endoprosthesis (28).

Longterm patency rates, however, were less
favorable than in Palmaz series due to shunt
occlusion from parenchymal overgrowth. The
question whether stent design problems or a
peculiar response of swine liver were the reason of
the unfavorable results could not be settJed (28).
Palmaz achieved 50 % long-term patency in a
canine model without portal bypertension (17) and
100% patency wben the animals bad portal
hypertension (18). From his experience it was
justified to seek for a reproducible and reliable
technique oftransjugular intrahepatic portosystemic
stent shunting to treat patients with severe portal
hypertension. In 1987 we submitted to tbe
Institutional Revision Board of the University
Hospital ofFreiburg ("Ethink-Kornmittee") a pilot
study applícation for first clínical use of TIPSS.
The lirst successful procedure was accomplished in
lanuary 1988 (23). Prom then on, we developed
and improved tbe technique of TIPSS from the
experience gathered in more than 100 patients to
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date (24-26). Initially, the study protocol restricted
the use of the procedure to patients in whom
conservative management with repeat sclerotherapy
and vasoactive drugs failed to control bleeding and
who were at prohibitive risk for surgical sbunts.
Subsequent accumulation of technical and c1inical
experience encouraged a wider and more deliberate
use of TIPSS to include younger patients and
patients at milder stages of liver disease.

INDICATIONS

To date, 6 years have elapsed since the first

successful application ofthe TIPSS concept in mano
It seems uncritical to us to accept such a time span
as sufficient to define "absolute" indications. We
rather propose to consider indications for the
procedure as relative in respect to well established
methods for the treatment of portal hypertension.
Before TIPSS can be indicated a statement from a
well experienced endoseopist as to the state and
stages of oesophageal and gastric varices is
mandatatory. In particular, a reasonable prospect of
success by continuation for sclerotherapy should be
ruled. This following list of indications seems to be
appropriate:

- chronically recurring variceal bleeding
despite continuing sclerotherapy.

- recurring variceal bleeding and severe
ulcerative or erosive disease from re~t

selerotherapy.
- repeat bleeding episodes from major gastric

varices inaccessible for selerotherapy.
- recurring variceal bleeding from occluded

surgical shunts.

When patients are admitted for TIPSS because of
unacceptable risk for surgery the patient
presentation spectrum changes to a rather negative
case selection profit. For this particular subset of
patients no therapeutic choice other than TIPSS
exists. For patients fit for surgery in stage A or B
of the Child's and Turcotte's classification of liver
disease (3) the classical therapeutic option has been
the distal splenorenal shunt (DSRS, or Warren
shunt). In such patients TIPSS seems to be
competitive with .surgery (34).

It is our belief that more time and experience on
the basis of a much wider clínical background will
be necessary to enable stage related and risk
stratified analysis of patency rates, risk of
encephalopathy, and both of morbidity and
mortalíty of the TIPSS method in comparison with
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shunt surgery.

However, to date it seems safe to state that TIPSS
can be reeommended for patients already enrolled
in a liver transplantation waiting list who are
threatened by a high bleeding rislc while waiting for
the life-saving organ. In these patients the
performance ofa TIPSS procedure leaves the main
vascular structures untouched incontradistinction to
shunt surgery. Previous shunt surgeries well known
lo increase surgical difficulties and morbidity upon
liver transplantation.

A still unclear issue is whether TIPSS should be
offered to patients with untractable ascites. Our
longterm results in this particular subset ofpatients,
still, is too limited to allow more than preliminary
conclusions. From our experience it appears that
patients in whom ascites develops very rapidly and
ascites is significantly associated with a high
portosystemic pressure gradient TIPSS may be very
beneficiaJ. By contrast, in patients with a long
history of liver cirrhosis bordering on Iiver failure,
and small organ size without a very pronounced
pressure component, TIPSS may lead to rapid Iiver
failure from deprivation of portal blood nutrition.
Therefore, it seems very critícal to us to measure
the venous occlusíon pressure, a forehand, in
patients referred to TIPSS for treatíng intractable
ascites. This may help to sort out patients that will
not benefit from the procedure and should either be
transferred to a liver transplantation program or be
left alone.

CONTRAINDICATIONS

The contraindicatíons for TIPSS are not

necessarily the same as those of shunt surgery
because the radiological intervention is much less
invasive. However, there are four absolute
contraindications to be mentioned:

right heart failure or other cardiopulmonary
factors contributing to substantial elevation of
right ventricular pressure (chronic or acute left
heart failure, or pulmonale, etc.)
sepsis. Special aUention must be paid to
pulmonary infection as this may easily develop
from aspiration pneumonia during bleeding
episodes and sclerotherapy. Also, infected
ascitic fluid can be a pertínent feature in long
standing líver cirrhosis

significant acute liver failure not attributable to
active bleedin,.
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presence of hepatoceJlular carcinoma
(HCC)engorging or infiltrating the vascular·
structures or the parenchyma of the liver
neighboring the proposed shunt tracto

A relative contraindication is portal vein occlusion.
With wider clinical applícation of the TIPSS
concept more experience with this problem has
emerged. In a recent update the San Francisco
group reported a 70% initial success rete in such
patients (E. Ring, personal communícation).
Another relative contraindication isperipberal small
HCC in patients unfit for surgical re&ection.

TECHNIQUE

T here were several complications during the first

part of our learning curve with tbe procedure.
Many of tbese early problems bave been published
in detail (11-14). To avoid unnecessary overlap we
Iike to concentrate on our up-to-date methodology
which reduced the procedural time from 7 hours to
a Iiule more than 2 hours in the majority of our
cases.

Pa/iellt Prepara/io1l:

A variety of appropriate clínical and laboratory
tests should be performed before TIPSS to a(low
for application of tbe Child's and Turcotte
classíficatíon of líver círrhosís (3) in tbe modified
version according to Cono (7). Subclinical bepatic
encephalopathy can be diagnoses applying the
Number Connection Test according to Cono (6) in
an age correlated version by Schomerus (41).
Imaging procedures are performed to rule out
malignant disease, infection, portal veiD occlusíon
and major anatomic abnormalities preventing
successful performance of the procedure. Hence,
abdominal ultrasound includíDg Doppler
sonography of the portal veín, chest radiograpby
and abdomínal angiography are required. If
bepatocellular carcinoma (HCC) or portal vein
occlusion are suspected additional, abdominal CT
studies should be performed. If the hepatic vein are
well seen on CT a good appreciation of the
anatomic relatíonship between them and the portal
vein is possible.

It is important to try to improvt the clínical state of
each individual patient before TIPSS. The measures
taken to achieve this include correction of
hematocrit, portein and coagulation deficits, bowel
cleaning and prophylactic broad spectrum antibiotic
therapy. Immediately before the procedure 3-6
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b100d units sbould be cross-matcbed.

AlUZlomic Sitllation:

We consider tbe creation of a wide, central and
more or less stnigbt intnhepatic sbunt traet as
crucial for early and longtenn success. In view of
this considention, tbe puncture traet should bridge
the proximal part of eitber tbe rigbt or the middle
bepatic vein with the upper wall of either one of
tbe main portal vein branches. Therefore, exact
Icnowledge ofthe anatomic relationsbip between tbe
portal bifurcation and the hepatic vein ndicles is
mandatory. In most patients tbe portal bifurcation
is located anterior lo tbe main stems of tbe bepatic
veins, but tbere are several anatomic variants. Of
particular interest is tbe findiDg of tbe origin and
termination of tbe liver capsule in tbe course of the
portalvein.

Any inadvertent puncture of the extncapsular part
of the portal vein carries a bigh risk of life
threatening intraabdominal bleeding. Both, CT and
ultrasound scanning are extremely helpful in
identifying and defining the individual anatomic
situation in each patient.

Transjllgular Access:

For sterility reasons the procedure is performed in
tbe anaiography suite on the already completely
drapee! patient after careful skin preparation. After
sonograpbic documentation of the course of the
right internal jugular vein and skin anaesthesia a
beveled 18 gauge cannula with a S mI syringe
connected to the hub and filled with normal satine
is introduced 4-S cm cranial to the upper aspect of
tbe clavicle at a very shallow angle to provide easy
access for tbe large bore instruments to follow.
When blood is drawn easily a 0,03S" J-guide wire
is inserted and manipulated down to the inferior
vena cava under fluoroscopic control to allow
insertion ofa long 9F sbeath (Terumo). Iftbe wire
does not advance to tbe inferior vena cava a
selective catbeter is used.

3-D Orientation:

Most of the difficulties associated with punctures
aimed centrally and mediaUy towards the portal
bifurcation have been etiminated by guiding the
puncture simultaneously by fluoroscopy and
ultnsound. However, is has to be understood that
the sonographic appearance of cirrhotic tiver is
sianificantly changed and vascular structures are
much less visible as compared to normal liver.
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Hence, only state-of-the-art ultnsound technology
displays the relevant structures, particularly , when
equipped witb color Doppler mode.

Sonognphic guidance from an intercostal lateral
view visuatizes both the bifurcation of tbe portal
vein and the hepatic veins. By directing the beam
anteriorly or posteriorly the length and angulation
of the sbortest shunt traet between both venous
systems may be easily determined. ID connection
witb CT studies tbis also helps to determine the
orientation of the portal bifurcation in relation to
the hepatic veins.

Puneture and Shunt Traet Creation:

The first step after the establishment oftransjugular
access is catheterization of the bepatic veins.
Usuatly, we use a SF multipurpose catheter
(Terumo) and start with the right hepatic vein
which in the vast majority of the cases wiIJ be the
one to use. Angiographic documentation with the
catheter tip positioned distaUy in the vein
demonstrates the morphologic situation. Particular
attention is drawn to the size of the vein at its
inflow into the inferior vena cava. The diameter
should be at least 10 mm. In some instances there
is retrograde sinusoidal flow which quickly
identifies the portal bifurcation. After tbis, a
superstiff wire is inserted which helps to visualize
the vein by ultrasound. Then, an 8F guiding
catheter from the TIPSS set desi¡ned by us
(Angiomed) is introduced over the wire. With the
set comes a puncture device that has a been
specially designed for the TIPSS procedure. It
features a blunt SO cm long cannula that has a 15 G
shaft tapered to 17.6 G at the tipo The cannula is
pre-bent to 300 and is stiff for sufficient torque
control. To function as a needle an inner mandril
made from nitinol is inserted into the cannula
which is extremely sharp and highly flexible with
a smooth transition from its tip to the cannula. The
cannula can be inserted in the liver over the wire
already in place or by using a blunt obturator which
is also part of the set and also made from nitino!.
In most of the cases we change the curve of the
needle to adopt the angle at which the hepatic vein
enters the inferior vena cava. If this happens to be
a near 900 angulation heavy manual hending is
required. Then, the cannula can only be inserted
over a superstiff wire positioned with its stiff part
well in the peripheral hepatic vein covered by the
guiding catheter in order to minimize the risk of
catheter perloration.

With the aid of ultrasound and fluoroscopy the
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optimal puncture site is chosen. Usually, ultrasound
helps to identify a position in the hepatic vein from
wbich a short and straight course to the portal
bifurcation is achieved. Then the cannula is
securely held in place and the sharp mandril
inserted and locked to the hub of the cannula. The
needle is to ratatec according to the pre-detennined
puncture direction.

Again, applying simultaneous ultrasound and
tluoroscopy the intrahepatic advancement ofneedle
is conveniently monitored. As soon as the needle
reaches the portal vein wall significant resistance is
felt which has to be overcome with some pushing
force. Correct portal access is confirmed as soon as
the sharp mandril is removed and blood returns
upon aspiration. Then contrast medium injection
should confirm the situation. During this highly
critical step the needle must be perfectly held in
place. With the needle tip pointing medially a
superstiff 0.035· wire is passed which, in the
majority of the cases travels down to the superior
inesenteric vein. Over both the wire and the
cannula the guiding catheter is pushed into the
portal vein which, usually, requires considerable
force. After this stable portal access is achieved.
Howev~r, in some cases the wire lodges in
peripheral portal branches instead of going
centrally. Then a selective catheter has to be used
to direct the wire centrally, In these cases a
Terumo wire is more useful than a superstiff wire.

Once stable portal access is achieved the shunt tract
is pre-dilatated to 8 mm utilizing low profile, SF
angioplasty catheters. Typically upon intlation a
balloon waist forms at the entry site ofthe puncture
tract into the portal wall. In most cases several
minutes of intlation are needed for complete
balloon expansion and effacement of the waist.

Stenting and the Hemodynamic Concept:

It is generally accepted that an absoJute portal
pressure of higher than 20 mm Hg or a
portosystemic gradient of greater than ISmm Hg
increase the risk of variceal bleeding. This holds
true both for spontaneously occurring bleeding
episodes and for reoccurrence of bleeding after
surgical shunts. Conversely, a low portosystemic
gradient accompanied by high volume shunt tlow
may significantly increase the risk of hepatic
encephalopathy. Therefore, we prefer to lower the
portosystemic gradient down to approximately 12
mm Hg. Careful measurement of the portal
pressure conditions is a crucial point in the
procedure. Typically, before pre-dilation of the
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shunt tract, as described aboye, we monitor the
portosystemic gradient. Then, the tract is
completely scaffolded from its entry site at the
portal system up inta the liver vein using a
technique identical to arterial stentiDg. SteDting is
perfonned through a special 35 cm long sheath
which is also part of the TIPSS seto We use as
many Palmaz stents as necessary with ID overlap of
several millimeters and an initial diameter of 8
mm. The tlow conditions in the hepatic vein are
very important. Tbis ·outtlow· part must be wide
enough to accept the shunt tlow. Therefore, it may
become appropriate lo stent the whole of the
hepatic vein if it turns out to be too small. Upon
completion of the stent shunt with an initial
diameter of 8 mm the portosystemic gradient is
monitored again. Unless substantial portal
decompressioD within a range of 10-13 mm Hg is
measured stepwise increase of the shunt diameter is
performed by applying balloon dilation in 1 mm
increments until the desired pressure level is
reacbed. At any event, the stented segment witbiD
the liver vein is tlared to a trumpet shape by
dilating it with a 12 mm balloon. This is done to
allow easier follow-up catherization.

Variceal Embolization:

The need for embolization of varices as an adjunct
to a successful TIPSS procedure iD an acutely
bleeding patient is a major concern and is a
somewbat unclear issue. In our apinion,
simultaneous embolotherapy (by whatever means)
in addition to creation of a well functioning shunt
can potentially help to speed patient recavery.
Usually, acutely bleeding patients in whom medical
treatment failed to control variceal hemorrhage
present in a poor or critical clinical state resulting
from substantial intestinal blood loss, coagulopathy,
possibly worsened by mass transfusion, and bepatic
encephalopathy. Failed vasopressioD intraveoous
therapy and prolonged intlation times of
gastroesophageal balJoons add to the life
threatening situation.

Patient Monitoring duringl1PSS:

Significant pain usually accompanies dilation ofthe
shunt tract and stent deployment wbicb should be
alJeviated by appropriate intravenous analgesics
under oxygen saturation monitoring. IDadvertent
catheter or wire passage into the right ventricle
frequently bappeDS at a variety of stages dUriDg the
procedure possibly activating severe arrhythmia.
Therefore, constant ECO monitoring is required
with antiarrhytbmic medication ready at bando
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Spedftc Medieation lor 17PSS and Postprocedural
Careo'

In elective proceciures 3-6 units of whole blood are
prepared depending on coagulation status,
bemo,lobin level and total blood count. In cases of
sipifiC8llt coagulation abnormalities (prolongation
ofthe P1T by more than 30% and/or the decrease
of the PT level lo below 50 % of the normal) 4-8
UIlits of fresh frozen blood are ordered to allow
ínstantalleous infusion if necessary lo treat any
b1eedin, complication (see also below). Broad
spectrum antibiotic therapy is started on the day of
the procedure and continued for two more days.
Immediately prior to stent deployment heparin is
,iven according lo the coagulation status of the
patient. Patients with PT levels of >60% of the
control receive 5000 units, patients with PT <
60% and >45% receive 2500 units. Therapeutic
heparinization is maintained for two more days in
patients with more or less normal coagulation. In
these antiplatelet medication is established for 3
montbs.

In emeruncy shunting the full range of
conservativo methods to control variceal
bemorrbage should have been establíshed and
functioning before (occlusion tubes, beta blockers
and vasoconstrictor infusions). General anaesthesia
is required in patients in danger of aspiration or
those with severe encephalopathy with failure to
cooperate during the procedure. In acutely bleeding
patients broad spectrum antibiotic therapy should
bave been already initiated at lest one day before
the procedure as well as medication and
measurements for mechanical and biologic clearing
of tbe bowel from blood and bacteria.

After successful completion of TIPSS the patients
are kept in the intensive care unit until a stable
clinical situation is guaranteed without signs of
gastrointestinal hemorrhage, exclusion of
pulmonary infection and renal and hepatic
malfunction. The length ofhospital stay depends on
the general clínical presentation statue.

In the ~dy postprocedural phase endoscopic
reevaluatlon of variceal filling is corifirmed to
obtain baseline information as to visible changes in
comparison with the situation before TIPSS. If no
vari~ reduction is observed and no signs of
bepatlC encephalopathy are present the patient may
be re-scheduled for shunt redilatation which is
easily performed by simple re-expansion of the
stent shunt with bigger balloons.
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Normal nutrition is allowed for patients with near
normal liver function. In patients with abnormal
liver function are instructed a low protein diet is
instituted.

Direct portogntDhy is performed as part of our
routine follow-up examination program 3 months,
6 months and 12 months after TIPSS lo examine
the healing pattem of the stent shunt and observe
possible onset of intimal hyperplasia (see below).

RESULTS

Changes in Study Populat;on and Success Rates

To date, more than 6 years have elapsed since our
first TIPSS (23). Initially, only very high risk
patients were selected for TIPSS. Nevertheless,
with promising results emerging from our first year
ofclinical application (24,25). TIPSS was expanded
to include patients with failed surgical shunts and to
patients refractory to medical treatment for severe
ascites and for patients enrolled in a waiting líst for
liver transplantation. With broadening of the
inclusion criteria during our study difficulties arise
in the interpretation of clinical benefit and
long-term success of the procedure. In our first 24
patients, as recently reported (26), the technical
success rate was 75 %. Failures resulted from
inability to puncture the portal vein because of
equipment problems as detailed aboye. Since then,
there has been only one more failure. Presently, the
total success rate is 92 % and the technical success
rate in the year 1992 is 97 %.

3O-Day Monality and Complicarions

The 30-day mortality rate in the first 13 (out of 18)
successful cases was 15 % (24-26).

This has completely changed since the advent of
better material and better puncture techniques (see
aboye). Among almost 200 hundred procedures
completed by simultaneous fluoroscopic and
sonographic guidance four early deaths occurred
directly related to the procedure resulting from
inadvertent puncture of extracapsular portal vein
and onset ofimmediate exsanguination. The overall
early mortality rate was 6,7 %. Other deaths
resulted from disease related problems such as
sepsis or hepatic failure. Minor complications
included transient elevation of bilirubin and
transaminases without unfavorable sequelae. Two
patients showed mild signs of hemolysis which
could not be sufficiently explained. In 6 patients
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balloon rupture upon stent placement required
sophisticated stent correction methods a11 of which
were successful.

3Q-Day Clill;cal Success

The total early clinical success rate is 93.3% while
rebleeding was encountered in 6,7" during the 30
day periodo Five patients rebled from pre-existing
severe ulcerative and erosive oesophageal and
gastric mucosal disease probably caused by
extensive slerotherapy trials accompanies by
prolonged intlation times of occlusion ba11oons.
Our very first patient of the series started
widespread mucosal bleeding two days after TIPSS
most likely due to disseminated intravascular
coagulopathy from accelerated absorption ofascites
with imbalance of fibrinolysis. This was contro11ed
by blood transfusions and fresh frozen plasma (23).
In two other patients bleeding events continued
approximately 2 weeks.

3Q-Day Encephalopathy

In addition to mortality and shunt occlusion hepatic
encephalopathy is one of the main problems of
shunt surgery (9,11,13,15,16,32-34) and it is also
a crucial issue in TIPSS. In non-selective shunts the
postoperative rate of hepatic encephalopathy may
rise up to SO" (18,26,32). Even in selective shunts
an incidence of hepatic encephalopathy as high as
20" is reported (26,32). In our series, 6 patients
developed a "de novo" hepatic encephalopathy
during the first 30 days which was controlled by
appropriate medical treatment in each. More
importantly, in none of our 39 stage C patients who
almost invariably presented with hepatic
encephalopathy before TIPSS worsening of
symptoms occurred thereafter. Conversely, those
patients who had hepatic encephalopathy
attributable to severe acute bleeding and significant
intestinal protein uptake improved as soon as the
shunt was functional. These fmdings are retlected
more or less by variations in ammonia levels. In
most of the patients with normal values before
TIPSS they did not exceed the critical threshold
during fo11ow-up. In patients with increased values
due to active bleeding ammonia levels decreased
afier TIPSS in most of the cases. At the present
time, the study volume appears to be still too small
for final conclusion as to the definitive risk of
hepatic encephalopathy should be considered as a
positive trend favouring the concept of partial
diversion of portal flow volume with small calibre
interposition shunting TIPSS.
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Late Results

The actuarial l-year survival rate is 70%, and the
3-year survival rate 500". In addition lO the
previously mentioned early deaths anotber 36
patients died with an average survival time of 10
months. Death was unrelated to tbe procedure in 13
cases while in two patients late shunt occlusion
occurred 9 and 18 montbs, respectively, after
TIPSS resulting in lethal variceal haemorrbage.

Four patients were referred for liver transplantation
because of progressive decrease of liver function
during a period of S montbs (4.1 ").

"De novo" encephalopathy was seen in 4.7" of
patients during late fo11ow-up mostly attributable to
failure to respond to proteiD uptake restriction. In
a11 adequate hydration and re-establishment of
correct dietary schedules retained normal brain
function.

Intimal hyperplasia during tbe first 6 montbs afier
TIPSS is an important feature in patients with good
liver Ñnction and normal or clase-to-normal
coagulation. In almost a11 patients in a Child's A
stage of liver disease major intimal byperplasia was
seen both within the stented shunt segments aod iD
the free area of the hepatic vein. It was never seen
in the portal vein. When hemodynamieaUy
necessary, as determined by portosystemic pressure
gradient monitoring, correction by either re-dilation
or additional stenting ofhepatic vein segments may
be easily achieved. By contrast, in patients with
reduced liver Ñnction such intimal hyperplasia is
rare. This underscores the thrombogenic property
of metallic stents particularly in areas without
functioning endothelium and well Ñnctioning blood
coagulation.

Thrombogenicity and inadvertent intimal
hyperplasia appear to be some of the unsolved
problems of the TIPSS procedure which warrant
further research.

THE RATIONALE OF STENT CHOICE FOR
TIPSS

In theory, the flexible WALLSTENT can stent

more peripheral and curved shunt tracts allowing a
"take-what-you-can-get policy" after less than ideal
transjugular punctures. With the use of the more
rigid PALMAZ stent a more central and straight
intrahepatic shunt course in mandatory requiring a
more accurate puncture. Nevertheless, we believe
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tbat a central and straight shunt tract facilitates an
undisturbed flow pattern leading to as little as
pouible thrombus formation and intimal
hyperpluia. This is important during shunt
maturation and stented tract healing. Most of the
difficulties associated with punctures aimed
ceatrally and medially towards the portal
bifurcatiClll have been almost completely eliminated
by tbe use ofdirect ultrasound ¡uidance in addition
lo fluoroscopy. The radiopacity and expansion
mechanism of the PALMAZ stent allows precise
poIitionin, within the target arca. Excessive
ÍlltrUlÍCIIl ofthe stent inside portal venous or hepatic
venous struetures may be avoided. Conversely, the
WALLSTENT substantially extends into both the
portal and the hepatic veins because of its
unpredictable deployment and site of
foresbortening. Presently, it is unknown if such
protrusiClll ofmetallic stents inside portal or hepatic
veins may have adverse effects. Protrusion into the
main stem of the portal vein, typically found with
the WALLSTENT, may cause impaired flow to the
portal branches with decrease of liver function or
even may increase the risk of intimal hyperplasia.
lbe use of the PALMAZ stent allows adaptation of
the shunt dimensions lo the particular hemodynamic
IÍtuation in each patient because a range of
diameten between 7 and 16 mm is obtained by
cboosin, the appropriate balloon size for
deployment and, possibly, further expansiono

Notwitbstanding the above mentioned theoretical
coasiderations the choice of stent will be
determined by che personal preference of the
operator in tbe short term and the results of larger
lCale clinical trials in the long termo
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Tratamiento Medico de la
Hipertension Renovascular

JaSE CARLOS RODRIGUEZ-PEREZ, M.O.·

" Accordingly, any decision for medical management
ofa patient with a potentially correctable renal artery
lesion requires clase continued observation as to
blood pressure control and function of the individual
kidneys..... "

Hunt JC et al. Arch lntero Med 1974 (1)

Se le ha reconocido al riñón un papel importante
como determinante en la génesis de la hipertensión
arterial (HTA) a través de su influencia entre otros en
el metabolismo del agua y electrólitos. El daño renal
y las lesiones renovasculares pueden producir HTA
no solo en el laboratorio experimental, sino también
en el hombre.

Es costumbre incluso en los libros de texto el
clasificar la HTA como primaria o secundaria
representando esta última un porcentaje poblacional
del 1-5" según el medio donde se realice el estudio
y el tipo de población analizada (2,3).

La hipertensión renovascular (HTARV) esta causada
por 2 tipos de lesiones bien diferenciadas con
orígenes y consecuencias bien distintas. Por un lado,
la displasia fibromuscular con buenos resultados
terapéuticos, control de la HTA Y no progresión de
la lesión anatómica. Por otro la lesión ateromatosa,
la cual todavía no sabemos si es causa o consecuencia
de la HTA Yque en muchas ocasiones puede ser un
componente sobreañadido a la HTA esencial,
situación generalmente conflictiva por el hecho de
una afectación bilateral y por tendencia a la
progresiva oclusi6n arterial en distintos tiempos (4).

El tratamiento médico de la HTARV con las
modernas drogas hipotensoras debería considerarse
como manejo terapéutico inicial y de elecci6n,
representando la mejor alternativa si consiguiera el
control de la HTA Yevitara el fen6meno evolutivo de
la lesi6n anat6mica preservando la funci6n renal.

El tratamiento farmacol6gico actual de la HTA ha
permitido reducir sensiblemente el número de
complicaciones vasculares y renales. Nos referimos

concretamente a los betabloqueantes,
calcioantaaonistas e inhibidores de la enzima
convertidora de la anaiotensina.

A pesar do esta euforia inicial no debemos olvidar el
acuerdo generalmente aceptado por todos los
"hipertensi610gos" del car'cter evolutivo de
determinadas lesiones de la arteria renal responsables
de HTA.

No existen estudios randomizados para evaluar Ja
eficacia del tratamiento médico versus
revascularizaci6n (ya sea ciruaía o dilataci6n
transluminal percutánea-PTA). La mayoría do los
estudios sobre el tema presentan como referencia el
trabajo de Hunt JC y col (1), donde se compararon
retrospectivamente dos arupas similares aunque no
randomizados de aproximadamente 100pacientes con
HTARV tratados médicamente o por cirugía
revascularizadora (todavía no disponíamos de PTA).
De los 114 pacientes tratados médicamente do forma
continuada por 6 o mas meses, 16 fueron transferidos
a cirugía tras 1 a 5 años. Entre los 98 pacientes que
continuaban con tratamiento médico se consiaui6 un
control de la HTA (TAO < 100 mmHa) por 1 año
en 92, durante 5 años en 63, por 7 o mas años en 52.

Al final del estudio de seguimiento (lO años) el 16%
de los pacientes tratados quiTÚr¡icamente habían
fallecido comparados con el 40" de los tratados
médicamente. Además, en 4 de los pacientes tratados
médicamente la función renal se deterioro precisando
diálisis. Este grado de deterioro de funci6n renal no
se lleg6 a observar en eJ grupo tratado mediante
cirugía.

El grupo tratado mediante cirup revasculariz.adora
tuvo una menor y muy si¡nificativa tasa de
mortalidad y morbilidad vascular y renal así como un
mejor control de la presión arterial que el grupo
tratado médicamente.

Un análisis actual de este estudio pone de inmediato
en evidencia que el tipo de fármacos utilizados no son
los que actualmente disponemos, que además carecen

1Médico Adjunto Servicio de Nefrolo¡¡ía. Hospital Ntra Sra del Pino Las Palmas de O.C. España.
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de efectos adversos sobre metabolismo glucídico y
lipídico. Hay que ser cautos en la extrapolación de
estos resultados a la actualidad. En este trabajo ya se
da a entender que el control de la hipertensión arterial
es solo un aspecto parcial de la enfermedad
vasculorenal y que el control adecuado de las cifras
de presión arterial con tratamiento farmacológico, no
silOifica necesariamente un buen control de la
enfermedad (5).

El tratamiento médico se ha establecido como el
preferido inicialmente en la fibrodisplasia de la
media. En esta situación parece ser que la lesión
anatómica es la única causa de lITA (4), siendo poco
frecuente el deterioro de la función renal como
consecuencia de la progresiva obstrucción de la
arteria renal (6) siempre que se controle la HTA. Se
opta por dejar el tratamiento revascularizador para
aquellos casos en que el control de la lITA sea difícil
de conseguir después del uso de mas de dos drogas.

Hay que admitir incluso en las esferas mas
conservadoras, que la aparici6n de la Radiología
Vascular Intervencionista y la introducci6n de la
Angioplastia transluminal percutánea (PTA) (7)
modific6 sustancialmente la actitud ante un paciente
con HTARV.

Múltiples publicaciones han aparecido en los últimos
años sobre la eficacia de la PTA en la HTARV que
no voy a referir, abarcando pacientes que hasta ese
momento se encontraban en tratamiento médico o con
indicaciones límites para la revascularización
quirúraica, afectos de HTARV.

Aunque en la práctica médica un tratamiento
farmacol6gico agresivo puede conseguir mejoría de la
funciÓD renal en un paciente con HTARV, es mas
frecuente el deterioro del filtrado glomerular,
pudiendo ocurrir incluso en presencia de cifras
normales de presi6n arterial en el 40-50 % de los
pacientes (5,8).

Incluida como la mas frecuente de las lesiones
fibrodisplásicas, la tibroplasia de la capa media (75
80~) es la'que mas se puede beneficiar del
tratamiento médico (9), reservando el tratamiento
revascularizador (cirugía y/o PTA) para aquellos
casos que cursan con cifras de presi6n arterial
difíciles de controlar con mas de dos drogas, y/o ante
la presencia de un deterioro de la funci6n renal y/o
complicación cardiovascular, o afectación de ramas
intrarenales.

El resto de las lesiones fibrodisplásicas son mas
difíciles de diagnosticar, y aunque no son tan
frecuentes está demostrado que el tratamiento
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farmacológico por si solo no es capaz de frenar la
evolución de la enfermedad vascular por lo que su
corrección precisará de una actitud intervencionista ya
sea cirugía o PTA.

Una mención especial requiere la lesión ateromatosa
de la arteria renal (60-70~) en donde el tratamiento
médico tiene una mayor justificación (6), ya que estos
pacientes suelen ser añosos y presentar otro tipo de
patología vascular extrarenal que les sitúa como de
alto riesgo intervencionista. Sin embargo, debemos
recordar que aquellos pacientes con estenosis severa
(> 75 %) de la arteria renal, la disminuci6n de las
cifras de presión arterial con tratamientos
farmacológicos agresivos podría reducir
sensiblemente la presión de perfusión renal y facilitar
la isquemia y atrofia renal.

No haré diferencias en este capítulo entre las diversas
formas de presentación de la enfermedad ateromatosa
ya que van a ser tratadas mas específicamente en otro
lugar.
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Technlcal Developments and
Instrumentatlon

Coaxial Catheter·Needle System for
Transjugular Portal Vein Entrance1

Jotef R6Id'I. MI)Z
IIMyT. ue:tIIcU. BSJ
Robert 1. 1IrIon. MD
FNdIrtcks.~.MI)

PROPIR entry into alarp intrahepatic
portal venoua brancb ia the crucial part of
IUCC8IÚ\Illy perforlllinca ~u¡ular
intnhepaüc~ Ihunt <TIPS)
procedun. The BrocIreabrou¡h or modio
tied Rou traDaIepta1.... the Cola·
pinto~.....,needle. and mi·
c:ropunctun couial .....baw been
U8ed for IiwrpuIICtUn (1-4). In 1986.
after traumaüc.....witb the modio
tied Rou need1e in aperbDental work, we
deai¡ned a coaxial c:ath-.-Medle for an
"atraumatic" tranaju¡ular portal vein
entry in mne (5). We modifted thia set
for clinical uae in performin¡ TIPS and
delcribe our experience with it in 50 pa.
tienta.

MATE1UALS ANO MBTIIOD8

The COlIXial catheter·needle syatem con·
sista of &ve componenta (Cook. Bloomin¡.
ton. Ind) (Fip l. 2). The thne outaide
componenta-a lo-F. U-em-lon¡ intro
.ducer aheath containin¡a 10-F Tefton.
52-em-lon¡ catheter with a 51-em-long.
l4-gaup curved metal cannula inaide
are uaed for catheterization of the hepatic

lada'-- CatI\eten...ClI&hIterizatio.
teclmolol)'.957.123 • Livw. inc.n.ntionalp~
dure. 761.1299. 957.123 • PartaI ..in. 957.123 •
Shunt.~mic.959.453 •

JVIR ._: 4:145-147

I From the Dotter In.tituta ror Interventional
n.rap)'. Oretaa Hea1th~ UniVWIity,
L342. 3181 SW SamJ~ Park Id, Portland.
OR 97201.~ June 11. 1992: reviaion ....
queatad A\IIIIIt 2: reviIion~ September 16:
~ September 27. A.w- ........Ilt ....
q..... toJ.R.
, .-\uChor ha dÍIC~ the~ or. potential
conftict or intarelt.

vein and orientation and atabilization of
the needle for liver puncture. Portal vein
entry ia achieved with the two inner com
ponenta-a 62-em-long. O.038-inch-diam·
eter needle inaide a weD-tapered 5-F
Tefton catheter.

The outaide 10-F nylon Iheath pr'OVicI8
atability for the entire ayatem and pre
venta buclding ofthel\lide wire inaide the
heart during catheter ac:hana-. It 11I&7
alao be uaed for final atent placement, de
pending on which atent ia aeIected. The
aheath has a check ftow valve that elimi-
natee bleecIinIclurinIcatheter ............
and a aide port U8ed for CODtinUOU ....
111I'8 infusion ofhepu'iniucl1&liDe duriDc
the proc:edure to prevent clot formation
inaide the aheath. The Iheatb has a metal
marker at ita tip. which indicates ita pomo
tion in the vein. The weU-tapered 10-F
Tefton catheter and the -¡4-gaup. blunt
end metal cannula have a 15· curve over
their distal 4 cm to fllcilitate hepatic vein
catheterization and to orient the needle
for liver puneture. An arraw at the needle
hub indieatel the direetion of the curve.
The curve on the metal cannula can be
rnade more lICUte by c:arefu1ly bendinI it.
Thia fllcilitatea catheterization ofa hori
zontally oriented hepatic vein. However.
the needle and 5-F catheter muat be in
side the cannula durin¡ bendin¡ to avoid
compromiain¡ ita lumen. Proximally. the
O.038-inch needle ia a ri¡id. 5O-cm-loq
metal cannula and. diatally. a l2-em-lon¡
segment ofa guide wire. Ita end ia aharp
ened to a point that extenda about 2 mm
over the well.tapered tip of th. 5-F TeRon
catheter.

The couial aet is introduced into an
intemal ju¡ular vein. Ulually on the rilbt
side. after dilation with a 12-F diIator. It
ia guided down to the inferior vena cave
and into the ri¡ht hepatic vein with use of
a J guide wire. In c:aae ofan IlCUte ancle
between the hepatic vein ori¡in from &he
inferior vena cava, a preahaped 5-F cathe
ter ia uaed for hepatic vein catheteriza
tion. After manual iJijection ofcontrut
material to visualize the hepatic vein
anatomy, the metal O.038-inch needle is
introduced and locked to the 5-F catheter
and the l4-gaup cannula ia locked to the
10-F catheter. For puncture. the aet ia
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withdrawn to the pI'OJlimal3 CID of the
rilbt hepatic vein, .-Ied to the a
peeted portal vein bifun:aQoa. Tbe ayám
ia then rotaaed anteriorly _ tbe 10-'
catbeter wedpd infnwlyapiDIt tbe
hepatic vein waIl. WedtinI ia .111Iltia1 for
IUCCIIÚU1liver puncture. becau8e if the
tip of &he 10-F catbeter ia rr. iD tbe be
paticvein, &he .............,tbe1WÍII

walI rather tbIlIl punc:WaiDc it. A"'"
thnDt into &he~"""""'fora
diatanceof3-6 cm•.......,on Iocation
and anacom, oftbe portal ...bifurca..
tioD, ia Me [ 11 T"f for puJICtUre. Tbe...
dIe_ 5-F 1ocUd toIId-'
- a WIit cluriII8 puncture.Tbe needle ia then remo__aadion

applied to the 6·F catbeter~ ita aIow
witbdra.,..¡, When bIood ia fiwly __
rated, CODtnIt ...... ia~ to COD
firm that a suitabIe portal bnDch_
been entered. A O.038-iDch s-tIOIll\IidI
wire ia lIdvuced into the portal_
splenic veina. and over it tbe 5-, catbeter
ialldvuced deeper into the portal .....
The floppy pide wire ia then .............
for a SuperstiffAmpIa&a-type l\IidI wire.

While keepiDc the cannula ....... the
10-F Tefton c:ath-. is unloclurd _ ad-
vanced into &he portal vein, diIatiIIc tbe
liver traet for introductioD of furtber
cathetera. With a hard Iiwr. the 14-' can
nula can be adYanced~ witb the
lo-F catheter to atift'en it and IWelCOIDe
the reaiatance.of &he liver perenchyma
and portal vein wall. The 10-F aheMb ia
then lIdvuced to tbe point at whicIt ita
opllque tip is~.... the hepIItic
vein walI at tbe puncture lite .... die
10·F cathecer and lIIlItaI C8I1DuJa..
withdrawn. A PiItaiI catbeter ia then in·
troehacedfor~~
poriaI V8IlOfP'8Ph1. Tbe diataIIce bet...
the metal marbr at tbe aheath tip and
the puncture lite in &he portal vein
branch indic:a&ee &he Ien¡th of tbe intra
hepatic traet and helpe in aeieetin¡ the
proper Ien¡th ofatenUal for TIPS
(Fip3.41.

For pl8cement of th. Z atent (Gian
turco-R6ach biliary Z atent: Cookl. the
sheath ia advanced into the portal vein.
After bal100n dilation of the liver pune
ture tl'8et. the aheath is fint advanced to

http://PradMckS.KaMr.MO
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the upper end ofthe partially deflated bal
loon. Connected together, both are then
advanced simultaneously into the portal
vein. The balloon is then withdrawn and
the stent deployed.

RESULTS

I

1. 2.
Figures 1, 2. (1) Components ofthe coaxial catheter-needle system: 0.038-inch
diameter point-sharp needle (a); 5-F well-tapered Teflon catheter (b); 14-gauge metal
cannula (e); 10-F Teflon catheter (d); and 10-F introducer sheath with check f10w valve,
side port, and metal marker at its tip (e). (2) Assembled coaxial catheter-needle system.

liver injuries (5). In 1990 we modified the
set for clinical application and used it for
successful TIPS creation in 50 patients.
We consider it an effective and safe sys
temo The rigidity of the 14-F metal can
nula allows precise needle orientation and
stabilization for liver puncture. The sharp
small-diameter needle can penetrate even
the most cirrhotic liver, and it is relatively
atraumatic. No complications occurred
despite penetration of the liver capsule
(4% ofprocedures) and entry into the he
patic artery branches (6% of procedures)
or intrahepatic bile ducts 06% ofproce
dures). The 10-F outer sheath provides
stability for the system, and the metal
marker at its tip allows marking the
puncture site in the hepatic vein on the
portogram obtained prior to TIPS. The
length of the liver puncture tract thus can
be measured for selection and proper po
sitioning of the expandable stent.

•
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DISCUSSION

With this coaxial catheter-needle set we
were able to enter the portal system and
establish a well-functioning TIPS in all 50
consecutive patients with a patent portal
vein at arterial portography. The stan
dard curve on the 14-gauge cannula was
sufficient in 39 patients in whom the dis
tance between the hepatic and portal vein
was 3 cm or longer (Fig 3). In 11 patients
with smalllivers and a high position of
the portal bifurcations, we had to increase
the cannula curve to about 30°_45° (Fig
4). Viewed in the frontal projection, the
portal bifurcation wasjust below the he
patic vein in these patients. However,
viewed in the lateral projection, the portal
vein was 2-3 cm anterior to the hepatic
vein and therefore an increased curve on
the cannula was necessary to reach and
enter a main portal vein branch. The
main right portal branch was entered 1-5
cm from the portal bifurcation in 27 pa
tients; the main left portal branch, 1-4
cm from the bifurcation in 19 patients;
and the portal bifurcation, in four patients.

During attempts at portal vein punc
ture we entered an intrahepatic branch of
a hepatic artery in three patients and an
intrahepatic bile duct in eight patients. In
two patients with massive ascites and
small atrophic livers, we penetrated the
liver capsule and aspirated ascites. The
catheter was withdrawn back into the
cannula in all ofthese cases and addi
tional puncture(s) performed until the
portal system was entered. No complica
tions occurred from these inadvertent
punctures.

Several needle access systems for liver
puncture and portal vein entrance are
available and all have their advocates
0-4). We cannot compare the efficacy of
these systems with that of our coaxial
catheter-needle set, which we have used
exclusively for the last 7 years. We devel
oped it and began using it extensively for
experimental work in young swine when
use of a modified Ross needle resulted in
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3. 4.
Figures 3, 4. (3) Portal venogram obtained after entry into the right portal branch. The standard cannula curve was used for por
tal branch entrance. The metal marker on the 10-F introducer sheath (arrowheads) indicates puncture site in the hepatic vein wall.
The puncture tract is 6.5 cm long (corrected for magnification). (4) Portal venogram obtained after entry into the left portal branch.
An increased cannula curve to about 30° was used for portal branch entry. The metal marker on the 10-F introducer sheath (arrow
heads) indicates puncture site in the hepatic vein wall. In frontal projection, the puncture tract is 1.5 cm long (corrected for magnifi
cation). It is 2.5 cm long in lateral projection.
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Covered Self-expandable Z-stents in Treatment
of Malignant Esophageal Obstructions

and Esophagorespiratory Fistulae

10SEF ROSCH. M.D.'

Self-expandable Gianturco-Rosch type z
stents (GRZ stents) covered with silicone
or polyethylene membrane were used for
treatment of 60 patients, in 48 with
malignant esophageal obstructions and in
12 with esophagorespiratory fistulae.
Fluoroscopically gui~ed stent placement
was well tolerated. With malignant
obstructions immediate relief of dysphagia
was achieved in 95 % of patients and
sustained relief in 80% of patients with an
average follow un of 3.2 months and range
from 1 to months

With esophagorespiratory fistulae
aspiration was completely relieved in 75 %
ofpatients and partially relieved in 17% of
patients. No complications occurred during
stent placement. Late stent migration into
the stomach occurred in 3 patients where
stents extended into the gastric fundus and
their course was uneventful. Severe
de1ayed complications developed in 4
patients including esophageal perforation
(1 patient) and significant bleeding (3
patients).

I Dottcr Intcrvcnlional Inatitutc. Portl.nd. OR,on. USA.
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Conc1usion: The covered GRZ stents are
effective and relatively safe means.of
palliating patients with severe malignant
esophageal obstructions and
esophageorespiratory fistulae.
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Vascular Applications: Veins

Gianturco-Rosch Expandable Z-Stents in the Treatment 01
Superior Vena Cava Syndrome·

Josef Rosch, Barry T. Uchida, Lee D. Hall, Ruza Antonovic, Bryan D. Petersen, Krassi Ivancev,
Robert E. Barton, and Frederick S. Keller
Charles Oottu lnstitute for lnterventional Therapy. Oregon Health Sciences University and Veterans Administration Medi<:a1
Center. Portland. Orelon. USA

Absand. Gianturco-Rosch expandable Z-stents
were used in 22 patients with superior vena cava
syndrome (SVCS). Stents were placed in aH patients
in the SVC and in 17 patients, also into the innomi
nate veins. Stent placement resulted in complete
relief of symptoms in aH patients. Twenty-one pa
tients had no SVCS recurrence from 1to 16 months,
to theirdeath, orto the present time. SVCS recurred
only in 1 patient 9 months after stent placement due
to tumor ingrowth and secondary thrombosis. Based
on ours and on other reported experiences, expand
able metallic stents are effective devices for treat
ment of the SVCS which is difficult to manage by
other means.

Key words: Superior vena cava syndrome- Venous
obstruction-Lung carcinoma-Expandable metal
lic stent-Gianturco-Rosch Z-stent

Treatment of the superior vena cava syndrome
(SVCS) is difficult, particularly in patients with ob
structions caused by malignant tumors and/or post
radiation fibrosis. Patients are usually treated medi
cally with minimal relief of their severe congestive
symptoms. After our successful treatment of SVCS
with modified Gianturco self-expandable Z-stents
(Gianturco-Rosch Z-stents) (Fig. 1) in 2 patients [1],
we used them in another 20 patients and summarize
our experience.

Address reprint requests to: Josef ROsch. M.O.• Charles Dotter
Institute for Interventional Therapy. Orelon Health Sciences
University. L342. 3181 SW Sarn Jackson Park Road. Portland.
Orelon 97201. USA
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Material ... Methoda

Of the 22 palients. 16 were men and 6 were women; their.s
ranaed from 28 to 68 years (median. S6 years). In 2 palients.
SVCS was caused by a benign process. postradiation fibrosis
and mediastinitis. respectively. Of the 20 patients with mali¡nant
etioloar of SVCS. the SVC obstruction was caused by mediasti
nal extension of lunl carcinoma in 14 patients and mediaslinal
metaslaseS of abdominal tumors in 6 patienls. Al! patients had
advan<:ed SVCS with face. neck. and arm sweDina and venous
enaorpment. Twelve patients had silnificanl facial cyanosis. S
had hoarseness. and 7 complained of severe beadaches. In 12
patients. SVCS symptoms developed from S months to 4 years
followina maximum rádiation of their lumors; in 1 patient the
SVCS occurred durina radiation of his luna carcinoma.

A

.....1. The Gianturco-ROsch self-expandable Z-slents hand made
in OUT research laboratory. A A double-body IS-mm diarneter
stent without barbs. B A three-body l8-mm diarneter stent with
barbs al its upper body. e A four-body 18-mm diameter stent
with barbs at its second Iower body.
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L R6sch et al.: Superior Vena Cava Syndrome

Fig. 2. A 58-year-old woman with severe superior vena cava
syndrome secondary to postradiation fibrosis. After stent place
ment she was asymptomatic for 1l months until her death of a
stroke. A Initial superior vena cavagram reveals two concentric
stenoses and retrograde filling of collaterals. 8 Superior vena
cavagram immediately after placement of a double-body stent
with a skirt shows good tlow through the stent which expanded
to about 60% ofits diameter. e Superior vena cavagram 2 months
after stent placement reveals further expansion of the stent and
improved tlow.

Control venograms in 2 patients with benign obstructions ex
hibited tight. concentric, smoothly outlined stenoses of the SVC
(Fig. 2). With malignant lesions, venography revealed a wide
range of findings from irregular stenoses secondary to compres
sion, and/or direct invasion of the tumor (n = 13) to complete
SVC occlusion (n = 7) (Figs. 3-7). In 17 patients the obstructive
process extended into the innominate vein(s). The right innomi
nate vein was involved together with the SVC in 9 patients and
in 1 of them the stenosis extended also on the subclavian vein.
The left innominate vein was ¡nvolved in 3 patients and bolh
innominate veins in 5 patients. usually in their proximal portions.
In 7 patients with complete SVC occlusion and 5 patients with
significant thrombi in the SVC or its branches aboye the obstruc
tion. selective infusion of urokinase (12-72 h) was used to achieve
complete thrombolysis prior to stent placement (Figs. 4, 5, 7).

We used the Gianturco-R6sch self-expandable Z-stents made
in our research laboratory from stainless steel wire 0.014-0.016
inches in diameter (Fig. ll. Their legs were connected with mono
filament line to control their expansion to a diameter of 1.5-\.8
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cm. The single body stents were 2-3 cm long. Depending on the
length of the obstructive lesion, two to five single body stents
were connected together with a monofilament line to form a stent
5-10 cm long. The SVC stents in the first of 10 patients had on
their distal ends a 1.5 cm long wire skirt containing small hooks
lO prevent stent migration. Two stents had a skirt, but without
hooks, also on their proximal ends. The SVC stents in the lalter
12 patienls did not have skirts at their ends but had two barbs at
one of their bodies. The barbs were attached to the body placed
in the center of stenosis. The stents placed in the ¡nnominate
veins aboye the SVC stents did not have skirts or barbs.

The institutional Human Research Committee gave approval
for stents to be used on a compassionate basis and the patients
signed an informed consent for the procedure.

The right transfemoral approach was used in all patients for
stent placement into the SVC. right innominate vein, and in 3
patients. into the left innominate vein. In 5 patients, the left
innominate stent was placed by the left transjugular approach
(Fig. 6). A l2-mm balloon catheter was introduced first and in
tlated inside the obstructed regioo. This was done more for del in
eation of the extent of the obstruction rather than for dilation,
because in the majority of patients the obstruction relapsed after
balloon detlation. The extent of the lesion was then marked for
exact stent positioning.

A 12-14 French TeRon sheath with an introducing catheter
inside was then exchanged for the balloon catheter. The stent was
then loaded over a guidewire. introduced into the sheath, and
pushed to its end. Still inside the sheath, it was carefully posi
tioned just above the marked upper end of the stenotic lesion.

The stent was then deployed by withdrawing the sheath while
holding the stent in position with a pusher. Extruded from the
sheath. the stent expanded and dilated the narrowed venous lu-
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1. Rosch et al.: Superior Vena Cava Syndrome

Fig. 3. A 64-year-old man with
severe superior vena cava
syndrome secondary to
squamous cell carcinoma
extending into the mediastinum.
The patient was already treated
by maximum dose radiation.
After stent placement he was
asymptomatic for 1I months
until his death due to tumor
metastases. A & B (nitial
venograms show severe
obstruction of the superior vena
cava secondary to direct tumor
ingrowth. e Superior vena
cavagram immediately after
placement of a double-body
stent with skirts shows good
stent expansion and excellent
superior vena cava patency.
D Superior vena cavagra·m 2
months after stent placement
demonstrates further stent
expansiono Filling defects at the
stent outline could be due to
tumor ingrowth and/or intimal
hyperplasia.

men. When using several stents, the more distal sten! was placed
first, followed by more proximal stent(s). The obstructive lesions
were often long and complex and required placement of multiple
body stents or stent combinations for expansion of the entire
narrowed area(s). A double-body stent was sufficient in only 4
patients. The others received three to five body stents or stents

207

in combination. with I patienl receiving one four-body and Iwo
double-body stents. The majority of the stents usually expanded
only to 10-12 mm; however, they continued lo expand in the next
few days. In I patient with a focal concentric narrowing. a tight
stenosis milked the stent cranially. A second slent placed partially
into the first one satisfactorily expanded the stenosis. Localiza-
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J. R6sch et al : Superior Vena Cava Syndrome

Fig. 4. A 68-year-old man with
severe superior vena cava
syndrome due to bronchogenic
carcinoma. He became
symptomatic during his radiation
treatment. After stent placement
he remained asymptomatic for 6
months until his death. A Initial
venogram reveals occlusion of
the superior vena cava.
thrombus in its main tributaries.
and filling of collaterals.
B Follow-up venogram after 48 h
of local infusion of urokinase
shows Iysis of thrombi and
severe stenosis of the distal
portion of the superior vena
cava. e Superior vena cavagram
immediately after placement of a
double-body stent with a skirt
shows good expansion of the
stent and excellent f10w in the
superior vena cava. D Superior
vena cavagram 2 months after
stent placement reveals further
expansion of the stent and
improved f1ow.

tion of the stent placement is detailed in Table l. In all patients.
a follow-up venogram was done after stent placement.

Patients were heparinized Juring the procedure and for 3-4
days afterwards. then they were switched to coumadin. The anti
coagulation therapy continued for :2 or 3 months in patients with
benign strictures and indefinitely in patients with malignant tu
morous obstructions.
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AII patients were followed clinically at 1 month intervals (at
least). A chest radiograph was done 1month after stent placement
to evaluate stent position and diameter. Follow-up venograms
were performed in 4 asymptomatic patients 2 months after stent
placement to evaluate the anatomy of the stented vessel. One of
these patients also had a follow-up venogram 9 months after stent
placement at the time of recurrent symptoms.
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J. R6sch et al.: Superior Vena Cava Syndrome

Table 1. Localization of Stent Placement in 22 Patients
SVC-superior vena cava, RI-right innominate vein, U-Ieft
innominate· vein, RSCL-right subclavian vein

face usually returned to normal complexion shortly
after stent placement, and facial edema and head
aches regressed by the next day. Truncal aad arm
edema resolved in 2-3 days. Hoarseness persisted.

On 1 month follow-up chest radiographs, aH
stents remained in place and further expanded an
other 2-4 mm, almost to their full diameter. Follow
up venograms 2 months after stent placement
showed excellent patency in all 4 patients studied
(Figs. 2-5). In 1 patient with postradiation fibrosis,
the outline of the stent lumen was smooth without
intimal hyperplasia (Fig. 2). In 2 patients with malig
nant lesions, small filling defects were seen inside
the stent, which we attributed to tumor ingrowth or
intimal hyperplasia (Fig. 3). The patient with SVCS
recurrence 9 months after stent placement, which
developed shortly after he discontinued coumadin
treatment, showed complete thrombosis of the
stented SVC and both proximal innominate veins.
After local urokinase infusion dissolved the throm
bus, a venogram demonstrated gross fiHing defects

Fig. 5. A 62-year-old man wilh severe superior vena cava syn
drome secondary to mediaslinal melaslases ofa colon carcinoma.
The palienl remained asymplomalic for 9 monlhs when his
syndrome recurred due to lumor ingrowth into the stent and
secondary thrombosis. He died I month later. A Superior vena
cavagram reveals severe focal stenosis with large thrombi in the
superior vena cava. and left innominate vein. B Follow-up veno
gram after 24 h of local infusion of urokinase reveals lysis of all
thrombi and persistent severe stenosis of the superior vena cava.
e Follow-up cavagram 2 monlhs after placement of a double
body stent shows complete stent expansion and excellent flow in
the superior vena cava. D Superior vena cavagram 9 months after
stent placement demonstrates a large defect at the posterior wall
of the stent which intravascular biopsy proved to be ingrowing
tumor. .

Results

Stent placement proceeded smoothly and without
complication in 21 patients. In 1patient with simulta
neous placement of stents in the SVC and both in
nominate veins, a prolonged procedure was compli
cated by thrombosis of the innominate vein stents,
even with the patient fully heparinized. The patient
received selective urokinase infusion for 6 h, which
lysed the c10ts and opened a passageway through the
stent. A few patients felt chest pain during balloon
inflation of the stenotic region and after stent place
ment. The pain, however, disappeared within a few
minutes and did not recuro

In all patients, stent placement resulted in relief
oftheir symptoms of SVCS. Patients with a cyanotic
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Stent placement

SVC
SVC + RI
SVC + Rl + RSCL
SVC + U
SVC + RI + U

No. of patients

5
8
I
3
5
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Fig.6. A 64-year-old man with mediastinal carcinoma and neck.
face. and left arm swelling. Swelling completely resolved in :2
days after sten! placement and the patient did not have any recur
rence until his death 4 months later. A ¡nitial venogram reveals
severe stenosis of the left innominate vein and moderate stenosis
of the proximal right innominate vein and upper superior vena
cava. B Follow-up venogram immediately after placement of a
three-body stent into the superior vena cava and righ! innominate
vein and a four-body stent into the left innominate vein show
good expansion of the stenotic veins.

in the stent lumen (Fig. 5D). Intravascular biopsy of
the mass revealed tumor ingrowth.

Of the 2 patients with benign lesions, I died 11
months after stent placement of unrelated cause
(stroke) without recurrence of her SVCS. The other
patient was asymptomatic for 12 months after the
procedure. Later he moved out of the state and has
been lost to follow-up.

Seventeen patients with malignant lesions died
from I month to 11 months after stent placement
(median 5.2 months) from progression of their dis
ease. Sixteen died without recurrence of their
SVCS. In the patient who had SVCS recurrence 9
months after stent placement due to tumor ingrowth
and thrombosis, placement ofanother stent was con
sidered, but was not performed because of the pa
tient's poor general condition; the patient died 1
month later. Three patients are alive and without
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SVCS recurrence. One patient with mediastinal me
tastases is alive 16 months after stent placement and
2 recent patients are alive I and 2 months, respec
tively.

Discussion

Including our series. expandable metallic stents
have been used for treatment of SVCS in more than
70 patients. Z-stents were used in the majority ofthe
patients [I -1 O]. Balloon expandable Palmaz stents
and self-expandable Wallstents were used in only a
few cases [5, 11-13]. In the majority of the reported
cases SVCS was caused by malignancies, mainly
lung cancer extending into the mediastinum. Stents
were used in only a few patients to treat benign
lesions, usually-including in 2 of our pa
tients-after unsuccessful treatment by balloon an
gioplasty [5]. Stent placement resulted in complete
relief of the SVCS symptoms in the majority of pa
tients shortly after the procedure. The relief was
of long-term duration, usually for the rest of the
patient's life. In our patients with malignancies, re
Iief ranged from 1 to 16 months. In only a few re
ported patients, SVCS recurred due to secondary
thrombosis and/or tumor ingrowth inside the stent.
Secondary thrombosis was successfully treated with
selective thrombolysis [11] (and in one of our pa-
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Fig.7. A 56-year-old female with lung and
mediastinal metastases of breast carcinoma and
neck, face, and right arm swelling. Swelling resolved
after 26-h local urokinase infusion and stent
placement and she was without recurrence until her
death 5 months later. A ¡nitial venogram reveals
severe stenoses of the upper superior vena cava,
right innominate and subclavian veins, and thrombi
in the axillary vein. B Plain film after placement of a
three-body stent into the superior vena cava and two
double-body stents into the innominate and
subclavian veins. e Follow-up venogram
demonstrates good expansion of the stenotic veins.

tients). Tumor ingrowth could be managed, at least
temporarily, by placing another stent. An optimal
solution for this problem should be a stent with a
cover strong enough to prevent tumor ingrowth into
the stent.

Benign stenoses have a better prognosis for long
term patency than the malignant ones. The recur-
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rence-free follow-up period in our 2 patients with
benign SVC obstruction is only 11 and 12 months,
respectively. Our more than 2 years recurrence-free
follow-up in 4 patients with benign stenoses of the
inferior vena cava and iliac veins is very promising
in this context [10].

The best lesions for stent placement are SVC
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stenoses 2 or more cm long and not completely ob
structing the lumen. so that the balloon dilation cath
eter and introductory sheath can be passed freely
through the stenosis. IQ a short. tight stenosis it is
diftkult at times to place the stent exactly across its
center because the stent is pushed ("milked") by the
stenosis, usually in a cranial direction. A multiple
body stent should be used in this case because it is
more stable. A removable suture line looped around
the monofilament line connecting the stent legs and
held from the outside could also be used to hold the
stent in place durina its deployment and during its
expansiono When a stenosis milked a stent in our
palient, we simply put another stent inside the first
one and achieved satisfactory expansion of the ste
nosis.

Stents can a1so be used in palients with complete
occlusion of the SVC, particular1y when the pa
tients' recendy acceleratin¡ symptoms indicate a su
perimposed thrombotic occlusion of the stenosed
SVC. Fibrinolytic agents selectively infused direct1y
into the clot can reopen the SVC for stent placement.
The infusion in these patients usually has to be car
ried for a longer time. In one of our patients a 72-hr
uroltinase infusion was necessary to reopen the SVC
lumen and to enable successful stent placement.

Stent placement into the SVC and right innomi
nate vein is technically simple and easily accom
plished. Placement ofan additional stent into the left
innominate vein is more difficult, particularly when
its proximal portion has a short stenosis and the vein
rons in a right angle to the SVC. The transjugular
approach should be used in this case for the innomi
nate vein stent placement. It is important that the
left innominate veins stent be placed first. followed
by the SVC stent. With this technique. a close con
taet between the SVC and innominate stents can be
accomplished.

Stents remain in place. Stent migration was re
poned only in 1 case with use oC an early model Z
stent. prior to the use of fixing barbs [3]. The stent
miaration into the ri¡ht ventricle was without conse
quences. The Z-stents typically do not expand fully
immediately after placement. usually to only about
S09f>-6O% of their diameter. However. their expan
SiOD continues, and in our series 3-4 days after stent
placement, the stents expanded to approximately
70%. On 1 month follow-up films, the stents were
usually nearly fully·expanded.

The published or presented reports did not go
jnto detail on the use of anticoaaulants. In our opin
jon, use ofanticoagulation therapy is very important
for long-term stent patency. We fully heparinized
patients during and shonly after stent placement.
then switched to coumadin. We feel it js essential
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that all patients with malignancies and those with
benign stenoses requiring fibrinolysis before or after
stent placement remain on long-term anticoagula
tion. This is underlined by our experience in the
patient with SVCS recurrence after 9 months. As
Ion¡ as he remained anticoagulated, the stent. re
mained patent, even when ingrowing tumor nar
rowed its lumen. However, the stent clotted in a few
days after coumadin was discontinued. Patients with
simple benign stenoses are anticoagulated for 2-3
months prior to the time the stent is fully endotheli
a1ized [14]. When the follow-up venograms confirm
,good stent patency without formation of intimal hy
perplasia, coumadin is discontinued.

Aclcnow/,d,m,,,,. This work was supported by Oeor¡e AIfred
Cook Memorial Fund throu¡b the Medical Research Foundation
ofOrqon.
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Long Term Results oC Gianturco Z-stents in Treatment oC
Large Vein Obstructions

JOSEF ROSCH, M.O.

The modified Gianturco Z-stents with their lea
connected with monofilament suture to limit stent
diameter and lo connect individual stents- the
Gianturco-Rosch type Z-stents (GRZ stents) were
used in 64 patients for treatrnent of large vein
obstructions. The biliary GRZ stents, 10 and 12
mm in diameter (Cook, Inc.) were used for
branches of IVC and SVC. The larger stents, 15 to
2S mm in diameter, used in most patients for the
IVC and SVC, were handmade in our research
laboratory. For a few recent IVC patients we used
the Gianturco tracheobronchial stents 25 mm in
diameter (Cook Inc.). 1fte stents were 3 to 10 cm
long and were placed by percutaneous femoral or
internal jugular approach usina 10 to 14 French
Teflon introductory catheters. A 10 to 12 mm
balloon catheter was introduced first and inflated
inside the obstructive lesiono This was done more
for delineation of the extent of the obstruction
rather than for dilation, because in most patients
obstruction relapsed after balloon deflation. In 20
patients with superimposed thrombosis local
fibrinolysis was used prior to stent placement.

The patients were heparinized during the
procedure. The majority of patients, except those
with hemodialysis shunts, received continued
anticoagulation therapy after stent placement. The
anticoagulation continued for 2 months until the
stent was fully endothelialized. After that it was
discontinued in patients with henign structures and
with high flow though the stent. Patients with
malignancies and those requiring fibrinolysis before
or .after placement received long term
anticoagulation.

Stent placement resulted in expansion of even tight
obstructive lesions, establishment of normal blood
flow and rapid regression of patients' congestive
symptoms.

With SVC syndrome, the patients' cyanotic face
returnecl to normal complexion shortly after stent
placement, facial edema and headache rearessed the
next day, and truncal and upper extremities edema
resolved in 2 to 3 days. Distal extremity swelling

214

and ascites in !VC obstructions usually resolved
slower, 3 to 7 days after steIltin¡. Stent placement
.Iso gave lona tenn relief because expandable steIlt
prevented recoil and recurrence of Che obstruction
in the majority. of cases. Fifty-six (87~) of our
patients have been without recurreoce of their
symptoms to the present time (2 lo 48 montbs,
mean 23.2 months) or until their death (8 days lo
26 months, mean 8.5 months) .fter stent
placement.

Obstruction in our 64 patients were related to
malignant tumors in 46 patients, to benign lesions
in 12 patients and to hemodialysis shunt in 6
patients.

NEOPLASTIC VENOUS OBSTRUCTIONS

The lung and mecliastinal tumors caJJsed
obstruction of the SVC and its branches and severe
SVC syndrome in 22 patients. Stents in these
patients were placecl in SVC but in many patients
extended a1so into the innominate and subclavian
veins. In 20 patients with metastatic liver
hepatomegaly causing IVC stenosis and severe
distal extremities edema and ascites, stents were
placed into the narrowed intrahepatic IVC portion,
and in one patient also in hepatic veins. Four
patients with pelvic tumors and unilateral distal
extremity edema had stents placed into the i1iac
veins.

Stent placement provided excellent palliation for all
stented patients. Their congestive syndromes
rapidly regressed and the majority (42 patients) did
not have recurrence until their death or to the
present time (from 8 days to 16 months, mean 6.8
months). Recurrence was observed in only 4 paints,
at one, three, four or nine months, respectively,
after stent placement, who discontinued
anticoagulation therapy. Their stentexhibitecl tumor
ingrowth complicated by secondary thrombotic
occlusion which was dissolvecl with local
thrombolysis.
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BENIGN VENOUS OBSTRUCTION

In 12 patients with benign lesions, large vein

obstruction was caused by post radiation fibrosis (4
patients), idiopathic mediastinal or retroperitoneal
fibrosis (2 patients), indwelling catheter (l patient),
trauma (l patient), cirrhosis (2 patients) and Budd
Chíari syndrome (2 patients). Stents were placed
iolo the sve, IVe and innominate subclavian,
bepatic and iliac veins. Stent placement was the
definitive treatment for patient witb benign venous
obstructions and resulted in long term palliation
with complete rearession of tbeir symptoms. None
of 12 patients had recurrence of the congestive
.ymptoms to tbe present time or to their death. Six
patienta are stillliving from 8 to 48 months (mean
35.6) after stent placement. Six died from 9 lo 26
montbs after stent placement secondary to their
basic disease or of unrelated causes.

OBSTRUCTIONS RELATED TO
DIALYSIS SHUNTS

Six of our patienta had obstructions related to

arteriovenous dialysis shunts with sever stenoses
involving the innominate or subclavian vein. Stent
placement extended life of the fistula but did not
exhibit such a long patency as in patients with
benign stenoses. Only 2 patients had normal
diameter lumen 16 months after placement. In the
other four patienta, the stent lumen narrowed due
lo intimal byperplasia, from 8 months to 14 months
after steat placement. The obstructions were treated
by an atberectomy, angioplasty, or by other stent
placement.

COMPLICATIONS

Early in our series, when we did not use

heparinization during the procedure, stents in two
patients clotted during a prolong placement. Their
tbrombosis was successfully treated by short (2 to
3 bours) local urokinase infusion; they remained
opeo afterwards.

One patient witb local fibrinolytic tberapy prior to
stent placement bad a large neck hematoma at the
area of catheter introduction.

CONCLUSION

The GRZ stents are effective devices for treatment
of obstructions of larger veins, whether cased by
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malignant tumors, benign processes or related to
dialysis shunta. They are easy to place, alone or in .
combination, dilate venous obstruction by
expanding to their given diameter, do not migrate,
and exhibit long term patency.

Stent placement immediately results in a rapid
resolution of patients' congestive syndromes. In
patients with malignancies, stent placement is an
excellent palliative treatment and gives long term
relief in the majority of patients. In patients witb
benign lesions, stent placement, according to the
present experience, gives promise lo be a definitive
treatment of large vein obstructions. Patients with
obstruction related to their arteriovenous dialysis
shunt can benefit f10m stent placement because it
can significantly prolong the life of the shunt.
Local fibrinolysis is an important adjunct therapy
prior to stent placement in patients witb
superimposed thrombosis.
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Technical Evolution oC Tips

JOSEF ROSCH, M.O.

Early sta¡es, tochnical evolution of TIPS was

focused mainly on finding ways for a consistent and
safe transjugular puncture of the portal vein and for
establishing a well functioning shunt. Recently
TIPS development has been focused on finding
techniques for keeping the established shunt open
and functioning well on a long term basis.

A suitable transjUlular Iiver puncture needle and
delineation of the targeted portal vein are the
primary components of a consistent and safe
entnnce inlo the portal vein. lbe Colapinto
tnnsjugular liver biopsy needle was used for the
first TIPS patients and is still preferred by some,
particularly in combination with complementary
catheters and guide wires (Ring set, Cook Inc.). To
avoid potentialliver damage with multiple puncture
attempts, a small coaxial puncture needle system
was introduced (Cope, Hawkins). We prefer a
coaxial catheter needle set (RUPS-1OO, Cook, Inc.)
which was less trsumatic and easier to use during
our extensive animal TIPS work. lbis system has
beco simple and safe and provides excellent results
also in our clinical work. lbe combination of the
10 Fr sheath, which has a metal marker at its end,
a 10 Fr Teflon catheter and a metal cannula gives
the set rigidity with good torque control and
enables one to seleet a suitable site for liver
puncture. lbe puncture is done with a .038 inch
diameter sharp point needle inside a well tapered 5
Fr Teflon catheter and is relatively atraumatic. In
Our 160 TIPS patients we did not have any
complications relate<! to the Iiver puncture even
when we accidentally entered the hepatic artery,
bile ducts, gallbladder or peritoneal cavity.

For delineation of the portal vein targeted for
puncture, transhepatic portal vein catheterization
with introduction of a wire basket was used in a
few early patients, but this was abandoned because
of serious complications. Several other teehniques
have been SU¡¡ested to facilitate portal vein
puncture including sonographic placement of
platinum microcoils adjacent to the intended site of
portal vein entry (Harman) or of a platinum tip
guidewire into the right portal vein via a
subxyphoid puncture ofthe left portal vein (Rivera,
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Teitelbaum) or percutaneous eatheterization of the
paraumbilical vein (Wenz). Other prefers lo
perform the portal vein puncture completely under
ultrasonographic guidance (Richter). We puncture
the portal vein under fluoroscopic control based on
its expected location. In our early experience, we
defined anatomy of the portaIlIld bepatic veins by
arterial portography and hepatic venopaphy in AP
and occasionally .Iso in lateral projection. After
¡aining more experience with anatomy of both
systems, we now perform a free and wedged
hepatic venography only. With a balloon occluding
a medium sizo hepatic vein, a satisfactory
retrograde visualization of the portal vein is usually
obtained. Using this approach we were able to
perform TIPS in 10 average time of 60 minutes.
Our only failure was in a palient with chronic
occlusion of the portal vein extending deep into its
intrahepatic branches.

Selection of a suitable expandable stent and' its
proper placement are important factor in
establishment of a well functioning shunt. Moat of
the available stents are suitable for TIPS but have
their pros and cons and range of their use. lbe
self-expandable Wallstent (Schneider, Inc.) is the
most user friendly stent with the widest rango of
applications for TIPS. It has a low profile eatheter,
and because of its flexibility and good expansible
force, it can be used in all circumstances, whether
for a centrally or peripherally located shunts. It
also conforms well even to a sharp curve in the
hepatic or portal vein.. The Wallstent, however,
also has disadvantages, mainly its lower opacity,
less predictable placement because it shortens
during placement and sometimes continues
toshorten after placement. The balloon expandable
Strecker stent (Boston Scientific) which was
reeently introduced for TIPS, has mechanical
properties similar to Wallstent but has bett~r

opacity (Maynar). More experience, however, wIII
be nceded for its detailed evaluation. lbe balloon
expandable Palmaz stent (loboson " Johnson) and
self-expandable Z-stent (the biliary GRZ atent,
Cook, Inc.) are rigid or exhibit only slight
f1exibility (GRZ stent) and are suitable only for
centrally placed shunts. lbe Palmaz stent can be
expanded to a desired diameter for optimal shunting
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ud its placement is predictable witb only minor
abortenina. Its opacity is less tban optimal. The
GRZ is opaque and easy to follow on tluoroscopy,
Ed its placement is predictable because it does not
aborten after delivery. Its incomplete expansion of
Ibout 2 mm less tban tbe ori¡inal lumen, after
beina pusbed tbrougb tbe introduclory sbeatb, is of
certain advantage. When needed, it can be
expanded lO tbe original size by balloon catbeter.
We fOUDd tbat only tbe 12 mm diameter GRZ steot
ilsuitable for TIPS. Need for introduction of 10 Fr
delivery sbeatb into tbe portal vein and uneven
expansible force are disadvantages of tbe GRZ
llent. When a connection between the individual
llent bodies is placed at tbe level of portal vein, tbe
lite of maximum resistance, tbe stent sometimes
does not expand completely or can kink. If cost is
taken ioto consideration, tbe GRZ stent is at tbe
lower and the Palmaz stent at tbe bigber ranae of
tbe scale, particularly because of need for more
tban one Palmaz stent for TIPS in tbe majority of
cases. 1be Wallstent and Strecker stent are in the
middle of this scale.

For proper placement tbe stent bas to cover tbe
entire liver parencbymal tract and, in our opinion,
it sbould protrude about 2 to 3 cm into botb the
portal and bepatic veins, and its lumen sbould be
oriented along the lumen of the veins. Direct
contact of the stent ends against tbe vein wall
abould be avoided, because resulting continuous
irritation leads to bigber occurrence of intimal
byperplasia, particularly in tbe bepatic vein.

World wide experience sbows tbat TIPS can be
done with consistency and safety and is effective
in decreasing portal hypertension and in
controllin¡ its complications, particularly bleeding
ud ascites. It controls active bleeding practically in
all cases and prevents bemorrba¡e recurrence in 70
lO 90~ ofpatients. As for ascites, TIPS controls or
si¡nificantly decreases ascites, except in patients
witb advanced liver failure. TIPS has become an
important bridae lo liver transplantation, aiving
patieots witb acute bleedin¡ or massive ascites
sufficient time to be stabilized and prepared for
suraery.

Sbunt maintenance, however, is necessary for
lona term patency and adequate function of TIPS.
Followupultrasonoaraphic and venoarapbic studies
reveal proaressive sbunt stenoses in a higb
percentaae ofpatients, particularly in tbe first year.
Exuberant formation of pseudointimal tissue iJi the
parencbymal tract and intimal bypertropby in the
drainina vein are causes of stenoses. Pseudointimal
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bypertropby in tbe sbunt occurs predominantly with
use of the Wallstent, while hepatic vein intimal
bypertrophy is more common with tbe Palmaz and
Z-stents. Clinically some stenoses lead to bleeding
recurrence. The majority of sbunt stenoses
diaposed on our routíne follow up portograms,
bowever, have been asymptomatic and probably
detected early in their development. We have
intervened on stenoses ¡reater than SO~ of tbe
stent diameter with a portosystemic aradient higher
than 1S mm Hg. Follow up venographic studies of
our 40 patients from 6 to 40 months after TIPS
showed occurrence of stenoses at some time in
8S~ of the patients. AH responded well to balloon
dilation or new stent placement witb an overall
989f¡ secondary sbunt patency. In sorne patients
only one intervention was sufficient to keep the
shunt well open. However, in the majority of
patients, however, repeated interventions every 60r
12 months were nec:ess&ry in tbe first two years
after TIPS. Repeated balloon dilations seemed to
stabilize hypertrophic tissue formation in our
patients.

The future TIPS evolution should focus on
prevention of stenoses. Changes in stent
construction, with adding a partial membrane cover
or stent coating with drugs, early local treatment of
the established sbunt or new treatment techniques
ofshunt stenoses should be explored for prevention
and treatment of the shunt stenoses. Further
expansion of TIPS indications, particularly as aq
altemative to elective portosystemic surgical shunt
in patients with well preserved Iiver function will
mainly depend on our ability to achieve long term
shunt patency without muItiple secondary
interventions.
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Tips: Results

P. ROSSI, G. PIZZI, F. ORSI, R. MERLINO, G.L. NATAL!

PURPOSE

To establish the safety and long-term results of the

use of WallsteDts and Nitinol-Strecker steDts for
TIPS and to document the incidence of stent
stenosis or occlusion by venographic study.

MATERIAL AND MBlHODS

Doriog the lut two years, a total of 58 patients

underwent TIPS procedure at our Institution
following precise indications: recurrent bleeding
(27), refnctory ascites (9), waiting for liver
transplant (13), randomized trial (TIPS versus
sclerotherapy) (9). Eleven patients were Child's A,
26 were Child's B, 21 were Child's C. In total, 91
stents were used: 54 Wallstents, 24 Nitinol-Strecker
stents, and 13 Palmaz stents, with an average of
1.5 stents per patient.

TBCHNIQUE

a. Venous approach: right internaljugular (50); left
intemal jugular (7); external jugular (l).

b. Hepatic vein: the shunts were perfonned from
the right hepatic vein in 46 cases, and from the
median hepatic vein in 12 cases.

c. Portal vein: the puncture of the vein was in the
right portal branch in 21 cases and in the left portal
branch and bifurcation in 27 cases.

!!...All the intraparenchymal tracts were dilated with
a IO-mm balloon and kept open with metallic
stents.
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RESULTS

The procedure was technicaIly llUCCeSSful in all

patients (lOO~).

In 1-24 months follow-up after sbuat creation, 38
patients were a1ive (65.5~), 14 are deId (24.2~),

six are transplanted (10.3 ~). VariceaI bleeding
recurred in five patients (8.7 ~). Temporary
encepbalopatby, after sbunting, occurred in 19
patients (33 ~). Eight patients improved ascites
signs: onIy one patient unchanged. Shunt stenosis
and occlusion developed in 19 patients (32.79'): 13
were stenosis (either stent or hepatic vein) and six
were stent occlusion. Five patients had partial
mural thrombosis and five had partial portal
thrombosis. Among stent occlusions, four were
Wallstent and one was Nitinol-Strecker.

CONCLUSIONS

Nitinol-Strecker stents and Wallstents can be used

lo perform TIPS and are effective in reducing tbe
portosystemic gradient. Both types of stents are
quite similar with a major advantage for Wallstent
because of the availability in different sizes and
measures, whereas Nitinol-Strecker stent is only 6
cm in length and 10 mm in diameter. Tbe incidence
of obstruction or stenosis is almost identical.



IV INTERHATIONM OOURSB OH VASCULAR ANO IHI'BRVBNTIONAL RADIOLOQY AS TIIPJWIIWJ1C bLTBRI!ATIYB

Midterm Results of Renal Artery Stenting
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Abstnd. Percutaneous transluminal angioplasty
(PTA) has become the treatment of choice for major
renal artery stenosis. Nonetheless, about 10% of
renal artery stenoses cannot be properly dilated, and
among the patients successfully dilated, 10%-15%
had a recurrence. Renal artery stenting was used in
21 patients in cases ofinsufficient results after PTA:
persisting significant stenosis after a primary or sev
eral PTAs (15 cases), recurrences (9 cases). Follow
up in aH patients was from 12 months to 4 years.
Implantation was performed without any problems
but the low radioopacity of the stent makes place
ment difficult in obese patients, particularly forostial
lesions. There was no major complication except
occlusion of a segmental branch of the renal artery
in I case. Radioloaical controls have shown a pre
served patency in all cases except 2. which present
restenosis inside the stent by intimal hyperplasia. A
significant clinical improvement was obtained in
90% of cases. These results suggest that the endo
vascular prosthesis represents an important adjunct
to renal PTA.

Key words: Vascular endoprostheses-Stents
Renovascular hypertension-Renal artery steno-

o sis-Renal angioplasty

Since Gruntzig's pioneering work on renal percuta
neous transluminal angioplasty (PTA) [1], numerous
publications have attested to the efficacy of this
method, which has become the treatment of choice
for significant renal artery stenoses [2-6]. Nonethe
less, this technique has its limitations in that certain
stenoses are resistant to dilatation and others reste
nose some weeks after dilatation [7, 8].

Percutaneous endoprostheses have recently

Address reprint requests '0: Prof. F. JotTre. Service Central de
Radioloaie. Hópital de Ranaueil. l. Avenue Jean Poulhes. 310S4
Toulouse. Cedex. France

been proposed as a potential means of improvin¡
angioplasty results [9, 10). We report bere the pre
liminary experience oC 17 implantations in renal ar-

o teries oC 16 patients with a CoIlow-up greater tban 6
months.

Mate""" ud Metllods

This study was undenaken usi", Wallstent endovascular prosthe
ses of ditTerent dimensions. Experimental studies have alrady
demonstrated the excellent tolerance. adaptation to the vaseu"
ture,and the endothelial coveri", of the device. intearatinl it
totally into the vessel wall within 3-4 weeks (11).

The Wallsteat endoprosthesis is composed of20 stainless steel
monofilaments 80 ",m in diameter. These monoftIaments are wo
ven into a cylindrical braided structure. the intersections beilll
free to pivot over each other. This talter characteristic combined
with the spring qualities of the stainless steel provides an elastic
structure which can be stretched into a small diameter format that .
spontaneously recoils to its unconstrained Iarae diameterformat
when released from the tip of its specially desi¡ned delivery
catheter (Fig. 1). This coaxial device is desi¡ned for passaae over
the guidewire used for conventional PTA procedures. Even with
the constrained prosthesis mounted on the eatheter tip. this part
of the instrument remains flexible. allowin. easy access to the
target zone. Prosthesis release is etTected by the prosressive
retraction of the rollin, membrane that constrains and caven the
stent. Low hydraulic pressure (4 atm) applied to the annular space
between the coaxial catheten permits the operator to displace
the slide mechanism which controls membrane retraction. By
removing the hydraulic pressure. the operator can stop the pro
cess of deployment at any time. even if the slide mechanism is
accidentally displaced. This enables anaiOlrAPhic check of the
pan already deployed. and acljustment by pulli", back the device
or even extracti", the prosthesis throup the sheath if deemed
necessary. Moreover. all these procedures can be performed
without obstructing anerial flow.

In all16 patients. conventional PTA via the retfOll'llde femoral
approach was performed with a balloon catheter and under local
anesthesia. A moderate overdistension with a pressure of 10 atm
was used accordin, to the technique described by Sos et al. (3).
Leavin, the ¡uidewire in place alter the proceckue. the anerial
pressure and the radiOIrAPhs were carefuIIy assessed. Anerial
opacification wu undertaken with an aortic catheter introduced
via the contralateral femoral anery or via the same sheath. This
opacification is an indispensable aid to positionina the stent with
respect to the renal anery ostium. The 7F delivery catheter wu
always passed via a valved introducer and ayer the 0.03'- (0.88
mm) luidewire. Implantation wu tnade under fluoroscopy. the
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Fig. 1. Macroscopic view of the delivery
catheter during release of the sten!. The
distal part is released and has assumed its
normal diameter (arrows). The proximal
parl is strelched on the calheler and is
retained by a membrane, the withdrawal of
which allows the release (curved arrow).

~
Table 1. Clinical data and general results

.~-

.~•.
Clinical

.~

Cases Age Sex Hyper- Renal Anat Post- Post- Follow- Late Clinical "~
tension failure type PTA PTA up anat result result ~

,g
(HT) (RF) recur- bad result HT RF ~

rence result 0

~
"

I 49 M + + Post op + 12 M + I I 8-

2 62 F + + ATH + 34 M + I V I3 68 F + + A:'H + 36 M + I l
4 41 F + FMD + 36 M + C i5 40 F + FMD + 24 M + C
6 60 M + ATH + 24 M Stenosis I
7 47 F + TAKA + 24 M + l ~

~8 62 M + + ATH + 20 M + l .1!
9 63 F + ATH + 18 M + C

J10 68 F + ATH + 3M Bad position F
1I Same patient 16M + I
12 66 M + + ATH + 18 M + 1 V ~

"13 56 M + ATH + 9M + C
14 62 F + ATH + 7M .+ 1
15 60 M + ATH + 8M + 1
16 46 M + ATH + 6M + C
17 22 M + + post op + + 6M Partial F F

(RT) thrombosis

Abbreviations: V = unchanged, 1 = improvement. C = cure. F failure. Taka = Takayashu, FMD = fibro muscular dysplasia,
ATH = atheroma, RT = renal transplantation

stent being placed across the lesion with the aid of cutaneous
radioopaque markers. The implanted prostheses were 5-6 mm in
diameter and 20-30 mm long. In general, unconstrained stent
diameters were chosen to be 15% greater than that of the artery
upstream of the stenosis.

Radiographic and pressure studies were repeated after stent
placement, and the arterial pressure and pulse were monitored
throughout the examination. Given the important hemodynamic
disturbances concomitant to the relief of renal artery stenosis.
we maintained a rigorous pharmacologic protocol. combining 1)
platelet antiaggregating agents, 24 h preimplant and for 6 months
postoperatively; acetyl salicylic acid, 300 mg/day and dipyrida
mol 3 x 75 mg/day. 2) Injection of 5,000 IV heparin and 500 mi
dextran during the procedure. 3) Intravenous heparin infusion
for 24 h (keeping partial thromboplastin time at twice control)
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followed by oral anticoagulation with Acenocoumarol for 2 weeks
with prothrombin adjusted at 2.5 times control.

Patient follow-up was based on c1inical,laboratory, and angio
graphic studies. AII patients underwent intravenous digital sub
traction angiography at 1 month and renal arteriography at 6
months. AII patients were given a prosthesis and 7 of these were
followed up for 6-36 months (Table 1). One patient had a second
prosthesis implanted 2 months after the first one which was badly
positioned initially (case lO, 11).

Clinical indications for stent placement were recurrent hyper
tension after previous angioplasty in 1I cases. In 6 cases the
indication was improvement of renal function after recurrence of
stenosis in a solitary functional kidney, stenosis of an aorto-renal
bypass of a solitary kidney, transplant artery stenosis and uni- or
bilateral stenosis with hypertension associated with renal failure.
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Fig.2. Renal slenting (case 4). A Righl renal artery stenosis by fibromuscular dysplasia
(arrows). B After balloon dilatation (arrows). e Reslenosis 6 years after dilatation
(arrows). D lmmediale control afler stenting wilh excellent caliber ofthe arlery (arrows).
E The slent in place (arrows). F Conlrol ~ years later (arrowheads).

Palhologically, lhe cause of the slenosis was alheromalous in
10 cases, fibrous dysplasia in 2 cases. Takayasu disease in one
case, and posloperalive stenosis in ~ cases. In 3 of lhe cases. the
stenosis was localed al lhe oslium.

In all cases. lhe problem was lhal of incomplele resull of
dilalalion. as defined by lhe crileria of Martin el al. [2], Sos el al..
l3] and Kuhlmann el al. [5]: a residual stenosis of more than 30%
associaled with an increased pressure gradient. In 10 cases. there
was a recurrence after angioplasty and in I of these cases this
was a lhird recurrence. A new allempt al angioplasly gave only
an InCOmplele resull: persislence of a residual slenosis between
30% and 50% and a pressure gradienl greater lhan 20 mm Hg. In
6 cases, lhe proslhesis was inserled after the firsl angioplasly
allempl was inadequale.

Results (Figs. 2, 3, and 4)

Technical and Anatomic Results (Table 1)

Implantation was successful in all cases and rela
tively easy to perform. The only problem was the
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low radioopacity of the prosthesis. rendering the
exact positioning of its proximal end with respect
to the renal artery ostium somewhat difficult. In 1
patient. the prosthesis was placed too distally. not
entirely covering the stenotic zone and leaving a
moderate residual stenosis of 30% at the level of the
ostium. The recurrence ofhypertension necessitated
a second implantation. In all the other cases the
normal caliber was reestablished with perfect
regularity of the vessel wall and lumen, Pressure
gradients across the les ion were found to have
disappeared in nearly all cases. with a marked im
provement compared with the angioplasty results.
One patient complained of lumbar pain for a few
days associated with a small perirenal hematoma
secondary to catheter manipulation during PTA. An
other patient (case 17) had thrombosis of a branch
of the renal artery of his graft.
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Fig.3. Renal stenting-Iate results (case 3). Follow-up aortogram
at 3 years. Arrowheads indicate stent position.

Consecutive angiographic studies were under
taken between 1 month and 3 years and demon
strated preservatíon of artery patency in the stenotic
region. There was no prosthesis migrations and all
collaterals crossed by the prosthesis remained pa
tent except in 1 patient (case 17).

In 1 patient (case 6), a reduction of 50% of the
arterial diameter was noted within the prosthesis due
to intimal hyperplasia.

Clinical ReslIlts

At present, all the patients but one are normoten
sive, 5 without treatment and 10 with moderate
doses of calcium antagonists (Nicardipine 40-80 mg;
Verapamil240 mg). Six patients had renal failure on
presentation. We observed functional improvement
in 3 cases and stabilization in :2 cases after a 1
year follow-up. The implantation in the transplanted
patient is considered a failure (persistent hyperten
sion and worsening renal failure).

Discussion

Numerous studies on large series of patients have
confirmed the efficacy of renal PTA [2-6]. lts si m
plicity and low morbidity with practically similar
results to surgery,' often make it the method of
choice. The utility of radiologic interventional ther
apy continues to be debated only by Brawn and
Ramsey [12] wh.o consider that the clinical benefit
does not justify angioplasty.

Renal angioplasty nevertheless has its limita-
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tions. The majority of major clinical studies report
immediate failure of dilatation as well as medium
term restenoses. The immediate failures correspond
to an unsatisfactory dilatation, with a residual steno
sis greater than 50% associated with an elevated
residual transstenotic pressure gradient [5]. These
failures are encounterd preferentially in certain etio
logies: ostial atheromatous lesions [7], fibromuscu
lar dysplasia lesions with a marked elastic compo
nent [13], and stenoses associated with Takayasu or
von Recklinghausen's diseases [14-16]. Post-PTA
restenoses are encountered in 5%-20% of cases.
The conclusions of many studies done on restenosis
after coronary PTA can be applied to the renal arter
ies. Experimental studies have led to the hypotheses
of Faxon et al. [17] and Essed et al. (18] that resteno
sis has its origin in the parietal trauma induced in
the dilated artery. Dilatation leads to a phenomenon
of fissuring and partial dehiscence of the plaque with
exposure of the media. The parietal irregularities are
then filled by thrombus and fibrous tissue prolifera
tion, culminating in healing ofthe lesion and smooth
ing ofthe arteriallumen. The proliferation can, how
ever, extend to hyperplasia and thus to restenosis.
The extent of this hyperplastic scarring appears to
be directly related to the severity of the parietal
injury engendered by the dilatation. Such restenoses
are much more frequent if the residual stenosis is
associated with elements of parietal dissection and
with persistent hemodynamic disturbance or ob
struction. The logic of using an autoexpandable scaf
folding device to seal mural fissures, reduce residual
stenoses, eliminate dissections, as well as minimiz
ing hemodynamic disturbances thus appears clear.

Experimental studies using the Wallstent endo
prosthesis [1 11 or with other models of endoprosth
esis [9, 19] have shown excellent tolerance of these
materials by the arterial wall. The endoprosthesis is
rapidly covered with fibrin and then with endothe
lium; in a few weeks the stent is incorporated into
the wall and covered by a hyperplastic intima the
growth of which stabilizes at around 3 months. Ex
perimental studies undertaken in the atheromatous
rabbit model with the Wallstent showed that the
device was not the source of trauma sufficient to
stimulate atheroma proliferation. On the contrary,
when placed at sites of atheroma previously induced
by balloon trauma and hypercholesterol diet, the
stent induced a fibrous proliferation covering and
apparently protecting the arterial wall from further
lipid infiltration [20]. Despite this remarkably inter
esting result, its extrapolation to human c1inical ap
plication remains tenous and one must be guarded
in its interpretatíon.

The first clinical implantations reported were
those in coronary and peripheral arteries [10]. Other
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Fig. 4. Renal stenting (case 14). A
Right renal artery stenosis secondary
to an atheromatous ostial stenosis
(arrow). B Immediately after PTA fol
lowed by stenting (arrow). e Six
month follow-up, Arrow points to
stent location.

reports concerned mainly iliac arteries [21] and fem
oral arteries [22].

The implantation of the Wallstent endoprosth
eses in renal arteries did not reveal any particular
problem in this preliminary series. The diameter of
the stents was chosen to be 15% greater than that of
the artery so that the stent exerted a permanent
radial force, preventing stent migration and dilating
the residual stenosis. The only difficulty encoun
tered was that of poor stent radioopacity, making
implantation difficult in obese subjects, particularly
if the prosthesis was c10se to the ostium. In 2 such
patients, the prosthesis was placed too distally with
out totally covering the lesion; the need therefore,
for a second aortic catheter in order to visualize the
aorta and renal ostium is imperative. It is always
possible, should radiographic study demonstrate
malposition, to place a second prosthesis if nec
essary.

Experience obtained from our work in the femo
ropopliteal arteries highlighted the need for an opti
mal anticoagulant therapy and careful postoperative.
careo Early thromboses had occurred in 15% of our
fem'oropopliteal series leading to energetic anticoag
ulation and the use of the drug n~~gimen described
aboye [22]. This resolved the problem of early femo-
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ral occlusion, and there were no such occlusions in
this series of renal implantations. Femoral resteno
ses after prosthesis implantation in our series oc
curred in 12% of cases and were difficult to predict
[22]. Follow-up studies in our renal series have
shown only I case of restenosis due to hyperplasia
within the prosthesis. However, we plan long-term
follow-up in these patients and define precise criteria
for patient selection.

In general, the indications for renal PTA are iden
tical tothose for stent implantation, the prosthesis
merely representing a supplementary technique
aimed at improving the result. Restenosis after PTA
appears to be the indication of choice. Although
good results can undeniably be obtained from a sec
ond dilatation in many cases, the benefit does not
appear to be greater than that of the first [4]. The
implantation ofa prosthesis does riot seem necessary
if the result of redilatation appears satisfactory, but
on the other hand, if there are c1ear radiologic and
manometric signs of residual stenosis, stent implan
tation isjustified. This is particularly true for lesions
with a high risk of restenosis, that is, ostial stenosis
or stenosis secondary to von Recklinghausen's
disease.

The question of prosthesis implantation after a
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first unsatisfaetory PTA raises a delieate problem in
that the radiologie and manometric criteria are of
limited value. For example. 1) there may be dis
cordanee between them. 2) the c1inical course may
be favorable despite a radiologically mediocre imme
diate result. or 3) there may be a delayed improve
ment in an underdilated lesion [13]. For these rea
sons we maintain that the eriteria proposed by
Kulhman et al. [5] and Sos et al. [3] (residual stenosis
greater than 50%. pressure gradient greater than 20
mm Hg) should be the rule. This diseussion could
a1so apply toostiallesions due to aortorenal plaques.
It is known that the failure rate of PTA in these
lesions is high (over 70%) [7]. Inserting a prosthesis
may be the soIution if the positioning is precise and
if the stent does not project into the aortie lumen.
This approac:h would be justifiable. given that the
rCsults of surgery are not significantly better in this
type of patients [23].

Although preliminary. our results appear encour
IlÍng. A larger series of patients with longer follow
up is necessary. but in our experienee the endovas
cuIar prosthesis can aiready be considered an im
portant adjunet to renal PTA. allowing the creation
of a true endoluminal bypass.
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Stents in Renal Arteries: Long Term
Follow-up with the Wallstent.

H. ROUSSEAU. F. JOFFRE, M.O.'

PURPOSE

Endovascular stenting has been proposed
and tested as an endovascular mechanical
support that can be introduced
percutaneously to compensate or to prevent
the limitations of percutaneous
transluminal renal angioplasty (PTRA).
Stent provides an effective way for non
operative management of flow
compromising PTRA- included dissection
and vessel reclosure during PTRA. Stent
placement has also been proposed for
treating delayed post-PTRA restenosis and
preventing a second restenosis.

MATERIAL ANO METHODS

We report our experience with the
placement of 25 stents during 23
procedures in 21 patients with a mean
follow-up of 32 ± 15 months. Twenty-five
Wallstent endoprostheses were placed in
21 patients lo treat delayed restenosis after
previous balloon angioplasty (n=13) or
inadequate immediate postangioplasty
response (n=8). The stenosis nature was
atheromalosis in 15 patients, involving
ostium in 7 cases. Kidney was solitary in
5 patients.

RESULTS

Technical success was achieved in all
patients. Early benign complication
occured in 4 patients. Follow-up

angiography (12 to 60 months) showed
restenosis in 4 patients. Cumulative
primary patency rate (Kaplan-Meier) was
95 % at 7 months, 85 % at 9 months and
77% at 15 months. At clinical follow-up
(32 ± 15 moths), hypertension was cured
in 3 patients and improved in the other 18.
Renal function remained normal in patients
without renal failure before stenting. In 6
patients with renal failure, renal function
improved in 1 patient, stabilized in 3 and
slightly decreased in 2.

CONCLUSION

Arterial stenting is beneficial in many
patients with poor results frt>m
conventional renal angioplasty. It is also
beneficial to those with delayed restenosis,
especially with ostial lesion, with good
clinical results and a high patency rate in
long-term follow-up.

I Departament of Radiolo,y, INSERM U 305 - Univenity HOllpilal - 31054 Touloull Cedex, Frene•.
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Tratamiento Endovascular de Aneurismas de Aorta Abdominal,
Fístulas A-V y Pseudoaneurismas con Stent-graft

J.C. PARODI1
, H.D. BARONE, C.J. SCHONHOLZ2

Los aneurismas de aorta abdominal
(AAA) son considerados como una
patología letal. La incidencia de esta
enfermedad es elevada variando entre
1.8% y 6.6% en estudios autópsicos y del
5.4% en pacientes entre 65 y 74 años de
edad en screening. En los últimos años con
el aumento de métodos de diagnóstico por
imágenes no invasivos y la mayor
expectativa de vida el número y la edad de
los pacientes con AAA se encuentran en
ascenso. La trombosis espontánea o
provocada de los AAA no resulta una
protección segura para los pacientes.

El tratamiento quirúrgico de los AAA fue
descrito en Francia por DuBost en 1951. '
Siendo actualmente el reemplazo con
prótesis el tratamiento de elección para
esta patología.

Si bien la tasa de morbimortalidad en
cirugía electiva de los AAA en distintos
centros se encuentra por debajo del 5%
los cirujanos vasculares se enfrentan cacb.
vez mas frecuentemente con pacientes
añosos con enfermedades asociadas graves
en los cuales estas cifras se elevan a tal
punto que muchos de estos enfermos son
c~nsiderados con riesgo prohibitivo para la
cirugía convencional.

Para este grupo especial de enfermos se
pensó en una nueva alternativa terapéutica
y desde el afto 1976 se trabajó sobre la

idea de implantar una prótesis por vía
endovascular. Distintos dispositivos fueron
ensayados con resultado negativo hasta
1988 donde se demostró que los stents
pueden reemplazar a la sutura quirúrgica
para la fijación de la prótesis a la pared de
la aorta.

El dispositivo consiste en un catéter del
tipo de los utilizados para valvuloplastia
aórtica con uno a dos balones de 60 mm
de longitud por 30 mm de

diámetro, sobre el cual se monta un stent
expandible por balón de 5 mm de diámetro
y 3.5 cm de longitud al cual se sutura una
prótesis de Dacron de pared fina; todos
estos elementos se encuentran plegados en
el interior de un catéter introductor de 21
french.

El procedimiento se efectúa por vía
femoral, procediendo inicialmente a
colocar un catéter a nivel de la aorta
abdominal por encima de las arterias
renales para realizar un estudio
angiográfico para marcación de distintos
reparos anatómicos. Luego se reemplaza el
catéter angiográfico sobre guía ~ca
por el introductor que contiene en su
interior el stent-graft ubiándolo bajo
control radioscópico a nivel del cuello
superior; con el catéter en la posición
elegida se retira el introductor y se infla el

lDirector del InItituto CardiovalCuiar ele Buenoa Airea. Departamento ele CinaJÍa CardiovaICular. au.- Airea, ArpMina.

2 Unidad de Radioloaía VaICular lfttlIrveDl:ioniJIa. InItitulo CardiovaICuiar de 8ueDoI Airea. Buenoa Airea, ArpMina.
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balón, lo cual produce la expansión del
stent fijando la prótesis de Dacron sobre la
pared aórtica. A continuación se coloca
otro stent para fijar el extremo distal de la
prótesis a nivel del cuello inferior. De esta
forma se obtiene la exclusión del
aneurisma estableciendo el flujo a través
de la prótesis. Los estudios de factibilidad
de esta técnica se realizaron en animales
de experimentación. Se reemplazó la aorta
infrarenal de una serie de perros por una
prótesis de Dacron con forma fusiforme.
Luego de crear estos aneurismas
artificiales, los animales fueron tratados
implantando prótesis de Dacron tubulares
fijadas en ambos extremos con stents
metálicos logrando la exclusión
satisfactoria del aneurisma.

Habiendo finalizado la etapa experimental,
en el mes de Septiembre de 1990, se
efectuó el tratamiento de un AAA por vía
endovascular en un paciente con alto
riesgo para cirugía convencional. Se
implantó una prótesis de Dacron fijada con
un stent a nivel del cuello proximal,
evolucionando en forma favorable.

Entre septiembre 1990 y diciembre 1993
se realizaron SO procedimientos
endovascu1ares con stent-graft, 40
aneurismas de la aorta abdominal, 1
aneurisma ilíaco, 2 by-pass femorales, 2
fístulas A-V de arteria subclavia, 1 fístula
A-V de arteria ilíaca-vena cava inferior, 1
fístula A-V de arteria femoral superficial,
1 pseudoaneurisma infectado de arteria
femoral común y 1 pseudoaneurisma de la
arteria carótida primitiva.
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De los 40 aneurismas abdominales, 8
fueron tratados con prótesis aorto-aórtica
fijada con stent proximal, 17 con prótesis
aorto-aórtica con stent proximal y distal y
lS con prótesis aorto-ilíaca.

Se obtuvo un éxito inicial en un SO%
(32/40), y entre los 8 pacientes con fallo,
4 pudieron corregirse ulteriormente.

Las complicaciones observadas: hematoma
inguinal (2), apertura incompleta del stent
proximal con migración (1),
microembolización masiva (3), incorrecta
posición del stent proximal (1), leak
proximal (1). Los pacientes con fístulas A
V Ypseudoaneurismas fueron tratados con
stents cubiertos con prótesis de Dacron y
en dos casos con stents cubiertos con vena
(pseudoaneurisma femoral infectado y
pseudoaneurisma carotideo en un paciente
con SIDA). En estos pacientes el resultado
fue satisfactorio y no se presentaron
complicaciones. El seguimiento de estos
pacientes incluye consultas clínicas
periódicas, eco-doppler color, tomografía
computada y angiografía.
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Brachiocepbalic PfA

DONALD SCHWARTEN, M.D.\

Despite tbe success of angioplasty in virtually all

arteries not carrying blood lo tbe cerebral
circulation, interventionalists bave been reluctant lo
perform carotid PTA because of tbe known risk of
cerebral embolization of debris and tbe perception
tbat tbis will result in clinically sipificant
neurological deficits. Before peripberal and
coronary PTA became widely used and accepted,
similar concerns about embolic complicatioos were
expressed.

A number of reports, including some substantial
series indicating excellent anatomic and clinical
results witb PTA of craniocerebral vessels. Most of
tbese reporta uve selected patients witb
angiograpbic anatomy tbat would minimize tbe risk
of cerebral embolization, for example, subclavian
PTA in tbe preseace of a steal or PTA of ·smootb·
stenosis at tbe origin of tbe vertebral artery.
Angioplasty of tbe carotid bifurcation using
·protection bal1ooos· has been reported, but
bifurcation PTA using standard angioplasty catbeter
bas a1so beeo reported. Most carotid bifurcation
procedures uve been performed on arteries tbat
did not bave angioplasty visible ulceratioos.

Clearly patient selectioD has Ud an impact on tbe
reported ·good· results of extracranial
braebycepbalic PTA. No report has included
blinding of lDIio¡rapbic interpretation - before or
after PTA. DefiDitions of anatomic success uve
rarely beeo deacribed. Essential objective follow-up
has beeo lacking. If carotid/vertebral PTA is lo be
a viable optiOll lo surgical revascularization, we
must know not oaly tbe procedure related stroke
incidence, but tbe loog term rislc of stroke.

For a1most three years tbe Nortb American
Cerebral PTA Register (NACPTAR) has beeo
enrolling patients in a prospective cobort study lo
assess tbe safety and efficacy of braebycepbalic
PTA using objective criteria and clearly defined
parameters. Inclusion in tbe study requires tbat the
patient by symptomatic in tbe cerebral distribution
of tbe target artery. Tbe target artery must uve a

stenosis equal lo or greater than 75 % on a selective
4 vessel angiogram. Prior lo PTA a11 patients
~ive a detailed neurologic exam by a
neurologist, a brain CfIMRI, doppler and wben
possible SPECf. Post-PTA, prior lo discbarge,
tbese studies are repeated. During the fint year
post-PTA, clinical and imagíng ex... are repeated
al quarterly intervals and tbe angiogram is repeated
at the end of tbis year. Semiannual follow-up
continues for an additional year.

AII patients are placed on 325 mg ASA daily, and
a11 are systemically beparinized for tbe PTA
procedure. Beyond tbis tbe tecbnical details of eIICh
angioplasty procedure is tbe choice of tbe
individual interventionalist.

Extraeranial IDgioplasty is most commoaly
performed witbout guiding witb appropriate
analomy and symptoms wbo bave failed medical
tberapy. Intraeranial PTA is peñormed tbou
guiding eatbeters desigoed for cranioceftlbral
IDgioplasty.

lbe majority of patients enrolled in the NACPTAR
lo date uve been contributed by two of tbe
seventeen participating centen. More tban 165
cerebral PTA procedures uve been performed.
lbe mediID patient age is 63 yeara. 1birty-five
percent (35 %) of tbe patients were femate. Tbe
average pre-PTA steooIiis was 80%. Tbe aveaae
post-PTA residual stenosis was 30%. Tbere were
no embolic strokes. Tbere was oae stroke reIIIed lo
ID extraeranial PTA. 1bere were sevea strokeI
related lo iDtracranial PTA. All of tbe strokes were
confirmed by CfIMRI. 1bere were 3 deUbs, aIl iD
patients baviDg ID intracranial PTA.

Tbe strokeldeath me for extracranial PTA is lower
than tbe same eveot rate for carotid eaduterectoaay
as reported iD NASCET.

Cerebral PTA can produce a cliaically lDd
biologically significant dec.... iD arterial ___
witb ID acceptabIe me of ceotral DeI'VOUS syltem

1St • Vicent HOIpital .00 Heallh Servicel, Oepaltament oC Radiolo¡y. Indianapolia, Indiana, EEUU.
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complicatiOllS.

We will present tecbnical information as time
permits, and durin. tbe procedure demonstration.
The principies of neurovascular rescue stroke
salvap - will be included.
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Percutaneous Transluminal Angioplasty in Renovascular
Hipertension

THOMAS A. SOS, M.O.·

SCRBBNINO AND DIAGNOSIS OF
RENOVASCULAR HIPERTENSlON

R.ecent onset of rapidly accelerated diffficult to

control severe hypertension in young women or
older smokers, especially if associated witb
generalized vascular disease, an abdominal bruit
and an elevated plasma renin activity (PRA) are
clinical characteristics of renovascular hypertension
(1,2). Tbe sensitivity of PRA can be increased by
tbe diagnostic use of an angiotensin converting
enzyme inhibitor (ACEI), in tbe peripheral
caplopriJ cbaUenge test (3). Sucb patients can be
furtber evaluated, often as outpatients, by selective
renal vein blood sampling and assay for renin
activity (RVR)(4). Tbe sensitivity of RVR can a1so
be enhanced by tbe use of ACEI (5). RVR may be
followed by intravenous digital subtnction
angioltapby (lVDSA) for aualomic information (6.
S). Otber centers advocate radionuclide scanning
especialJy following ACEI (9).

Patients witb azotemia or following renal
transplantation and clinical characteristics of
renovascular hyperteasion sbould be evaluated by
arteriograpby, &iDee if a steI10sis is identified, renal
angioplasty (PTRA) in them sbould be attempted
reagardless of biocbemical studies wbich are ofteo
unreliable and millelding (10) (Table 1).

ArteriomphYi

At tbe New YorIe Hospital, most patienta are
admitted for diapostic arteriograpby and PTRA
based on positive and CODpueot resulta of RVR and
IVDSA or are referred lo us witb positive studies.
In patienta witb azotemia and following renal
transplantation, intraarterial digital subtraction
angiograpby (lADSA) is tbe initial diagnostic
technique of choice (10).

In hospitals where RVR are difficult lo obtain or
are not reliable and increasingly frequeot even al
tbe New York Hospital, and wbere tbere is a prior
agreement between tbe referring clinicians and tbe
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vascular l'Idiologists, tbe initial SCreeD may be
IAOSA. RVR may be obtained after tbe
arteriogram but before PTRA for retrospective
anaIysis.

PATIlOPHYSIOLOGY OF ANGIOPLASTY
AND BAILOON DlLAllON

The mechanical aspect of renal ...giopIuty are
related lo lbe underlying histopatbology _
patbophysiology of tbe lesions. It wu origiDaUy
assumed tbat angioplasty worleed by compreesioa
and remodeJing of tbe alberom.tou material
(11,12). Block (13), Catañeda-Zullip _ AmpIatz
(14), and later Wolf (15), have sbown tbIt
angioplasty works by coatrolled trauma. Tbe
atheroma is rragm.ated longitudiDally and
circumfereotial1y, witb tbe cncb aleo tearin, into
tbe intima and tbe media. Tbe muacIe fibers df tbe
media are injured and panlyzed, tbe adventitia iJ
overdilated, and tbe atheromatous material is
redistributed l'Idially and lateraIly into tbe
overdilated adventitia, tbus leavin, a Iarge pIIteDt
central lumen wbich is kept opeo by tbe increuecl
flow. In ostial atheromalous stenoses (16) the ealiJe
sheet of atheroma surroundin, tbe renal artery
ostium is acted upoIl by the dilatin, baI1ooo. SooD
after deflalion of the baI1000 the steooIis recun.
Steenoses of the true origin of tbe renal artery
respond well lo PTRA. There origin ......
lCCOunt for ooIy twenty-five percent of the osiaI
stenoses. It is like1y that the mee:haa- of actioo
of angioplasty in fibromu8cular dysplMia is aiJIIiJar
lo tbat in atberoma in overdiIatioa of loc8IlIteaOtic
segments wiht bealing in tbe diIáted ... MoIIt
patients witb the media fona of fibrolDUlleWar
dysplasia respond lo a low preuure inftatioo of tbe
baI100ns.

In intimal fibroplasia (17,18), in Takayasu's
arteritia (11) aod in IMlU1Ofibromltolis (19), initial
respoase iJ disappoainting in ... of ,..aed
inflatioas al hiela preaures. The initial cliIatioIl
ruptures tbe Iarge intimaI fibrous cusbioas aod
dilates tbe vessel wall, hut spasm aod the large buIk

file:///Mooas


of tiuue continue lo produce a residual stenosis.
With increased pressure and flow in the vessel,
bowever, delayed continued expIDSÍon of the lumen
lo normal size has been observed. lo these lesions,
aaanuive repeated overdilation can result in vessel
rupture.

For tbis reason, in these patients we do not persist
in tryina to eliminate the -waist- of the anaioplasty
baJloon. lafmts and youn, childrea witb the mid
aortic syadrome (20,21) have sbown very poor
response lo anaioplasty and auressive dilation can
produce severe complieations includin, rupture of
the artery iD theee small vessels.

Equjpmept¡

The fundalDNUl tecbniques of percutaneous
translumiDal renal anaioplasty (PTRA) bave not
cban¡ed over the Iast five years. The equipment
bowever .... under¡one a tremendous amount of
modifieatÍOD. Five years .,0 the standard
anaioplasty balloon catbeter for renal vascular
di... bad .' 7-Freocb Ibaft; now ball00ns up lo 8
mm in diameter oa a 5-Freocb and balloons up lo
6 mm iD diameter OD 4.3 Freocb eatbeter sbafts are
available. Even smaller -baIl00ns on a wire - are
approximately 3-Frecb and allO bave balloons up lo
6 mm iD diameter. Balloon catbeters have a lower
profile trusitioa zoae betweea tbe baIloon and
sbaft, and tbe tips of most catbeters extend lesa
tban 1 cm beyood tbe baIloon. Guidewires bave
become down-sized (.038- lo 0.014-), more floppy
at the tip, yet witb a stiff lIIIaft oven iD the .0014
size, more torquable 8Dd more visible. lo 8ddition,
wires tapered from .035 iDcbea t .016 iDcbes witb
torquable 80ft platiaum ti.. are available. Tbese
ovolutiona is catbeter 8Dd pidewire desip bave
penmtted safer 8Dd more IUCCellful treatmeDt of
severe proxm.l artery di8eue as weU as
accees lo tn.:II .

Advancel iD i..... have a1IO ar-t1y contributed
to 1M sdIty 8Dd III&X*I of nRA. Reducecl doIes
of dilute conveadoaal COIItrat media 8Dd tbe use

of CO2 as a contrast agent for IADSA have
diminisbed the incidence of renal failure.

TBCHNIQUB OF ANGIOPLASTY (22)

Our standard procedure is lo approacb

atheromatous renal stenoses from tbe femoral artery
witb a Sos Omni Selective catbeter
(AnaioDynamics). An extremely floppy -Bentson
•• (Cook Ioc.) guidewire extendina several
centimeter beyond the eatbeter tip is tbe leut
traumatic way lo enter and cross atberomatous
stenoses, especially those whicb are very proximal
iD the renal artery. Altematively the TAO•••
(ACS) floppy tip wire tapered from .035- to .018
with a rigid sbaft can be used. Fibromuacular
stenoses are also crossed witb the aid of a Sos
Omni Selective and Bentson for TAD pide wire.
If tbe pide wire does nol easily cross tbe stenoses,
then tbese eatbeters can be manipulated lC1'OII

witbout the use of a guide wire while COD8taDtly
iDjecting dilute contrast material. The use of
inspiration and expiration lo alter tbe course of tbe
renal artery can be quite belpful.

Once tbe initial catbeter has crossed the stenosis
tbe floppy wíre is exchanged for tbe more riaid
-TAD- guidewire. Tbis has a sbort straiabt floppy
tip whicb allows its introduction furtber into tbe
se¡mental bl'lllcbes, thereby assurin, tbat tbe
junction of tbe renal artery and tbe aorta are
subtended by tbe ri¡id ratber tban tbe more floppy
transitional portion of the wire. Tbis facilitates
exchanae of tbe initial for the balloon dilation
eatbeter. Tbis exchanae wire is often presbaped lo
lie securely across tbe aorto renal angle, and tbe
very tip of tbe balloon eatbeter (proximal lo tbe
balloon) is ,ently sbaped into a beak lo allow it lo
follow over tbe wire from tbe aorta into the renal
artery even tbrouab levere ri,id proximal stenoses.
Balloons sbould be observed durinl inflation for
elimiDation of tbe índentation, but equally u
importantly durina deftation for recurrence of abe
indentation, whícb indicates an inadequate dílation.

•
••
•••

Aa¡ioDyIlUlÍllI, GIna Falla, NA' Yort•
Coot•••, IIIoomiJll'OD, 1DdiaM•
Peripheral S1...... Oroup (ACS), Mou....ill Vicw
c.lironúa. '
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COMPUCA'nONS ANO nmJR
PRBVEN'I1ON

The most frequeot major complications in PTRA
are initiated by tbrombosis and spasm of the reanl
artery. The normal response of the vessel wall lo
trauma (even lo the eontrolled trauma of
angioplasty) is lo release serotonin and
thromboxane, especially if elot and atheromatous
material are preseDt (23). The renal artery responds
lo these substanees by spasm and tbrombosis. The
manipulation of pide wires in arteries with spasm
and/or tbrombosis increases the risks of dissection,
ocelusion or perforation. Complications are
reported to occur in 5-10% of patients (17,24-29).
Adjuntive medications can prevent or diminish the
ineidence and severity of complications. These are:
a) Antiplatelet: Aspirin, in a dose of 80-300
mg/day for a few days before angioplasty, and
continued for at least three months following
successful angioplasty. b) Spasmlytie and anti-spas
modic: Nifedipe, a caleium cbannel blocker can be
given as little .. twenty minutes before the
procedure, in a dose of 10-20 mg, by nuth or
sublingually (if the capsule is pierced), and it
remanins active for two lo four hours. 100-200
meg of intraarterlal nitroglycerin is a1so very
effective lo revene spasm. e) Anticoa¡ulant: Once
intraarterial positio has been establisbed 2000-5000
units of Heparin is given IV or lA. The Heparin is
not reversed at the end of the procedure, but
additional doses of Heparin or Coumarin are not
used followin, PTRA. Symptomatie distal
embolization of dislodged large plaque is rareo
However, .. more patients with diffuse
atheromatous disease are treated by PTRA
eholesterol or adaero microemboli are an
inereasingly frequeot tbou,h fortuDate1y still rare
complication (30. 31). Once it occurs it is
untreatable lDd can cause ischemia or necrosis of
the kidneys, bowel and extremities. PTRA in
patients with diffullely atheromatous abdominal
aortas should be performed with the least
manipulation, and possibly tbrough Ion, sheaths
introduced lo jUlt below the renal arteries.

RESULTS

Since 1978, we have attempted PTRA in over five

hundred renal arterios. Patients with fibromuscular
disease of the main and/or braneh renal arteries are
the most suitable candidates for PTRA.

Approximately ninety percent of the initial thirty
one patients in our series with fibromuscular
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disease Ud a technically successñd PTRA, and of
these, ninety percent sbowed a blood preaure
benefit (eured and improved) (32). These resulta
are similar lo those reported by other anaio,npbers
(Table 11) (32,33,30,34,35,36). Childrea form an
interesting subset of patients in wbom branch
stenosis is very frequeot. nis preeents important
diagnostie and thenpeutie problema. Selective renal
vein blood samplin, and ....y for renia IICtivity
(RVR) are very important for identifyiJll tbe8e
patients. Intravenous DSA should not be uaed since
even IADSA and conventioaal film anea
arteriograpby may miss these brancb lesiona which
require selective magnification arteriopapby. We
successfully dilated 16 of 18 arteries in 14 ehildren
resulting in 9 cures and 3 improved (37).

In the initial fifty-one patients with atberomatous
disease, the presence of an occluded renal artery
(five patients), or a stenosis at the ostium of tbe
renal artery at the aortie wall (five patientl),
heralded a low incidence of tecbnical succ-.
(approximately twenty-five percent), wbereas in
twenty non-occluded and non-ostial atberom8tous
lesions, we achieved a technical success rafe of
seventy-five percent. FoDowin, a tecbnically
successful anaioplasty, the blood preaure beoefit
was eighty-two percent in patieats with unilateral
atheromatous lesions. Our resulta are similar lo
those in the literature (Table ,111)
(33,38,30,34,32,35,36). Of tbe tweaty-oae
atheromatous patieats with bilateral pbysioloaica11y
significant renal artery lesínns in our series, a11 had
severely Idvance diffuse vascular disease: two
thirds of tbem Ud a total renal artery occlusioa and
renal atrophy, and half Ud an ostial steoosis.

Since, in bilateral disease, only total success in
dilating e.ch offeadin, lesion can be expected lo
successfully a11eviate hypertensioll, it is not
surprising that blood pressure beoefit was tbe leut
in this grop (32).

We have aIso attempted renaIa IDIÍOPlMty iD fifty
five COD.IeCutive patieats with reDOVacuIar
hypertensiOll and az.otIemia (defioed • a lOI1IIIl

ereatinine aboye 1.7 m¡(dI) (10). AH ...
blood preaures aboYe 160195 mmH, and ...
arterioarapbycally documeated steDosi. of OlIO or
botb renal arteries of at least 75" of tbe lumiDaI
diameter.

Mean serum creatinine for tbe entire lfOUP wu
areater than 3 m¡ldI. PTRA wu tecbDicaIIy
successful in 45 patients. At a two year (..-n)
follow up 38 of these patients were a1ive, and oaIy
8 needed dialysis. The rest Ud improvemeat or



stabilizatioo of tbeir reaal functioos. In contrast, of
the 10 ¡NItieatl where PTRA failed, oaIy 4 were
alive and 6 bad aeeded dialysis.

Out results incticate tbat the use of anaioplasty may
be justified iD such bip-rislc patients 00 the
grounds tbat die rislc (further deterioration of renal
function in 9" are outweiped by tbe beoefits.
Similar results were obtained by Tegtmeyer (33),
Bell (39) and Martín (34).

RBSTBNOSIS

R.esteoosis in tea lo fifty percent ofdilated arteries

dependiDa on aDatomic location continues lo be tbe
chief long-term problem witb percutaneous
translumiDal -aioplasty (PTA) (40). Tbere have
beeo various mech'oica1 and pbarmacologica1
attempls lo diaaish tbe iacideace of restenosis as
well as lo reduce tbe incideace of immediate
compliCUions ud tailures of anaioplasty.

In tbe fint few montbs resteaosis is ofteo due lo
elastic NCOil of and iacompletely dilated artery,
bowever, after su. montbs it is most lileely lo be
aeoeodothelial hyperplasia. After ooe year,
recurreoce of IItberomatous diseue at the dilatatioo
site or elaewbere continues lo jeopardi:ze tbe 1008
term outcome.

Previous attaDpts lo reduce resteaosis by
pban:nIIcoIo¡ic interveotioos sucb as beparin,
warfarin, ud upirin (41) have oot beeo successful.
More receatly, an¡ioteasin convertiag eazyme
iabibitiors 8Dd loo,-term anti-spumodic
medicatioos are beiD, evaluated (42).

Mecbaaical .-. lo reduce tbe resteaosis rafe are
also beiD, explored. Tbe tweIlty-five lo tbirty
pen:eat~ rafe in PTRA for atheroma
reported by _y autbors is probably in part due lo
aa iaadeq""e iaitial dilation and ,..,id -recoil-.

PrelimiDary elite iadicates tbat our re-steaosis rafe
in uaiIateral ...... atherolllltous renal artery
diseue is onl)' approxiDWely fifteeo percent. Tbis
i8 pouibly a .....t of baviDa use balloons al leut
1 mm ¡reater tbIn abe diameter of tbe vessel
measured on tbe arteriopam.

STBNTS

Coil lilee iatravucuIar __ lo elimiaate

resteaosi. wwe first proposed by Charles Dotter
(43). In the Iast five yeara several differeot steats
(44, 4S) have beeo developed ud are uader¡oin,
clinica1 trial. in the renal arteries.
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A Uaited States multicenter sludy lo evalute tbe use
of tbe Palmaz stent in the reaaal arteries was
initiated in 1988 and tbe preliminary results reporta
in 1991 (46). To date, over 170 patients have beea
eotered, bowever oaly S3 patients witb S4 stents
have beea aaalyzed. Tbere were 43 ostial, seven
aon-ostial and tbree micellaneous lesions. Steats
were placed in 33 lesions for residual
bemodyaamica11y si¡aificant steaosis and in 21 for
resteaosis after prior anaioplasty. Follow-up
arterio,rapby wasa performed in 29 patients at 8.1
± 4.3 montbs witb a mean follow-up time of
approximately four montbs. Forty-tbree percent of
lesions demoastrated resteaosis witbin tbe steat lo
a diameter of lesa tbIn fifty percent. At su. montbs
and one year SI % aad 47% ofpatients respectively
demonstrated cure and improvement of tbeir
hypertension. Tbere are also preliminaty reporta on
experience witb tbe Wallstent (47) and tbe Strecker
(48, 49) steasts in tbe renal arteries which are also

eocoura8in8·

We have placed Palmaz stents in 22 patieots. Two
patients received bilateal steats. Half tbe patieots
were stented following recurreoce of 10 initially
load aaaioplasty result wbereas in tbe otbers, ostial
lesions which did nol respond lo anaioplasty were
stented immediately. Clínical follow-up
demonstrated improvement or stabilization in all
patients up to a two-year follow-up periodo Follow
up arteriograpby has already been performed al •
mínimum of six montbs in half tbe patients. Halfof
tbe patients restenosed had evidence of
an¡io¡rapbic restenosis (> SO % reductioo from tbe
post stent diameter).

Tbe recurrence rafe followin8 stentin8 of tbe renal
artery seems clearly ¡reater tbIn tbat in tbe iliac
artery. Tbere are multiple factora responsible for
tbis includin8 IreMer turbulence of tbe lOrta to
renal artery biñarcation as well as tbe relatively
smaller diameter and tlow in tbe reual artery. A
¡real deal of work remains to elucidate tbe euct
mechaaism of resteaosis in tbe renal artery steDts
aDd tbeir possible prevention.

Nevertbelesa, even if one were lo tate tbe most
pessimistic (and 1 believe rea1istic) view tbat onIy
half of tbe patients witb 10 ostial reual artery lesion
are successfully treated by stents, tbe number of
patients who need suraica1 revascularization for
ostial lesions would be balved.



TABLB l. PrRA IN AZOTEMIA

GROUPI GROUPU GROupm

NUMBER OF PATIENTS 26 19 10

MEAN AGE (YEARS) 62 62 65

SEX (% MALE) 65 63 80

PERCENTAGE WITH DIFFUSE ATHEROMA 65 63 100

PERCENTAGE WITH BILATERAL STENOSES 77 63 50

LENGTH OF ISCHAEMIC KIDNEY

CM 8.0 8.3 10.3

RANGE 6.8-13.0 6.6-11.5 6.2-13.5

LENGTH OF CONTRALATERAL KIDNEY

CM 11.8 10.2 11.8

RANGE 9.5-16.0 9.0-13.5 9.8-14.0

BLOOD PRESSURE (MMHG)

PRE-ANGIOPLASTY 190/99 182/96 185198

+IDAY 147187 160/86 178/89

+6 MONTHS 165/88 171/89 , 194/88

+IYEAR 151/83 158/86 -
+ 2 YEARS 147181 - -
SERUM CREATININE (MGIDL)

PRE-ANGIOPLASTY 3.1 2.7 3.4

+IDAY 2.8 3.3 5.1

+6 MONTHS 1.9 3.4 4.1

+1 YEAR 1.9 3.1 -
+2 YEARS 1.9 - -
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TABLB D. IMMBDIATB ANO LONG-TBRM CUNlCAL RESULTS OF
RENAL ANGIOP!.ASTY IN FlBROMUSCULAR DYSPLASIA

AUTHOR NUMBEROF SUCCESSFULLY CURED (~) IMPROVED (%) FOLLOW-UP (MOS)
PATIENTS DILATED (%) MEAN (RANGE)

SOS (32) 31 27 (87) 16 (S9) 9 (33) 16 (4-40)

TEGTMEYER (33) 27 27 (100) 10 (37) 17(63) NA (2-S1)

GEYSKES (30) 21 21 (100) 10 (48) 10 (48) NA (12-48)

MARTIN,L (34) 20 20 (100) S (15) 12 (60) 16 (3-36)

MARTIN,L (3S) 11 8 (73) S (63) 1 (13) 13 (NA)

GRlM (36) 10 9 (90) S (S6) 4 (44) 10 (1-14)

TarAL 120 112 (93) SI (46) S3 (47)

NA- NOT AVAlLABLE

TABLB m. IMMBDIATB ANO LONG-TBRM CUNlCAL RESULTS OF
RENAL ANGIOPLASTY IN UNILATERAL-NON~ATHEROMA

AUTHOR (REF#) NUMBEROF SUCCESSFULLy CURED IMPROVED FOLLOW-UP (MaS)
PATIENTS DILATED (%) (%) (%) MEAN (RANGE)

TEGTMEYER·,•• (33) 6S 61 (94) IS (15) 129 (SS) NA (1-60)

SCHWARTEN (38) S4 49 (91) 23 (47) 15 (SI) NA (1-18)

GEYSKES • (30) 44 44 (100) 4 (9) 19 (43) NA (12-48)

MARTIN,L·· (34) 38 38 (lOO)? 10 (15) 19(47) 19 (3-36)

SOS (32) 20 IS (7S) 4 (27) 9 (60) 16 (4-40)

MARTIN,L (35) 15 13 (87) 2 (15) 4 (31) 13 (NA)

GRlM (36) 16 16 (100) 1 (7) 8 (SO) 10(3-24)

TarAL 252 236 (94) S9(2S) 130 (SS)

• INCLUDES SOME PATIENTS wrrH BILATERAL DISEASE
•• INCLUDES SOME PATIENTS wrrH 0STlAL STENOSES
NA- NOT AVAlBLE
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Results of Thrombolytic Therapy in tbe Management
of Renal Artery Occlusion

THOMAS A. sos, M.O.·

Percutaneous renal angioplasty is a well accept

and widely used altemative lo surgical
revascularizatioD in both fibromuscular dysplasia
and atherosclerotic renal artery stenosis. Since
1978, we bave perfonned renal angioplasties OD
over 500 patients. Thrombolysis has been used in
only twelve cues. lbe patients fall in four
categories:

I. Total acute renal artery occlusioD in
patienta with a solitary kidney (2 patients).

11. ChroDic renal artery occlusioD in patients
witb two kidneys (2 patients).

11I. ChroDic renal artery steDosis in patients
with two kidneys (2 patients).

IV. Iatrogenic steDosis/occlusions in patients
during renal angioplasty (6 patients).

TBCHNIQUES

U rokinase WI used exclusively in aII twelve

patieDts with local infusioD inlo the renal artery in
all but ODe patient. Most patients received an iDitial
bolus of urokiDue (50,000 - 500,000 units, usually
100 - 250,000 UDita were given). If Decessary, the
bolus was foUowed by an infusioa of 1 lo 36 hours
(20 - 200,000 UDitalhour). AdditioDal1y, patients
~ived nifedipine p.o. prior lo angioplasty aloag
wlth 3,000 - 7,000 units of heparin intravenously
ando 100 - 400 me, of nitroglycerin intraarterially
dUnDg the procedure. No complications related lo
tbrombolytic therapy were encountered.

RESULTS

Acute renal artery occlusiog. solidary pdgeYi

Two patienta with solitary kidneys presented with
acute onset of anuria, flanJc pain and elevated
creatiDine (6.5 and 7.7 ma/ml). One patient had
bloOO pressure elevatioD as well. Initial aortograpby
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showed Dative renal artery occlusiOD in ooe petient
and renal artery bypass ¡raft occlusioa in tbe
second patient. Botb were treated initially with
urokinase, ooe with • bolus and infusioa lDd tbe
other with a suprareDa1 aortic hi¡h dose infusion
(300,000) unitslhour) because tbe eetheter could not
bestabilized in the renal artery oriffice. FoUow-up
arteriograpby showed successful tbrombolysis as
well as an underlying main renal artery or graft
steDosis in both cues. In ooe of tbe two pdiaata,
the steDosis was successfully dilated. Both patitllta,
despite short term dialysis, repiaed reaa1 fuactioa
and stabilized their creatinine (2.1 .ud 3.7 JIIIIm1).
BloOO pressure e1evMioa alIo reaoIved in tbe
initiaUy hyperteDsive patient.

Unilateral chrogis: renal occlusjon. bilatml
pdgevs:

We. have ~rfonned .renal angioplasties in over fifty
patlents With chronic renal artery occlusiOD. Our
criteria for perfomUng angiograpby include residual
ÑDCtiOD oa radioDuclide sean lDd • UDiIateral
decrease in renal artery si.ze. Angiognpbica1Iy, if
the proximal stump of the occluded reaa1 artery ia
evident and if goOO collateral flow witb distal
teCOnstitutioa is present, our approIICh hu beaa lo
attempt renal angioplasty as tbe initia! tbenpeutic
step. In approximately one-baIf of our pdiaata, we
were successful iD crossing tbe occlusion .ud iD
dilating tbe main renal artery. In aU but two~,
the distal main lDd brancb renal arteriea wen
normal oa post-angioplasty arferioIrapby. In two
patients the angioplasty was tecbaicaUy ux:euful
hut tbrombus was present eitbet 011 die ilútia!
diapostic angiopam or oa an aqiopIIIl obtaiDecl
just.fter crossing the occluded .......t, .....-ma
pre-existeot tbrombua. The tbrombua iD boda~
looked acutel~ iD .,.,.....ce wida
irregularity lDd ..,.-fillinI of tbe arterial 1.....
80th patienta wen treated wida urokiMIe afta'
angioplasty. Succeuful tbromboIYIia was acbieved
in one patient after • oae-bour iDfuaion .ud iD the
secoad patient after • boIus lDd infusion. On foIow
up, both patients.maintaiDed good renal fuactiOD



and were DOI'IDOintensive, one on decreased
medication aad the otber on no medication.

Chrooic moti artery stegosjs. bjlateraJ kjdneys:

In two patieots witb renal artery stenosis, tbe
diapostic arterio¡raphy sbowed a fillin¡
defect/tbrombus which was unusually bulky and/or
irre¡u1ar distal to the stenosis. Tbis appearance
raised the question of acute or sub-acute tbrombus
possibly superimposed on a chronic lesion
(or¡anized tbrombues vs. atberoma). 80th patients
underwent tbrombolysis as tbeir ínitial therapy. One
patieat bid a proximal stenosis in an upper pole
main reaal artery witb a filling defect distally at the
renal hilum. Arterio¡raphy followin¡ tbromblytic
tberapy sbowed no cbange in the appearance of the
distal tbromIIus. The proximal stenosis was not
djlated since IUl'JÍcaI bypus was decided upon for
further .....,emeot. In the second patient,
tbrombolysi. bid no etTect on the appearance of the
tbrombus. Reaal an¡ioplasty was tbea attempted
witb follow-up arteriOJCaphy sbowin¡ occlusion of
the proximal renal artery witb distal reconstitution.
Tbe patieat underweot renal artery bypus sur¡ery
and was discbar¡ed witb improved bloocl pressure
control on decreased medication and uncban¡ed
renal functiOll.

latro,eojc steoosjs/occlusjon duriO' renal
'Dagjoplasty:

In six patieau witb renal artery stenosis, post
an¡ioplasty arteríoIraphy showed the preeence of
stenosis or occlusion witb acule tbrombosis. AlI six
patients UDderweDt tbrombolytic therapy after
aa¡ioplasty. In Ibree cueI the tbrombolysis was
succesaful; ia No of tbeIe, abe an¡ioplasty was
a1so lUCCeI8ftII ; iD oae (an FMD bnach stenosis)
bloocl preIIUIe wu improved wbíIe·in the otber (an
ostiaI steDosiI) abe bIood pressure was uncban¡ed.
In the tIúrd pIIieot witb succeafullysis, an¡ioplaty
of a bnacb PMD sIeDosis wu uasucceafuI and
bloocl pr-. WU UDCbanaed. In Ibree cases
tbrombolySÍI WU UlllUCCeUful. One of tbeIe
patients bid a 99" steoosis wbere abe lesion was
croued witb oaIy a pide wire. Because multiple
attempts weN lIIIde lo croa the lesion witb a
catheter, it illikely tbat a mecbanical obstructive
compoDellt from subiDtimaI hematoma wu presento
Tbis patient1DIerweata succeufulSUflÍcaI bypus.
In the secoad failed tbrombolysis, the an¡ioplasty
Was succesafuI but post an¡ioplasty arteriopapby
revealed a diIIectioa aloa, with tIuombus. Bloocl
pressure wu subIequeatIy well controlled on
medication. In the tIúrd failed Iysis, tbere was
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successful anapoplasty ofan FMD branch stenosis.
Post angioplasty arterío¡raphy revealed tbrombus,
residual narrowin¡ unresponsive to nitro¡lycerin,
and a seJIDeDtaI infarct, findin¡s which sua,est a
component of dissection. On follow-up, this patient
was normotensive off medication.

DISCUSSION

Several individual case reports have appeared
which describe tbe use of Iytic agents in __
emboIic renal &rtery tbrombosis. Additonally, a
recent abstract summarizes a twelve-patient series.
In these cases, improvements in renal dysfunction
and hypertension, if present, were achieved when
tbrombosis was acute or sub-acute.

In our series, tbrombolytic tberapy was successful
in patients witb a solitary kidney and acute renal
occlusion. In both patients, an underlyin¡ stenosis
was unmasked. We SU¡¡est that tbrombolysis for
renal salva¡e sbould be attempted even in sub
optimal circumstances. For example,

a) Ifnon-selective catheter position precludes local
infusion, systemic tbrombolysis may still be
effective as iIIustrated by one of our cases.

b) Even ifoli¡uria/anuria is of long duration (days
lo several weeks) a sianificant number of
patients will have a p~xisting stenosis with
collateral protection of renal blood supply. In
tbese patients, the actual renal artery occlusion
time is probably less critical for predicting
salvap of renal function by tbrombolytic
therapy than would be tbe case for occlusion by
acute tbromboembolus where no collateral f10w
exists.

c) Altbou¡h renal viability may be in question,
tbrombolysis in the absence of absolute
contraindications sbould still be attempted since
reperfusion of a non-viable small renal mus
does not have si¡nificant clínical consequences
in contrast lo reperfusion of a non-viable
extremity.

In our patients witb chronic renal artery
steoosis/occlusion with tbrombosis (cate,ories JI &
1m, tbrombolysis was effective whea tbrombus was
acute/sub-acute but not when fillin¡ defects were
chronic (or¡anized clot versus atberoma).

Witb iatrogenic steDosis or occlusion (category IV),
our results indicate that lesions witout permaneoet
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mechanical damage respood well lo thrombolytic
tberapy. In patients witb per1DIIlClIlt mechanical
damage (as opPOsed lo ..->' urokinase is oot
helpful.

In cooclusioo, based 00 our experience and tbe
results of otbers,

l. renal angiopiaty and tIuombolysis should be
attempted in all patients with acuteJsub-acute
anuria and a 80Iitary functioDÍDg kidoey where
clinical and angiograpbic signs suggest
thrombosis +/- stenosis. If the clinical bistory
suggests thromboembolus, surgical
embolectomy should be considered.

2. If thrombus is preseot folloWÍDg renal
angioplasty, whetber iatrogenic or pre-existent
in nature, vasodilatatioo lo relieve spasm and
thrombolysis should be performed.
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.Tibial Angioplasty

THOMAS A. SOS, M.D.·

Since Dotter and 1udkias published tbe first

descriptionofpereutaneous translumiDalangioplasty
(PTA) in 1964, ....y atberosclerotic lesions of the
i1iac artery or superfical femonl artery (SFA) bave
been successfully trated. However, early results of
popliteal artery anliop1asty were nol favorable.
Zeitler initially stated tbat four out of nine
procedures suffered from complications resulting in
clinical deteriortion due lo mecbanically induced
spasm witb resultant occlusion of the artery.
However, such spasm CID be effectively prevented
witb antispasmotic &lents. A1tbou¡b Zeit1er and
otbers who were initially pessimistic about popliteal
artery angiop1uty bave clearly cbanged tbeir
minds,and popliteal anlioplasty today is a routine
procedure, mauy still reprd anlioplasty of tbe
infnpopliteal arteriea as a tecbnically difficult and
relatively danaerous proeedure witb many potential
complications, whicIl sbould be reserved for limb
salvage. 1ust as the initial resulta of popliteal
angioplasty were dilappointina, so wero the early
results of infnpopliteal angioplaty. Recent
refinements in catbeter technoloay, guidewire
technology and angiograpbic techniques as well as
imaaina modaIities bave made infrapopliteal
angioplasty easier ud less dangerous lo perform
witb fewer complications and tberefore more
widely applicable.

PAT'IBNT SBLBCI10N

Up until a few yeara aJo, only patients witb rest

pain or tissue damaae and possible limb 1088 were
considered lo be suitable candidates for
infrapoplitea1 anliOP1asty. The primary reasons for
tbis were the widelpread but mistaken impressioo
that infrapoplite.l anaioPlasty has poor results, the
complicatioo tate i. bi¡b and the outcome of
complications iDevitably resulta in Iimb 1088. Sinc:e
infrapoplitea1 arteri.. are essentially end arteries
and particularly in patients wbo bave threatened
limba tend lo bave few coUatera1 sourcea. tbi. is
indeed a possibility. On tbe otbe band, tbe
piooeering wOlt of Scbwartea demoostrated tbat
infrapoplitea1 anlioplasty is indeed ..fe and
succeaful if OM UIea smaller and more tlexible
catbeters and pidewires, and meticulous
anlioaraPbic teclmiques. Out understandina of
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pbarmacololY and complieations related lo spasm
and tbrombosis bave also improved so that
complications related lo spasm and dimiRisbed ftow
bave been martedly reduced. As improvemeats in
infrapopliteal anJioplasty occurred so bave
improvements been made in tbe teclmiques ud
results of distal bypus sut¡ery. 80th the noa
reversed iD-situ vein arafts as weIl as the revened
bypass arafts bave improved em-ticaIly in initial
technical success and looa term patency. Wbile
complications of angiopluty sucia as distal spasm
tbrombosis dissectioa or occlusioa are still
relatively difficult lo trato bowever in many
instance antispasmodic, spumolytic lIld fibriDolytic
druga CID be used perutaneous1y and if tbeae fail,
bypass procedures even emerpatly orurpotIy, CID

salvage tbese limbs. Becau. of tbese improvements
many now consider pMieata widl leVen
claudicatiOll in wbom anJioplasty or bypau of
more proximal inflow vesaels is llOt enouab lo
relieve their symptoal8. suitable candidatea for
anaioplasty of infrapopliteal veaeIs particularly if
theIe vessels are euily accessible a' not
technically extremely difficult.

TBCHNICAL CONSlDBRATIONS

Punc. silo:

In the vast majority of patients lesions of tbe
infrspopliteal and popliteal arteries are appt"CMlCbed
by an anteJrlde ipsilateral femonl puncture. la a
small number of patients. particularly tboee witb
popliteal or proximal infrapopliteal lesioM tbeae
CID be approICbed by a coatralateral ftlItroInde
femonl puncture around the aorticbi~.TlúI
is particularly useful in very ... pati .... ÍIl

whom an antegracle puncture wouId be difficult if
not impossible. '

Catbeter Selectiog¡

Most lesiona of the infrapopli'" arteries cm be
dilated by 2-4 mm cIiaIIleter and 2.4 CID loa
ball00ns. Tbese are now widely avaiIabIe from
several manufacturera 00 catheter shafts ranaina
from 3.7-4.7 ~in diNaeter and capabIe of
acceptin, 0.018 incb pidewires. The ballooas bave
a very low profile iD their det1ated and wrapped
confiauratioo. The 0.018 incb guidewires bave very
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50ft steerable ami highly radiopaque tips. Tbe
major limitation of tbe techniques is· tbat a11 of
tbese catheters bave very thin and flexible shafts
witb lowaxial stiffness. Iftbe infrapopliteal arteries
are diffusely calcified or severely diseased, tbe
balloon catheters may not fo11ow tbe wires tbrougb
tbe lesiona. In many cases tbey accordion and
caanot be Idvmced. In tbese cases balloons on a
wire suda as tbe -Te¡wire- and otbers are used
UDder tbese circumstaDces. Tbe disadvanta¡es of
tbese baI100na on a wire are tbat tbey consist of a
sinale lumea bollow steel sbaft whicb kinks, bends
and breaks easily altbouab it has ¡reat axial
stiffneu. Tbe other major disadvantages of tbese
baI100ns on a wire are tbat tbey do nol bave a
secoad lumea for tbe guidewire and/or test
injection of contnst, pbarmaceuticals or pressure
measurement. Tbeir position in tbe vessels, wbetber
intralumiDal or dissecting is difficult lo establish
lIÍIlCe tbe sbaft stiffness gives re1atively liUle tactice
feedNdt and ft*Imapping from tbe femoral sbeatb
is difficult UD1esI a 6-FRlIlcb long sbeatb is used
exteacliq lo die popliteal artery for tbeit
iDtroduction. Tbe catheter Í8 curreotly under
developmeDt wbicb would combine tbe advantages
of tbe double lumea, coaxial infrapopliteal balloon
catbeten witb tbe stiffer sbaft of tbe balloons on a
wire. This catbeter is lDIde from a flexible
syntbetic material witb a 3,7·Frencb shaft diameter
witb axial stiffness clase lo tbat of tbe balloons on
a wire hut witb a double lumen construction and a
sbaft whicb doca not kink or break.

We recommend 10,000 untis of parentereaJ
bepuin, 100-300 mcgm aliquíotes in intraarterial
IÚtIOglycerin as ofien as necesaary. Tbe uese of an
8Ctivated clotting time (ACT) unit lo determine tbe
level of aDticoaplation is very useful. Adequate
IDticoaplationaDd8pI8IDOlyticmedieationspreveot
aad diminisb incideaces of spum ami subsequeot
di.-ction ud tbrombosis.

TBCIDQUB OP INPRAPOPUI'BAL
ANGIOPLASTY

1. Antegnde femoral puncture witb a 4 or S
Freacb intnarterial sbeatb. (Rarely retrograde
femonl appro8Cb lIOUIld tbe IOrtic bifurcation
as prwiously diacussed).

2. If extremely tigbt critical SFA or poplitea1
steaoIeI are preseat tbese shou1d be dá1ated
prior lo tibial angiopluty witb conveotional
.03S- guídewiresandS-Frecb ballooncatheters.
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3. If no severe lesions of tbe SFA are present, a
combination of tbe tibial balloon catbeter and
tbe 0.018- guidewire are introdueed logetber
tbrougb tbe arterial sbeatb and advanced lo tbe
popliteal artery witb or witbout tbe use
roadmapping as appropriate.

4. Roadmapping, if available, is extremely useful
for eotoriog tbe infrapopliteal arteries,
particularly tbe anterior tibial artery. Tbe
auidewire is advancecl eitber logetber witb tbe
catheter witb at least S cm of tbe guidewire
leading or tbe auidewire is advanced initially
and tben tbe catbeter over it tbrougb tbe
stenoses. If severe stenoses whicb prohibit
furtber advancement of tbe catheter are
encountered, tbeo predilitation of tbe proximal
lesions may be necessary in order lo free up tbe
catbeter and lo allow it lo advance distally. If
tbe catbeter still cannot be Idvanced over tbe
guidewire tbeo a balloon on a wire I)'stem may
be necessary. Tbis system can either be used
witb a 6-Frencb guiding catheter or by itself
tbrouab tbe femoral sbeatb witb roIdmapping.

S. In occlusins of tbe infrapopliteal arteries, tbe
standard .018- platiDum tip 50ft auidewires
may not be rigid enougb to traverse tbe
occlusions. In tbese cases a 0.018- glidewire
may wlJ be successful. Tbis advantage of tbese
0.018- glidewires is tbat tbeyare realtively 50ft
and a combination of a 50ft auidewire and 50ft
tibial balloon catheter may be difficult lo
advance tbrougb tbe occlusion.

RESULTS OP INFRAPOPIlTEAL
ANGIOPLASTY

While early reports of infrapopliteal angioplaty in

a small number of patieots, includinl out work in
19800 were cautiously optimistic, subsequeot
improvements in technolOl)' and tecbniques as weU
as our understanding of the possible complications
andIor avoidance and tbe use of adjunctive
medications has brougbt about mucb improved
results.

The results of several recent latge series of
infrapopliteal angioplasty are summarized below.

Our experience at tbe New York Hospital has been
one of rapid growtb in tbe use of infrapoliteal
angioplaty. In 1987 we treated tive Jimbs wbereas
in 1991, tbirty-six for infrapopliteal disease. In
almost tbree-quarters of tbe patients, tandem lesions
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in tbe superficial femoral or popliteal arteries were

INFRAPOPUrBAL Pl'A
DBMOGRAPmCS

PtlLimbNessel Age (mean) SexMIF Smoker % Diabetes % CAD %

Schwarten 98/114/145 37-86 (67) 64/34 95 (97) 59 (60) NA

BakaI 53/57/ 76 36-96 (70) 30/23 25 (66) 45 (85) 35 (66)

Brown 11/12/ 16 42-89 (66) 7/4 7 (64) 10 (91) NA

RBSULTS

l°Success % 1° Clinical Balloon 1° Total Clinical Compücatioos
Success % Balloon Success % MajorlMinor

Catbeter Balloon

Schwarten 45 (84) 141 (97) 141 (97) 100 (88) 2n
Baleal 4 (29) 37 (86) 28 (78) 28 (67) 7/36

Brown 9 (75) 8 (89) 8 (67) 5n

dilated "eoroute". Our initial techical success wu
greater in single oc foca1 stenoses as compared witb
infrapopliteal vessels witb complete occlusion.

RESULTS

BalIoon Limited Salvage (%) Len¡tb of follow-up (IDOS)

Schwarten 32/37 (88) 24

Baleal 28/42 (67) '1

Brown 6/9 (67) 1-22

TABLB 1. INFRAPOPUTBAL Pl'A NYH-etJM 1187-12191

PATIENTS UMS TECHNICAL SUCCESS TANDEM VESSELS DILATED

1987 5 5 4 3

1988 2 3 1 3

1989 14 15 13 15

1990 14 18 13 10

1991 34 36 33 29
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1.. 6.9__......¡7.7_... 6.7.(..87.%.) ... 5.5.(..71_%..) 1

TABLB 2. INFRAPOPUI"EAL PrA NYH-euM 1187-4191

$ STENOSES LIMBS TEC~CALSUCESS(%)

1 13 13 (lOO)

2-3 15 15 (100)

>3 17 15 (88)

OCCLUSION 9 4 (44)

TOTAL 54 47 (85)
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Long-Term Results of Stent Treatment of Diac Artery Stenoses and
Occlusions with Flexible Tantalum Stent

E.P. STRECKER, B. HAGEN, D. LIERMANN, I. BOOS

INTRODUcnON

Stent therapy of stenoses and occlusioDS of the

iliac arteries has proved lo be a valuable adjunct lo
percutaneous trIDSluminal angioplasty (PTA),
presenting long-term pateDcy rates between 64 and
95 % for balloon-expandable or self-expandable
stents (1-4). Altbough long-term patency rates are
favorable, the success of steot therapy is diminished
by acute thrombotic steDt occlusioDS and late
resteDoses.

Only a clinical long-term study will provide more
information about the success of steot therapy; the
mowledge of· rislc faclors will enable the
interventional radiologist lo prevent complications.
'Ibis prospective multicenter study discloses new
information about the benetits of iliac artery
stenting with special regard lo complicatioDS and
risIc faclors, especially for long iliac artery
occlusioDS.

Patients and metbods¡

The technical properties of the balloon-expandable
tantalum stent (Type Strecker, Doslon Scientitic
Inc., WatertoWD, M.A., USA) and the insertion
technique were described in detail before (5,6).
Briefly, the stent, balloon expandable and
implantable throu.h and introducer sheath, consists
of a cylindrical, electropolished tantalum tilament
knit with a wire diameter of O.lmm. 'Ibis
prosthesis is flexible and elastic witbin certain
limits in botb tbe expanded and the non-expanded
states. The loosely connected wire loops give the
stent and inberent flexibility, allowing the
introduction of tU catheter steot assembly through
curved arteries, and the implantation into arteries
leading over tbe hip or mee joint (Fig. 1).

Correct positioning of the steDt in the area to be
treated is facilitated by the following facts:
shortening of the steot during dilatation will be
compensated by the design with longitudinal
compression of tbe overlapping loops in the non
expanded state. The stent is well visible under

254

fluoroscopy, dile lo the radiodeasity of tantalum,
being in tbis regard superior lo any stainless-steel
prostheses.

Recently improved catheter-stent-assemblies with a
5F-PTA-catheter, of a balloon widtb up lo 7mm
can be introduced tbrouah a 6.5F-introducer-sheath
(peter von Bera, Kircbseeon, Germany), whereas
wider stents (9mm) will need an 8F-sheath and
stents witb a diameter of 11mm will oeed a 10F
introducer-sheatb. Steots available uve a length of
40r8cm.

239 patients witb atberosclerotic disease treated
witb iliac artery stents were included in tbis study.

In ISO patients lesiona of the common ilillC artery
were stented, including2S patients having received
kissing steDts lo treal atherosclerotic disease of the
aorto-iliac bifurcation (Fig. 2). In 89 patients
lesioDS of the extemal iliac artery were treated.
There were 56 occlusions (maximum lenath 200.0
cm, mean 6.8 cm), and 183 stenoses (maximum
length 16.0 cm, mean 2.7 cm). In 33 patients, 2 or
more stents (maximally 4 stents) were implanted
con8eCutively, from proximally lo distslly, with
their ends overlapping by a few millimeters.
IndicatioDS for iliac artery stenting were insufficient
PTA results due lo dissection (39%), elastic recoil
(37%) or acule occlusion post PTA (2%). Long
artery occlusiona were regarded as primary
indicationa (25 %).

During the preceding PTA procedure. SOOO ro of
heparin were applied intn-arterialIy as abo..... and
in tU case of steDt implantation. additioDal 2000
5000 ro were given. dependiDa on the pMient's
weight. tbe duration of the procedure and tbe
length of the treated arterial site. IlIU1Ifldiately~
stent implantation, hepariD wu applaed
intravenously by a perfusor in increase the partial
thrombin time lo two or three times the DOI'IDal.
Heparin treatment Iasted up lo &bree clays; 100 mg
of aspirin were given daily Id intinitum lo prevent
tbrombus formItion by plateIei aggreption inhibition.



Clinical symptoms before and after treatment were
detennined on tbe basis of Fontaine's classification.
The Doppler sonographic ankIe-ann indexes (AA!)
were evaluated immediately prior lo treatment, two
days after, six montbs later and, fmally, at yearly
intervals. DSA controls were performed wben
clinicaJ symploms or tbe AA! deteriorated during
tbe follow-un periodo

RESULTS

Primaa Results i

In all cases, stents could be successfully implanted.

The Doppler AA! increasecl significantly
immediately after stenting by more than 0.15 in all
patients.

83 % of the patients sbowed an improvement of
their clinicaJ symptoms. 16% of the patients
remaiDed iD tbeir clinical stage, and 1 patient
sbowed a deterioration of clinicaJ symptoms witbin
the first weeks after stentiDg. Patients showiDg no
improvement of their clinicaJ symptoms required a
tberapy of additional lesions located more distally.

Complicationsi

In 11 patients, tbrombotic stent occlusion occurred
witbin tbe first ten days after stenting.

Sucb occlusion could be treated witb local
fibrinolysis in 8 patients.

Distal embolization of tbrombus material lo distal
arteries was seen iD 7 patients, tbis could also be
treated witb local fibrinolysis or aspiration
tbrombeclomy iD 6 of tbem.

Tbe iDcidence of early tbrombotic stent occlusion
and peripheral tbromboembolism was especially
higb iD patients witb long arterial occlusions.

Whea tbere was an immediate partial stent
compression due lo a too stron, arterial wall recail
effect, balIoon dilation was repeated eventually witb
a sborted aad wider balloon over a longer time
period of 1 lo 5 minutes. In one case, two stents
were implaated iD an overlapping fashion so as lo
obtain a hiPer stent stability.

Surgical interveotion was required in 3 patients
witb acute tbrombotic occlusion and in I of tbe
patieots witb distal embolizatioa. 9 patients
developed sizable hematoma at the puncture site
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witb tbe result tbat tbey required prolonged bed
rest. 3 patients developed a false aneurysm, whicb
was treated by compression witb tbe bead of a
color doppler iD 2 cases. The remaining patient
required surgicaJ intervention.

One patient in wbom arterial rupture OCCUrred
during balloon inflation underwent immediate
bypass surgery, after tbe bleeding could be stopped
by dilatation of aPTA balloon at tbe ruptured site.

A comparison between patients witb iliac stenosis
and tbose witb iliac occlusion sbowed tbat tbe
iDcidence of acute tbrombotic stent occlusion and
distal embolization was especially higb iD patients
in wbom iliac artery occlusion indicated stenting.
Moreover, acute tbrombotic stent reocclusion
occurred significantly more often in patients witb
poor run-offvessels (more tban 50% stenosis of tbe
common or superficial femoral artery).

Follow-up aod long-tenn results:

The longest observation time was 72 montbs, tbe
mean beiDg 20 montbs.

In 41 patients, deterioration of tbe Doppler AA!
was observed during tbe fol1ow-up periodo In 28
cases tbis was due lo stent restenosis (more than
50% of tbe diameter) angiograpbical1y proven
between 2 and 18 montbs after stent implantation.
7 patients were operated witb bypass procedures,
19 were treated witb a repeat PTA successful1y,
and 2 patients did not receive any therapy because
of mild symptoms ooly.

In the remaining 13 patients, angiograpby revealed
patent mac stents, but additionally, a
hemodynamical1y relevant atberosclerotic disease
located more distally.

Life table analysis sbowed a 54-months cumulative
patency rate of 81.5% for iliac artery stents, acute
complications Hice tbrombotic stent occlusion witbin
tbe first ten days after stent plaeement being
included. The separation of stented stenoses and
stented occlusions reveals a 4-year primary patency
rate of 82.9% for iliac stenoses, and of 76.3% for
iliac occlusions, the difference between botb
patency rates being statisticalJy significant
(p<0.01) (Fig.4).

DISCUSSION

In the last few years stent therapy has proved lo be
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a valuable support for the interventional radiologist
performing PTA of the aortie bifurcation and iliac
arteries (1-4). Long occlusions of the iliac arteries
of the aortie bifurcation bave been added as new
stent indication (5-9). As an endoluminal
mecbanical support the stent counteracts the
mecbanical recoil of the elastie compoaenta still
remaining aft« PTA. Further. waIl dissection or
intimal tlaps are abl. lo redUce the lumen of the
arteries or even lo occlude them. Vascuiar stenting
provides successful a.tment ofsuch complications
followed by ¡ood Iong-term success ratea. Out
stent study includina 239 patients reveals a 54
montba primary peteDcy me of 81.5% (Fig. 3).
evea heina superior lo the success tate of 667
patienta treated lOlely with PTA. as publisbed by
lo1mstoD (10) (Fi•.5). In this reprd it must be
empbaaized tbat OUt cobort includes on1y patients
sufferina from very severe arterial lesions not
respoadin¡ lo PTA treatment. thus ~ting a
group evea lesa favorable than the PTA aroup.
Ricbter confirma tilia statement. describina superior
pateDcy tate for ...ted iliac arteries versus arteries
solely treated witb PTA (11).

Especial1y in 1001 occlusions of the iliac arteries
and tb. aortie bifurcation. solely performed PTA
has revealed insuffieient results because there is a
high incidence of acute collapse of the thrombotie
material inlo the previously opened arterial
segmento accompanied by acute thrombosis.
Therefore. because of early recurreace. iliac arty
occlusioDS were not felt lo be suited far PTA
therapy. However. stent tberapy offers a new
modaIity for the treatment of long iliac artery
occlusioDS (7.8.9). providing a lona-term success
me of76.3% in our study. 'Ibis patency me is not
as favorable as in stenotic lésioDS (FigA). wbat can
be mainly explained by the higher incidence of
acute thrombotic occlusioDS witbin the first ten daya
afier stent implaatation. Occlusions are usuaIly
longer than stenoIes resulting in a more extensive
waIl injury. Further. more metallic stent material
being thrombotic is introduced. Also. the surface of
thrombotic material fragmented beyond the stent
meshes increasea thrombogeoieity. In addition.
thrombotie material might protrude backwards inlo
the lumen. causina thrombosia. Tberefore. a
tborouahly performed anticoaplation becomes
necessary aft« stentina of iliac artery occlusions.

Local fibrinolyaia presenta anotber modaIity lo
reopen lona iliac artery occlusions. Solely local
fibrinolysis has beeo Idvocated far the treatment of
tbese arteries. Mostly performed by usina the
crosa-over technique. the fibrinolytic apnt is
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injected from abe contralateral sido tbroup a
catheter inlo abe tbrombus. However. for a
complete dissolution of the tbrombua 3 lo 24 hours
are necessary and control anaiolnPbies must be
performed repeatedly. As tbere ia a rislc of
systemie sido effects causina severe hemorrtsaa-.
the patient must be taken Cate of tboroqb1y.
Therefore. local fibrinolysis ia stresaina and time
consuming method and oftea. PTA or stent
treatmeot has lo be performed in Iddition in arder
lo achiev. auccess (12).

However. in combiJudion witb vucu1ar stentina.
local fibrinolysis mipt be helpful. As performed
initially. it can provide a thin clwmeI. eaabliq abe
radioloJÍst lo pasa a ¡uide wire throuah abe
obstrueted segment (Fig.2). Then. aft«
underdilatation with a 5F-PTA-baIIooo. a steot can
be introduced and dilated. A complete predilatatioB
with aPTA balloon would incrase abe rislc of
peripheral tbromboembolism.

Peripheral tbromboembolism and acute stent
tbromboses. representing the main complicatiOlll
occurrina after stent implaatatioa inlo loaa arterial
occlusions. can be treated auccessfully witb local
fibrinolysis or aspiratioa thrombectomy.

In CODClusion. stent therapy has establisbed a new
helpful additioaal treatmeot for insuffieient PTA
resulta witbin tbe same seasioa. Especially aft«
stent treIIm.at of1081 iliac artery occIusioaa. 8CUte
tbrombosia C8D occur; this can be prevented by
thorough1y performed anticoagulatioa tberapy. In
arder lo prev_ complicatiDa peripberal
tbromboembolism. ID oaIy incomplete PTA sbou1d
be performed befare stent implantatiOD. In
CODClusioa. stent tberlpy offers new areu for
vascular interventioas like the reopenina of loag
arterial occlusiona in the atea of abe IOrtie
bifurcatioa and abe iliac arteria.
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flexlon of stented external lilac artery
caused by a goe flexlon of the hlp jolnt

Hg. l.a,b: Diac arteries appear to have a straight course in the a.p. view. However, in the lateral view, the external iliac artery curves increasingly with hip flexiol
Therefore, in case of a long (8cm) stent required, only flexible stents can be implanted into this anatomical site.
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F"sg.2: a) Patient with atherosclerotie
disease of the aortie bifurcation:
unilateral oeelusion and
contralateral stenosis of the
eommon iliae artery.
b) After local fibrinolysis of the
oeeluded arterial segment,
eontrast media delineates a thin
ehannel for the introduetion of a
guide-wire. After predilatation
with a Smm-PTA-balloon, a atent
eatheter-assembly can be
introdueed.
e) Two 8 cm long atenta were
implanted simultaneously on
either side, aeeording lo the
kissing-method .
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Prlmary patency rate of lilac artery atenta
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PTA versus stent treatment
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Interventional radiology

Treatment 01atherosclerotic occlusive disease 01 the aortic
bifurcation with balloon expandable tantalum stents
E.-P.Strecker, B.a.aer,D.Lie.,....-3, F.-P.K.~,B.SdIIIeider', s.Vetter
I Department 01 Roentplldiapostic and Nuclear Medic:iDe. OiakooissenkranJtenhaus Rllppurr. 0·76199 KarJsnahe. Gemany
2 Depanment 01 RadioloIY. Martin·Luther·KranJtenhaus. Caspar.Tbeyss-5tra8e 27. 0-14193 Berlin. Germany
3 Depanment 01 RadioloIY. Universitltsk1inikum FrankfurtlM.• Tbeodor-5tem·Kai. O..flO596 FrankfurtlM.. Germany
~ Department 01 Diapoltic Radiology. Universitltsklinikum 0Usse1dorf. Moorenstr.S. 0-4022S Düslcldoñ. Germany
sDepartment of Diapoltic Radiology l. Medizinische Hochschule Hannover. Constanty..outsehow-Str.8. 0·J062S Hannover. Germany

A........ Eigbteen patients witb atberosc1erotic dis
ease of the aorto-iIiac bifurcation were treated with
percutaneously impIantable, ballooo expandable tan..
talum steDts. StentiDI iDdications were percutaDeous
traMlgmin,1 an¡iopl8sly (Pl'A) -resistaDtsteDOlleSand
long aorto-iIiac occlusioDS. lbe vascular prostbeses
were iDsertedby bilateral femoral approachanddilated
simultaneously, theirprozimal pana being deployed in
para1le1 iD the aorta and their distal parts anchored in
the COIDDlOIl iliac uteries (kiuiDg-stent method). In
aono-iliac occlusioal.local fibrinolysis was used to fa
cilitate guidewirepasaae. WitbiD 20 months (the dur
ation of longest oblenation). no majar acute or late
complications oc:turred. Clinical symptoms improved
immediately in aU patients. Deterioratioa of clinical
symptomldurin¡ tbe follow-up perlad WIS observed in
five padenlB and wu due lo additiOllal. newly ~
veloped atbel'Olderotic: disease located distally. tbe ba
furcation stents remainiIlg patenL

ThiI new type ofaon..iJlyasive procedure can be re
garded a safe and efficous altemative to vascular
surgery, especiaUy in poor surgical candidates.

lCey w" Arteriea - Stents - Atherosclerotie occlu
sive disease - Aortic bifurction - Percutaneous trans
luminal angioplasty

Introdactioa

Stent therapy of atherosclerotic occlusive disease of the
¡Iiae arteries has proved to be a valuable adjunct to percu
taneous transluminal angioplasty (PTA) in cases presen
ting insufficient results. like residual stenoses or aeute re
ocelusions caused bv arterial wall dissections. recoil or in
timal flaps [1-5). In iong iliae artery occlusions. stent ther
apy may be the primary therapy (20). without the neeessity
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of preceding balloon dilatation or fibrinolytie therapy [6
8J. Anew anatomical site lor non-surgicaJ vascular inter
ventions witb stents sbould be the aortic bifurcation
wbere serious atheroscleroticdisease wilh scvere steaoses
orocclusions is ofteo located.

These lesions are commonJy treated witb majar surgi
cal procedures. (e.g. using bifurcation prosthesis) and. as
these patients frequently have coexisting. complicating
systemic disease. tbe mortality risa to S% witb a higbrate
01 peri-operative morbidity [~12). Therefore. tbe devel
opment of a less invasive. non-surgical procedure would
be beneficial. especiaUy in poor SUI'JÍc:al candidates.

Stenting ofaortic bilurcation stenoses has been recent
Iy reported [13]. but liule information is currentJy avail
able. Our study differs from that recently published in
terms of patient population. type of disease. stent design
and implantation procedure. In our patient series. with
severe stenoses as well as long occlusions of the aortic bi
furcation. a new method is described to treat tbis type of
atherosclerotie disease with flexible tantalum stents form
ing a prosthetie bifurcation.

Patients ud naetla«*

Eleven male and seven femate patients (mean ale of
61 years. range 44 to 78 years) witb severe IOIII-Iasting
claudication (16 patients) and rest pain (2 patients) sec
ondary to stenoses or occlusions of the aortic bifurcation
were treated (Fip.l. 2). None of the patients had under
gone previous PTA. nor previous SUf1ÍCal therapy at tbis
site. All patients were current or previous smoken: addí
tionallv. 4 ofthem had diabetes mellitus.10 had hilhblood
pressure. 4 had coronary artery disease and 14 had elev
ated serum cholesterol (Table 1). The mean ankle-arm
index was 0.44 ±0.16.

Pre-therapeutie angiogra~ demonstrate~ bilateral
eommon Hiae artery stenoses IR 10 of 18 patlents: 4 pa
tients had unilateral comrnon Hiae artery occlusion with
eontralateral stenosis at the aortie bifurcation and 4 pa
tients had bilateral occlusion of the bifurcation and com
mon Hiae arteries. The mean length of stenoses was
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E.-P. Strecker et al.: Treatment of atherosclerotic occlusive disease of the aortic bifurcation with balloon expandable tantalum stents

a b

Fig.la. Lateral aortogram demonstrating s~vere stenoses due .to
calcified plaque formation in the distal abdominal aort? and t~e ong.
ins of the common iliac arteries. b 4-cm long stents ':"Ith a ~Iame~er

of 9 mm in the expanded state were inserted from elther slde u.smg
the femoral approach imd dilated simuJtaneous~y. C The proxl~al

stent ends were implanted ¡nto the lumen ofthe distal a?rta, form~ng
a new prosthetic aortic bifurcation located mo~~ proxlm~lly, whllst
the distal parts were anchored in the commo~ I11~c artenes.. A ~re

vious PTA was not performed in order to aVOld distal embohzatlOn.
The patient's symptoms, (severe c1audication) disappeared com
pletely

1.75 cm, with a maximum length of3 cm. Occlusions were
longer with a mean length of 14.2 cm, and a maximum
length of 19 cm (Table 2). Occlusions ofthe a~~ticbifur~a

tion extended from the distal aorta (at the ongm of the 10

ferior mesenteric artery or fifth lumbar arteries) into the
common iliac arteries, down to the origin of the internal
iliac arteries.

In 5 ofthe 18 patients, lesions were combined wi~h cal
cified atherosclerotic wall disease directly located In the
area of the aorto-iliac junction; in one case a large plaque
was noted on the arterial divider of the bifurcation.

Four of the 18 patients had normal run-off vessels. Of
the 14 patients with affected run-off vessels, 2 had
stenoses of the external iliac arteries only, 2 had stenoses
of the external iliac artery combined with occlusion and
stenoses of the superficial femoral artery, popliteal and
lower limb arteries; 10 patients had patent external iliac
arteries, but disease of the femoro-popliteal and distal
vessels.

The tantalum balloon expandable stents consist of a
knitted, flexible, metallic tube and can be implanted per
cutaneously through an introducér ·sheath. The stent and
the implantation method have been described previously
in detail [2,4,8].

In the patients with stenoses, the femoral arteries were
punctured bilaterally and introducer sheaths were in-
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I
serted. For steCnts with a diameter of up to 8 mm, 8.5 F in- i
troducer sheaths were used. Stents of 9 mm diameter re- ~

quired a 10 F introducer sheath. Depending on the dura- 8.
tion of the intervention, between 5000-10000 IV of he- •
parin was given intra-arterially during the procedure. J- I
shaped guide-wires were advanced through the steno~ed ~

arterial sites into the aorta, using a digital subtoactlOn I
(DS) road map procedure. pilatation of Vthle steh~o~dbbll'- 5.~
furcation was performed wlth 7 or 8 mm trat m a-
10005 in cases of bilateral stenosis using a kissing balloon ~

meth¿d (Tegtmeyer). In patients with a large amount of j
calcified plaque material, ballo~>n dilatatio~ w~s not per- ~

formed in order to prevent dIstal embohzatIon of the @

sclerotic material. In one of these cases stent insertion
could only be achieved with careful rotating movements
to prevent dislocation of the stent from the balloon. Then,
the catheter stent assemblies were introduced bilaterally
and a new DS road map (to confirm correct placement)
was performed. The catheter stent assemblies were 'po~i

tioned in the aortic bifurcation, their cephalic ends lymg In

the aorta and their distal ends extending into the common
iliac arteries (Fig.1). In each case, the two introduced
stents were lying in a parallel position with their proximal
ends in the stenosed aorta. The proximal stent ends were
of equal height, shaping the new bifurcation divi~er. The
expanded stent diameter corresponded to t.he wld~hs ?f
the normal lumen of the common iliac artenes, WhlCh, In

our patients, was 7-9 mm. Both balloo~s of the cathete~

stent assemblies were manually and srrnultaneously dl
lated under fluoroscopic control. A control angiogram
confirmed correct positioning and shape of the stents. In
cases where elastic recoil or severe calcification of the ar
terial wall caused high wall resistance such that the stent
could not be opened completely by a single balloon.dilata
tion, repead balloon dilatation was pe~ormed w~th the
same balloon with a maximum inflatIon duratIon of
60 seconds. If this procedure was not sufficiently success
fuI in complete opening of the stent, the original balloon
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Fig.2a. A 45-yca r-old l'emale patient with rest pain and occlusion ol' the aortic bifur
cation. including the distal aorta and both common iliac arteries. There are bilateral
long external iliac artery stenoses secondary to atrophy. b Alter local fibrinolysis
with 3 mg rtpa. eombined with 3000 lU of heparin performed by the braehial aeeess
route. a small channel within the previously occluded left common ¡Iiae artery can be
seen. The guide wires are passed through the Iesion and pulled through introdueer
shealhs inscrled at the groins. e Two Rcm long and 7 mm wide balloon expandable
stents were introdueed from either side and expanded simultaneously. The proximal
ends are placed in the aorta in a parallel position. whereas the dislal ends are an
chored in lhe common iliac arteries. d Relrograd angiography 6 days after slent ther
apy showing complete patency 01' the stents and antegrade peripheral blood flow. The
symptoms improved

a

d

catheter was withdrawn and replaced by a shorter balloon
tolerating an inflation prcssure IIp to 17 atm. the balloon
diameler being I 01' 2 mm laroer lhan the nominal stent
diameler. ~ :=-

In the patients with long occlllsions 01" the bifurcation.
the guide wire could noCbe inserted from the femoral ar
tery into the aorta. Thus. after pllnclllre of the left brachial
artery. a straight cathcter was placed. proximally into the
aortic thrombus. and a maximum dose 01" 5 mg of recombi
nanl lisslIc plasminogen activator (rtpa) with 30üO IU 01"
heparin was injected into the thrombotic material. A I"ur
thcr 5000 IU 01" hcparin werc given intra-arterially to pre
vent thrombus I"ormation during the intervention. Several
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minutes latero a small contrast-medium channel within the
previous occlusion could be detected. enabling the pas
sage of a guide wire into the external iliac artery through
an introducer sheath. previously positioned into the femo
ral arteries. using the pull-through method. Pre-dilatation
with a 5 mm PTA catheter was performed to reduce the
risk of distal embolisation of thrombotic material and to
enable the passage of the catheter-stent assembly through
the previously occluded segments. The contra lateral side
was treated with the same method.

Angioplasty with a 7 F van Andel catheter was. in one
case. insufficient to permit the catheter-stent assembly to
pass through the obstruction. The catheter-stent assembly
was therefore pulled back into the introducer sheath and
the stent removed by unravelling the knitting. After pre
dilatation with a 5 mm-balloon. stent insertion was suc
cessfully achieved. After stent placement intravenous he
parin was continuously given for 2 days by a perfusor to in
créase the partial thrombin time to 60-90 S. A dosage
100 mg aspirin daily was also prescribed.

Follow-up was possible in 15 patients. The mean obser
vation time being 11 months with a range from 6 to
20 months. Three patients were trealcd recently anc\ have
not yet received a post-trcatmenl examination.

The clinical symptoms and the Doppler ankle-ann in
dexes were evaluated in all paticnts before treatmenl. im-
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during lhe follow-up penod did not re\'eal any signs 01' re
current disease in the area of the stented bifurcation. In
stead. disease was identitied in the distal run-off \'essels.

There were no severe complications related to the pro
cedure. Two patients developed sizable hematomas at the
pune:ture site. but none required transfusion or surgical in
tervention.

_1ft Icftllb 1.75 cm maximallcnltb3 cm
mean Icftllb 1.J.2 cm maximallcngtb 19 cm

mediately alter stentina and then at six monthly intervals.
InaravencMB diaitallUbttac:tion angiosrams with central
contrast medium injection into the superior vena cava
were performed in all palients one week after the proce
eMe anel. additionally. when clinical symptoms deterio
l'IICd durina the follow-up period. It occurred in one pa
lient a€ter 8 weeks. three palients after 6 months and one
aftcr 8 montbs. A palient with bilaterally implanted tan
dIIIl-stents had a mapetic resonance angiogram of the
aartic bifureation and iHac arteries as a control examin
Ilion at 12 montbs. In palients with additional athero
sderotic disease located more distally in the i1iac arteries.
nA was performed during the stenting session. PTA for
co-existinadisease of Iimb arteries was perfonned at a sec
0IId session.

Inall patientsstentswere implanted c:orreetly into the aor
tic bifun:ation. Patients with stenases of the aorto-i1iac bi
furation received one 4 cm lonl stent on each side. There
were 4 palients with aorto-iliaC occlusion: one received
8 cm long stents bilaterally. ~ had two km tandem stents
Oft'each side: the founh received two 8-cm long tandem
stents Oft the ORe side and three 8-cm plus one 4-an long
stents on the other side to cover the lesion completely.

As the cepbalic ends of the stents contact in the mid
line. they form a ne. endoprosthetic aorto-i1iac june:tion
with an arterial divider located more proximally than the
nllural one. The new prosthetic bifurcation was located
from 0.5 to 4 cm more craniallv than lhe natural one.
cavering the iHo-lumbar ¡rteries. while sparing the infe
rior mesenteric artery.
. Oinical symptoms impro\'ed immediately in all pa
tJ~nts. In IS patients. a stage without any limited walking
dlStance (Fontaine 1) was achieved by stent implantation
~ PTA of st~nasesIocated more distally. Three patients
Improved thelr symptoms Qnly to Fontaine 11 a. In all pa
lients. the Doppler ankle-ann indeces (AA!) increased
after treatment (mean ¡ncrease: ().~I ± U.loJ. ranRe 0.22
O.fIó). Ooppler AAI remained unchanll:ed durini the 1'01
low-up period in 13 patients. The arteriograms ~rformcd
in the 5 patients with deterioration 01' c1inical symptoms

Dlscussion

PTA is considered to be suitable therapy in patients with
atherosclerotie stenases or even occlusions of the aorta
[1~18]. In stenotie disease of the distal aorta and the
proximal common mae arteries. application of the kissing
balloon method has proved to be a safe and efficacious al
lemati"e to vascular surpry [17. 19].

For occlusions and widespread disease of the aortie bi
furcation. surgical interventions have been performed.
unless stenting of unilateral completely occluded iliac aro
tenes was performed successfully [7. 20. 21]. "Ibis patient
JfOup often suften from c:oncomitant cardiovascular dis
ease (e.g. previous myocardial infarclions. cerebral
~trokes and arterial hypertension) associated with high
operati\'e risk and poor pl'OJllosis [11]. For these patients.
less invasive procedures should be considered as the pro
cedure of fint choice. Surgical implantation of bifurcation
prostheses is associated witb a hiJb incidence of peri
operati\'e monality and morbidity [9. 10.12. 16. 17]. Stent
lherapy should therefore be aIso performed in the area of
the aorto-iliae junetion. since this form of treatment has
proved to be a valuable adjunet to PTA especiaUy in larae
diameter arteries with relatively poor PTA results. Slent
inl can be used as the primary therapy in long iliae artery
occlusions [7. 22. 23J. Aorto-i1iac: stenting with percula
neously implantable stents has been reponed recently by
Palmaz et al. [13]. using rigid balloon expalidable stents in
7 patients with bilateral stenases or unilateral stenosis
c:ombined with sbort c:ontralateral aorto-iliac occlusion.
Ac:c:ording to our results with flexible balloon expandable
tantafum stents. this method can be reprded as sate. No
major complications related to the teehnical procedure
occurred. There was no evidence of complicating acute
distal embolizalion originating from the implantation sile.

The "kissing stent" method is easy to pert'onn. if cer
lain technical requirements are fulfilled. Optimal radio
opaque stent metal and minimal shortening oí the stent
during its dilalalion facililates correct stent plaeement.
Furthennore. flexible tantalum stents ac:c:omodate them
selves verv well to the curve between the aorta and i1iac ar
teries. even if lheir eephalic ends. Iying in a parallel
fashion. are ranging far into the distal aorta. In patients. in
whom additional lesions of the distal aorta had to be
lreated. stcnt tlexibilitv was verv suitable.

Oue to the hifemoral approách. the size 01' onearterial
puncture will not be larger than for iliac artcry stenting
where the same introducer sheath and catheter-stent as
semhlies are used. The two stcnts 'Ire insertcd separately
and con\'crging to form the new prosthetic aortic bifurca
tion.

Casc:s with stenoscs are casily performed. whereas long
aorto-iliac occlusions require prior fibrinolysis lO find a

10BiIIh:ntI SlCIIOICS ,
lJllilateral oc:cIusion with contralateral---BiIIItcraIocdusion
DiaIensions of
.... Iaions:
S-ClICS'
Oa:IuIions:
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channel for safe guide wire passage from proximal to the
periphery. Rt-PA injection appears to be an appropriate
method for creatin~. in a relativelv short time interval. a
new thin channel th;ough long thrómbus formations. even
with a clinical history longer than 3 years;

To date. there are no adverse side effects caused by the
shape of the new prosthesis. with a bifurcation located
more proximally than the natural one. and with two wire
mesh tubes positioned in a parallel fashion within the
aorta. It is still unknown whether the parallel stent walls in
the aorta will endothelialize. neither is it known whether
the spaces between the stent walls and the aortic wall
would remain patent or fill with thrombus. There were no
signs of acute or late distal embolization into peripheral
arteries.

Our post stent examinations show excellent early and
intermediate clinical results for aortic bifurcation stents.
comparable with our own and the experience of other in
vestigators for stented iliac arteries [5.8.22]. There were
no acute thrombotic occlusions. nor was there any later re
currence of disease at the implantation site. Although
long-term pateney studies of aortic bifurcation stents are
not yet available. favourable long-term results are likely.
since it is known from other implantation sites that late re
currences become rare with time.

As the quality of ron-off vessels is known to influence
the clinical success of PTA or stent therapy. deterioration
ofclinical symptoms during the follow-up perlad occurred
in 5 out of 18 patients. This was. in aH cases. due to addi
tional and newly developed vascular disease in the lower
extremities and can be regarded as general progression of
the atherosclerotic disease. AU bifurcation stents re
maíned patento as was proven by angiography in the 5 pa
tients. In the remaínder. there was no evidence of recur
rento hemodynamically-significant stenoses or occlusions.
since clínical symptoms and Doppler ankle-arm indexes
were unchanged. However. the possibility oí subclinical
recurrent disease is not excluded. In this re~ard. our re·
sults are comparable with those of Palmaz [13]. even
though our patients had more extensive disease. Even in
our group of patients with incomplete run-off (n = 14) and
those with previously long bilateral iliac occlusions

. (n = 4). no recurrent disease within the stented area was
demonstrated.

Further development of interventional procedures
and stent devices will potentially enable interventional
radiologists to treat more proximally located aortic le
sions eventually combined with aortic aneurysms. With
this new non-invasive procedure. the high-risk patient
group may be treated more safely. with less severe como
plications and discomford and more economicallv than
with vascular surgery. However. further clinical studies
including more patients with longer observation times
are mandatory to establish the value of this new thera
peutic method.
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Human Experience Using the Amplatz Mechanical
Tbrombolysis Catheter

S. MURTHY TADAVARTHY, M.D. 1

Mechanical thrombolysis has been sbown lo be a
reliable methods for prompt resloration of
perfusion. A1thoup ehemical fibrinolysis has
become ID effective treatment for vascular
thrombosis, there are several potential drawbacks.
A 24-t0-48-hour trial of Iytie therapy is often
required, whereu mechanical elot removal CID

restore perfusion within minutes. Prolonged
infusions of thrombolytie ageots eveotually lead lo
a syatemie lytic state with increased risk of
bleedina. In addition. wheo a femoral approICh is
used. patieots must maintain _ supine position for
up lo 48 houn. 'Ibrombolytic therapy may fail lo
opeo the occludecl vessel. FinaUy. eurrently used
thrombolytie ageots IDd the required stay in the
intensive Cate UDit during infusion are expensive.

Because of theIe limitations. several investiptors
have studied percutaneous mechanical rotational
thrombeclomy devices for elot removal or
dissolution. Theoretically. these devices CID reduce
or eveo completely remove thrombus from grafts or
vessels. thus eJiminating or reducina the need for
thrombolytic infuIiOll. Mecbanical thrombeclomy
may also be useful in patieots with thrombus tbat is
remctory lo fibrinolytie therapy and shouId reduce
overall patieot moriJidity as weU as the cost of
chemica1 thrombolyais.

Sevenl meclwaic:al thrombeclomy devices have
been developed. includina tU transluminal
extnction "...... the Amplltz mechanica1
thrombolysis eatbeter. the Pooomar transju¡ular
clot-tnpper _ice. the ounther aspiration
thromboembolectomy catheter. the rotational
thrombectomy catheter. Starck aspiration
thromboembolec&omy. the u1truoaic thrombolysis
catheter. and the rbeolytic thrombeclomy cadleter.
'Ibia preseotation focuseI on preliminary data in 14
humana treated with the Amplatz mechanica1
thrombolysia catMter.

AMPLATZ CA1"HB"1'Bk

The Amplatz catheter has a special housin,
enclOlin, a tiny apinning propeller. It worb by
recyclin, cut particlea over and over _piD. thereby
progressively reducina their aim. The propeller is
connected lo _ drive sbaft tbat CID be c:oanected lo
either a hip-speed electric or air-driveo motor.

Rotational speeda of 1SO,OOO rpm can be ac:hieved.

A ay. connector al the proximal eod of the
catheter alIowa the infusiOll of satine. coatnIt
medium. or fibrinolytic 8OlutiOlll. wbicIl CID al80
lubrieate lIlCI 0001 tbe drive sbaft. Tbe catbeter ia
100 cm Ion,. 8 Fr in _. and lDIde of
polyurethane. The di.... tip ia a 1 cm lona apeo
ended metal capeuIe witb two aide holea, whicb
houaea tbe propeller.

MB'l'HODS

The Amplatz mechmica1 thrombolysis catheter
was used in 14 patieats. Teo proceduns were
carried out in arterial Gordex pafts. two in _ve
arteriea, and two with VeDOU8 thrombosia. DurItioa
of thromboaia was oae or two daya lo tbne weeb.
In 12 patieots mechanica1 tbroaabectomy WII

carried out as • priJMry procedure. and ia two
patieots a!ter failure of~ infusioL

Under local anestheaia. _ cItbeter wu introcIuced
percutaneously al the site of tbrombosia and tbe
status of the runoff v.... wu demoaatrated
1D1Í0lflPbically. UsualIy _ cIowaab'eam puocture
of the ipsiJatenl femoaI artery had lo be
performed. because ...... around the iIiac
bifurcatioa proved lo be too difficult. A blood
sample wu cIrawD for bueIiae free bemoJlobin.
haptoJlobin. md hematocritdetaminatiOll. Pive
thousand Ubits ofheparin were IÍYeIl intraveDousIy.

Abbot NcmbWNtenl HOIpital. Oepanmelll of RadioloJy, 2727 Chk:qo Av..... Souda, MiaDIapoIia. MM SS<407.
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A blood pressure cuff was applied distally lo tbe
araft and intlated lo 20 mm Hg aboye arterial
pressure prior lo tbrombeclomy. This was lo
prevent periphera1 embolization and lo aspirate
particles and helllOlyzed blood after the procedure.

Tbe device was connected lo tbe air outlet in tbe
special procedure room, where the centraUy
regulated air pressure ranged from 47 lo 50
Ibslsquare ínch. This resulted in a rotational speed
of the air motor of 150,000 rpm. The device was
ICtivated by a foot switcb.

Coatrut medium was injected tbrougb a side arm
of tbe Ibeatb inlo tbe tbrombosed vessel. The
elevice wu ICtivated and slowly Idvanced tbrougb
abe tbrombosed araft or native artery witb a gentle
bIek-aad-fortb motion.

Tbe blood pressure cuff remained intlated after
tbrombectomy, and a wide-Iumen 8 Fr catbeter was
iDtroducecl over a guide wire tbtougb tbe
I'eC"Mlized. graft or artery beyoad the dista1
tIM8tomOtic site. Under tluoroscopic guidance, tbe
aow-liquid conteat of the graft was forcefully
upirat.ed by syringe suction and ejected onlo a
klWel or puze. ODly a few small fragments of red
or white tbrombi were observed.

Contrast medium was injected tbtougb tbe same
catbeter lo demonsttate residual tbrombotic
material. If found, the tbtombeclomy catbeter was
re-introduced and re-activated.

After abe last appIication and aspiration, tbe blood .
pressure cuff wu released, and a standard
.giopllD wu recorded. Underlying steDoIeI were
tnated by bUlooo angioplasty or atberectomy.
ADotber blood umple wu drawn after abe
procedure for cIeterminatioa of plasma free
bemog1obiD, baptioalobin, and bematocrit.

RBSULTS

Complete SIICceII (defined as complete clearing of

tbromboIytic material in the treated segment of
utiveartery or graft witbout tbe need for
adjunctive Iytic tberapy or surgical
tbromboemboIecty) wu lChieved in ten patients
(71 "). Partial lUCcelI8 (defined as partial or
iDcomplete cleariDg of tbrombus witb the device
and requiring Idditioaal interventioa sucb as Iysis
or surpry lo lChieve complete clearing of clot)
wu lCbieved in two patients (14"). In two patients
(14") tbe procedure wu coasidered a failure, and
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tbe device did not significantly contribute lo or
sborten tbe time loward complete resolution of tbe
clot.

'Ibe mean plasma free belllOglobin was 41 mg/dl
(range 7 lo 150 mg/dl) 30 lo 60 minutes after
activation of tbe device. 'Ibe mean absolute
decrease in baploglobin was 35 mg/dl (range O lo
63 mg/dl). 'Ibe mean decrease in belllOglobin was
1.0 mg/dl (range 0.2 lo 1.8 mg/dl), and tbe mean
decrease in bematocrit was 2.4" (range O lo
4.6").

Eleven of tbe 14 (78") treated arteries or grafts
were patent at one week foUow-up. Tbree acute
occlusiODS occurred witbin 24 lo 72 bours.
Altbougb long-term foUow-up is incomplete, sa
patients' vessels remained patent from one lo six
montbs. One patient (7") preseoted witb
reocclusiODS sa weeks after the initial procedure.

ComplicatiODS occurred in four (28") of patients
and included distal embolization of debris in two,
significantbematomas in two (14"). In one patient
witb a hematoma, tbe procedure could not be
completed because of mechanical faiture. of tbe
device witb no back-up available. Botb patients
witb embolic problema were easily mauged witb
additional use of tbe device or intra-arterial
urokinase.

DISCUSSION

Surgical tbrombeclomy witb Foprty catbeten has

been larJOly replaced by tbe intravucuiar infusion
of tbrombolytic agents in recent yoan, hut botb
techniques bave significant morbidity and a small
mortality rate and require prolonged bOlpitalization.
1berefore, it is understandable tbat investigaton
bave searcbed for devices lo mechanica11y clestroy
or aspirate tbrombi. Unfortúnately, DOne of tbe
mechanical devices used for tbrombeclomy has
been uniformly successful, and chemical
tbrombolysis remains tbe procedure of choice for
tbe t:reatment of tbromboembolic diseue.

Mechanical tbrombeclomy devices bave several
Idvantages over chelllOtbrombolysil. 'Ibey can
achieve patency promptly (mean ICtivation time is
2 minutes, 45 BecOnds, wbereu cbemical
tbrombolysis may talce several daYI). Also, tbe
tbtombus is usually destroyed in a single session,
so the patient does not bave lo undergo multiple
examinatioDS as witb cbemotbrombolysis. It is not
necessary lo monitor patients for several days in
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the intensive cate unit, and expeosive, repeated
laboratory tests are not required. Tbe patient does
not bave lo lie immobile for several days and can
leave the hospital SOOD afier a successful procedure.
ComplicatioDS of chemothrombolytic therapy may
include external and internal bleeding,
pseudoaneurySIDI, distal embolization, pericatheter
thrombosis, a1lergic relCtioDS, and strokes.

Tbe Amplatz device has several Idvant&ges over
other clevices. It i. powered by a disposable &ir
turbine that can be connected lo the hospital &ir
oudel, elimiuting the need lo purcbase an
expensive high-speed motor. A speed of 150,000
rpm is achieved al a pressure of SO Ib/square inch,
and because of the high speed, even fibrin is
macented and the number and size of residual
particles is smaIler. A strong vortex provicles
recirculation aDCl remacentioa of particles. In
Iddition, the catheter is flexible, facilitating passage
around curves, ud the propeUer is recessed in the
housing, minimizing vascular perforatioa.

Altbough the Amplatz thrombeclomy catheter is
overall very effective, there are some drawbacka.
An antegnde 8 Fr llbeath has lo be placed inlo the
common femoral artery in a downstream fasbion
with the preseat .ystem, and this may not be
possible in aI1 patieats, especial1y tho8e who are
obese and have a short COIDlDOD femoral artery.
Tbe catheter a1so l.cks steerability and teDds lo hug
the greater curvature of a vessel, wbich may leave
thrombus a10ng the lesser curvature. To broacleo
the clinical applicability of this otherwise promising
clevice, an over-the-wire system and improved
steerability wiU be necessary.

CONCLUSlON

The Amplatz device proved very powerful and
effective in thrombosed grafts that cont&in
noaadhereat UDIItered thrombus. We anticipate that
thi. device will be less successful in native vessels
where the tb.roaIINs teDds lo ldheN lo the vessel in
12 lo 14 houn ud becomes organized in a few
weeb.

Based on outpreliminary experience, this technique
may play an important role in the treatmeat of
thromboembolilm, ud it will be the treatmeat of
choice for occluded Gortex bypass grafts.
Investigatioaa are UDclerway lo evaluate its use in
venous thrombosis ud thrombosed native arteries.
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Takayasu's Vasculitis: PTA Results

LENNY K. A. TAN. M.O.'

Takayasu'S disease is an arteritis of
unlmown etiology affecting the aorta and
the proximal segments of its major
branches. More recent reports al50 show
that the pulmonary vessels are affected in
a similar fasbion.

Whilst the commonest presentation is that
of vessel stenosis and ischaemia, other
manifestations include diffuse dilatation oí
vessels and aneurysm formation. Most,
however, present with a mixture of the
above. In view of the multiplicity of
vessels that may be involved, the
pathological possibilities and the end
organ, the disease can present in many
ways. Other factors include the rapidity of
progression of the disease process, severity
of obstruction, collateral development and
the additional effects of hypertension.

It is therefore no surprise that over the
years, the disease has acquired numerous
names, including that of the person who
described it originally - a Japanese
ophthalmologist called
Takayasu.

Significant clinical features include the
following:
1) Affects the young, usually in the

second to fourth decade of life'
2) Far more common in females.'

We hav~ had the opportunity to study a
substantial number of these patients and to
follow them up. Amongst the important
factors that influence outcome is the

severity of hypertension and its control.
This is one oí the most important
prognostic factors as causes oí death or
severe morbidity are almost entirely
related to the cardiovascular and central
nervous systems.

When bal100n angioplasty fll'St because
available in
Singapore in the early 'SOs, the technique
was applied to several oí these patients as
surgery was found not to be of much help.

Although the bislOlogica1 findings in
Takayasu's disease is that of fibrotic
chan~e tog~ther with superimposed
artenoscleroSls, the stenotic lesions have
responded well lO balloon angioplasty.
Self-expandable meta1lic stents were not
available at that time.

We ~ave performed balloon angioplasty on
a wtde range of vessels, including the
aorta, renal arteries, brachycepbalic
vessels, iliac vessels with good results. .
Many of these patients have been followed
up between 3 lO 8 years and have
remained well.

The results of angioplasty on the
individual vessels wi11 be discussed.

Aortic lesions and renal lesions appear lO
respond particularly well. Symptomatic
relie! from dilatation oí brachycepbalic
vessels are quite remarkable although the
cosmetic appearance may not be as
impressive. Diac arteries do extremely well
with balloon angioplasty.
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In our experience, only two patients did
not respond very well. One was a lesion in
the renal artery where stenosis recurred. 1
am sure a meta1lic stent would have been
useful here. The other was a very
extensive disease of the aorta. After
dilatation, its lumen could not be
maintained although tlow improved. I an
sure stents would have been very useful
for this patient too. Inspite of this, the
patients is still very well symptomatically
alter nearly 8 years.

Patients who do not respond well at those
with -active- disease manifesting.

1) Raised ESR
2) Progression of the disease process
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Balloon angioplasty is a very useful
method of treating stenotic lesion from
Takayasu's disease. Not only is there
relief of symploms but the benefits appear
lo last a long time. I am sure self
expandable metallic stents would be
another great source of benefit to this
patients.

Unfortunately in Singapore, in recent
years, there have hardly been any fresh
cases of Takayasu's disease. This is yet
another mystery and is probably related lo
the very rapid advances we have made in
public health measures in Singapore. It
might be a clue to the etiology of the
disease.
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Atherectomy and Renal Artery Stenosis

c. J. TEGTMEYER, M.D.1

The fmt thing that should be started is that
there are no definitive indications for renal
atherectomy in the United States. This is
because no goad device has been approved
by the FDA far use in the United States.
This study was undertaken as a FDA
protocol.

Eleven patients have undergone a modified .
renal athereclomy procedure at the
University of Virginia Hospital. The TEC
atherectomy device was used. There were
six men and five women patients. The
mean age was 62.9 years. Two patients
were treated primarily for renal

insufficiency, two patients for
hypertension, and seven patients were
treated for a combination of hypertensian
and renal insufficiency. Fourteen lesians
were dilated in these patients and seven of
those lesions were estial lesians. Two of
the lesions undergoing atherectomy were
due lo recurrences following previous
balloon angioplasties. A contralateral renal
artery was occluded in three patients and
a nephrectomy had been performed in one
additional patient. The patients have been
followed for up lo eight months. The
technical aspects and results of renal
athereclomy will be discussed.

1 Dinetor. DiviIioG of AD¡ioJnpb)'''' ....rvOlllioaa1It.adio101)'. Uaivenit)' ofViqiDia. CbadoaeavilIe. Vu¡iDia. USA.
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Long-Term Results of PTA in Peripheral Vascular
Disease

C. J. TEGTMEYER, M.D!

Percutaneous tansluminal angioplasty was
origina1ly developed by Charles Dotter in
1964 for the treatment of atherosclerotic
peripheral vascular disease. Then in 1974,
Andreas Gruntzig revolutionized the
technique when he developed a 50ft
flexible double lumen ba1loon catheter. In
the three decades since its inception,
percutaneous transluminal angioplasty has
evolved into a versatile and reliable
therapeutic procedure. If the patients are
carefully selected, good results can be
anticipated.

Long-tenn results ofperipheral angioplasty
are dependent on many factors. The best
results are obtained in the distal aorta or in
the iliac vessels because of the large size
of the arteries and the high flow.
Technica1ly, iliac stenoses are the easiest
angioplasties to perform and tibioperonea1
angioplasties are the most difficult.
Stenoses are easier to dilate than
occlusions. Morphology is a critica1 factor.

Best results with angioplasty are obtained
in short, focal stenoses and in arteries of
large diameter. Longer stenoses,
occlusions and smal1er vessels do not
achieve the same 10ng-term pateney rates.
The long-term benefit of angioplasty is
énhanced in patients with good run~ff.

Therefore, patients with multiple lesions
and poor run~ff do not have as good a
10ng-term patency rate as patients with
good run~ffand short focal steItOSes. The
overall clinica1 condition of the patient is
al50 a major factor in assessing the long
term patency rates. The long-term reSults
of periphera1 angioplasty in the aorteiliac,
femoropopliteal, and tibioperonea1 regions
wil1 be discussed.

1 Director, DiviIioD of AD¡ioanpIay lIId IntetveMioall RadiolOl)', Uaivenity ofVaqiDia. CbarloaetvilJ., Viqiaia, USA.
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CHAPTER 13

i\ngioplasty of Brachiocephalic Vessels

Pcrcuuncous traftsJuminal angioplasty (PTA) hu 1»
come a well.aceepted ttchnique for tratin.arteriaJ stt
nosis throulhout the body. It was &nt clacribecl by Dot
ter and Judkins (1). GNnttig and Hopff(2) intraduccd
fhe double-Iumen bllJoon dilataDon e:atheter. 1beappIi
cation of tbis technique to dileue involvin¡ lbe SUPN
.'1onic- 'iC".Mr.I~ hASI~ br.hinc1 irs Appli""ion in othM'
rqjons bceause of the potencial risks oC compÜc:lltions
related to untoward embolization of the central nervous
.,ystcm.

OripaUy describid u a preoperative teebnique (3
5). anpopluty WII 1m ased in inflammatory Iesions
16-8) anc1 in scfcclcd...ofathClosdcJotic stenosis in
vQlví", che onsin oí bnlc:hiocephalic:~ (9.10) and
of the externa! caroüct. the inDominate. and tbe ¡ntema!
carotid arteries (11-1.).

Becau. of the tiequeat ulceration of atheromatous
Plaques in lbe common carotid ancry biftaRlllion. Jha~
dcvelopcd • teehmq. 01cerebral protIetion durin,o·
giopfaty. occludirt. tbe ¡ntema! carotid anery with a
J¡te~ balloon POSitioaed distal to the lite orthe thcrapru.
tic procedW'e ( 19-21).

:\1ATERIAlS AND MITHODS

Balloonanlio~ cónsists oCstretdtina o(me media
of the dilCUed arterY • well u brakiDl atberolc:letotie
plaQue by inflatinl a balloon al the sitc of tite stIDOSis
(22). The plaque is apKt alld not compmsed (23). This is
followed by rcmodeha of tbe aneriallumen (23.24).
The an&iOPlUty bIllooft thould be larp enCNlb to abe
tain dilataticm ofthe Ittery without aay efI'ort upon bal
loon inftation. We cunent1Y lile 8· to l().mm~
oallOODl foranpoplalty ofbrachioc:cphalical1el"ies. A 4.
,o ~-mm baUoon isutld toanPoPJatytheostiUDl ofthe

.r. Théron: Im.n, DeclInlTlent. Vl'tivenityofSoutJ1cmCaJ
irC)rnia Hospital. Los A..... California 90033

venebral arter)', and a 6- to 7·mm baIlooD is q-.i forlbe
oritin or the intenlal carotid anery. A "kiIIinI" tecb-.
nique may be utefilll for the steftOICS involvinaboth com
mon and intemal eatOtid arteria. Tbis *hniqw aI10WI
eftkienI diIatation ofthecommon earoticl artery witbout
o~ftI thc intemal caroád attery (21'. We do
not U1I ".ftllllUflIM to perform anciGPlattY. alld~
prefer maaual inlaticm o( tbe loP-'1tY baüooD. We
do nol k«:p the belloon inflated. but inllad we intlate
and deBate tbe ballooD lepeau¡dly. 1'1üs m.......
~mÑ...~a..._~~~b
srmal MOIldL

The patiem is aPea IDa.... medieltioa (uPiriD
250 mi or tidocJidiM !OO \DI).~ day lJr 1 week
before tbe procedute and ror 2 .........die aftIÍOo
plasty. AtropiQt is iDieeted iDlI'&1...-, iIa..-i••ty
befoIe bIUooIt inflatioD iD .... iImIh" tbe c:om
mon catOdd artery biftaleaaoa• .4.,.,.,. cIIerJ 11 I tite
bradyc:ardjaduelO c:oIIIIRIIioaoIthe'"bDdy (JIo-
mus). ThisisnotD« r¡fora....,...,al~.I___
tc:rectomy recummt stcnoa. HepIrÍft is 0IIIy JiWlll
(7000-10.000 tU.) befen 111I jnftatjon 01a'"protee
tive balloon in cuotida~.AIIIio...,'ems are
not ¡iven for opoplaay in 6Iher.....

ANGIOPLASTY O, StJ8CL\VIAN AND
VERTEBJlAL AaTEJUES (I"'/CASES)

Athcroscle.oúe steDOIis of tht MIbdaviaa anery is
more rrequendy obsened in'Olftlll die __ of tbis
artery. The aRIiOIIl.., oftbe ........ ..., 11 reta
t¡"-elv simule: in addition. UBIO"" diJIIllDillatioD of
plaqUe é::w into the vcr1dnI..., 11 inr...... due
to m. ri'equemJy lItIOCiated ........ CnMISÚ oí10") or
"pre-steal" syndromes (2". CatIM"ri:Iadon of the left
subclaviaD anery from the femcnl appI'OIICb is simple
when compared witb that from tbe uiUary approacb
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FIG. 1. Stenosis of the len sutJclsvian steal syndrome. A: Before sngiopls5ty. Early phase. Narrow
stenosis of the origín of the Ieft subclavian artery (arrow). B: Same prooedure. Late phase. Retrograde
filling of the left vertebral artery. C: After angiop1asty. Earty phase. Normal diameter of the $ubcl,vien
artery (arrow). with filling of the Ieft vertebral artery (doub/e arrow).
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(tne \....cakness of the arterial pulse in the 3rTI1 makes jl~

¡:)ercutancous catheterization more difficult).
The mast significant risk of angioplasty in this region

!s the inadvenent occlusion of the vertebral urtcry. This
is more cornmon whcn there is a plaque on the superior
and medial side of the subclavian artery c10sc to the ori
gin of the vertebral artery. Dunng. dilatation with a short
oalloon. thc compressed plaque may occlude the verte·
brol artery. We currently use a 4.cm·long angioplasty
halloon for thís type of situation. Thís balloon nol only
covers the plaque but also covers the ostium ofrhe verte
bml artcry'.

Reversal of a subclavian steal syndrome was ñrst re
poned by Baehman and Kim (26) and by others (9.10)
(Fig.. 1). We ha"'e developcd a hemodynamic c1assífica.
tion of stenoscs of the !'iuhclavian artery covering the
....arious locations 01' stenoses and rheir hemodynamk
conseQuences in the vertehral artery (25). A complete
anatomical angiopJa~t}' of 3n atherosclerotic subcla\;an
artcl'\' is rareo but this ~()Od rcsult may be achie"'ed in
inflammatory lesions (27).

t\symptomatic. angiographic subclavian stcal syn-

drome is often considered benlgn. and it is ofien not
treated. Wc believe that angioplasty should be used in
thosc ca.<;es hecause it allows us to save not only the stc·
nO!'ied subclavian artery but 31so the homolatcral and
contralateral vertebral arteries. The vertebral arteries
may become essential to the development of intra
cranial col lateral circulation in patients v.;th severe
atherosclerosis.

Stenoscs of the otigin of the vertebral anery is fre
Quentl)' smooth. and it rarely has an ulcerated plaque
(28). Angioplasty of this type of lesion may be safely
performed without cerebral protection (Fig. '2). We did
not ooserve any embolic complications related to the
angioplasty of 55 cases of subclavian anery stenoscs.

Se\cclion of patients for angioplasty in paticnts with
vertebrobasilar jnsufficiency remains difficult because of
the nonspcciflcity ofthe clinical presentation. One may
e"'cn hesitate to peIfon11 a diagnostic angiogram because
ofPOtential. though infrequent. complications relatcd to
this pmcooure. Doppler ultrasonography provides ,,·alu.
able informarion t'hat helps the patient selection tar an·
gioplasty (29). It is important to remember that athero-

A B

FIG. 2. Vertebrob2lsilar insufficiency symptoms. Stt'nosis of the left vertebral artery. A: Before 81'19;0
pla!ty. Narrow stenosis of the origin of the left vertebral artery (8rrow). B~ AHer 8ngio~asty. Note
successful dllatation of the stenosis. as well as impaired filling of tne vertebfal arter¡. The petient 15 now
symptomotrw.
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FIG.3. Right eerebellar Infarction and progressjv~ cerebellar symptoms. Seeondary to stenosis of the
distal seQment of the right vertebral art~ry. A: Sefore angioplasty. Stenosis of the vertebral anery (arrow)
before thE! ongin of the posterior inferior c~bral artery. B: After angioplasty. Difatation of the stenosis
(arrow). Better opacifieation of the basilar artery and retrograde filling of th@ contralaterel vertebral
artery.

sclerotic lesions in the vcrtebrobasilar territory carry a
poor prognosis (30).

Angioplasty of the ostium of the vertebral artery is
usually performed from a femoral approach. The axll
lary approach ma)' be ;ndicated in selecti"'e cases. de

.p('nding on the orientatíon of (a) the subclavian artcry
and (b) the ostium ofthe vertebral artery.

The devclopment of smaller and more flexible angio
plas'ty systems allows the intravascular therapy of distal
scgments ofthe vertebral artery (Ag. 3).

Angioplasty of atherosclerotic lesions involving the
ba.~lar artcry has atoo becn rcportcd (31). This proccdure
is mo~ dangerous because the dilation ofan atherosdc·
¡otic plaque in the trutik ofthe basilar artery ma~' block
the o!nium of peñorators supplying the brainstem. On
the other hand. angioplasty of a narrowed basilar arter)'

TA8lE 1. Comt'líc8t/ons o( subclavia" and
vertebral anglfJl)/astles (744 oasesj

Asymptomatlc: , .40/0 (lIxillary aneurysm)
(8xillary oeeIuSiOn)

Transient: 0.6% (subclaVian fissure)
Permanent: 0%
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related to a subarachnoid hemorrbage carnes lesser risks
of complications (32).

Angioplasty of the vertebral artery has also been uscd
in conjunction with intra-anerial thrombolysis when the
thrombu5 is distal to a stcnosed portion ofthe anery.

Table I describes ouroverall expcrience in angioplasty
of subclavian and venebral arteries.

ANGIOPLASIT OF INNOMINATE AND
CAROTID ARTERIES (123 CASES)

Table 2 shows our eltperience in angioplasty of83 ath
erosclerotic, 13 inflammatory, and 27 postsur¡ical ca·
rotid artery stenoscs. lnflammatory and postsurgicaJ stc
noses were treated without cerebral protedion. No
transient or pennanent neurological changes were ob
served in this group. Successful angi01'lasty ofinflamma
tory lesions related to fibromuscular dysplasia (6-8),
Takayasu arteritis (27). and neck radiotherapy were per
formed (Fig. 4),

Inlimal hyperplasia is responsible for early recurrent
postendarterectomy stenoses. This type oflesion may be
easily dilated by balloon angioplasty if the diagnosis is
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TABLE 2. ComplicaliOns of innommate ane carotld 8f'tgloplasti~ (123 cases)

Slenosis

Inflammatory and postsurgical (40 cases;
no ~rebral protection)

Atherosch!T'Otic (32 cases:
no cerebral protection)

Atherosclerotic (51 cases;
cerebral protection)

Asymptomatic

0%

6%
(aneurysms)

0%

Transíent

2.5%
(femoral occJusion¡

6%
(carotid oedusion)

20/0
(femoral aneurysm)

~ermanent

O'Yo

, 2% ( 3% dissec;1ing
9% embOlíc

, 2""0 di$geCting
20~10% embole

made early with Dopplcr ultrasonography (Fig. 5). Ifthe
diagnosis is madc late. the lhickening of the arterial wall
makes the lesion more resistant to angioplasty: in addi
tion. more than one scssion may be indicated 10 achie'ie
a satisfactory analomical rcsull (20.31).

AngiopJasty of athcrosclerotic stcnoses of thc earotid
bifurcation was nrst performed in the c:\ternal carotid
arte!"), (14) becausc ofthe reduccd risk ofpOlcntial unto
ward embolization ¡nto the cerebral circulation with
plaque dcbri!i. There are sorne repo!1S in the litcrature
dCSCrihing angioplasty of internal carotid artery without

cerebral proteetion ( 12.18). In our expe¡ience of82 cases
of athcrosclerotic stenoses involving' the common ca
rotid artery bifurcation. 32 were performed without cere
bral protection. A 10% morbidity was noled in this
group. No untoward embolization ofthe intracraniaJ cir
cuJation was observed in 23 paticnts treated wlth the first
method ofcerebral protection and in 28 patients treated
with the new tcchniQue ofcerebral protection during ca
rotid angioplasty..

The cffects of ¡nnominare artcry angioplasty are
shown in fig. 6.

A B
FIG. 4. Post-radiation stenosis of the internal and external carotíd arteries. A: Before angioPtasty.
B: After angiopfasty of the intemaf carotid artery.
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B

..

..

A 8

F1G.5. Postendartereetomy recurrent stenosis of the intemal and common carotid arteries. A: Before
anaioplasty. B: Alter angioPlasty.

A

FIG.6. Stenosis of the Innominate artery with subdavlan steal syndrome. A: Before engiOplasty. Earty
phase. Narrow stenosis of the innominate artery (arrow). TI'\e right vertebral artery is retrogradely opaci·
fiP.d on 'he late pMse. B: After anqiopl8Sty. Earty phase. Normal diameter of the innominate arteI"Y
(arrow). Eany tilling of the right vertebral arteI"Y (double arrow).
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I
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a

b

e

d

e I
I

11
, I
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f

FIG. 7. Angioplasty 01 an atherosclerotic stenosis 01 the in
temal carotid artvry. Scherrnstic drawing of the pl"OC8dunl
with cerebral proteetlon using a triple coaxial cathe1er sys
temo A: The guiding catheter is positioned in the c:ommon
carotld artery clase to the stenosiS (srrow). B: AngiopIasty
and oeclusive catheters are positioned in the intemal carotid
artery. c: Inflation of the ocdusive latex baHcon (arrow). D:
Inflation of the angi«>last; baflOOn (srrow). E: The angío
plasty catheter is defl2lted 1100 withdrawn. -me occIuSive baJo
lcon remains inflated. Atherosc/e1'otíc particles or clots are
aspirated vía the valva connector of the guiding catheter
(arrowsl. F: The occIusive baJloon is then d.f1.t~ (arrow) and
the system iS withdrawn.

A B

FIG. 8. Atherosclerotic st.nasls of the intemal carattd artery responsrble for transjent iSCI'\emiC att8cks.
A: Before angioplasty. B: After angioplasty.
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FIG.9. Recl 'ent stenosis after angioplasty of the ¡ntemal carotid artery. The patient is a 75-year-old
famaJe who r,:;~. previously presented with a minor right tltmisphenc infarction with pT'Ogre9slve neurolog
ical $ymptO"l~ Computerrzed tomogram shows small deep hypodensities in the right hemisphere. A:
Narrow ste'losis 01 the ongln of the right intemal carotid artery (arrow). B: "Cerebral" arch angiogram
(5" text) shows a. delay In the arterial I'lemispheric firling Ol": the right side (first row of trames) and a
stasis on the 'ight sid& on the late pha,e (fourth row 01 trames). C: Carotid angiogram after angloplasty.
Because of the hardness of the plaqUé, U ,; lumen of the carotid has not been totalJy op$I'led (arrow·'. O:
"Cerebral" arch i:. :iogram immediately after angioplasty. Although the arterial filling now appe
rather symmetneal ('¡rst row), tt remains a stilsis on the rtght sicle at the late phase (fOUffh row) .. dt
indicates that the dilatation has not been hemodynamically s¡¡¡tisfaetory. E: Aecurrent stenosis, 6 months
later (arrow). F: Second angioplasty. Carotld angiogram after dilat;ation shows a better morphological
resuft (srrow). G: "Cerebral" arch angiogram immediately following the second angioplasty shows sym
metrleal arterial and late phases. The patient has not presentad a recurrent stenosis (2-year follow-up).
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...~

..
A 8

F1G. 1'. Mu1tistenottc patlant who has prnentlild a left hemiillpher1c infarction with rniduaJ moderate
deficit of ttle right an'M. Com~uted tomogram shows a left frortto.rotandle hypodensity. A: Angi~ram
prior to angioplasty shOW9 sn occlusion of the left intemal oarotid ar1ery (srrow), a narrow steno9is of the
right internal carotid artery (double lUrow). and a mlrTOW stcnosis of the Ieft subelavian artery (epen
arrow). There is no filling of the left vertebral artery on the artertal and late !)hases. TI'Ie lett extemaJ
carotid artery does not participate in the cerebral supply. 8: Angtogram after angioplBSty of the nght
intemal carotid artery (double arrow) and subclavian artery (~¡rrfQw).TIleleft vertebral artery (arrow)
now fUls during tMe arteríal "hase. This oatient has tl'lree effleient artertes pertleil)ating in the SUDPty of the
brain instl!8d ot ene befare angioplasty. and has not presented recu~tneuroIogical symptoms (4-year
follow-up).

Thc triple coaxial $ystem of earotid angioplasty has
several components and requires special manipulations
(Fig. 7):

l. The guiding eatheter is positioned in the common
earotid artcry. by the transt"emoral approach.

2. Occlusive and ang10plasty catheters are intro
ductd. The occlusive la~ex balloon is positioned at ap
proximately the e2-e3 level. and the ccnter of the an
gior1ac;ty balloon i~ ~ituated at the Icvcl of thc stcnosi!l.

~. Intravenous injection of hcparin (7000-10.000

(

I.U.) is given. immediateJy befare inftation ofthe angio
plast}' balloon. The c:1inic:a1 toleranee to the carotid oc
clusion by baIloon intlation is then tested.

4. Thc ang;oplastY balloon is now inflated. The guid·
ing catheter should be at the inferior edge of the angio
plasty balloon to prevent its longitudinal dispiacement
during manueVeT!I ofinflation and deflation.

5. The angioplastv bailooo is detlated and the cath
eter is withdrawn while the occlusive OO1loon remains
int1atcd. occluding the intemal earotid artery. The tip of
the angjoplasty catheter remains at the va1ve connector

FIG. 10. AngioplQlsty of th. intemal carotid. Use o, stents. rnis 58-year-old femele had previOlJsly
presented with e left hemisphere infarction with neurological symptoms which nave cle8f1!ld. Computer·
izOO tomogram shows a left parietal limrted hypoder1sity. A: Carotid angiogram prior to angiOptasty
shows a narrow stenosis of the intemal carotid artery (arrow). B: Angiogram imme<!iattly following
angioplasty snows e sul:lO¡:¡timal morphological result (arrow). C: F'ositioninq (in the sa",. stHion) of two
gndovaseutar streoker stents. One i5 in the internal carotid artery. The second is in tM common carotid
artery. O: Follow-up angiogram (6 mont"s) after trel!l~.Good morphological results. The patient has
not presented any new neurOlogical symptom.

283



IV INTERNATIOHAL COURSE OH VASCULAR AND 1NTERVENI10NAL RADIOLOGY AS TRl!RAPElITIC ALTERNATIVE

~
i
"

A
.~
::>

i
"¡¡;
"g
::>

~

j
~
3
i. i

o"

í
.11

!
~
8
o

8 ~f e
F1G. , 2. Left Internaf carotld thromtlosis with OCClusion of the middl. cerebral artery. Acote onwt. Thls
54-year-old patient presented witf'I a complete lett hemil'legia. Inn·arterial thrombOlysiS .nd intema!
carotid angioplasty were per1ormed. A: CarQtid ang¡ogram prior to treatment shows a complete oc:ctu·
sion of the intemal carotid artery (arrow). Intr8~aI serieS do not show any revaIQ,llarfzatlon trom the
oppostte side al the vertebral system. Presumed bad prognosis. B: Intra-arteriel thrombOlysls (uroki
nase) performed 4 hr after me onset of symptoms. Carotld angiogram shOWs me narrClw intemal carotid
stenosiS respon$ible tor the ocelusion (arrow) and deemed lO thrombose again. C: Minimat intemal
carotid Sl'Igíol'lSSty performed in a course of thrombolysis to keel) open the intemal carotid artttry
(arrow). Th9 panent l<.eeI)S a moderaN deficit on tne "ght side (1-year totlow-u¡).
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of the guiding catheter. The plaque debris and c!ots po
tentially dislodgcd during the intlation oC the angioplasty
balloon are aspiratE'd with a 20-ml syringe through the
guiding catheter. The bJood aspiration is followed by
manual. high-prcssure inlection of normal saline order
to direct residual debris into the lumcn of the external
carotid artery.

6, The occiusive latell 00110011 is then deflated and
withdrawn. An Immediate postangioplasty angiogram is
alw<lyS performed. When the morphological results are
unsatisfactory. the same or larger angioplasty balloon in
rePOSitioned in the stenosis and a ncw angiopla...ty is pero
formed.

1. The heparinization is reversed and the femoral
shcath is removed.

We believe that a cerebral protection system is manda
tory in angioplasty of atherosclerotic stenoses involving
the common carotid arter), bifurcation. This conciusion
is based upon (a) our higher rate of embolk complica
tians in the nonprotected uoup and (b) the frequent pres
ence of cholcsterol crystals observed in the blood aspi
rnted irnmediately after the balloon angioplasty.

The immediate angioplasty results are usually ¡ood
when the atherosclcrottc plaque is partially calcified (Fig..
~). Whcn the plaque is eompletcly calcilicd. a complete
dilatation ofthe artery is nol always successful and there
is an ¡ncreased risk of recurrence of the stenosis (Fig. 9).

We now study the pre- and postangioplasty brain he
modynamic changes using a modified windo\\ing on dig
ital angiography. The injcction of contrast material in
t he aortic arch allows a betteT understanding ofthe vascu
Iarization ofthe brain parenchyma iflhe computer win
dows and levels are low and narrow (Fig. 9). Before an
gioplasty. two signs may be obscrvcd in the ¡nvolved
bruin hemisphere: (i) delay in arterial v1sualization and
(ji) oarenchymal stasis on the later phase of the angio
gramo \\'hen the carotid dilatation has been suboptimal
(Fig. 9). symmetrical arterial filling is observed but the
stasis in the brain parenchyma remains.

A postangioplasty recurrent stcnoscs can be suspccted
on Doppler ultrasono¡raphy. A seoond angioplasty is
usually simpler. allowing visualization of symmetrical
arterial and late filling on the cerebral arch angiogram
{Fig. 9). This technicaJ camplication has occurred in
i 0% of our carotid angioplasties in atherosclerotic
lesions.

FFTURE DEVELOPMENTS IN
J!'iTRA VASCULAR ANGIOPLASIT

In two patients. the risk of recumnt stenosis has ¡ed us
to POSition endovascular Streclc:er stents in the carotld
anery (32). These patients presented with a transient
stroke and hypodensitics in thc hcad computerized to
mogn¡m. Angioplasty ofthecarotid artery had bcen sub-

285

optimal in the two cases (Fig. 10). In one case a stent was
positioned ID the internal carotid artery, and in the other
the stent involved the common and interna! earotid arter
ies. Satisfactory anatomical and c1inical results were obo
servoo in the two cases. A Strecker stent has been re
cently used in the ostium ofa vertebral artery in a patient
p~seDting 'Nlth recurrent. severe venebrobasilar symp
toms. 2 years after the first angioplasty.

Angioplasty has the advantage of treating stenosis of
multiple arteties in one session. This simultaneous an
gioplasty of the carotid and venebrobasilar circulation
may potentía11y impro~e the cerebral circulation in pa
tient'l with severe. diffuse atherosclerosis (FIg. 11).

Angíoplasty may be part of the emer¡ency treatment
in stroke paticnts. This is espccially true in those cases
related to occlusion of the vertebral or internal carotid
anenes dista! to a stenos1l\ at their origins. Fibrinolysis of
the intemal earotid and middle cerebral arterics may be
perfonned. depending upon the time ofthe clinica1 onset
of~trokc(33). An incomplete angioplasty ofthe internal
carotid artcry will pe enough to keep this artery opened
(Fie. 12).

WC strongly believe that angioplasty will be incarpo
rated among several therapeutic modalities to be used in
cervical and imracranial vascular ischemic pathology.
One may imagine systems allowing the introduetion of
intravascular instruments to visualize. thrombolyze. and
dilate stenoSt.'S or remove atherosclerotic plaques in a
single session.
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Cardio-Pulmonary Collapse: A Sequelae of
Etbanol Embolotberapy

WAYNE F. YAKES, M.O.

PURPOSE

T O retrospectively evaluated the cause for
cardio-pulmonary collapse in three patients
undergoing ethanol embolization of their
extremity vascular malformations.

MATERIAL & METHOnS

Four patients, one male and three females
(aged range: 22-35 yrs; mean: 27 yrs) ,
presented for ethanol endovascular
management of their lower extremity
vascular malfonnations (l-AVM, 3-venous
malformations). All patients were treated
whiIe under general anesthesia. Late
towards the end of the procedure, all
patients demonstrated an increase in pC02'
followed by a decrease in P02 saturation,
followed by a brady-arrhythmia and
cardiopulmonary collapse.

RESULT

Three patients were resuscitated and had
no adverse outcome. One patient failed
resuscitative efforts and died.

CONCLUSION

Intravascular ethanol may have secondary
~ffects which should be planned for. These
melude suppression of the myocardial
conduction system and increased
pulmonary artery pressures secondary to
pre-capillary vascular spasm. Later efforts
inelude peripheral hypotension and
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myocardial ischemia with resultant
arrhythmias. Because our patients were
intubated under general anesthesia, they
were perfectly controlled and three patients
had no adverse outcome. If patients are
not as controlled, delays in intubation and
managing C-P collapse could lead to
cerebral anoxia and other sequelae, and
death, as occurred in one patient despite
rapid resuscitative efforts.
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Ethanol Endovascular Ablation of Brain AVMs; Initial Results

WAYNE F. YAKES, M.O.

PURPOSE

TO determinate the safety and efficacy of
undiluted absolute ethanol in the
management of intra-axial brain AVMs as
a primary mode of therapy.

MATERIAL &. METHODS

Six patients (3 males, 3 females)
underwent transcatheter embolization of
their brain AVMs (age range: 19-54 yrs;
mean: 38 yrs). Clinica1 presentations
included SAH, headache, seizure, and
vertigo. Superselective catheterizations
were performed. Amytal testing preceded
aH ethanol embolizations (8 procedures).
Follow-up consisted of MR and
arteriography. Two patients were lost to
foUow-up after 3 months (follow-up range:
3-13 months; mean: 6 months).
Neuroleptic anesthesia was used in 5
patients; general anesthesia 1 patient.

RESULTS

No recanalization or neovascular
recruitment in any patient were observed
at follow-up. When comparing the
immediate post-embolization arteriograms
to follow-up arteriograms, progressive
AVM thrombosis routinely occurs. One
patient with an occipital lobe hemorrhage
and resultant homonomous hemianopsia
recovered his visual field deficit on the
angiographic tableo A 50% complication
rate was observed (1 patient episode of
dizziness totally resolved; 1 patient with
reading difficulty, tota11y resolved; 1
patient with bilateral upper outer quadrant
visual field deficits, resolving).
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CONCLUSIONS

Ethanol can safely be used in the brain to
treat AVMs. Progressive AVM occlusion
is a common finding at follow-up. Our
initial results indicate that ethanol has a
permanence seldom encountered in AVM
therapy.
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Management of Vascular Malformations

WAYNE F. YAKES, M.O. 1

125 patients with vascular malformations
in all anatomic locations were treated by
ethanol endovascular ablation as a primary
mode of therapy. 40% (50 patients) of
these patients had prior failed therapies to
inelude surgery,· radiation therapy, and
embolotherapy with other agents
(IBCA/NBCA, PVA, coils, detachable
balloons, sotradecol). All these treatment
modalities failed in that recanalizations,
neovascular recruitment and usualIy
worsening of the initial symptoms at
follow-up was demonstrated in this group
of patients. Fifty-two patients presented
with high-flow malformations (AVM,
AVF) and 73 patients presented with low
flow malformations (venous and/or
lymphatic malformations).

The results of ethanol endovascular
ablation were extremely gratifying, of
significance, the phenomena of
neovascular recruitment, vascular
recanalizations and vascular malformation
recurrence were not observed in any
patient. Further, in high-flow
malformations, unembolized arterial
feeders regressed as the AVM was
ablated. In high-flow malformations and
low-flow malformations cures were
achieved in 53% of patients. Not all
patients required cure to totally relieve the
pre~nting symptoms.This group of
pabents who still have portions of their
vascular malformations remaining,
although asymptomatic, are being followed
and would undergo follow-up therapy if
~ymptoms recur. Follow-up in all patients
IS: range 3 months-9 years; mean 3 years.

Denver. c.o. U.S.A.
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Follow-up consist of, where appropriate,
MR, ultrasound, arteriography and
venography. An overall complication rate
of 10% was observed.

Our conelusions are that ethanol ablation
of vascular malformations is efficacious in
their management as a primary form of
therapy. Ethanol consistently provides a
level of permanent ocelusion that is seldom
achieved by other agents. For the first
time, long-term cures are possible by
endovascular means alone. Consistent
improvement in patient symptoms
routinely occurs. A total complication rate
of 10% is acceptable in light of the
problems encountered by these
malformations, the complication rates of
alternative .therapies, the rarity of curing
these leslons by these alternatives
therapies, and the permanence that can be
achieved by the use of ethanol.
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Recent Advances in Chemoembolization of Liver Cancer

RYUSAKU y AMADA, M.O.

INTRODucnON

Since 1977 we have performed transcatbeter

arterial chemoembolization (TAE) and related
tberapies in more tbat 1,500 patients witb liver
cancer. In tbis session I would like lo discuss oue
experience and approach lo TAE for Iiver cancer.

Transcatheter therapies, including hepatic artery
chemoembolization and arterial infusion, are
currently considered first for treatment of
unreseotable liver cancer. However, tbe strategy
selected should be based on knowledge of
concurrent or traditional tberapies: it is essential for
clinical transcatbeter tberapists, wbo confront every
type of difficuUy, to have sorne a1temative
modalities. Systemic chemotberapy for tbe
treatment of liver cancer is largely unsuccessful.

CHEMOEMBOUZATION WITH VARIOUS
BMBOUC MATERIALS

For tumor embolization, embolic materials are

commonly mixed witb anticancer drogs. Injection
of embolic material sbould be carefully monilored
under tluoroscopy lo avoid unexpected retlux whicb
tends to occur wben tbe blood tlow becomes slow.

Gelatin sponge <Gelfoam> particles

Gelatin sponge particles are a commonly used
embolic material wbicb is less intlammable and non
antigenic. It is available as Gelfoam, Spongel or
Spongostan. A gelatin sponge block is sliced witb
a blade and cut witb scissors into particles 1 mm in
size. Tbe particJes are tben soaked is a mixed
solution of anticancer agents and low osmolarity
water-.soJubl~contrast medium. Adriamycin 20 mg
and IDllomyclO C 10 mg are mixed logetber to form
anocbemoembolic ~terials. Tbe TAE for bepatoma
bnngs about S4'lecbve coagulation necrosis of a
tumor witbout damage to surrounding Iiver
parencbyma. Absorption of a gelatin sponge occurs
witbin 2 weeks.
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Gel.in sponge powder

Gelatin sponge powder is usuaIly used in
combination witb gelatin sponge particles. Tbe
powder causes more peripberal arterial occlusions
because it is smaller is size, varying from 30 to
600 p. m, witb stronger iscbemic effect on tbe
tumor tissue.

Tberefore, inadvertent embolization witb geJatin
sponge powder can cause infarction of not onIy

. peripberal Jiver parencbyma but also gallbladder,
bile duct, pancreas and small intestine.

Lipjodol Cetbiodol> injection theraPv

Lipiodol is said lo retain selectively in tbe tumor,
a fact tbat has 1ed lo its tberapeutic use in bepatoma
patients, in which it issued as a carrier of
-:nt.icancer agents. SMANCSlLipiodoJ, a mixhIfe of
bplodoJ and styrene maleic .cid neocarzinostatin
has been recentJy applied witb fairly good resuJ~
for tbe treatment of unreseetable bepatomas.

Lipiodol infusion followed by gelatin sponge TAE
("Lp-TAE") enhances tbe effects ofTAE; bowever,
it may cause Iiver infarction. In oue animal
ex~ments witb Lipiodol infusion followed by
gelatm sponge TAE. Tbe incidence of liver
infarction was 100% in tboee embolized witb 0.2
mi per kg of Lipiodol and gelatin sponge particJes.
Our conclusions was tbat tbe dosage of Lipiodol
infusion followed by geJatin sponge TAE sbould be
Iimited lo below 0.1 mllkg foc tbe normal part of
tbe Iiver..

Ivaron particles

Ivaron, a polyviny alcohol foem wbicb is
commercially available in tbe Unites States, re8Ches
smaller arteries because of its smaller diameter
and occludes more permalÍently due to i~
nonabsorbable and intlammatory nature.

DegradabJe starcb miCfOSJ!here infusion

Degradable starcb microsphere (Pbarmacia) is 40 p.
m in diameter. Witbin balf an hour, tbis



IV 1N1l!ItNA'IlOtIAL COOBSE OH vASCULAR AND INTERVEN'J'JONAL llApIOLOGY AS TJIPJlAPEUTIC ALTPJUfAIJVE

temporarily occludes blood flow at tbe precapillary
arterioles during degradation by tbe serum amylase.
DSM is used as a mixture with anticancer agents,
injected through a catheter ioto the hepatic artery,
and attaios a higher local concentration during the
quarter of balf an hour of tbe blockade. However,
the tumor vessel of tbe hepatoma is usually more
coarse than that of tbe secondary tumor, and tbe
reported dosage for complete occlusion varies
wildly from 150mg lo 2,700mg. If tbe tumor vessel
is too large lo be occluded by the usual
IlCIministration of DSM, the balloon catbeter
technique may be helpfu1.

Steel coil embolizalion

Similar to arterial ligalion tberapy, tbe steel eoil
usually has a weak ischemic effect on tbe tumor
because the coi] occludes only larger arteries and
keeps peripheral vascular lurnen open. This coil is
also used in hepatie blood flow redistribution when
the arterial flow needs lo be changed prior to
embolization or arterial infusion.

ARTERIAL INFUSIONS.
ALTERNATIVES TO TAE

Various Arterial injection chemotberapics, such as
bolus injection of anticancer aaents, contiouous
injectioo, sometimes with implantable porto and
balloon occluded artery infusion. are carried out
when the main portal veio or its first order branch
is occluded by a tumor thrombus or invasion
because TAE can not be indicated in such cases.

US ¡uided direct injection chemotherapy combined
witb TAE and pereutaneous ethanol injection after
TAE are going lo be the effective alternatives lo

chemoembolization.

EfFECI'S OF TRANSCATHETER
ARTERIAL CHEMOEMBOUZATION

TAE usually shows a marked decrease io density of
tumor without any change in density of tbe
surrounding liver parenchyma, which iodicated
selective necrosis of tbe tumor. Furtbermore,
sequential CT examinations revea1ed tbat tbe
contrast medium containing anticancer agents bad
remained selectively in tbe tumor tissue at a high
concentration until 48 hours after TAE, altbough
tbe liver parenehyma surrounding tbe tumor
showed no accumulation of contrast medium.

These observations on tbe dynamics of anticancer
agents were also eonfirmed by measurement of tbe
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drug concentration in a surgical specimen of tbe
tumor tissue obtained 48 hours after TAE.

Sequential CT examination also disclose a selective
accumulation of contrast medium in the tumor
tissue for 48 hours or more after TAE, tbese facts
may mean tbat TAE is a good drug delivery
system; this is regarded as a targettiog
chemotherapy known as "chemoembolization". For
this reason, TAE for liver cancer can be expected
lo produce botb ischemic and chemica1 necrosis of
tbe tumor.

Side affects and complications of TAE and long
lerm results of TAE will be also discussed in this
session.
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Use of the Wallstent in the Venous System Induding
Hemodialysis-Related Stenoses

Christoph L. Zollikofer. ' Francesco Antonucci. ' Gerd Stuckmann. ' Paul Mattias. '
Werner F. Brühlmann.~ and Erich K. Salomonowitz '
I Department of RadiololY. Kantonsspital Wintenhur. Wintenhur. Switzerland. and : Department of RadiolOlY. Stadtspital
Triemli. ZOrich. Switzerland

Abstnd. Eighteen patients with a total of 23 ve
nous stenoses or occlusions were treated with the
Wallstent. In 5 patients treated for malignant steno
sis there was one primary failure due to insufficient
stent expansiono The other 4 patients showed rapid
relief of their inftow obstruction. all remaining
asymptomatic despite later stent occlusion in I pa
tiento Four patients were treated for benign postop
erative stenoses of the iliac or femoral vein. AII
stents remained patent for a period of 6 weeks-58
months. Nine patients were treated for one or mulli
pie stenoses alon, the venous outftow tract of he
modialysis fistulas. Of 14 lesions that were eventu
ally stented. 12 are still patent after 3-27 months
(mean 19). However. 10 secondary interventions
(eight percutaneous transluminal angioplasty
(PTA). two stents) and three additional stent proce
dures for new lesions were necessary. Although our
experience is limited. we believe that patients with
tumor compression or postoperative strictures of
large veins benefit from treatment with stents.
.Stenting ofvenous outftow stenoses in hemodialysis
fistulas can significantly prolong stent function.
however. PTA should always be the first treatment
of choice.

Key words: Dialysis shunts-Veins. transluminal
angioplasty. grafts and prostheses

Treatment of venous stenoses with percutaneous
transluminal anlioplasty (PTA) has a high rate of
recurrence [l. 2]. Moreover. the fibrotic nature of
many benign venous stenoses or external malignant

Addr,ss r,prinl r,qu,sts lo: Christoph L. Zollikofer. M.O.• De·
panment of RadioIOlY. Kantonsspital Wintenhur. Brauerstrasse
IS. CH·8401 Wintenhur. Switzerland

compression often preclude a primary effective dil
atation. Endovascular stents have been success
fully used in the arterial system mainly for athero
sclerotic disease. lt therefore seems logical that the
technique ofan inner mechanical support to prevent
collapse or compression of a lumen as well as recuro
rencies should also be applied in the venous system
[3-9]. Of special interest are obstructions of the
vena cava. lar¡e caliber central veins. and the ve
nous outftow tract of dialysis shunts. Herein we re
port our experience in 18 patients using self-ex
panding endovascular stents of the Wallstent type.

Material ud Metllods

Ei.hteen patients with a total of 23 venous stenoses or occlu
sions were treated with the Wallstent. There were 12 women and
6 meno a.ed 26-78 years lmean 47 yearsl. Accordinl to localiza
tion and etioloaY of the Iesions the patients were divided in three
groups: l1 Palliative treatment of tumor compression in , pa.
tients: superior vena cava 121: inferior vena cava 111: iliac vein
111; conftuence of basilic and axillary veins in 1 palient with
breast carcinoma. 21 Postoperative recurrent stenoses in 4 pa
tients: 1 had recurrent slenosis of lhe common iliac vein llfter
operation of a venous spur. 2 had slenoses of lhe co",mon femo
ral vein after crossectomy of the areater saphenous vein. and 1
had a long segment slenosis after suraical reconstruclion for
lraumalic severance of the superficial femoral vein. 31 Stenoses
of the venous outftow tract were treated in 9 patients on chronic:
hemodialysis ITable 11: Five patients had periplleral lesions
stented Icephalic vein. basilic veinl for recurrent stellOSeS 141 or
primarily insufficient result after PTA «11; 2 of these palients
developed additional proximal stellOSes 6 and 16-)4 montbs
later. Four patients had isolated centrallesions ofthe innominate
vein.

The characteristics and reteasi", mechanism of the Wallstent
have been described previously in tbis is.... Nost stents were
implanted inauinally with the exception of thc peripheral stents
in palients on hemodialysis where the dnininI vein was directly
punctured. For the superior vena cava (SVC). stents of l4-mm
diameter were used in 2 palients. Two overlappiJlt 2's-mm proto
lype stents were used in I pIItient with metastatic obstruction of
the inferior vena cava UVCI. For stents in the femoral vein and
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Table l. Hemodialysis-related stenoses

Loeation No. 01"
patients

No.ol" Stent
lesions diameter

(mm)

tional balloon dilatation, and stent occlusion oc
curred 2 days after placement. The patient was
taken to surgery where a hard tumor stenosis was
found and the entire vein segment was bridged with
a graft.

(a) lsolated proximal lesion
(braehioceph. vein) 4 4 10-1~

lb) IsoJated peripheral Jesions 3 3 6-8

(e) Peripheral les ion with consee-
utive proximal lesion 2 ~/4 8-10

(a) Stenosis in the braehioeephalie vein: (b) lesions with a few
em of the AF fistula or at or near a braeheal anastomosis of an
autologous or xenograft: (e) ~ patients from (b) who later devel
oped additionaJ lesions

Iliac vein. stent sizes were 10-/4 mm. For [he brachiocephalic
vein we used diameters of lOor 12 mm and for peripheral veins.
such as the basilic or eephalie veins. 6 or 8 mm. Slents up to a
diameter of 10 mm ean be introdueed through a 7 French intro
dueing sheath. stents from 1~-16 mm through a 9 Freneh sheath.
and for the protolype of 25 mm diameter stents. a 20 French
introducer shealh was used. Most obstrueting lesions were di
lated with a balloon catheter before stent application. In cases
where the endoprosthesis would not spontaneously open to a
suftieient degree. balloon dilatation was performed within the
implanted sten!. In such cases the dimensions of the balloons
were selected I mm smaller than the diameter of the eompletely
expanded sten!. If needed. two stents were placed in tandem
overlapping each other to cover the entire length of the stenosis.

. Analogous to eonventional PTA. 5.000 U of heparin were
glven IOtravenously during the procedure. The patients were
then trealed wilh inlravenous heparin of 800-1.000 U/h for 2-4
days. slarting peroral anlicoagulalion wilh coumadin Ihe same
day. Unless contraindicaled. peroral anlicoagulalion was contin
ued for alleasl 6 monlhs. The palients were followed c1inically at
regular inlervals al 1.3.6. and 12 monlhs and yearly thereafter.
lf feasible. c:olor duplex flow studies were done allhese follow
ups and phlebography. if possible. at 6 and/or 12 monlhs.

Results

Tumor Stenosis

The results are summarized in Table 2. Three of the
5 patients treated for malignant obstruction died af
ter 6 weeks-9 months. None of these patients
showed recurrent inflow obstruction at the time of
death. One patient, however, with SVC syndrome
showed reocclusion of the stented segment on phle
bography 4 weeks after stent placement. In this pa
tient, recanalization with thrombolysis and throm
bus aspiration had to be performed 3 days after
implantation of the stent. Of the 2 surviving pa
tients, 1 with two stents in the IVC has been asymp
tomatic for I year (Fig. 1). In the other patient with
a very tight stenosis at the inflow of a double basilic
vein into the axillary vein, the two implanted stents
did not open sufficiently in spite of vigorous addi-

Benign Stenosis after Previous Operation

AlI patients currently have patent stents and are
asymptomatic after a follow-up time of 6 weeks-58
months (Table 3). One patient, who was stented for
a recurrent stenosis after surgery of a traumatically
severed superficial femoral vein, showed moderate
intimal hyperplasia of about 25% of the luminal di
ameter after 6 weeks. The intimal thickening, how
ever. remained stable and the patient has been
asymptomatic for more than 4 years (Fig. 2). The
patient who was stented for a recurrent venous iliac
spur has been free of symptoms for almost 5 years.'
The 2 other patients with stents in the common fem
oral vein are also asymptomatic but have only a
limited follow-up of 6 weeks and 4 months (Fíg. 3).

Hemodialysis Shunts

Nine patients were treated for one or multiple
stenoses developing in the course of chronic hemo
dialysis along the venous outflow tract of the AV
fistula. These patients can be c1assified into two
groups according to the localizatíon of the stenotic
lesion (Table 4). The first group (a) comprises pa
tients with stenoses centrally in the region of the
brachioeephalie vein. and the second group (b) are
patients who had lesions either within a few eenti
meters of the AV-fistula or at or c10se to a brachial
anastomosis of an autologous or xenograft. A sub
group (e) consists of 2 patients from group (b) who
later developed additional proximal lesions (Table
1).

Proximal Lesions. These were found in 6 patients.
In 2 of these, proximal lesions in the region of the
subclavian and axillary vein developed between 7
and 24 months after previous stenting of peripheral
lesions (Tables 1 and 4, group (e». In the other 4
patients. the innominate vein was stented for recur
rent stenoses after PTA in 3 and as primary treat
ment in I patient. One patient died 5 months after
stenting, dialysis was possible until death. How
ever, the patient suffered from arm swelling and
phlebography 1 month prior to death, when a new
stenosis 3 cm proximal to the stented lesion was
found. The stent itself was eompletely patent with
out any signs of reeurrent stenosis (Fig. 4). The
follow-up of the other 3 patients ranges from 31/2 to
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Table 2. Tumor stenoses and results

Location No.of No.of Living Deceased Free of Stent Stent
patients stents (mos) (mos) symptoms patency diameter

(mm)

V. cava 3 4 1 (\2) 2 (111l) 313 213 14 + 25
lIiac V. I 1 I (9) 1/ I 11I 14
Basiliclaxill. V. 1 2 0/1" 011" 8

Total 5 7 2/5 3/5 415 3/5

" Patient free of symptoms after surgical bypass

Fig. 1. A 47-year-old female
with metastatic ovarian
carcinoma postsurgery and
irradiation. A Inferior vena
cavography shows severe
infrarenal stenosis and excentric
tumor compression of the left
common iliac vein. B
Cavography 6 months after
placement of two overlapping
Wallstents 25 mm in diameter
shows complete patency. The
patient has been asymptomatic
for 1 year.

39 months. The patient with the longest follow-up
received a kidney transplant 8 months after stent
ing, with resection of the AV-fistula at the time of
operation. A control phlebogram 18 months after
stent implantation showed a widely patent stented
innominate vein. However, a new high-grade steno
sis had developed at the orifice of the subclavian
vein. As the patient has remained asymptomatic
with good colIateral drainage via the internal jugular
vein, no further treatment has become necessary.

Peripheral Lesions. Follow-up of the various
stented lesions in the 5 patients vary from 7 to 34
months (Tables 1 and 4). There was one acute oc
c1usion one day after stenting of a long segment
stenosis of the basilic vein after undue sportive ac
tivity the day folIowing stent placement. Percuta
nous recanalization was successful, however, 41/2
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months later the patient had severe intimal hyper
piasia of the stented segment as well as of the native
vein proximal to the stent. A secondary interven
tion was denied and the graft occluded.

A second patient received a kidney transplant 5
months after stenting of a graft anastomosis and
phlebography 1 month later showed a distinct inti
mal hyperplasia. The patient was last seen 11
months after stenting with a clinically open stent.
An additional patient had to be redilated 7 and 13
months after stenting with a functioning stent after a
total of 17 months (Fig. 5). Two other patients (sub
group c) received kidney transplants 22 and 27
months after the first stenting. Recurrent intimal hy
perplasia in these 2 patients, however, required 10
secondary interventions, the first starting between 3
and 9 months after stenting. Seven of these second
ary interventions were necessary in 1 patient, re-
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Table 3. Benign postoperative stenoses and results

Location No.of No.of Follow-up Free of Stent
patients stents (mos) symptoms patency

Iliac vein 1 I 58 Yes Yes
Common femoral vein 2 3 II~ + 4 Yes Yes
Superficial femoral vein l 2 52 Yes Yes

Total 4 6 m29 AII AII

Stent
diameter
(mm)

14
10 + 12
12 + 14

Fig. 2. A 33-year-old female
with surgical reconstruction of
the superficial femoral vein after
traumatic severence. A
Antegrade phlebography shows
severe stenosis of the superficial
femoral vein 4 weeks after
surgery. B Immediately after
placement of a 10 mm and a 12
mm Wallstent in overlapping
fashion from a retrograde
femoral approach there is a
well-established lumen of the
superficial femoral vein. Note
inftow from sidebranch (arrow).
e Follow-up venogram after 21~

years shows adequate patency in
spite of moderate intimal
reaction. Note patency of
venous side-branch (arrow).
Patient has been asymptomatic
for 41/2 years.

Fig. 3. A 34-year-old female with leg swelling from common
femoral vein stenosis after crossectomy. A Phlebography
shows severe stenosis of common femoral vein. B Normal
venous lumen after placement of two overlapping 12 mm
Wallstents. e Patient has widely patent common femoral
ve in on color Doppler at 4 months follow-up.
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Table 4. Hemodialysis shunt-related stenoses and results

Loeation No.of Follow-up Pateney" Reeurrenee
and original months (mos)
no. of patients lesions (mean)

(a) 4 4 3-39 (18) 4/4 0/4
(b) 2 3 7-17 (12) 2/3 3/3 (4-7)

(e) 2 1 24-34 (27) 6/6 2/2 (7-24)

Total 9 12/13 5/9

2° Inter- Oeclusion" No. of new
ventions lesions

l
/2 PTA

3" 1b

"1 Stent
/6PTA

7" 3"
"5 Stents

10 1/13 5

Number of stented lesions
Pt 1: PTA of new lesion in subelavian vein. stented for reeurrenee. PTA of stented eephalie vein after 9 months
Pt 2: 6 x PTA of stented graft-basiJie vein anastomosis and seeond sten\. Segmental stenting of three additional proximal lesions

Fig.4. A 78-year-old female on hemodialysis with left-sided arm
swelling. A Retrograde phlebography shows severe stenosis at
the eonfluenee of the subelavian and internal jugular veins (ar
row). B Four months after plaeement of a 12 mm Wallstent. the
previous stenotie area is widely paten\. No intimal reaetion.
However. a new stenosis has developed in the innominate vein.
Dialysis was still possible. therefore no treatment was per
formed. The palient died 1 month later of underlying disease.

quiring six repeat PTAs at decreasing intervals of5
21/2 months, finally requiring a second stenting of
the same lesion (Fig. 6).

In addition, both patients developed central le
sions as mentioned above. In one of these a tight

stenosis at the origin of the cephalic vein developed
after 6 months. After successful PTA of the steno
sis, a recurrence developed \O months later which
could not be sufficiently dilated and was therefore
stented. Because of significant intimal hyperplasia,
redilatation of the stented segment was necessary
another 10 months later. The second patient needed
stenting of two short segments in the subclavian and
axillary vein 14 months after stenting a proximal
graft stenosis in the basilic vein (Fig. 6). Nine
months later, the nonstented intermediate segment
of the axillary vein also had to be stented because of
a new highgrade, nondilatable stenosis. The patient
now has a continuous set of stents from the graft
anastomosis in the basilic ve in to the junction of the
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Fig.5. A 74-year-old female patient with Cimino shunt for hemo
dialysis. PTA had been performed twice previously for stenosis
of the venous outtlow tract. A Highgrade slenosis at the venous
outtlow in the forearm. 8 After placement of all 8 mm wallstent.
there is only a slight residual stenosis. e There is a second recur
rence 13 months after stenting. D Widely palent lumen after
repeat PTA with 8 mm balloon catheter. Patient has been free of
symptoms for 5 months.

subclavian and internal jugular vein. The stented
venous outflow has thereby been kept functioning
for a total of 3 years so far.

In summary, all patients with peripheral stents
in the region of the basilic or cephalic vein devel
oped recurrent stenoses by intimal hyperplasia at
various intervals from 4 to 9 months after stenting.

Complications

In the whole group of 18 patients there were three
acute occlusions. two of which were successfully
treated percutaneously by fibrinolysis and thrombus
aspiration. Otherwise we did not experience any
serious complications, particularly no signs of stent
migration or infection.
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Discussion

Most frequently. percutaneous angioplasty in the
venous system is applied for hemodialysis-related
stenoses. These are found in the 'venous outflow
tract of AV-dialysis fistulas or in the region of the
brachiocephalic veins [2, 10, 11]. So faro there are
only a few reports on percutaneous treatment of
other benign or tumor-induced venous stenoses [12.
13]. The use of flexible endovascular prostheses
opens up a new alternative to surgical treatment of
venous obstructions.

Persisting tumor obstructions in spite of chemo
therapy or radiation therapy may now be palliated
successfully with endoluminal stents. The symp
toms of SVC obstruction that occur in about 3-4%
of patients treated for bronchial carcinoma can be
rapidly palliated [9]. Our own experience shows
that in obstructions of the SVC, even in the event of
a later occlusion by tumor or thrombosis, bridging
of the acute obstruction gains time for the develop
ment of collaterals. Endoluminal vascular pros
theses are also suitable for treating tumor com
pression or fibrotic stenoses after radiation therapy
in the region of the pelvic veins and the IVe. If an
occluded segment can be recanalized with the
guidewire, there is a good chance that the occlusion
may be kept open with a stent. If necessary, fibrino
Iytic agents can be used to reopen an occluded caval
segment as suggested by Rósch's article in this is-
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C.L. Zollikofer el al.: Use of lhe Wallslenl in lhe Venous System

Fig. 6. A 34-year-old female on
hemodialysis with stenosis at the
proximal anastomosis of a
xenograft to the basilic vein.
This stenosis had been dilated
four times prior to stenting. A
Recurren! stenosis 4 months
after first Wallstent at the site of
the previous anastomotic
stricture between Ihe graft and
the basilic vein. There is an
incidental graft aneurysm. B
After dilata!ion with an 8 mm
Grüntzig balloon catheter. the
lumen is well restored. e The
sixth recurrence 18 months after
stenting. Note tha! the stenosis
is now mainly at the dis!;¡.1 end
of the sten!. An additional stent
in the axillary vein (arrow) had
lo be placed 2 months earlier for
a new proximal lesiono D After a
second slent "in the basilic vein
there is now good patency. Also
nole a third slent placed in Ihe
subclavian vein 2 months earlier
for a second new proximal les ion
(arrow).

sue. However, the limitatioos ofthe techoique were
shown io one of our patieots where a tight tumor
stenosis of the cephalic-axillary regioo could oot be
sufficiently improved with stenting. Stent place
ment should never prec1ude a potentially necessary
surgical procedure.

Stenoses aftei surgical venous reconstructions,
surgical venous anastomoses, or treatment of a ve
nous spur are other important indications for stent
implantation in the venous sysfem. Our 2 cases with
long-term follow-up of now approximately 4 and 5
years show that late complications (i.e., sympto
matic recurrent stenoses or occlusions of large cali
ber veins) are extre,me1y unlikely. Therefore, we
believe that patienis with May-Thurner syndrome
should primarily be treated by balioon dilatation
combined with stent implantation instead of sur-

gery. Our preliminary results are also eocouraging
in the region of the Gommon femoral veio, a critical
region for surgical reconstruction. So far, bending
of the hip joint seems not to have any adverse ef
fects when using a flexible stent.

Apart from strictures of the AV-anastomosis it
self, stenoses along the venous outflow tract are the
most common cause for dialysis shunt dysfunction
[2, 14]. As for Cimino shunts, the stenoses are com
monly found io the draining vein; in the case of
shunt grafts, in the region of the proximal anasto
mosis. Furthermore, stenoses of the brachiocepha
lic veins are bothersome complications in hemo
dialysis shunts [10, 15-17]. Various possible causes
for these lesions are discussed, such as damage of
the vascular wall by catherization or central venous
lines, turbulence fram increased flow particularly in
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the region of valves. and finally. abnormal function
oI'platelets damaged by hemodialysis [17.18). Con
venlional balloon dilatation. even wilh high-pres·
sure balloons. of all such venous lesions yields un·
salisfaclory long·term patency rales of 35-50C«
after I year and only 10-32% after 2 years (19).
Inlima1 hyperplasia and perivenous librosis are the
main causes for lhese recurrenl slenoses after an
poplasly (3). and endoluminal proslheses have
beco used lo improve the long-lerm resulls. How
ever. our experience shows lhal in spile of mechani
cal suppon by lhe endoprosthcsis. restenosis sec
ondary to inlimal hyperplasia remains a eonlinuing
probIem. Thc need for repealed PTA or percula
ncous anhereelomy [20) as seeondary inlerventions
lO preservc shunl funelion are almost lhe rul~ in
case of pcripheral vcnous Icsions. However. lhe in
lCrvals belwcen repcaled PTA can usually be dou
bled or lripled aftcr slent implanlation as compared
wilh PI'A aJonc. The lime span unlil inlimal hyper
p1asia bec:ame manifesl in lhe slenled repon varied
froIn 410 10 monlhs in our palients.1t is nolewonhy
lhlll tbese recurrent stenoses could usually be di
lated easíly and a betler lumen was achieved when
~pared with the immediate postslentin, resull.
C~ evaluation of lhe whole venous outftow
lnct is always nccessary if clinical sians of reduced
ftSblla function occ:ur. as 2 of our patienls iIIuslrale.
Proximal Icsions at a areat distanee from lhe pri
mar)' slent placement may develop. The central le
SÍOIIS in the rePon of lhe brachioc:ephalie vein seem
less prone lO restenosis lhan pcr....hcraI slenoses.
However. ncw lesions adjacent lO lhe slented seg
ments may develop as well.

Thouab repeated intervenlions may be nec:es
sary. we believe lhal slenting of eomplicaled shunt
related lesions in dialysis palients provides a si,nili
cant lherapeUlic improvemenl as il prolongs shunl
tunetion without surgical inlervenlion. Funher
.more. lbe secondary inlervenlions are usually suc
eessful and leehnically simple. Sueh stent proce
dures are indiealed both for palienls in a lransplanl
proaram as well as for palienls on lifelonl hemo
dialysis. However. we use slenls only for palienls
in whom anpoplaslY is primarily unsuccessful or
for those requiring repeal angioplasty in decreasing
intcrvals (Iess lhan 2 monlhs). Endoproslheses
should not be used in palients whose AV-shunts
have ncver funclioned properly or whose available
shunt seamenl for venous punclure after stenl
placement would be lOO shon. as lhe slenled seg
meat can no Ionger be used for venous punclure.
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Stents in the Venous Vessel System

CH. L. ZOLLIKOFER, M.DI

Malipant as well as benign venous obstructions

are usually refraclory lo balloon an¡ioplasty alone.
Tberefore percutmeous stent placement with
selfexplDdin, stenta lite the Gianturco and
moditied Roesch-Z-type or Wallstents have been
advocated as a low risk procedure to treat such
lesions.

Mediastinal or ntroperiloneal tumor involvement
and post irradiation tibrosis are the most common
causes of tbe superior and inferior vena cava
syndrome. Stent p1Icement results in rapid relief of
the symploms in 70 lo 100 ". Severe
complications are rareo Early thrombotic stent
occlusion (5 lo 15 ") can be treated with
fibrinolysis and possible stent mi,ration seen with
Gianturco-stenta remains generally without sequelae
and can be lIIlInaIed by placing additional stents.
Tumor ingrowth inlo the stent has not been a major
problem.

Benign stricture& in tbe venous system occur most
frequently in tbe outtlow tract of hemodialysis
arteriovenous tistulae. Stenting of these lesions may
signiticantly prolon, Shunt patency, however hip
recurrence ratea of SO " and more are seen. But
the secondary pllteDCy rates are si,mtiC*ltly better
when compared lo PTA as a stand-alone procedure

(one yoar 84 " versus 38 ").

I 1nIt. f. Badiololie, Kantonupital WlftlCl1hur, Switzerland
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Other causes for heDian obstruction of tbe vena
cava and lar,e veins of tbe pelvis, thip lDd
brachycephalic re¡ion are mediastinll lDd
retroperitoneal tibrosis, post-thrombotic occluaioll,
pelvic venous spur (May-Tbumer-syndrome),
previous sur,ery, trauma and central eatbeter
placement. So far, no laraer series bave beea
published hut the experience today sbows, tbat
rapid relief of symptoms can be expected in 90 lo
100 % with excellent Ion, term patency in tbe
majority of patients.

In conclusion stentin, offers a hi,hly succeafullDd
low risk mode of treatment for beniin lDd
malianant venous obstruction.
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