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A.  Tesis por Compendio de Publicaciones

La presente tesis doctoral, autorizada por el Director de Tesis, el Tutor y el
Programa de Doctorado de la Universidad de Las Palmas de Gran Canaria (ULPGC), fue
realizada por el Doctorando quien opta a la Mencion de Doctorado Internacional y se
presenta en la modalidad de Tesis por Compendio de Publicaciones. La normativa estipula
“un minimo de tres publicaciones, con unidad tematica, indexadas en el Journal Citation
Reports, Arts and Humanities Citation Index o equivalentes, de las que el doctorando sea
el primer autor o autor principal.” La tesis se encuentra basada en cuatro trabajos
publicados en revistas cientificas de reconocido prestigio que constituyen el cuerpo de la
misma, cuyos nombres, abreviaturas y factor de impacto se encuentran detallados en el

Apéndice 1. A continuacion se encuentran las referencias completas de los articulos:

I. Petrone P, Asensio JA. (2006). Trauma in pregnancy: assessment and treatment.

Scandinavian Journal of Surgery. 95, 4-10.

II. Petrone P, Talving P, Browder T, Teixeira PG, Fisher O, Lozornio A, Chan LS.
(2011). Abdominal injuries in pregnancy: a 155-month study at two level 1 trauma

centers. Injury, International Journal of the Care of the Injured. 42, 47-49.

III. Petrone P, Marini CP. (2015). Trauma in pregnant patients. Current Problems in

Surgery. 52, 321-352.

IV. Petrone P, Jiménez-Morillas P, Axelrad A, Marini CP. (2017). Traumatic injuries to
the pregnant patient: a critical literature review. European Journal of Trauma and

Emergency Surgery. Sep 15. doi: 10.1007/s00068-017-0839-x.
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La normativa indica también que si los trabajos se han “redactado en una lengua
diferente del Espariol, debera incluirse un resumen en Espaniol.” El Apéndice 2 muestra

los titulos de los cuatro trabajos con sus respectivos resimenes en Espaiiol.

De la misma manera se considera oportuno incluir en los Apéndices 3, 4 y 5 los
siguientes trabajos que han contribuido en forma significativa con la base formativa del

Doctorando, a saber:

V. Tillou A, Petrone P. Gynecologic injuries. En: Current Therapy of Trauma and
Surgical Critical Care. Asensio JA, Trunkey D (Eds). 5ta edicion, pp. 423-430. Mosby:

Philadelphia, PA; 2008.

VI. Petrone P. (2014). Traumatismo en la mujer embarazada. Revista Argentina de

Cirugia. 106, 46-52.

VIL Petrone P, Tillou A. Gynecologic injuries: trauma to gravid and nongravid uterus and
female genitalia. En: Current Therapy of Trauma and Surgical Critical Care. Asensio

JA, Trunkey D (Eds). 2da edicién, pp. 401-417. Elsevier: Philadelphia, PA; 2016.



Patrizio Petrone




Patrizio Petrone

B. Abstract

Traumatic injuries, most commonly accidental, but also from interpersonal
violence, are now considered the leading cause of death during pregnancy. Women
between the ages of 10 and 50 years are considered of childbearing age; therefore, the
possibility of pregnancy must be taken into consideration when a woman between these
extremes of age is evaluated in the emergency department after having sustained a
traumatic event. Pregnancy causes significant physiological and anatomical changes in
every system of the female body that may play an important role in the response of the
pregnant patient to traumatic events. The physician treating a pregnant trauma victim must
remember that there are two patients, the treatment priorities are the same as for a non-
pregnant trauma patient. The best initial treatment for the fetus is optimal resuscitation of
the mother. The evaluation, interpretation of diagnostic tests, and management of the
injured pregnant patient must take place within the context of all physiological alterations

occurring during pregnancy.

A thorough examination should take place to discover the unique conditions that
might be present specifically in the pregnant patient, such as blunt or penetrating injury to
the uterus, placental abruption, amniotic fluid embolism, isoimmunization, and premature

rupture of membranes.

Injuries to the gravid uterus have evolved from very primitive mechanisms, such as
spears, sticks, and animal horns, to those typical of our time, including motor vehicle

crushes, stab wounds, and gunshot wounds. The most frequent causes of maternal injury
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and death include motor vehicle collision, violence and assault (gunshots, stabbing, and

strangulation), falls, auto vs. pedestrian, suicide (drug overdose and poisoning), and burns.

Many studies have reported that young pregnant women with an average age of 25
years are a high risk for both blunt and penetrating trauma, including battering and suicide.
Suicide remains the fourth leading cause of female mortality; however, pregnant women

have a lower risk of successful suicide than that of women who are not pregnant.

The initial assessment and resuscitation of an injured pregnant patient are always
the same for non-pregnant patients, although the anatomical and physiological changes
during pregnancy may alter the response to the injury. An obstetrician should be present at
all times and should be considered an integral member of the trauma team in the evaluation

and treatment of a pregnant trauma patient.

Prehospital personnel must be aware of the physiological changes associated with
pregnancy, in particular the importance of providing supplemental oxygen for preventing
maternal and fetal hypoxia and infusing intravenous fluids liberally during the transport of
these patients. Due to the increased intravascular volume, these patients can lose a
significant amount of the circulating blood volume before the development of tachycardia,
hypotension, and other signs of acute blood loss. To avoid the supine hypotension
associated with the uterine aortocaval compression, patients after 20 weeks of gestation
should be transported on a backboard tilted to the left by 15 degrees, with immobilization
of the cervical spine. If lateral tilt is not feasible, manual uterine displacement to minimize

inferior vena cava compression is indicated.
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Fetal evaluation begins with checking the fetal heart rate and documenting the
presence of fetal movement. The objective of the monitoring is to identify premature labor,
placental abruption, and fetal distress. The combination of ultrasonography and

cardiotocographic monitoring is the elective modality for diagnosis and follow-up.

The fetus is considered viable after 25 weeks of gestation, but when the gestational
age is less than 24 weeks, emergency cesarean delivery is usually not indicated, because
the fetus is too small to survive, and the removal of the fetus from the uterus is unlikely to
provide a beneficial effect on maternal hemodynamics. After 32 weeks of gestation, when
external cardiac massage is not effective, an emergency cesarean delivery must be
performed immediately. Indications for perimortem cesarean delivery include maternal
shock, threat to life from exsanguination, irreparable uterine injury, fetal distress in the

viable fetus, and maternal death.

The predictive factors of outcome can be subdivided depending on whether they
pertain to the fetus or to the mother. The predictive factors of fetal outcome include
maternal death, maternal hypotension, maternal traumatic brain injury, high Injury Severity
Score, pelvic fracture, ejection of the pregnant woman from a vehicle, and severe
abdominal injury to the pregnant woman. The predictive factors of maternal outcome
include amniotic fluid embolism, deep venous thrombosis and pulmonary embolism, and

infections.

Injury prevention deserves specific attention during pregnancy, specifically related
to the use of drugs and alcohol, and those actions involving domestic and interpersonal

violence. All findings must be accurately documented for medical-legal purposes.
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C. Introduccion

C1: Objetivos de Investigacion

Objetivo General:

Describir como los cambios anatomicos y fisioldgicos que ocurren en las mujeres
embarazadas durante el transcurso de su gestacion normal, influyen en la evaluacion y

tratamiento de los traumatismos experimentados por estos pacientes.

Objetivos Especificos:
a) Identificar los factores de riesgo de morbilidad y mortalidad fetal y materna.
b) Desarrollar un algoritmo diagndstico de evaluacion inicial para la madre y el feto.
C) Disefiar un algoritmo para la cesarea de emergencia después de un traumatismo.
Justificacion:

Los objetivos planteados motivaron la seleccion de la unidad temadtica de la tesis.
Como parte de la realizacion de los trabajos de investigacion se incluyo la epidemiologia
basada predominantemente en la edad de las pacientes y el mecanismo de lesion,
abarcando desde el mecanismo contuso, siendo el mas frecuente el relacionado con las
colisiones automovilisticas, hasta el mecanismo penetrante, donde la lesion por arma de

fuego es la mas observada.

Una mencion especial merece la violencia interpersonal, producida tanto por
asaltos perpetrados por desconocidos en situaciones fortuitas, o bien como resultado de la

violencia de género donde el agresor suele ser la pareja o alguien relacionado intimamente
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con la victima, situacién que siempre estuvo presente pero que en la actualidad ha tomado

la importancia y la atencidn pertinente.

C2: Hipdtesis de Trabajo

Se presenta como hipotesis general de trabajo conocer la real incidencia de los

traumatismos en la mujer embarazada.
Hipotesis 1: El mecanismo contuso es la modalidad més frecuente de lesion.
Hipotesis 2: La mortalidad materna es de 5%.
Hipotesis 3: La mortalidad fetal excede el 50%.

Hipétesis 4: Mecanismo penetrante, elevado Indice de Severidad Lesional (Injury

Severity Score, 1SS) e hypotension materna son factores de riesgo de muerte fetal.

Hipotesis 5: La viabilidad fetal es mayor a las 24 semanas.

C3: Aportes del Doctorando

Como contribuciones del doctorando se destacan los disefios y metodologias de
estudio de los diferentes articulos y capitulos, andlisis estadisticos donde se justificara,
obtencion de las respectivas cartas de aprobacion del Comité Institucional de Revision
(Institutional Review Board, IRB), busquedas bibliograficas en las diferentes bases de
datos (Pubmed, Medline, Scopus, Mendeley, Imbiomed, Scielo, Lilacs, entre otros),
escritura de los manuscritos, revision critica de los mismos, envio y correspondencia con
las diferentes revistas cientificas y editoriales médicas de la especialidad, asi como con los

revisores designados, hasta la concrecion final de su efectiva publicacion.
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D. Material y Métodos

SJS

SCANDINAVIAN
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TRAUMA IN PREGNANCY: ASSESSMENT AND TREATMENT

P. Petrone', J. A. Asensio”

! Divisson of Trauma and Cntical Care, Department of Surgery. Universaty ot Southesn Calitornia,
TACAUSC Medfical Cenler, Los Argielw, Califirnia, UISA

" Divigon of Clinical Research in Trauma Surgery, Department of Surgery,
Divisson of Trauma and Critical Care, Universaty of Medicine and Dentistry of New Jersey,
Newark, New Jersey, USA

ABSTRACT

Women between the ages of 10 and 50 vear-old have the potential for pregnancy; there-
fore this condition must be taken into consideration when a woman is examined in the
Emergency Room after sustaining a traumatic event, Pregnancy produces significant
physiologic and anatomic changes in every system of the female body. The evaluation
of the traumatized pregnant patient, the approach, and the interpretation of the diagnos-
tic tests results must be accompanied by the full knowledge of all changes that take place
during pregnancy.

In the same context, although the physician treating a pregnant trauma victim must
remember that there are two patients, the treatment prioritics are the same as for the
non-pregnant trauma patient, The best initial treatment for the fetus is the optimum
resuscitation of the mother,

A thorough exam should take place to discover unique conditions that might be pres-
cnt in any pregnant patient such as blunt or penclrating injury to the uterus, placental
abruption, amniofic fluid embolism, isoimmunization, and premature rupture of mem-
branes,

The obstelrician should be present at all times and be considered a parl of the lrauma
team in the evaluation and treatment of a pregnant [rauma patient,

Koy wonds: Teasnmu, prognancy, diagnosin: realonl; sanpgary

I INTRODUCTION ported nearly 3% of moternal desths olated 10 trau-
ma. From 6% to 7% of all pregnancies are compli-

Ln recent yeors trauma has been comstdened the kead:  cated by rauma, and 047 pativnts sequire bospital

ing, coume of dvath during pregnancy. Fiddew (17 ne- dzation for the tvatment of angaries (2), The actual
number of injured pregnant women is underestimat-
od 25 many of them arc unrcported, especially those

AT due to dormstic viokouy

Correspondence It is essential that all professionals specalizing in

Patrizio Petroos, ML
Loy e treating trauma patients recognize and are awarce of
Divisson of Trauma ard Critscal Care ther wanaterenie el playsiobogiv Clunges that oocor 1o

Degurtmint of Sampery a

University of Soathern Califomia pregrant women and how these changes can impact
LAC1SC Malical Coalor the evaluation and treatment of this unique patient
1510 San Pabdo Strect, HOCH - Saite 513 popilation. Complete evaliabons of thes pativnts
Los Angpeles, CAANGESE, USA include the assessment of the fetus in onder to save
Lmail: petroneffuscedu the pregnancy.
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Trauma in pregnancy: assessment and freabment 5

II HISTORICAL PERSPECTIVE

The oldest known cases of traumatic injury on preg-
nancy are referenced in the Code of Hammurabs (15*
century BC) (3) and the Old Testament (Exodus
22:21). Penetrating injuries to the gravid uterus have
been observed since antiquity when injuries with ob-
jects such as spears, sticks, and animal homns were
described. The famous military surgeon Ambroise
Paré, was the first to describe the treatment of pene-
trating injuries to the uterus. Paré wrote: “When the
womb is wounded, the blood cometh out at the priv-
ites, and all other accidents appeared...” (4)

In medical literature of past centuries, the issue of
trauma in pregnancy received more detailed interest.
The earliest papers described cases related to falls,
battering and assaults (5), but as the society become
more industrialized the clinical reports focused on
motor vehicle collisions and penetrating injuries.

III EPIDEMIOLOGY

The Center for Injury Research and Prevention in
Pitts Pennsylvania, has published an excellent
epidemiclogic 1-year study which induded all wom-
en who were of childbearing age, and required hos-
gita.lizal:ion for injuries. Of the total 16,722 women,
61 were identified (4.6%) as being pregnant (6). The
most common causes of injury were motor vehicle
collisions (33.6%), falls (26.4%), and poisonings (16%).
Injured pregnant women had a mean age of 24.9
years. same author reported a 3-year study in
which 240 traumatic fetal injury deaths were identi-
fied (3.7 fetal deaths per 100,000 Live births) (7). Motor
vehicle collisions were the leading trauma mecha-
nism (82% of cases), followed by firearm injuries (6%
of cases), and falls (3% of cases). Traumatic injury-
related fetal mortality was reported by Weiss (8)in a
2-year study with data from only one state, where he
found 7,131 fetal deaths of which 31 traumatic injury
cases were identified (6.5 fetal deaths per 100,000 live
births). Motor vehicle collisions were the leading
cause of injury (81%) and placental separation was
the leading diagnosis (42%). Again, the y pre
nantwomgense;%tobeath%gherdsk wizﬁamefx;

maternal age of 25 years.
More recently Le: et al (9) reported a very ex-
tensive literature review from 1932 through 2000, in-

cluding 101 pelvic and acetabular fractures during
pregnancy. v found that the average age of the
women was 25 years, and associated maternal inju-
ries were noted i 60% of the patients. The most com-
mon mechanism of injury was motor vehicle colli-
sions (73%), followed by falls (14%), and automobile-
pedestrian collisions (13%). The overall maternal
mortality was 9% (9 of 101), and the overall fetal mor-
tality was 35% (35 of 101). They stratified the mortal-
ity based on the mechanism of injury and found that
the automobile-pedestrian collisions were associated
with 27% (3 of 11) maternal mortality and 45% (5 of
11) fetal mortality. Motor vehicle collisions were as-
sociated with 6% (4 of 63) maternal and 37% (23 of
63) fetal mortality. Falls were associated with 0%
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(0 of 12) maternal and 8% (1 of 12) fetal mortality.
They concluded that automobile-pedestrian collisions
had a statistical trend for higher maternal mortality,
and vehicular collisions had a higher statistical trend
for higher fetal mortality.

Young pregnant women are also at high risk for
battering. It has been reported that 10 to 30% of wom-
en are abused during pre cy, and 5% of cases
involving abuse result in fetal death (10). Physical
abuse 15 suspected when the injuries are located prox-
imal and in the midline rather than distal injuries.
Abuse is suspected when trauma is evident to the
neck, breast, face, upper arms and lateral thighs, as
well as bizarre injuries like cigarette burns and bites
(11). Because domestic violence is associated with a
wide range of psychological, psychosomatic, and
physical conditions, the diagnosis requires astute
clinical skills. The most common s toms associ-
ated with domestic violence are headache, chronic

ain, logical symptoms, post-traumatic stress
gj:,orgmmgi mda}chrgnic m]r::fies like those de-
seribed above, and substance abuse, among other
conditions (12). An estimated 33% of abused women
}g?ive anxiety and %eprer.sion, and 26% of female sui-
cide attempts are Women experien mnterper-
sonal viole?\ce, but gu:. number is xmde?;;gtimated as
these injuries are unreported, especially in the preg-
nant population.

IV. ANATOMIC AND PHYSIOLOGIC CHANGES

The initial assessment and management for resuscita-
tion of the injured pregnant patient are always the
same as non-pregnant patients, although the ana-
tomic and physiologic changes during pregnancy
may alter the response to the mjury. It is essential to
understand all the changes that occur during this pe-
riod in order to provide appropriate care to both
mother and unborn child.

A) CARDIOVASCULAR SYSTEM

The plasma volume begins to expand at 10 weeks of
gestation. The increases in estrogen, progesterone,
renin and aldosterone contribute to expand the plas-
ma volume up to 45% of pregravid levels, as the tu-
bular resorption of sodium increases, about 950

of sodium and an additional 6 to 8 liters of total body
water are retained (13). This hypervolemic state is
protective for the mother during the potential bleed-
ing from an injury, and pn;ggres for the blood loss
during vaginal delivery (500 mL) or cesarean section
(1,000 ngi). This state i;;na;so %cnown as “physiologic
anemia cy,” in late 7 a hema-
toerit of 311;_71; % is considered nmgyuse of the
increase in plasma volume, the pregnant patient may
lose 35% of blood before exhibiting any sign or symp-
tom of maternal shock, giving a false sense of security.
The white blood cell increases as high as 25,000/ mm?
during labor. The coagulation factors and fibrinogen
are increased, and the fibrinolytic activity is reduced,
which results in a hypercoagulable state which re-
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sults in an increased risk for thromboembolic
events.

The pulse rate also increases gradually 10 to 15

beats minute throughout pregnancy, mainly be-
cause lt)he: diaphragm be%omes %\tzre elevated xc}ond-
ary to the uterus and results in a lateral displacement
of the cardiac aj reaching the maximum by the
third trimester. The mean blood pressure level by the
first trimester is 105/60 mmHg, 102/55 mmHg for
the second, and 108/67 mmHg by the end of the
pregnancy. Anycé;cifn.iﬁcant elevation may indicate
prﬁgnancy-hdu hypertension.
v the end of the first trimester, cardiac output
increases by 1.0 to 1.5 L/minute, which represents
around 25% above the normal value due to an in-
crease in plasma volume and decrease in vascular
resistance of the uterus and placenta (14).

There is some point that will be worth emphasiz-
ing, and that is the maternal position during the sec-
ond half of the pregnancy. When the patient is in
supine position, It’he mfencgr vena cava 8VC) is par-

1ally obstructed by the enlarged uterus, thus there is
a decrease in blood return to the right side of the
heart, resulting in a decrease in cardiac output, caus-
ing the “supine hypotensive syndrome,” which is
characterized by dizziness, pallor, tachycardia, sweat-
ing, and hypotension. This condition is relieved when
the patient 1s turned to the left lateral decubitus posi-
tion.

B) RESPIRATORY SYSTEM

As aforementioned, the diaphragm rises approxi-
mately 4 cm and the diameter increases by 2 em (15),
secondary to hormonal effects and from mechanical
pressure caused by the enlarged uterus. These
changes should be taken into consideration when
thoracic lures are bein; ormed.

The mm.able «:haﬂge:'.girlzl’eIf pulm volumes
and capacities are the minute ventilation. It increases
primarily because of an increase in tidal volume, as
well as a decrease in functional residual capacity
(FRC) due to a decline in expiratory reserve and re-
sidual volumes. The arterial partial pressure of oxy-
gen (Pa0,) still unchanged, with a decrease in the
partial pressure of carbon dioxide (PCO;), with a
compensatory decrease in plasma bicarbonate levels
(16). Because of the reduced FCR, the pregnant pa-
tients do not tolerate apnea well, and the supplemen-
tal oxygen is always indicated.

C) GASTROINTESTINAL SYSTEM

Gastrointestinal motility, intestinal secretion, and ab-
sorption are inhgﬁted becav.cxl:;e of increased levI;ls gf
ogesterone and estro Urin, enancy. In ad-
ti?the lower esopl%aegeal splw%np:teer is c‘i'x’;placed
into the thorax, and decreases its competency (17).
Therefore, it should always be assumed that the stom-
achof a pregna‘x;tcgatient is full, and gastric tube de-
compression is indicated in order to avoid aspiration.
As the uterus continues to grow the small bowel is
displaced laterally and superiosly.
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D) RENAL SYSTEM

The renal system also is affected durin, gnancy.
The earlies?&xmge is an increase of thg glr:memlar
filtration rate and the renal plasma blood flow by 30%
(18). At the same time, there is an increase of the cre-
atinine clearance as well as a marked fall of the serum
levels of creatinine and blood urea nitrogen (BUN).
As the uterus becomes larger, the ureters and bladder
are compressed, resulti:}F in hydronephrosis and hy-
droureter; thus, a dilated collecting system in a preg-
nant patient is normal.

E) ENDOCRINE SYSTEM

The pituitary gland increases approximately 135% its
original size (19). Shock may cause necrosis of the
anterior part of the gland, causing pituitary insuffi-
clency or Sheehan’s syndrome.

F) MUSCULOSKELETAL SYSTEM

The softening and relaxation of the interosseus liga-
ments during pregnancy increase the sacroiliac joint
and make the symphysis pubis wider by 4 to 8 mm.
Because of these changes, the maternal center of grav-
ity is disrupted and tgreftegnant woman attempts to
compensate with a lordotic posture, resulting in an
increased risk of falls.

G) NEUROLOGIC SYSTEM

Intracerebral hemorrhage is the most common cause
of death in patients with pregnancy-induced hyper-
tension, and because it can produce seizures, it may
mimic a head injury. It should be suspected when
hypertension is associated with hyperreflexia, pro-
teinuria, and peripheral edema.

V ASSESSMENT AND MANAGEMENT

Prehospital personnel must be aware of the physio-
logic ges of pregnancy. In particular, the impor-
tance of providing supplemental oxygen for prevent-
ing maternal and fetal hypoxia, and to give intrave-
nous fluids liberally during transport of these pa-
tients. Because of the increased intravascular volume,
these patients can lose a significant amount of blood
volume before tachycardia, hypotension, and other
signs of acute blood loss oceur. In order to avoid su-
pine hypotension associated with the uterine com-
ession of the IVC (20), patients in the second or
ird trimester of pregnancy should be transported
on a backboard tilted to the left, paying special atten-
tion to the immobilization of the cervical spine. If the
patient is in a supine position, the right hip should be
elevated 4 to 6 inches, and the uterus should be dis-
placed manually to the left side (21).
The priority for treatment of an injured pregnant
patient remains the same as that for the non-pregnant
atient. The m survey includes the airway,
eathing, and circulation (ABC), including volume
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replacement and hemorrhage control, being the
mother who necvives treatment first,

The secondary survey consists in obtaining the
obstetrical history, a physical examination, and eval-
wation and moniloring of he (lus, AN peossary
films should be taken, regardless of the pregnancy.
Comorbid factors such as pregnancy induced-hy per-
tension, and diabetes mellitus, should be known in
order to provide proper treatment. The obstetric
istory inchudes previous episodes of preterm Jabor,
placental abruption, the date of the last menstrual
coyele, expected date of delivery, and any problem
ar complivations of the cumst sl previous preg-
nancics,

The abdominal examination s critically importan,
s woll as the detorsinabion of twe wtorine size, which
provides an approximation of gestational age and
fetal maturity (Figs | and 2k A discrepancy between
dates and ulerine slae s suggestive of uterbae mptune
or uterine hemorrhage. Uterine rupture is suspected
by findings of peritoneal signs bat adndominal exam-
ination s sometimes difficult; other findings include
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Fig. 2 Expdoratuey oy
jeeatedy Th wiwkn o poatation (Fren DO Pairirio Petrone’'s ar
chevre)

elomy in g progiaet pathent with spgous

abdominal palpation of fetal parts due o extrauterine
location, and inability to palpate the uterine fundus,

There are six conditions that indicate the acute sta-
Tuw of e progzivarey (22), anal assossament of the prog-
nant paticat must conficm or rule out the following:

1. Vaginal bleading: it can suggest premature cervical
dilation, early labor, placental abrupton or pla-
coenta provia,

2. Ruptured membranes: prolapse of the umbilical
cord can occur, resulting in compnession of the
umbilical vein and arlerics.

3. Dulging perineum: causad by pressure from extra-
wtecine localet prarts of e [elas

4, Presence and patterns of contracticas: their pres-

ence is important, so preparation for an eventual
and vardy delivery can be made

. Abnormal fetal heart rate and chythm.

Kivihauer-Betke (KB) lest: is used after maternal

ngury o dentity fetal Dlood in the maternal cirou

lation (fetomaternal transfusion)

>

VI RADIOGRAPHIC EXAMINATION

Indicated radiographic studics should be performed
as it 3= for non-pregnant patients (Fig. 3). Although
these s an existingg condem aboul radiation exposun
during pregnancy. the benefits outweigh the risks.
However, unnecessary duplication of filmes should be
avaolded.

There are three phases of radiation damage related
T passtatiomal age of the febes (23), Befone the three
woeks of gestation, duning preimplantation and carly
implantation, exposure to radiation can result in
death of the embryo, Hotween 3 to 16 woeks of gosta-
tion, dunng organogenesis, radiabion can damage the
developing fetal tube, nesulfing in anomalies m the
contral nervous system. Aftes 10 weeks, nesteologic
defects are the most common complication (23). Pre-
madind radintion exposune may be associobed with some
chaldhood cancers (24).
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VII ABDOMINAL EVALUATION

Evaluation of the abdomen in the pregnant patient
may be challenging. Special attention: should be con-
sidered when there is a presence of one of the follow-
ing: rib or pelvic fractures, unexplained hypotension,
blood loss, hematuria, or altered sensorium due to
drugs, alcohol, or brain injury:

A diagnostic peritoneal lavage (DIL) can be done
safely and has the same sensitivity as in the non-
pregnant pabient. DPL shoulkd be performad above
i open techmigue. Abdorminal
phv (C1) scanming can alsa by
done safely with an evaluation of both mother and
feties, but the pabient must be hemadinamically sta
ble. Focused abdominal senogrophy for traema
[FAST) has a major role in the abdominal evaluation
because it can rapidly detect intra-abdominal and
pericardial fluid in the mother as well as the general
fetal conditson

the umnlicus using

compulted tomogre

VT MECHANISMS OF INJURY

Certain differences must be recognized in the gravid
patient= Seventeen percent of the injured pregnant
pativnts experience trauma as the resull of another
person, ol O have epeated epasoddes of domest iy
violomww (23)

A) DLUNT INIURY

Nom-operative management of solid abdomanal or-
gans is performed successfully in the pregnant pa-
tient in stable conditions, On the other hamd, unstable
patients or those with intestinal injury likely benefit
from carly operative treatotent, as hypolen=ion and
sarpads e e harmitul or even lethal for the fetus

Thee toost chollenguing ipury during pregnancy s
the management of the pelvic fracture. Hemoerhagye
from difated retroperitonead veins can cause massive
bemorrhagic shock and death (25). Pelvic fracture is
the most common cause of fetal death with a fetal
mortality of 257, In non-pregnant patients, pelvic
angicembolization is the usual treatment, but the
dose of radiation exceeds which is considered safe
during pregnancy.

The abdominal wall, uterine myometriam, and am-
viotic flud act as a cushaon to direct forces from blunt
trauma. The nvost commen cause of fetal death is o
condition named placental abruption, due to anoxia,
pramaturity, or exsanguination. The manifestations
incdude vaginal bleeding, abdominal gsai ulernine
tenderness, and contractions (26). One of the most
serious complications associated with abruption isa
conudition of disseminated mntravascular coagulation,
caused when the thromboplestin from the placents
poes into the maternal circulation

B) PENETEATING INJURY

As the uterus increases in size and expands out of the
pelvis, it becomes the target much more casily (Fig-
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Fig. 3. Abduminal computed foomagraphy (U1 scanning = a poeg-
nasd wosnan. (From L Patriae Petrons » andaves)

ures A=A throuph 4-0), Do to the thick density of the
uterine musculatune, it s able to absorh the energy
fram low velocity penetrating insuries, which makes
maternal death very uncommaon, uniess the infury i+
in the upper abdomen, which carries severe maternal
damage. Up to 60-70'% of the fetuses sustain infurics
after abdominal gunshot wounds, and unfortunately,
40 to 65'% of them dic (Figure 5} (27). 1f the bullet has
penetrated the uterus and the fetus is viable, cesarean
section is indicated,

IX PERIMORTEM CESAREAN SECTION

Fetal viabality i delined as 26 weeks of geslation,
ich corresponds 1o o Tundal height haltway e
tween e umbilicas and costal margin
section at this stage s indicated after maternal death
as the fetus has $0-7% chance of survival (28, 29)

Another very important factor s the time between
maternal death and delivery. 1If the Csection and de
livery are done in five minutes or less, it has an excel-
lent probability of survival, As the time increases, the
chance of survival becomes more unlikely (28, 29).

One important technical approach during the C-
section is to make a vertical midline incision through
all the layers indo the uterus as this is safer, faster, and
avoids the high risk of adding more damage to the
uterine vessels, as the rauma sungeons are not Lamil-
bar with this kind of proasdurn

wi

o
e cesarcan

X COMPLICATIONS

One of the most lethal complications assoclated with
ROA maternal mortality is the condition known as
amniotic flusd embolism, which together with pulmo-
nary thromboembolism remains as the leading couse
of maternal mortality in the United States (30). De-
sides the hemodynamic instability and pulmonary
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XIT INJURY PREVENTION THIRING
PRECNANCY

Injury provention deserves spocitic attentaon during
pregnancy. The first area of prevention is related to
the v of drps and alcohol The use of those suly
stances is not only harmful to the fetus, but also hap-
pen o be assocated with Inl,',lx risk of mjurses, In the
same context, domestic vislenae 1s becoming a major
cause of injury during pregnancy (100, One study
noted o 175% prevalence of physical or sexual abuse
Hg. A loipect of thw Bullst oo the postenor svrsoe wall after & duning pregnancy, with 60% of women having two or
@inshat wound o the abdomen 4-8 Pasacrion o the balbt 4 e ‘mnl 1 { 11 ~ | o3
s AR ) g p one wpisoies of waault 101 Interpeoamal v
o purforatices in the placests. (From [x -
1= not dependent on race, age, marital status, or
caoeconomic status; therefore all pregnant women are
potontial vactims of abuse (31)

Hame p i s

Yalruew §

VO 3 anduves

compromise, these patienls may develop minor al-
terations in the platelet count or disseminated intra
vascular coagulation

X|u-..\vlnr.u_vﬂu-!u ‘:"‘, PNTS R r»-nl.nn e e encest oo Filides 1, Rord 1 Jonss N, Marsss M, Sarmtt 1 Trauma T
mon cause of morbidity and mortality during this joadlitg Grwe of maborea’ doatls. 3 Teaum P olz 443
stape. The prvpmancy is o hypercoagubable stale due Stmten-MoComtiek M Manag nt of moderate o
to the increased levels of fibrinogen and coagulation ima in peegnancy. hatet Cymeonl Clin Neeth Am
factors, and the dex e of fibrinolvtic activity
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Mvtredactian Trauma in pregnancy is the leading cauae ol son-abivietrcal matemal death and remains a
g casae of fetal demiwe. The olzective of s study was o examine the vuliomes of pregnas
patenTe yustaeng abdoeung’ mgiry

Patieoss and inatheds This is 2 rerrospective analyss of 3l gecgnunt traumd patents amitvted wo two
bevel 1 trauma contess froen Fehnsary 1, TRS6 to December 31, 2008 Mabent dats abatracted included
mechassism of injury, plyssclogic purainetern on adinission, gy Sevarity Souce (1555 atdonundd
Ahboeviated Bnjury Scale (AISL geeational age, disgnomtic and wwpeal peacedures performed,
Comglications. and maeernal and ferad morality, Undvaciace anadysis asd logistic regression asalysis
wwe ueed

Resolts: Dasing the 155-@eath study pediod 321 pregnant putionts were included. of which 201 (91%)
e & hlunt snpory. wiile 10 (5] were vichime of penetrateg trauma OF the ponetrasing injunes,
22 (73%) were gurshor wounds, 7 (2377 stab wourds, and 1 (4%) shotgun ingecy. The overall maternal
and fetal moctalay was 35 o= U) and 163 (n = 43) mvpectively. Mean age was 22 1 6 peas-old, el the
o 1SS was 12 = 16 The overall eoean abdeatina AIS wis 2= 1.2, When aljestod Tor ape, dbdeminal A5,
155, and shonralic Blood peeswars, the penetrating raums group expeneneed begher matemal marcality | /8
vi. 2 (adjusied OR: 7: 952 QL O.65 - 79 p ~ G000 signifcamly highor fecal incetalicy [73% va. 10X (a@usted
OR: 34 SR T1=124), p - Q0001 | and matwimal modsedty 6K v, WK [aduvted OR: 25; 035 <0 9-00)
»- 00001}

Cancluwaws. Fetal onortadty and orevall mazersal mortedity remains exceedingly high, at 716 and 16X,
respecrively. following pescirating domendal injory. Penccrating egury mechanism. severity of
abdormindl iy and matemal byp o o s were independently avociated wath an
ncreased risk for fecal desvise following travemaric insnlt during pregrancy

Introduction

Trauns: in pregnancy s the Jeading non obstetrical cause ol
matermal death amd remains the most common cause of fetal
demive, it has been reported that pearly 505 of maternal deaths are
related to injury and almost 7% of all pregnancies are complicated
by traumatic insults”

The possibility of 2 pregnancy must be considerad m all imjured
females between the ages of 10 aad 50 years.'” Pregnancy
produces Sgnificant physiologic and anatomic changes in multple
argan systems! 347 pgaoneial e be apprecianed in eadec to
provide approprate cage to both mother and vaborn child, The
evaluation, Interpretation of dugnosine 1est resulls and manage-

* Corempond g nissoc
I-mat! oddomre perrtnngetmre@gmaiicam (' Priroar)

0020~ 138 - see froat matrer © 2010 Breevier 1 All fighes reserved
ded: 101006 rgury 2010 06 125
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ment of the snjuced pregnant gatient must bae sccompanied by the
Tull comprebession of all pRosiologic Alterations occurting during
pregmancy.’”

To vur krowledge, only limsted sevies™ """ of pregnant
patierts sustaining blunt injury and only vne mults-mstitutional
study" including both Bunt and penetrating trauma combined
have been previously reported. However, studies focusing mainly
an penetrating injuries during pregnancy are laclang The objective
of this snaxdy was 1o revew the suhgroup of prognant traama
victims sustainang ahdominal inpury

Patients and methods

After Institutional Rewview Uoard (IXU) appeoval by both
participating trauma centers, 2 retrospective review of all trauma
admissions to Los Angeles County+ University of Southern
Catifornia Medical Center and University Medical Ceater of Nevada
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from Febouary 1, 1966 to December 31, 2008 was performed.
inclusion ¢ritena consisted of all pregnant patients requiring
pospital admission following injury. Data were extracted from the
frauma registries ar the two centers and mdoded demographic
charactenistics, iyury Severity Soose (I5S)L Revised Trauma Soore
(RTSL abdoeningl Abbeevisted Fjury Scale [AIS] physiologic
parameters 2 admission (o the Emergexy Department [ED),
dugnostic and surgial  interventions  perfommed, o bhospital
complicatons, maternal and fetal mortadity, and Surgical Intensive
Care Unit (SICU) 20dd bospital lengths of stay.

The two-sided Fisher's exact test was wsed for testing the
dillerence between proportions and the Mann - Whitoey tank sum
test was utilised for testing the difference between means. Factors
that were different betwaeen the two study groups at p < 0,05 were
entered into a logistic regression model for adjustment. Adjusted
odds ratio (OK) and its 95% confidence intesval (C1) for the
cutcomes were derived. The SAS statistical program (SAS [nstitute
Inc.. Cary, NUC) was used for all analysis.

Results

During the 155-month study penod. 321 peegnant patients
were inchoded in the study, Overals. blunt and peretrating infuries
occurred in 291 (51%) and 30 (9%) patieats, respectively. Among
these 30 victims of penetraring insult, 22 (73%) sustained guashot
wouinds (GSW], 7 (23%) stab wounds (SW1 and 1 (3%) shorgun
Injury. Mean age was 22 6year-old and the meanISSwas 12 16,
Patient’s demographacs and physiolage characteristcs are listed in
Tabde 1. The overall mean sbdominal AlSwas 2 = 1.2and 2 + 2ameng
pattents sustaining penetrating insults. Forty.one percent of the
patients (n=12) sastained an abdominal injry, and 145 (n=4)
underveent cesirean section. The diagnostic procedures pecformed
are listed in Table 2. The overall matermal mortality in the present
seres was 3% (m = 9), and the overall fetal moctality was 16% [0 = 45)
[ the cohort of penetrating trauma patients. two women | %) and 19
fetuses {/5%) died. When adjusted for age, abdominal AlS, 1SS, and
diastolic bleod pressure, no difference in maternzl mortality was
identified (7% vs. 2% p=0.080) letal mortality, however, was
significantly higher in the penetrating injury cohort (/5% vs. 10%5;
adjusted OX: 34; 95% C1: 11-124; p < Q0001 ), i which the utsrine
inpary ocomred @ the majority of the patients The penstrating
trauma cohort also had a signtficantly higher matemal morbidity rate
(66T vs. 10%; adjusted OR: 25; 95% (1 9-79; p < Q0001) after
adjustment | Table 1} The most commeon complication was teus (57%)
in the penetrating trauma group, followed by abostion (5%] in the
bluse trauma group. The penctrating trauma group had 2 longer
hospital length of stay (7 = 9 vs 4 4+ 8 p < 0.058) as compared to the
blumt trauma group.

Tabic 1
Dvurmngrepinn and e churactenstas ol the wady populaiun,
Al puaticrrs Fraxtiatsg
(n=321) Stania (ve30)
Age (years) 2346 2245
Ceuaniond] ae (wioeks) 19450 17il0
Vs signs of sdnisios
Fetal deart rane (Deatsminy TIs 06 222
Sywnlic blood presanre [mm Hg 123122 9:2)
Heart zxe (bearuimin) Wt 0 s N
Respiratory raee (hreathe(min| Nis FUES |
Fotal Beart ratw (Beats i) 12445 114,55
1« 1441 1441
m 942 LB
1559 a1 12,15
Abdormizal ALY 2412 2+2

CCS, Clugow Come Scake. RTS. Revied Trammna Scuce: B5S njury Severiy Scooe.
NS ABbreveared Tjury Scabe
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Tanie 2
Draprntic modaition deplaged
Fearirateng trauma lo= 0|
Plaia Blive 387
CT abdecives 2%
Transabdominal pevic dirassons 13
Tocodpmamics ne

CT carepated mmogrpiny

Tadle ¥
Adunted” careomes b owing penetrating and 2icnt s in Suring pregrancy
Outoame Pefwnsating Than Mased Adpsnd
traura trama odds Ttk pwabr
n=3% =208 193% C1)
Naterral n P 28 0ES-) 0%
meetality
Fetal s o q11-124) <0001
misstalily

* Adpamad far 3ge, o

| apary, IS5, and @awake Bood precosre

Penprrating injuries are exceedingly uncommaon in pregnant
poputation reflected hy the lack of larges senes on the topsc
Newvertheloss, Aniulene et al= roposted, in 2 Medlime-hased
review ol 13 years; that injury affces almost 8% of a1
pregnancses, bowewer, only 16% ol those WCHims  sustan
penetiating oy Likewise, 1 our serles a toral of 9% of the
cohoes sustained a pepetrating msalt. predomisantly GSW, in
vreess of 70% of cases

AL Il treatme it presontses 2150 i pregnant 1eauma victim
fallow ATLS poieiples.” Once Nle-threatening inrmes have been
Sdeessed, the secondury survey of fertile femmale should include
assessanent ol potential pregnancy. fetal age, and i1s possible extrg-
wler e survival prompting pestisent monstonng of fetal distress
with wardintocography.”’

The inddexce of ulenne injury increases signibcantly after
peoetrating abdominad traumy, as the pregnant uterus expancls
beyond the pelvis by the 12th week of pregnancy. In the secomd
half of pregnancy the vast majurdty of penetrating injaries to
anterior abdomen are associated with uterine brgury.' ™" Never
theless, by the muddle of the second trimester, the oterine
musculature is capable of absorbing most of the wounding energy
resulting in 2 low maternal death-rate in these instances '™ *? Stab
wounds during pregnancy, in general, are less likely to cause
maternal bowel injury. However, upper abdomanal stab wounds
may resalt in 2 complex bowael injury because of the cephalad
bowel displacement. Gunshot wounds to the uterus cause
frequeatly fetal injurics in 60-70% of cases. Such lesions ase
associated wizh fetal death in S0-65%17"2.19 [ the current senies,
penetrating mechanisms of injury were significantly moce
fmwmtly assocated with abdominal insults at 41%. Likewise,
penetrating mechanisms of injury resudted in sgnificantly higher
rate of fetal demise, averall morhidity, and in an ohvious rend of
maternal mortality in current serks.

Emorgency cacsaran secrion may be indicated when fetal
survival is noted following peactrating ingury to the atenss ™
Feral vabilny is defined a5 25 weeks of gestation, which
correspodds 1o a fundal height balfway between the umbiticas
and the castal margin,' and at this stage timing of the caesanan
sechion Is concal as e fetus has 40-70% chance of survival ™
Indcanons for emergency Caesanan section included maternal
shock, threa to Jife from exsaaguinaiions rom any cause,
preparable uterine njury. fetad distress inoa viable fetos,
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unstable tharacolumbar spine Injury, pregnancy near term, and
maternal death™* Marris ot al."”? reposted thar the emergency
cacsanian section performed after 25 weeks of gestation for
specific indications following trauma is associated with 45% fetal
suevival and 725 maternal survival, IF the caesacan section and
delivery are done within 5 min there & an excellent protrabidity
of suvival, but It is mmore wnlikely as the time increases
Cavsarian sections were performed in 8% of the penetrating
tranma patients oo seces, of which fetal montaliny was
signaticantly high.

It has boen repanndd that 10-30% of wamen are abuised dusing
1hetr pregnancy, and 5% of the cases lovolving abese tesult in feral
dearh.™ 'Y In our senies conssstent wirh the literature, overall § 1% of
patients repormed domestic assault, These insults may be highly
unreportest in the peegnant population in the pevsent sones in
concarcanee with ather repoes,””*®

Altbough this stxdy has same limetabons, seh as the
retrospective design andd the small number of subjects enralled,
this 15 to the best of our knowledge the largest series assembled
from the two nstitunons focussng on pepotratiog abdaminal
injunies during pregaancy

The penetrating traums cobwoat of pregnant parients expen-
encod higher maternal mortaliny | 7% ve. 2% {adjusted OR: 7; 95X C1!
Q65-79], p=0.090|, significantly higher fetal mamality [73% ve
10% (adjusted OR: 34; 95% T 11-924), p < 0.0001] and matemal
mot bidity [66% v, 1005 (xljusted OR: 25.95% (1: 9-79) p < 0.0001]
while sdjusting for age, abdomingt AlS, 1SS, and diastolc blocd
pressure.

Condusions

Assessment of 2 female trauma patient in the fertile age should
abways include the possibality of pregrancy. Fetal moetality and
overall maternal morbedity remains exceedingly high, st 73% and
665, respectively, following penetrating abdominal ingury. Pene
trating Injury mechanism, severity of abdominal mjury and
maternal hypoetension oe admission were independently associat
ed with an increased sk for fetal demise following traumatic
insult during pregnancy.
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Trauma in pregnant patients @c,mm
Introduction

Over the past several decades, traumatic injuries have been identified as major contributors
to maternal and fetal morbidity and mortality. Traumatic injuries, most commonly accidental,
and occasionally the result of intentional violence, are now considered the leading cause of
death during pregnancy. Fildes and colleagues’ reported that nearly 50% of maternal deaths are
caused by trauma. From 6%-7% of all pregnancies are complicated by trauma, and 0.4% of
pregnant patients require hospitalization for the treatment of traumatic injuries.” The actual
number of injured pregnant women is underestimated because many of them are unreported,
especially those due to domestic violence.

Although major blunt and penetrating trauma is more likely to affect both a pregnant woman
and her fetus, complications limited to the pregnancy itself, such as abruption placenta and fetal
injuries, can occur after relatively minor trauma to the abdomen from falls, domestic abuse, and
low-speed motor vehicle accidents.

The possibility of a pregnancy must be considered in all injured women between the ages of
10 and 50 years.” Pregnancy produces major physiological and anatomical changes in multiple
organ systems that may affect the response of a pregnant woman to trauma. It is essential for a
trauma surgeon or any practitioner taking care of a pregnant trauma patient to understand the
effect of the physiological changes occurring during the early and late pregnancy on the
symptoms and signs of the trauma victim to provide the appropriate care to both the mother
and the unborn child. The evaluation, interpretation of diagnostic tests, and management of the
injured pregnant patient must take place within the context of all the physiological alterations
occurring during pregnancy.”

It is essential that all professionals responsible for the treatment of trauma patients recognize
and be aware of the anatomical and physiological changes that occur to pregnant women and
how these changes may affect the evaluation and treatment of this unique patient population.”
Clearly, a comprehensive evaluation of these patients must include the assessment of the fetus
to save the pregnancy.

Historical perspective

The oldest known cases of traumatic injury during pregnancy are referenced in the Code of
Hammurabi (15th century BC)® and the Old Testament (Exodus 22:21), Penetrating injuries to
the gravid uterus from spears, sticks, and animal horns have been observed from ancient times.

http://dx.doiorg/ 101067 fj.cpsurg. 2015.07.001
0011-3840/c 2015 Elsevier Inc. All rights reserved.
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The famous military surgeon Ambroise Paré, who was also an obstetrician, was the first to
describe the treatment of penetrating injuries to the uterus.” He wrote, “When the womb is
wounded, the blood cometh out at the privites, and all other accidents appeared.”

Articles written in past centuries about trauma in pregnancy identified falls, battering, and
assaults as the most common causes of traumatic injuries during pregnancy.” However, with the
evolution from a less to a more industrialized society, the etiology of traumatic injuries has
evolved from those previously reported to those typical of a more industrialized society, such as
motor vehicle crashes and penetrating trauma from stab and gunshot wounds.

Epidemiology

The Center for Injury Research and Prevention in Pittsburgh, Pennsylvania, published in 1995
an excellent epidemiologic 1-year study” that included all women of childbearing age requiring
hospitalization for injuries. Of the 16,722 women having traumatic injuries, 761 were identified
(4.6%) as being pregnant. The most common causes of injury were motor vehicle collisions
(33.6%), falls (26.4%), poisonings (16%), and “struck by or against” (11.4%), The mean age of
injured pregnant women was 24.9 years. Weiss and colleagues”® reported a 3-year study in which
240 traumatic fetal injury deaths were identified (3.7 fetal deaths per 100,000 live births). Motor
vehicle collisions were the leading trauma mechanism (82% of cases), followed by firearm
injuries (6% of cases) and fall-related injuries (3% of cases),

Traumatic injury-related fetal mortality was reported by the same author” in a 2-year study,
with data from only 1 state: 31 of 7131 (0.4%) fetal deaths were ascribed to trauma, whereas the
fetal death rate was 6.5 per 100,000 live births. Motor vehicle collisions were the leading cause
of injury (81%) and placental separation was the most common diagnosis (42%).

More recently, Leggon and colleagues' reported a very extensive literature review from 1932
through 2000, including 101 pelvic and acetabular fractures during pregnancy. They found that
the average age of the women was 25 years, and associated maternal injuries were noted in 60%
of the patients. The most common mechanism of injury was motor vehicle collisions (73%),
followed by falls (14%) and automobile-pedestrian collisions (13%). The overall maternal
mortality rate was 9%, and the fetal mortality rate was 35% The mortality stratified by the
mechanism of injury led to the following observations. Firstly, automobile-pedestrian collisions
were responsible for 7% (3 of 11) of maternal mortality and 45% (5 of 11) of fetal mortality.
Secondly, motor vehicle collisions were associated with 6% (4 of 63) of maternal mortality and
37% (23 of 63) of fetal mortality. Lastly, falls did not cause maternal deaths (0 of 12) but were
associated with an 8% (1 of 12) fetal mortality. These authors concluded that automobile-
pedestrian collisions have a statistical trend for higher maternal mortality, whereas vehicular
collisions tend to cause more fetal deaths.

Young pregnant women are also at high risk for battering. it has been reported that 10%-30%
of women are abused during pregnancy, and 5% of cases involving abuse result in fetal death."’
Physical abuse should be suspected based on the pattern of injuries. Although motor vehicle
collisions and pedestrian struck type of injuries tend to affect more commonly the distal
extremities, pelvis, and abdomen, the injuries caused by physical abuse tend to be more
proximal and more commonly in the midline. Pregnant women subjected to physical abuse
typically present with injuries to the neck, breast, face, upper arms, and lateral thighs, as well as
with bizarre injuries such as cigarette burns and bites.'” Because domestic violence is associated
with a wide range of psychological, psychosomatic, and physical conditions, the diagnosis
requires a high degree of suspicion and astute clinical skills. The most common symptoms
associated with domestic violence include headache, chronic pain, gynecologic symptoms,
posttraumatic stress disorder, acute and chronic injuries such as those described earlier, and
substance abuse, among other conditions.””

An estimated 33% of abused women have anxiety and depression, and 26% of female suicide
attempts are by women experiencing interpersonal violence, but this number is underestimated,
as these injuries are unreported, especially in the pregnant population. Identified risk factors for
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trauma during pregnancy include younger age,” drug and alcohol use, and domestic
violence."”'*"" Berenson and collegues' found that battered women were more likely to use
alcohol and tobacco. Holland and colleagues’” reported a 21% incidence of preterm birth when
pregnant women tested positive for drugs.

Although in general the physical abuse to a pregnant woman is aimed at injuring the
person herself, occasionally the physical abuse is directed specifically to the gravid abdomen,
with the intent of causing fetal injury.'” Battering can initiate or escalate during pregnancy;
however, pregnancy can be a protective hiatus for some women. It is estimated that between
10% and 30% of women are abused during pregnancy, with a fetal mortality of 5%.'” In a review
of domestic violence, intimate partner viclence and battering was reported to occur in 1 of
every 12 pregnancies in the inner city."” Intimate partner violence contributed to 20% of all
nonfatal violent crimes experienced by women.” Homicide rates for African American
women were 3 times higher than those for white women.”' According to Chang and
colleagues,”® homicide is the third leading cause of injury-related death for all women of
childbearing age, independent of pregnancy status. They reported a homicide rate of 1.7 per
100,000 live births, Risk factors for homicide during pregnancy included age younger than 20
years, belonging to the African American ethnic group, and later or no prenatal care. The most
common mechanisms of injury were gunshots (58%), stabbing ( 18%), strangulation ( 14%), and
battering (8%).

1kossi and colleagues” identified factors predictive of injury in a group of pregnant women.
Based on the National Trauma Data Bank (NTDB) of the American College of Surgeons, among
the 77,321 women of childbearing age hospitalized for traumatic injuries, 1.5% (1195) were
pregnant. The most common mechanisms of injury in this review article were motor vehicle
crash (70%), interpersonal violence (11.6%), and falls (9.3%). Young age at the time of the
pregnancy, African American or Hispanic heritage, and lack of insurance or underinsurance
status were the highest risk factors for injury during pregnancy.

Depression during pregnancy and postpartum has contributed to a higher suicide-related
maternal mortality rate.”~*** All pregnant and postpartum women have to be screened for
depression to prevent the possibility of suicidal ideation and the possibility of attempts to
suicide. Suicide remains the fourth leading cause of female mortality’”; however, pregnant
women have a lower risk of successful suicide than that of women who are not pregnant.”’~"
The attempted suicide rate during pregnancy has been estimated to be 0.4 per 1000
pregnancies.”” Common methods of attempted suicide include drug overdose and poisoning
with a corrosive substance,"**

Table 1
Changes in maternal physiology dunng pregnancy.
Change Consequence
Cardiac output and blood volume increase Shock after more than 40% of blood loss
Expansion of plasma volume Physiological anemia
Decline in artenial and venous pressure Vital signs are not reflective of hemodynamic status
Increase of resting pulse
Chest enlargement Change in anatomical landmarks
Diaphragm rise Caution during thoracic procedures {eg, thoracostomy)
Substernal angle increase
Decrease in functional residual capacity Rapid decline in PO; during apnea or airway obstruction

Increase in oxygen consumption
Airway closure when supine

Increase in tidal volume and minute ventilation Reduction in PCO, and bicarbonate levels
Decrease in anesthetic requirements Need for adjustment of sedative doses
Decreased gastric motility Risk of aspiration

Redaxation of gastroesophageal sphincter

Adapted with permission from Tillou and Petrone.™
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Anatomical and physiological changes

The initial assessment and management for resuscitation of an injured pregnant patient are
always the same as in nonpregnant patients, although the anatomical and physiological changes
during pregnancy may alter the response to the injury. It is essential to understand all the
changes that occur during this period to provide appropriate care to both the mother and the
unborn child (Table 1).}

Cardiovascular System

The plasma volume begins to expand at 10 weeks of gestation. The increases in estrogen,
progesterone, renin, and aldosterone levels contribute to expand the plasma volume by up to
45% of pregravid levels. In particular, the enhanced activity of aldosterone is responsible for an
additional resorption of approximately 950 mEq of sodium each day, which in turn leads to
retention of approximately 6-8 L of total body water by the third trimester of the pregnancy.”’

This hypervolemic state, which is teleologically meant to compensate for the blood loss of
approximately 500 mL that occurs at the time of vaginal delivery and which can also protect
the mother from the blood loss of approximately 1000 mL associated with a cesarean delivery,
is protective of the mother in the case of hemorrhage from trauma.

Because of increased plasma volume in relation to the red cell mass, the pregnant woman
develops a “physiological anemia" with a hematocrit of 31%-35% in the late pregnancy.

Because of the increase in plasma volume, the pregnant patient may lose 35% of the
circulating blood volume before exhibiting any sign or symptom of maternal shock, giving a false
sense of security to the caregiver. The white blood cell count increases, reaching values as high
as 25,000 per mm? during labor. The levels of coagulation factors and fibrinogen are increased,
and the fibrinolytic activity is reduced; this results in a hypercoagulable state that accounts for
the increased risk of venous thromboembolism during the pregnancy.

The pulse rate also increases gradually 10-15 beats per minute throughout pregnancy, mainly
because the diaphragm becomes more elevated secondary to the enlarged uterus that causes a
lateral displacement of the cardiac apex, reaching the maximum by the third trimester. The
mean blood pressure averages 105/60, 102/55, and 108/67 mm Hg, by the first, second, and third
trimester, respectively. Levels of blood pressures more than these mean values should alert the
physician to the possibility of pregnancy-induced hypertension.

By the end of the first trimester, cardiac output increases by 1.0-1.5 L/min, which represents
approximately 25% more than the normal value because of an increase in plasma volume and the
decrease in vascular resistance of the uterus and placenta.”

A point worth emphasizing is the maternal position during the second half of the pregnancy.
When the patient is in supine position, the inferior vena cava is partially obstructed by the
enlarged uterus; thus, there is a decrease in blood return to the right side of the heart, resulting
in a decrease in cardiac output, causing the “supine hypotensive syndrome,” which is
characterized by dizziness, pallor, tachycardia, sweating, and hypotension. This condition is
relieved when the patient is turned to the left lateral decubitus position.

Respiratory System

As previously mentioned, the diaphragm rises approximately 4 cm and the chest diameter
increases by 2 cm, increasing the substernal angle by approximately 50 .°% These changes occur
secondary to hormonal effects and from the mechanical pressure imposed by the enlarged
uterus. To avoid latrogenic complications, these anatomical changes should be taken into
consideration when thoracic procedures such as tube thoracostomy, placement of pigtail
catheters, and thoracentesis are being performed.

The most notable changes in respiratory physiology and oxygen use include increased minute
ventilation and vital capacity with decreased residual volume and functional residual capacity,
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as well as an increase in oxygen consumption by approximately 20%. The rise in minute
ventilation is caused primarily by the increase in tidal volume, which averages 200 mL. The
respiratory rate does not alter significantly throughout pregnancy. The arterial partial pressure
of oxygen remains unchanged, whereas the partial pressure of carbon dioxide decreases because
of the augmented minute ventilation. The pH does not change because of the compensatory
decrease in the plasma bicarbonate level; therefore, the pregnant woman develops a state of
compensated respiratory alkalosis.”* Because of the reduced functional residual capacity,
pregnant patients do not tolerate apnea well, and supplemental oxygen is always indicated.

Gastrointestinal system

Gastrointestinal motility, intestinal secretion, and absorption are reduced because of
increased levels of progesterone and estrogen during pregnancy. In addition, because of the
partial displacement of the lower esophageal sphincter into the thorax and the decreased tone of
the lower esophageal sphincter from the action of progesterone, which is associated with
decreased gastric emptying, a pregnant woman is at a higher risk of aspiration following a
traumatic event.

As the uterus continues to grow, the small bowel is displaced laterally and superiorly, making
it more vulnerable to penetrating trauma to the upper abdomen. Biliary secretion is also altered,
as shown by the increase of the alkaline phosphatase levels to nearly twice its normal value.™
Because of the decreased flow-dependent biliary secretion and the decreased cholecystokinin-
induced gall bladder emptying, both caused by the increased level of progesterone, a pregnant
woman is prone to bile stasis and to the formation of gall bladder sludge and gallstones, which
can be documented by the end of the second trimester in 31% and 3% of pregnant women,
respectively.”” " There is also a decrease in the level of plasma albumin to an average of 3.0 g/dL.
but this is probably dilutional and not due to compromised synthetic activity.™

Renal system

The renal system also is affected during pregnancy. The earliest change is an increase of the
renal blood flow by approximately 30% that increases the creatinine clearance. Therefore, the
serum levels of creatinine and blood urea nitrogen are markedly decreased during pregnancy. By
26 weeks of gestation, renal plasma blood flow and glomerular filtration rate are 80% and 50%
more than the normal baseline values, respectively.””*" Because of these increases, more plasma
is filtered, diminishing the protein levels and therefore the oncotic pressure, which places the
pregnant patient at a higher risk of pulmonary edema. As the uterus becomes larger, the ureters
and bladder are compressed, resulting in hydronephrosis and hydroureter; thus, a dilated
collecting system in a pregnant patient is normal. Because of the anterior and superior
displacement of the bladder, it becomes more susceptible to lower abdominal injuries.

Endocrine system

The pituitary gland enlarges by 0.08 mm/wk, reaching a maximum height of 10-12 mm
immediately postpartum; this represents an increase of approximately 135% from its original
size."' Owing to the more dominant enlargement of the anterior lobe of the gland and its
increased blood requirement, this portion of the gland is more prone to ischemia and necrosis
particularly in pregnant women with type 1 diabetes mellitus. Traumatic shock may cause
antepartum necrosis of the anterior part of the gland, causing pituitary insufficiency, as opposed
to the Sheehan syndrome, which is a postpartum pituitary necrosis caused typically by massive
bleeding during or after delivery.

The placenta produces human chorionic gonadotropin, human placental lactogen, progester-
one, estrogen, thyroid-stimulating hormone, and adrenocorticotropic hormone."’ Because
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estriol production depends on the appropriate function of the fetal-placenta system, it can be
used as a marker of fetal and placental well-being.*

Musculoskeletal system

The softening and relaxation of the interosseus ligaments during pregnancy widens the
sacroiliac joint and the pubic symphysis from 4-8 mm. Because of these changes, the maternal
center of gravity is disrupted, and a pregnant woman attempts to compensate assuming a more
lordotic posture, resulting in an increased risk of falls.

Neurologic system

Intracerebral hemorrhage is the most common cause of death in patients with pregnancy-
induced hypertension, and because it can produce seizures, it may mimic a head injury. It should
be suspected when hypertension is associated with hyperreflexia, proteinuria, and peri-
pheral edema.

Reproductive system

The weight of the uterus increases 60 times, ranging from 60-1000 g by the end of the
gestation. After the third month, the uterus is outside the pelvis, and by the third trimester, it is
at a level above the umbilicus, displacing the hollow viscous viscera upward and laterally.

Uterine blood flow increases by approximately 500 mL/min; this represents an increase of
approximately 17% of the cardiac output.”” Simultaneously, uterine veins may enlarge up to 60
times their size when compared with the prepregnant state. The increased vascularity of the
uterus and the pelvis resulting from the increased inflow caused by the expanded runoff
provided by the gravid uterus places a pregnant woman at a higher risk of massive bleeding in
the case of pelvic fracture or uterine injury.

Assessment and management
Prehospital care

Prehospital personnel must be aware of the physiological changes associated with pregnancy,
in particular, the importance of providing supplemental oxygen for preventing maternal and
fetal hypoxia and of infusing intravenous fluids liberally during the transport of these patients.
Because of the increased intravascular volume, these patients can lose a significant amount of
circulating blood volume before the development of tachycardia, hypotension, and other signs of
acute blood loss.

Military antishock trousers (MAST), also known as a pneumatic antishock garment, are a
1-piece inflatable device that has been used to support blood pressure in hypotensive patients
during transport to the trauma center. The current indications include the presence of severe
hypotension in patients with suspected or documented pelvic fractures and temporary support
of blood pressure in patients with hemorrhage from abdominal trauma who are on route to the
operating room or to another facility.** The MAST are potentially harmful to pregnant women in
the second and third trimester of pregnancy and are relatively contraindicated in pregnancy
other than for a ruptured ectopic pregnancy.*” The emergency department team must be aware
to limit the inflation of the MAST only to the leg compartments and to avoid inflation of the
abdominal section if used while transporting a pregnant woman whose pregnancy has
progressed beyond midterm gestation, because inflation of the abdominal compartment of the
MAST can compromise uteroplacental blood flow.*” Deflation should occur in the hospital only
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after intravenous lines are secured and after appropriate volume loading with crystalloids, blood
products, and control of the bleeding source.™”

To avoid the supine hypotension associated with the uterine aortocaval compression (Fig 1),
patients after 20 weeks of gestation should be transported on a backboard tilted to the left by
15", paying special attention to the immobilization of the cervical spine.™" The aortocaval
compression by the uterus decreases the venous return to the right heart, causing supine
hypotension because of the reduced stroke volume and cardiac output. It is noteworthy that
aortocaval compression from the enlarged uterus can compromise the effectiveness of chest
compressions during cardiopulmonary resuscitation (CPR) in the third trimester of pregnancy.
If the patient is in a supine position, the right hip should be elevated 4-6 in (15-30"), placing a
firm wedge under the right hip to achieve tilt. In cases of major trauma, the wedge should be
placed under the spinal board. If lateral tilt is not feasible, manual uterine displacement to
minimize inferior vena cava compression is indicated: standing on the woman's left, the
physician places both the hands around the uterus and gently pulls the uterus toward himself
or herself."

Primary survey

The priorities for treatment of an injured pregnant patient remain the same as those for the
treatment of a nonpregnant patient. The primary survey includes establishing the patency of the
airway, maintaining the breathing, and providing adequate support of the circulation with
volume replacement and hemorrhage control, if necessary, with the understanding that the
treatment of the mother takes precedence over the treatment of the fetus.*

Severe trauma induces the release of maternal catecholamines that cause uteroplacental
vasoconstriction, compromising the fetal circulation. Therefore, supplemental oxygen is always
indicated to prevent maternal and fetal hypoxia. Because of the increased cardiac output present
in pregnant patients, the increase in oxygen in solution provided by the administration of
supplemental oxygen may increase oxygen delivery to the fetus,

Hypovolemia should be suspected in all pregnant victims of trauma before it becomes
clinically apparent, because the pregnancy-induced hypervolemia may mask significant blood
losses, and the occurrence of shock may be delayed. Vigorous volume resuscitation is
encouraged even for patients who appear normotensive after major trauma.

Fig. 1. Compression of the infenior vena cava (within the oval) in advanced pregnancy. (From Dr Patrizio Petrone's
personal archives.) (Color version of figure is available online.)
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Secondary survey

The secondary survey consists of obtaining the obstetrical history, a physical examination,
and evaluation and monitoring of the fetus. All necessary radiological investigations should be
performed regardless of the pregnancy. Comorbid factors such as pregnancy-induced hyper-
tension and diabetes mellitus should be known to provide proper treatment. The obstetrical
history of preterm labor or placental abruption places the patient at increased risk for the
recurrence of this condition. The obstetric history includes previous episodes of preterm labor,
placental abruption, the date of the last menstrual cycle, expected date of delivery, and any
problem or complications of the current and previous pregnancies.

The abdominal examination is critically important, as well as the determination of the
uterine size, which provides an approximation of gestational age and fetal maturity (Figs 2 and
3). It is important to stratify the pregnant patient into 1 of the categories shown in Table 2.*" The
fetus is usually considered viable when it has a 50% chance of extrauterine survival. With the use

Fig. 2. Location and size of uterus during different stages of pregnancy. The numbers indicate weeks of gestation.
(Modified with permission from Wilson SF ed. Assessment of the Pregnant Patient. Health Assessment for Nursing
Practice. 4th ed. Mosby: 2009.) (Color version of figure is available online.)

30



Patrizio Petrone

338 P. Petrone, CF. Marini / Curvent Problems in Surgery 52 (2015) 330-351

Fig. 3. Exploratory laparotomy in a pregnant patient at approximately 26 weeks of gestation. (From Dr Patrizio Petrone’s
personal archives.) (Color versson of figure is available online.)

of advanced neonatal supportive capabilities, newborns weighing 500-600 g can be supported in
appropnate neonatal intensive care units with 20%-30% chance of meaningful survival. Dedsions
regarding fetal viability are based on the assessed gestational age by ultrasonography; however, it
must be mentioned that even with the use of the most advanced technology, gestational age is
subject to an error of 1-2 weeks. A rule of thumb assessment of gestational age in the trauma bay
uses the umbilicus as the landmark of potential fetal viability. If the fundus of the uterus extends
above the umbilicus, the fetus is considered potentiaily viable. A discrepancy between gestational
dates and uterine size is suggestive of uterine rupture or uterine hemorrhage. Uterine rupture is
suspected by the presence of peritonitis, findings of extrauterine fetal parts on abdominal palpation,
as well as the inability to palpate the fundus of the uterus. However, the abdominal examination may
be unreliable and cannot be relied upon as the sole diagnostic modality. An algorithm for initial
maternal and fetal assessment is presented in Figure 4.+

There are 6 conditions suggesting potential harm to the pregnancy itself in a patient who has
experienced a traumatic event that must be assessed at the time of the evaluation of the
pregnant patient.*” They include one or more of the following conditions:

1. Vaginal bleeding: it can suggest premature cervical dilation, early labor, placental abruption
or placenta previa.

Table 2
Patient stratification by category.
Category Considerations
Potentially pregnant History alone is unreliable in excluding pregnancy

Perform a pregnancy test on all women of childbearing age who sustained trauma
Where pregnancy is confirmed after a trauma event, provide counseling on the
implications (ie, radiographic studies)

Previable gestation (< 24 wk) Dates and estimations of gestational age may be inaccurate or unreliable
Where in doubt, presume viability
Document presence or absence of fetal heart rate

Viable gestation Gestation greater than 24 wk
Start cardiotocograph monitoring

Perimortem Evaluate to perform cesarean delivery

Adapted with permission from Queensland Clinical Guidefines."”
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Fig. 4. Algonithm for initial maternal and fetal assessment. OB, obstetrics; US, ultrasound. (Color version of figure is
available online.)

2. Ruptured membranes: prolapse of the umbilical cord can occur, resulting in compression of
the umbilical vein and arteries.

3. Bulging perineum: caused by pressure from extrauterine located parts of the fetus.

4. Presence and patterns of contractions: their presence is important, so preparation for an
eventual and early delivery can be made.

5. Abnormal fetal heart rate and rhythm.

6. Kleihauer-Betke test: is used after maternal injury to identify fetal blood in the maternal
circulation (fetomaternal hemorrhage).

Fetomaternal hemorrhage

FMH, the transplacental hemorrhage of fetal blood into the normally separate maternal
circulation, is a unique complication of trauma during pregnancy.”’ The reported incidence of
FMH after trauma is approximately 10%-30%.°" There is no proven correlation between the
severity of trauma, gestational age, and frequency and volume of FMH. Complications of FMH
include Rh sensitization in the mother, fetal anemia, fetal paroxystic atrial tachycardia, fetal
hypoxia, intrauterine death from exsanguination, or neonatal neurologic damage.™
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Theoretically, FMH is possible by the fourth week of gestation; some authors suggest that FMH
becomes a concern only after 12 weeks of gestation when the uterus rises above the pelvis and
becomes an organ susceptible to direct trauma. FMH is detected by the KB test, an acid elution
technique on maternal blood. On examination, adult cells remain colorless, whereas fetal red
blood cells turn bright purple-pink. The ratio of fetal cells to maternal cells is recorded, enabling
calculation of the volume of fetal blood leaked into the maternal circulation.

The management of the FMH includes continuous electronic fetal monitoring of the viable
fetus, abdominal ultrasound to detect fetal heart activity, placental location, amniotic fluid index,
and excluding intraperitoneal bleeding. Elevated peak systolic velocity of the fetal middle
cerebral artery correlates with fetal anemia.”*”” Occasionally, emergency cesarean delivery may
be indicated.””

Most clinical laboratories screen 1000 red blood cells taken from the mother. A maternal
blood volume of 5L is commonly assumed in the laboratory formulas used; therefore, the
presence of 1 fetal cell per 1000 cells counted corresponds to a FMH of 5 mL However, the
amount of FMH sufficient to sensitize most Rh-negative women is well less than the 5-mL
sensitivity level of the standard laboratory’s KB test. As little as 1 mL of Rh-positive biood can
sensitize 70% of Rh-negative women. Currently, several commercial kits expedite and simplify
the test process. Unfortunately, the sensitivity of the KB test remains low. Therefore, all Rh-
negative mothers who present with a history of abdominal trauma should receive 1 prophylactic
dose of 300 pg of Rho(D) immune globulin (RHOgam) within 72 hours of the traumatic event.
Although controversial, the KB test should be reserved for Rh-negative women who are at risk
for massive FMH that would exceed the efficacy of 1 dose of immune globulin (ie, more than
30 mL). According to some studies, less than 1% of all trauma cases and only 3.1% of major
trauma cases exceed the coverage provided by 1 dose of 300 pg Rh immune globulin. As a
general rule, 300 pg of Rh immune globulin should be given for every 30 mL of fetal blood found
in the maternal circulation. The KB test should be performed in all pregnant patients with
gestational age more than 12 weeks.” " For cases of documented FMH, some studies
recommend repeating the KB test in 24 hours to check for ongoing bleeding.

Radiographic examination

Indicated radiographic studies should be performed independent of the status of the
pregnancy (Fig 5). The effect of radiation on the pregnancy is completely dependent on the
gestational age of the fetus.” Before the third week of gestation, during preimplantation and
early implantation, exposure to radiation can result in death of the embryo. Between 3 and 16
weeks of gestation, during organogenesis, radiation can damage the developing fetal tube,
resulting in anomalies in the central nervous system. After 16 weeks, neurologic defects are the
most common complications.” Prenatal radiation exposure may be associated with some
childhood cancers.”"

Most of the human data on exposure to radiation are not based on doses applied during
normal diagnostic studies. Although there is existing concern about radiation exposure during
pregnancy, in general, the benefits of the radiological investigations outweigh the risks
associated with it. However, unnecessary duplication of films should be avoided. It is generally
believed that exposure of the fetus to less than 5-10rad causes no increase in the risk of
congenital malformations, intrauterine growth retardation, or miscarriage. Radiation doses from
common imaging studies are shown in Table 3.°'"*" The American College of Obstetricians and
Gynecologists (ACOG) has published a consensus statement™ with the following recommen-
dations: (a) Women should be counseled that x-ray exposure from a single diagnostic procedure
does not result in harm to the fetus or the pregnancy; (b) Concern about possible effects of high-
dose ionizing radiation should not prevent medically indicated diagnostic x-ray procedures from
being performed during pregnancy; (c) Consultation with an expert in dosimetry calculation
may be helpful when several diagnostic x-rays are required. Specifically, exposure to less than
5 rad has not been associated with an increase in fetal anomalies or pregnancy loss.”*
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Fig. 5. Abdominal computed tomography (CT) scanning m a pregnant woman. (From Dr Patnzio Petrone's personal
archives.

Important statements on radiographic studies were also made by the American College of
Radiology and the National Council on Radiation Protection, including that no single diagnostic
procedure results in a radiation dose that threatens the well-being of the developing embryvo
and fetus.”” Furthermore, fetal risk is considered negligible at 5 rad or less when compared with
the other risks of pregnancy, and the risk of malformations is significantly increased only when
levels of radiation exposure exceed 15 rads.

Although there have been no documented adverse effects reported, the National Radiological
Protection Board arbitrarily advises against the use of magnetic resonance imaging in the first
trimester.”* There have been no reports of documented adverse fetal effects from diagnostic
ultrasound procedures, including duplex Doppler imaging, and there are no contraindications to
ultrasound procedures during pregnancy. Ultrasonography has largely replaced x-ray as the
primary method of fetal imaging during pregnancy.”™

In summary, the following guidelines are suggested: First, limit the number of radiographic
studies to the minimum necessary to establish the diagnosis, avoiding unnecessary duplications.
Second, shield the abdomen with a lead apron when a radiological study does not involve

Table 3
Estimated fetal exposure.

Procedure Fetal exposure (rad) Number of studies required for
a cumulative 5-rad dose

Chest x-ray (2 views) 0.00007 71420
Abdominal film (multiple view) 0.245 20
Cervical spine 0.002 2500
Upper or lower extremity 0.001 5000
Thoracic spine 0.009 535
Lumbosacral spine 0359 13
Pelvis 0.040 125
Hip (single view) 0213 23
Head CT (10 sfices/10 mm 0.050 100
Chest CT (10 slices/10 mm) < 0.100 50
Abdomen/lumbar spine CT 35 1

i o

CT. computed tomography. (Modified with permission from Queensland Clinical Guidelines™ and Tillou and Petrone. **)

34



Patrizio Petrone

342 P. Petrone, CP. Marini / Curvent Problems in Surgery 52 (2015) 330-351

investigation of the abdomen. Third, limit the number of radiographs required over a protracted
intensive care unit stay in critically ill patients.

Fetal assessment

Fetal evaluation begins with checking the fetal heart rate and documenting the presence of
fetal movement. Currently, the most valuable information regarding fetal viability can be
obtained by a combination of monitoring of the fetal heart rate and ultrasound imaging. Fetal
heart tones can be detected by auscultation or Doppler probe. This should be accomplished early
in the secondary survey and repeated frequently. The normal range for the fetal heart rate is 120-
160 beats per minute. Continuous electronic fetal heart rate monitoring remains the most widely
used modality for evaluation of the fetus and is an adjunct to the monitoring of the maternal
condition. The use of electronic fetal heart rate monitoring permits prompt identification of fetal
distress including the possibility of asphyxia and fetal death. Any viable fetus of 24 or more
weeks of gestation requires monitoring after a trauma event. This includes patients with no
obvious signs of external abdominal injury, because direct impact is not necessary for
fetoplacental pathology to occur.”™"'

The objective of the monitoring is to identify premature labor, placental abruption, and
fetal distress. The combination of high-resolution real-time ultrasonography and cardio-
tocographic monitoring (CTM) appears to have the highest sensitivity and specificity. They
should both be instituted as soon as feasible without interfering with maternal resuscitative
efforts.”

The most common obstetrical problem caused by trauma is the occurrence of premature
uterine contractions. Myometrial and decidual cells, damaged by contusion or placental
separation, release prostaglandins that stimulate uterine contractions. Progression from uterine
contractions to actual labor depends on the size of uterine damage, the amount of
prostaglandins released, and the gestational age of the pregnancy. Some studies question the
routine use of tocolytics for the prevention of premature labor after trauma, because most of the
contractions (90%) stop spontaneously, and persistent contractions are often pathologic in
origin, thus, in itself, a contraindication to tocolytic therapy.”

Blunt trauma to the abdomen can result in uterine rupture, but this event is uncommon and
usually rapidly fatal for the fetus. A much more common event is placental separation from the
uterus because of the shearing forces following blunt injury. This separation is called placental
abruption.”” Although placental abruption involving more than 50% separation of the placenta
from uterus is uniformly fatal for the fetus, minor cases may initially go undetected. Placental
abruption after trauma occurs in 2%-4% of minor accidents and in up to 50% of major injuries.
Separation results as the inelastic placenta shears away from the elastic uterus during sudden
deformation of the uterus. Abruption can occur with little or no external signs of injury to the
abdominal wall. Maternal mortality from abruption is less than 1%, but fetal death rates range
from 20%-35%. Clinical findings suggestive of abruption include vaginal bleeding, abdominal
cramps, uterine tenderness, amniotic fluid leakage, maternal hypovolemia, a uterus larger than
normal for the gestational age, or a change in the fetal heart rate. When present after trauma,
vaginal bleeding is an ominous sign often indicative of placental separation. The first test to
confirm the presence of abruption is the transabdominal ultrasound (less than 50% accurate).
CTM is more sensitive in detecting placental abruption by fetal distress than ultrasound by
visualization. CTM should be started in the resuscitation room and continued for a minimum of
6 hours. A minimum of 24 hours of CTM is recommended for patients with frequent uterine
activity (more than 6 contractions per hour), abdominal or uterine tenderness, ruptured
membranes, vaginal bleeding, or hypotension. Fetal distress is associated with placental
abruption 60% of the time.”""
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Table 4
The American Association for the Surgery of Trauma-Organ Injury Scale (AAST-OIS) for gravid uterus
Grade Injury description AlS-90 score
1 Hematoma or contusion without placental abruption 2
I Superficial laceration < | cm in depth or partial placental abruption 25% 3

i Deep laceration 1 am in depth in second trimester or placental abruption 25% but < 50%; 3-4
deep laceration in third trimester

v Laceration extending to the uterine artery; deep laceration | cm with 50% placental abruption 4

v Uterine rupture in second or third timester; complete placental abruption 45

AlS, abbreviated injury scale. (Adapted with permission from Tillou and Petrone.*)

Abdominal evaluation

Accurate evaluation of the abdomen in a pregnant patient may be challenging. Special
attention should be given to the evaluation of pregnant women who have 1 or more of the
following: rib or pelvic fractures; unexplained hypotension; vaginal blood loss; hematuria; or
altered sensorium due to drugs, alcohol, or brain injury.

A diagnostic peritoneal lavage (DPL) can be performed safely and has the same sensitivity as
in nonpregnant patients. DPL should be performed superior to the umbilicus using an open
technique. Abdominal computed tomography scanning can also be performed safely with an
evaluation of both the mother and the fetus, but the patient must be hemodynamically stable.
Focused abdominal sonography for trauma has a major role in the abdominal evaluation because
it can rapidly detect intra-abdominal and pericardial fluid in the mother as well as assess the
general fetal condition. The American Association for the Surgery of Trauma-Organ Injury Scale
(AAST-0IS) for gravid uterus is shown in Table 4.°°

Mechanisms of injury

Differences regarding the mechanisms of injury in pregnancy must be recognized in gravid
patients. Overall, 17% of injured pregnant patients experience trauma because of assaults, and
60% of pregnant women have been exposed to repeated episodes of domestic violence.*® Table 5
shows the leading causes of maternal traumatic injury and death.”**

Blunt injury
The most frequent blunt mechanism of injury is motor vehicle collision, followed by assault
and falls. Nonoperative management of hemodynamically stable patients with solid abdominal

organ injury can be accomplished successfully in most pregnant patients. In contrast, unstable

Table 5
Causes of maternal traumatic injury and death.

Motor vehicle collision
Violence and assault
Gunshots
Stabbing
Strangulation
Falls
Auto vs pedestrian
Suicide
Drug overdose
Poisoning
Burns
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patients or stable patients with suspected intestinal injury benefit from early operative
treatment, as hypotension and sepsis can be harmful or even lethal for the fetus.

In the first and early second trimester, the pregnant uterus is an endopelvic rather than an
abdominal organ. At 13-14 weeks of gestation, the uterus is just above the pubic symphysis and
therefore is unlikely to be subjected to direct trauma because it is protected by the bony pelvis.
Fetal loss in the first trimester is rarely attributable to direct uterine trauma but usually is due to
maternal hypotension and the consequent hypoperfusion of the uterus and the developing fetus,
or to the mother's death.

The management of pelvic fractures can be particularly challenging in pregnant patients.
Leggon and colleagues'” reported on 101 cases of pelvic or acetabular fractures in pregnant
women from 1932-2000. This report identified 3 mechanisms of injury: motor vehicle collisions
(73%), falls (14%), and pedestrian struck by a car (13%). The mortality rate correlated with
mechanism of injury and the injury severity score. The overall fetal mortality rate in patients
with pelvic and acetabular fractures was 35%, compared with a 9% maternal mortality.'”
Hemorrhage from dilated retroperitoneal veins can cause hemorrhagic shock and death.”

In nonpregnant patients, bleeding from complex pelvic fractures is usually controlled with
angioembolization; however, the dose of radiation necessary to achieve control of bleeding with
angioembolization in pregnant patients exceeds the upper limit of what is considered safe
during pregnancy.

The abdominal wall, uterine myometrium, and amniotic fluid act as a cushion to direct forces
from blunt trauma, but in some instances, blunt trauma can be so severe that it may cause
uterine rupture (Fig 6). Uterine rupture occurs in less than 1% of pregnant trauma victims but has
an obvious grave prognosis for the fetus and the mother.”™ ™' As the uterus becomes an

A

Fig. 6. (A) Pregnant patient unrestrained ejected through the windshield and rollover by a car. The tire mark on the
abdomen is shown, (B) Rupture of the uterus of the same patient. She was pregnant with triplets; all of them died.
({C) Reconstruction of the uterus was accomplished. (From Dr Patrizio Petrone’s personal archives.) (Color version of
figure is available online.)
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abdominal organ, the risk of direct uterine trauma and rupture increases. The enhanced uterine
vascularity and blood flow associated with the advancing pregnancy increase the possibility of
massive hemorrhage if the uterus is injured and the uterine vasculature is disrupted.””"” The
extent of uterine damage and injury to adjacent organs cannot be predicted on clinical
presentation and is typically not apparent until exploratory surgery is performed. However,
surgeons must be prepared to act quickly to avoid the consequences of severe hemorrhage and
to prevent the development of the deadly triad of hypothermia, acidosis, and coagulopathy. If
the uterus is severely damaged and cannot be repaired expeditiously, then hysterectomy is
appropriate to prevent further deterioration in the woman's condition and the associated
maternal morbidity and mortality.

The most common causes of fetal death include placental abruption due to anoxia,
prematurity, and exsanguination. The manifestations include vaginal bleeding, abdominal pain,
uterine tenderness, and contractions.”” One of the most serious complications associated with
abruption is the occurrence of disseminated intravascular coagulation, activated by the
migration of thromboplastin from the placenta into the maternal circulation. In this setting,
cesarean delivery should be avoided because it is associated with a very high risk of hemorrhage,
hysterectomy, and subsequent death.

Because of evidence that the use of car restraint reduces both maternal and fetal morbidity
and mortality, the ACOG recommends seat belt use in pregnant women to reduce both maternal
and fetal morbidity and mortality.”*”™ Education on the proper use of restraints should be a
standard component of all prenatal care programs. The use of 3-point seat belt restraints during
pregnancy is highly recommended. The National Highway Transportation Safety Administration
(NHTSA) recommends that pregnant women wear their seatbelts between the breasts, and the
lap belt portion under the pregnant abdomen as low as possible on the hips and across the
upper thighs, and not above or over the abdomen.

Penetrating injury

As the uterus increases in size and expands out of the pelvis, it becomes more vulnerable to
penetrating trauma. Penetrating injuries are exceedingly uncommon in the pregnant
population; this is reflected by the absence of larger series on the topic. Nevertheless, Aniulene
and colleagues™ reported, in 3 MEDLINE-based review encompassing 13 years, that 16% of
injuries in pregnant women were caused by penetrating injury. Likewise, in the series by
Petrone and colleagues’™ of abdominal injuries in pregnancy, 9% of the cohort reported in the
review sustained a penetrating insult, with more than 70% of penetrating injuries caused from
gunshot wounds.

Because of the thickness of the uterine musculature, the uterus can absorb the energy from
low-velocity penetrating injuries; therefore, maternal death is relatively uncommon with
injuries limited to the uterus. In contrast, because of the upward displacement of the intestine
from the enlarged gravid uterus, penetrating injuries to the upper abdomen tend to be more
frequently associated with massive bowel injury that may cause maternal death.

However, the extent of injury from single gunshot wounds depends on the type of firearm,
the size and muzzle velodty of the bullet, the distance from perpetrator to the victim, and the
anatomical region penetrated by the bullet and on the subsequent secondary missiles created by
the impact of the bullet. Although maternal deaths are relatively rare with penetrating injuries
limited to the uterus, fetal injury and fetal mortality rates are very high if the uterus is the main
organ affected by either stabbing or gunshot wounds.”” Fetal death is dependent on the amount
of placental or umbilical cord disruption. Up to 60%-70% of the fetuses sustain injuries after
abdominal gunshot wounds, with a fetal death rate reported to be as high as 71% with gunshot
injuries” (Fig 7) and 42% with stabbings.” Gunshot wounds to the uterus carry a maternal
mortality rate of 7%-9%.77

Pregnant women with gunshot wounds to the abdomen should undergo exploratory surgery
with debridement of damaged tissues. Stab wounds to the abdomen should be managed in a
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Fig. 7. Entrance of the bullet in the head of fetus. Delivered by cesarean section. (From Dr Patrizio Petrone's personal
archives.) (Color version of figure is available online.)

manner similar to the management in nonpregnant patients if intra-abdominal injury is
suspected. In cases of gunshot wounds, if the bullet has penetrated the uterus and the fetus is
viable, cesarean delivery is indicated.

If a surgical procedure other than a nonobstetric procedure is required, it is extremely
important to maintain adequate maternal oxygenation, circulating blood volume, and uterine
perfusion. DPL can be performed safely in all trimesters using an open direct visualization
technique through a supraumbilical incision”™ or under ultrasound guidance at a point above the
umbilicus. Tube thoracostomy should be performed 1 or 2 interspaces higher than usual because
of elevation of the diaphragm. The surgical team should never allow the enlarged uterus to
compromise surgical exploration. However, the performance of an exploratory laparotomy is not
in itself a justification for the delivery of the fetus. If there is significant potential for
coagulopathy such as from a placental abruption, it may be beneficial to proceed with
evacuation of the uterus whether the fetus is viable. Coagulopathy further complicates the
hemorrhagic picture and leads to a more complicated perioperative management and the
possibility of the development of the aduit respiratory distress syndrome. Fetal heart monitoring
should be performed throughout surgery. Hysterectomy is required if the uterus is injured
beyond repair from penetrating trauma.

Perimortem cesarean delivery

The fetus is considered viable after 25 weeks of gestation, which corresponds to a fundal
height halfway between the umbilicus and the costal margin. Cesarean delivery at this stage of
gestation is indicated after maternal death, as the fetus has a 40%-70% chance of survival."™*' An
important variable affecting the survival and functional outcome of the fetus is the time interval
between maternal death and the cesarean delivery. If the cesarean delivery is accomplished
within 5 minutes or less of maternal death, the fetus has an excellent probability of survival.*” As
the time increases, the chance of meaningful survival decreases dramatically."**' The
indications for perimortem cesarean delivery are shown in Table 6. In the rare case in which
the mother is declared brain dead but remains stable from the respiratory and hemodynamic
standpoints, the fetus can be allowed to grow and mature before delivery.

An important technical aspect of a perimortem cesarean delivery is to make a vertical midline
incision through all the layers into the uterus because this is safer, faster, and avoids the high risk
of adding more damage to the uterine vessels. Clearly, this approach facilitates the delivery of a
fetus by trauma surgeons who are less familiar with the transverse incision on the lower
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Table 6
Indications for cesarean delivery during trauma.*"

Maternal shock

Threat to life from exsanguination from any cause
Mechanical limitation for maternal repair
Irreparable uterine injury

Fetal distress in viable fetus

Unstable thoracolumbar spine injury

Instability in a potentially viable fetus

Maternal death

Adapted with permission from Tillou and Petrone. ™

segment of the uterus, typically used by obstetricians. An algorithm for emergency cesarean
delivery is shown in Figure 8.

During maternal resuscitation, adequate oxygenation, fluid loading, and left lateral decubitus
positioning should be tried to see if maternal circulation can be improved. If there is no response
to advanced cardiac life support within 2-3 minutes, maternal CPR must be continued, anterior
thoracotomy with open-chest cardiac massage (OCM) but without aortic cross-clamping should
be considered, and emergency cesarean delivery for a viable fetus should be performed. It is
known that conventional external cardiac massage (ECM) is less effective as the patient
approaches term because of mechanical factors. The only method of assessing adequacy of fetal
oxygenation during CPR is to monitor the fetal heart rate. Carotid pulse and end-tidal CO,
monitoring should be used to monitor adequacy of maternal vital organ perfusion during CPR.”’

When the gestational age is less than 24 weeks, emergency cesarean delivery is usually not
indicated because the fetus is too small to survive and the birth is unlikely to have much effect on

Fig. 8. Algorithm for emergency cesarean section after trauma. (Color versien of figure is available online.)
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maternal hemodynamics. However, when gestational age is greater than 24 weeks, emergency
cesarean delivery favorably affects maternal or fetal outcome. At a gestational age of 26-32
weeks, when ECM is not effective, as indicated by failure to generate a carotid pulse, inadequate
end-tidal CO, levels, or fetal bradycardia, OCM should be seriously considered before an
emergency cesarean delivery is performed. If OCM proves successful, the delivery may be delayed
so that chances of postnatal survival improve. Even slight prolongation of fetal intrauterine life
probably improves the chances of fetal survival, especially when gestational age is less than 28
weeks. However, if OCM proves to be ineffective, the fetus must be delivered immediately.”’

After 32 weeks of gestation, when ECM is not effective, an emergency cesarean delivery must
be performed immediately. Delivering the infant improves maternal cardiac filling, thereby
improving the success of CPR. The longer the delay between the onset of cardiac arrest and
delivery, the less are the chances of fetal and maternal survival. In contrast, if the ECM appears to
be effective, it may be continued for 5 minutes. If a spontaneous circulation is not restored
within 5 minutes, an emergency cesarean delivery must be performed. If this fails to revive the
mother, OCM may be considered.”'

Complications

One of the most lethal complications, associated with 80% maternal mortality, is the
occurrence of amniotic fluid embolism, which together with pulmonary thromboembolism
remains the leading cause of maternal mortality in the United States.”” In addition to
complications involving hemodynamic instability and pulmonary compromise, pregnant
women with traumatic injuries may develop minor alterations in the platelet count or the
more serious complication of disseminated intravascular coagulation.

Although thromboembolic events remain the most common cause of morbidity and
mortality during normal pregnancy, they may become even more frequent after traumatic
injuries owing to the added hypercoagulability associated with trauma and are a frequent cause
of maternal morbidity and death. The pregnancy is a hypercoagulable state due to the increased
levels of fibrinogen and factors V, VII, VIII, IX, X, and XII, and placental inhibitor of fibrinolysis.
There is also a release of tissue thromboplastin into the circulation at placental separation,
venous stasis of the lower extremities, and an endothelial damage associated with parturition.
Conversely, there is a decrease of fibrinolytic activity.™”

Another important complication during pregnancy is the development of pregnancy-induced
hypertension, occasionally with systolic blood pressure of 160 mm Hg and diastolic blood
pressure of 110 mm Hg, which must be taken into account when treating a pregnant woman
with traumatic injuries.

Predictive factors of outcome

The predictive factors can be subdivided depending if they pertain to the fetus or to the
mother. There are several factors associated with risk to the fetus.”**"" The most common
factors are (1) maternal death, (2) maternal hypotension, (3) maternal traumatic brain injury,
(4) high injury severity score, (5) pelvic fracture, (6) ejection of pregnant woman from a vehicle,
and (7) severe abdominal injury to pregnant women. The predictive factors associated with
maternal mortality include’ (1) amniotic fluid embolism, (2) deep venous thrombosis and
pulmonary embolism, and (3) infections.

Medico-legal implications

Depending on the outcome of the mother and the fetus after a motor vehicle collision or
assault, physicians treating pregnant patients subjected to trauma are at risk of being involved in

41



Patrizio Petrone

P. Petrone, CP. Marini / Current Problems in Surgery 52 (2015) 330-351 349

legal and medico-legal actions that may require the treating physician to testify about the care
rendered to the mother and the fetus. Therefore, it is imperative that all findings identified
on serial examinations and by diagnostic studies, in addition to the degree of monitoring of
the mother and the fetus, be accurately documented. Therefore, the evaluation and the
recommendation for monitoring of the mother and the fetus for up to 4 hours after an accident
or injury is not only necessary for maternal and fetal treatment but also to have complete
documentation of maternal and fetal status during the stay at the trauma center while they
received treatment.™’

Injury prevention during pregnancy

Injury prevention deserves specific attention during pregnancy. The first area of prevention is
related to the use of drugs and alcohol. The use of these substances is not only harmful to the
fetus, but it is also associated with a high risk of injuries. In the same context, domestic violence
is becoming a major cause of injury during pregnancy.'’ A study noted a 17% prevalence of
physical or sexual abuse during pregnancy, with 60% of women having 2 or more episodes of
assault.”" Interpersonal violence is not dependent on race, age, marital status, or socioeconomic
status; therefore, all pregnant women are potential victims of abuse.”*

Conclusions

Injuries to the gravid uterus are rare and should be suspected in all assault victims and all
patients with direct perineal trauma,” pelvic fractures, or penetrating injury to the pelvis.
Thorough physical examination, preferably in the operating room, with prompt surgical
treatment improves the outcome of these potentially challenging injuries. An obstetrician is an
essential member of the multidisciplinary team for the initial assessment, stabilization, and
subsequent management of a pregnant trauma victim. Pregnant women must be educated on
the proper use of restraints, and screening for domestic abuse and depression are essential
components of quality care of this unique population.
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Abstract

Intvodduetion Teauma during pregnancy is the leading
oo obstetrical cause of maternal death and a sigmfcam
public health burden. This study reviews the most common
causes of trauma during pregnancy. morbidity, and maor-
tality, and the impact upon perinatal outcomes nssocioted
with trwma, providing 2 management approach o pregnant
Lraauma patsents,

Materials and methads A systemsatic review of the current
literarure from Jasuary 2006 1o July 2016 was performed.
Resules  Fifty-one arocles were identificd, including a sl
ol 95,949 patients, Motor velriele crash was the most fre-
guent cause of blumt tramma, followed by falls, assault both
domestic and interpersonal violence, and penetrating injuries
(gunshot and stzb woands).

Conclusions  Teauma i pregnant women s assocsated
with high rates of wdverse imasermal and moonatal cutcomes,
Kuowledge of the mechunism of injury is impoctant o slen
tify the potential injuries and the complexity of the manage-
ment of these patients.: As in all raumatsc evests. prevention
is of paramount importance

Keywords  Trouma - Pregnancy - Fetal injurses - Blumt -
Fenetrating
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Introduction

Trouma s the leading non-ohszetrical covse of masernal
death dunng pregnancy. However. it may be an underestima-
tion of the true incidence of trauma during pregnancy due to
the under-reporting of trauma, especially trauma from inter-
personal violesce 1] The aim of this aeticle ks o review the
lersture reganding trunma during pregaancy focusing on
Ahwe st commmon mscian s of iy, and maternal sl
fetal outcomes,

Materinls and methods

Atticles in the English lunguage between January 2006
and July 2016 on trauma during pregnancy were identi-
fied wsing the following key words: trouma and pregnancy.,
hlunt tasma, penetrating wound, injury during pregnancy,
motor vehicle accident/crash, falls, asseall, interpecsonal
violence. fetal monitoring, perimortem cesarean section,
abstetrical patient. pregnant trauma patient, asd mortality
and pregnancy

Results

Of tive 200 articles identified, 51 wese incloded tn this study
fo  tonal of 5,949 pativnts,

Blunt trasiina ix thse st commmon mechamisi of [rauis
amang pregoant wonwen sccounting for 9% of the wial
number of traumas, whereas penetrating trauma accounts
for onlty 1 5% of episodes of trauma during pregnancy. In
37 articles voviewed beremn, MYC is oot ondy the nwst colt
mon but ubso the most life threateaing of mechamisns un
njury. Mortality occurred in 100 of 728 (13.7%) mothers

Q) Springss
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and TRT2K (10.7%) fetuses. The frequency of use of seat Table 1 Mochanisns of injury
Pellx b,\ pregnant menma\:ﬂab‘eml‘oﬂh. 3T artacles T 50 Tosdn Glamn ——
in which MVC was reported mechanism of injury, which
maged from u bow of 21% 1o hagh value of 98%. Metz {2006 |2 LU o
The second most common cause of tmunia during preg- ¥l Kady (2006) [1] nn M 0
nancy. especially during the second and third trimester  fare (2006) 4] ¥5.. s o
dus primarily, amongst other reasons, (o weight gain, and  Anmbens (20051 15) o L
changes in the center of gravity. The reported prevalence  Wealnub (20061 [6] 34 S o
of imerpersonal violence mnges between | and 20% of all  Sperry (3006) (7] i3] NS “
pregmant women. During pregaancy, there i a spatial redis-  Hitessgl 20061 13) 5313 o
tribution of the viscera inside the abdominal cavity due to Koo (2007) [9] 106582 7100 3as
1he progressive increase in the size of the users, Abcutamns (2007 |14 M 259 NS
The impact of abdomisal taus on the fetus dopemds 1o Greeos 2T 332 MR NR
high degree on the gestational age at the time of the truuma.  Pattenn (2007, 112) 48 NR 4
Direct injury 1o the uterus and foras ks anlikely during the  Kvamstmand (00K) (17 mm oI »
lirst 12 wewks of gestabon due 10 Use protective effect of tle Wess (20081 114] 7330 W30 ke
bony pelvis, unless the traumatic event has caused complex  Cabell (06 (18] H? KR NH
petvic fractures. Klinkch c2n0es) [ 16] AT 5T "
Table 1 includes the total number of patients stratilied by Abootaos (2008) {17] 48 148 0
the mechanism of injury, whereas Table 2 epoes prevaleace  Schitf (200K) [14) LA o
rokes bossedd on 1he causes of traunss, Masernal and fetal mor-  Nannisd (200%) [59] 1408 1408 o
tulity rates have been derived from 28 of the 51 articles that  Pussing (050 (20) 0 e o
included maternal and fetal mortaliny daca (Table 3) Canmada (00N (21 LT "
Tinkor (20104 {22 4% NR NR
EM Vimhaton (2000 |21 *x Ou o
Schitt (2010 [24) SN SN "
Traunia is the Jeading cause of death in pregnant wonsen,  Petrone (20131 [1 e
and it is responsible for a high rate of maternal and fetal  'wen (200025 MRY  NR 121
marbichity, Whike the reporsed rie of complications of preg-  Vivean Taylee (2M20120] 2047 2147 o
nuncy duwe t trauma appears low, this rute is likely under. e (01 127] 5352 NR NR
estimated due to under-reporting particularly in cases of MR ENDIEN] LU L
domestic viokence [ 1) Meulenors (2011 129) 108 w5 0
Based on our review, blent trauma is the most comumon MeSamed (240121 £30] 41 v
mechanism of trauma among pregaan: wamen accounting  MAds U1 W NR NR
lor 6% ol s total number of trawmss, whoress peoetrat.  Meadeghinia (2012 321 i ox o
ing trauma accounts for only 1.5% of episodes of trauma  Niok= (G0N 1) 6334 §
during peegnancy (Table 1). Among the causes of blunt  Tukey (2013 (354 26126 )
trauma. MVC is the most frequent cause of injury followed  Yialutia 2053) [35] 25068 25068 o
by falls, assanlt. gunshol. and stab wounds (Table 2). The  Irymsgagm Q014 635 NK NH
severity of gravikl ulerus injuries is graded using the Organ Beookfickd (2013) [37) 351 2 67
Injury Scale of the American Association for the Surgery of  Z0pene (20133 [35) e 13
Trauma (AAST-OIS) [54] (Table 4). Walll 2014y 9] @™ v
L a reveew of 102 rauma prognant putients by Zan.  Okeke 2000 159] 08 108 o
gene ot al, [38], blunt trauma was found to be the cause  larland (05331 I4Re ¥T2 NH
of trauma in 68% of pregnant women compared 10 32%  Thmhim 201%) [42) B9 - w9 0
who bad penetrating trauma. The most common mecha.  Chibber (2015)[43) 8 T o
nism of injury was MVC followed by domestic violence.  Jwkwon (20131133 o %h v
The trapmatic event caused maternnl injuries, mostly Az (20131 145] 3936 5936 o
lower extremity injuries, in 67'F of patients, apd it way Y= der Knoop (2015) {36) 6 16 o
associated with a 13% incidence of fetal complications  S¥keman GDI) [47) ™™ 0
|placental abrupsion (PA) and preterm). Wall and others  Wener (2016) [48] 0 916 o
[39] have reported blunt trauma as a MOI in 57% of all Mk (20l6) |30) Iys  sTes o
Tantaboglu (20963 (%) 175 1 9

cases compared to 217 where the MOI was penctrating

4 springer
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Tuble 1 (coatnued)

Authoe {year) Totaln Wt n Penciratng &
Disteldond (2010) [21) 3429 NR NR

Toeal Y5O BOA e 14T (1 AT
NR it dod, NS not speciliad

trasma, OF note, i this study, interpersanal violenoe wis
the moest common cause of injury followed by MVC, 52
and 26%, respectively Fetal dearhs occurred in WS of
patrents with sovere mjurbes (185> 15) und urgeat lapa

rotomy was required in 867 of women presenting with
direct trauma 1o the abdomwn

In 37 arucles reveewed berein. MVC is not only (e most
common but also the most hife-threatening of mechanisms
o ajury [12] Chibber et all [43] have reported that 647
of 7218 (89%) pregnant women involved in MVC presented
with maternal and fetal complications (placental and preterm
labor, 59 and 407 respectively ). Mortality occurred in 100
of 728 (13.7% ) mothers and TR728 (10.7%) fetuses. Ninety-
ane perimortem cesarcans sections were porformed with o
maternal mostality of 66%F (60091 ) ard a much lower fetal
nmsartality rate, 1865 (£791)

Vivian-Taylor et al. ]26] bave reported a serses of 2147
pregnant women involved in MVC. In 72 of 2147 (3.3%)
parients, the raumatic evem caused delivery during the
trauma hospatalization, five (7%) of whom suffered pelvic
fractures, six (8% ) presented intra-ahdominal injunes. and
seven (10%) wero sliitod to the 1CU, three of whom subse-
quently died. They concluded that the injuries from an MVC
during pregnancy aro independent risk factors for induced
delivery with poor permatal outcomes.

The associating of maternal fractures and pennatal out-
cotnes has been imvestgated 1n a retrospective cobon study
of 3292 pregnant women by El Kady et al. |3]. In ther
cabort stady, fractures wore identified in 44% of pregaane
patients imvalved 1 an MVC. Pelvic [ractures mereased the
morbidity and mortality not only of mothers. but also of
fetumes, Aboutanos [17] reported a 48 ol increase in fetal
death 1 patients with pelvic and acetabalar fractures from
MVC. However, due to the absence of specific information
regarding the type of pelvic and acetubular fraciures i the
study population. these authors were unable to establish a
causal relarionship between the fractures themselves and
fetal mortality. It is likely that the presence of either pelvic
or acetabular fractures is a marker of the severity of the
trumsfer of energy 10 the prognant iweeas and thin the 1ype
and/or complexity of the fractures itself is less importand
from the standpoint of the risk of fesal mormbity. One fnd-
tog OF inteeest i thas stady i that the presence of pelvic
fractures is an independent risk fuctor foe stillbirth regardless
of gestational age, Simdlar conclusions were reported in o

49

study by Cannada et al. [21] in which pelvi: fractures and
acetabalar fractures were shown to be associated with a 30%
rate of fatal death.

The severity of the injunes sustained during MVC
depends not oaly on the characteristics of the accident stself,
hut akso an the appropriate nse of safery devices such as air-
bags and seat belts on the part of the pregamnt wonsan. The
fresuency of use of seat belts by pregnant women was avail-
ablo in 8 of the 37 articies i which MVYC wus the reparsed
mechanism of injury. whsch ranged from a low of 217 o
high value of 985, The wype and the severity of maternal
and Setal byury i MVC asccidents ane reliuted o U appro
priate use of seat belts and/or the presence of frontal and
lateral wirbags. Five of the six deaths reported o o serfes of
160 pregnant women involved in MVC were unrestrained
women. two drivers, and three passengers [12]. There is a
lugh correltion between the absence of use of seat bedts and
the revised trauma score (RTS) severity of injury suffered
by pregnant women mvolved in MVC. Addational supportive
evidence of 1he value of seat belt use by pregnant women in
MVC is provided by Luley et al. [34]. These authors have
shown that women who do noe wesr sean helis suffer mose
severe injuries: furthermore. they require more frequently
nan-obstetric surgery, primanly arthopedic procedures, as
1 resule of the mjunies sustianed when compared to preg-
nant women wearing seat belts. 25% as opposed to 7%,
respectively, Whidke airbag deployment was more frequont
10 pateents who lad abruption placenta and fetal loss, there
was no statissically significant carrelation berween the both
Tras very Hikely that the abruption placenta s feal hss ane
the result of the force of the impact and the transfer of the
kinetic energy to 1he pregnam aterus From the MVC mthee
ian the abdominal truma caused by the deployed airbag,
The absence of causal relationship between airbag deploy-
ment and placental abruption was investiguned by Motz and
his collaborators [ 2] in a retrospective study of 30 pregnaat
women (20 or more weeks' gestation) who were involved m
a MVC with a repocted median speed of 35 mph. Among the
30 women, one experienced PA with subsequent intrauter-
ine fetal dense. This study suggests that PA occurs with a
low freguency with airbag deployment. Based on computer
modeling in crash tests dummies, airbag deplayment may
be u risk factar for PA uod fetal Juss in unbelted pregnant
women, but it does not increase the rask of PA and fetal loss
in properly restmined pregnant women [53],

Klinich et al. [ 16] investigated how restraint conditions
and crash chamcteristics affected the fetal ovzcome in 57
pregnant women. Fetal loss ocourred in 12 of 41 properly
restrained occupants (2973 ), in contrast to three of the six
(50% ) impraperly restrained women, Eight of the tea (80%)
unrestraboed women bad slverse fotal outcomses. The rate
of fetal death in unbelted women was 62% . while 79% of
properly restrained women hid only auinor complications,
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Table 2 Prevalencs of the Asthoe (year! WMVCI%) Pall(%) Aseol (8} GSW{%)  SW{%1  Othen (%)
caanex of trauma
Netz (%03 [7) " " a o O -
El Kady (2006) {3] " s 10 0 o -
Pearre (M08 4) sl 41 o o o ]
Asiulicae (2004 (5] NS NS NS NS NS -
Weireraeh (2106 1) nNe NS NS o o -
Sperry (2000} (7] b 6 a3 NR NR
Hitoazg (J006) (K] LD " a o O -
Kzo (2007) 19] 1 2 NS 1 NR 8%
Aberetance (0075 | 100 NS NS Ny NS NS -
Greenz (2007) 193 wE 3 NR NR NR -
Fanesan (NUT [12) - f 3 1 NR 2
Kraeadrand (2003) | 3] i u o o o -
Welss (2008 [14] pL} L] NS ol NR EL)
Caill (M) |15) < v NK NR -
Khizich (2008) 116] "o 0 o o Q
Aboetsews (2X8) |11} e o o o o -
SchaT 2008 [15) (+] 100 0 0 o
Namnim (20000 | 1) o " 1 o o -
Deaning 120100 [ 29) o 100 a o o -
Comnada (0100 11} 40 4 ) o o fi
Tieker (20100 ]22) 3z 2 NR NR NR s
Visdutes (010074 " o o o o -
Scblr 20100 [24) m 0 O o Q -
Petrvoe (M1 (1] NR NR 1" 73 - ]
Poecti (2011 |25 NK NK N NR Ni -
Vivlan Taybr (20123 120] m n o o o
Pocher (200 3) | 27) Nl N v NN NR -
Lin (2001 124] o 0 kR 3 1%
Mexkeaers (20113 [2v) o " 1 NKH NR -
Melamed (20125 [30] 3 b} 3 0 0 -
Raradas (0123151} e1] “n NH NR NR bl
Mesdcehinia (2012) {32} 13 b 4 o 0 -
Njokn (20121 173] ) “ 46 s NR -
Lukey (2043) [33] e u o o o -
Vixdutk (20131 3%] e 0 o 0 0
Peniystayaeam (2014) | 16] % NK v NR NR 1
Bacolfield 20131 137] n ‘ ' 10 9
Jangpene (MHS) ] N) 40 n bs | NM 2 -
Wl 2014) 39 b 7 2 10 7 5
Ohkckes (2N113) =y o o o o o -
Harlaad (2014) [41) 30 40 NR NR NR -
theabeem (015) 147) 0 " 100 o o =
Chiblyer (20151 [43] 100 o o o o .
Mckson C2038) 144) o " 100 “ O -
A 01R1145) {0 0 o o o
Van der Knoop (2015) |44) s +~ 5 o o -
Shuduerian £2015)147] 1 7 ] o o -
Weiner {20016) |30) bl b L] o o -
Miller (2016 [49] m 0 o o o -
Basalogh (206} |%0) sh 2 " NR NR -
Dracinat 120140 [51) 33 » s NR NR -

NI noe recorded., VY ned ecined. MVC mosoe voliicle collision. GXW zunshot wound. SW stab womd
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Tuble 3 Moterial usal fetal woctaliny

Anthaor | yean | Mugcrnad mortal- Fetal
oy v martality

%)
Mete (2006 | 2] NE 3
El Kody (2006) 15) 059 1
Bared 120061 {4) NR 1
Anialenc (2006) [5] 4 v
Piberoagi {2008 8] Ni “
Abouttanns (20075 [10] o 4
Crecns (20071 111) o 1
Pulicxon ( 2007) | 12| ' .
Kvamatrand (2000 | 1Y) u 3
Weiss 12008 [14) NR 1
Klizich ¢2008) [16] NE 4 |
Abuulaos (2008 [17) NE s
Schaft (2000) {1%] NR 1
Schily (200100 [24] NR ad
Petrooe (2010011 9 82
Vivaan-Taylor (XI12) | 264 Nie 1
Lin{2n 0 m 10
Meulesen (2011) [29] NE 1
Melamed (2012) | Uy Nie 1
Moabaghome (2002)[%2] o |
Njoku 12013) {33] 2 3
Ludey Q2015 [34] NE 4+
Perymuyagan (2013 [36] L) NR
Well (20143 | W) 2 »
Chibber (2015) [43] " 1n
Shakoriaa (2015) |47 Nic 1
Miller (2016 1«4 Nie wl
Distclhoost (20063151 ! 3
NR ot recorded

Based on the results of their study, these suthors conclude
that wonen restrained by three-point seat belts are bess likely
to suffer severe injuries. with an 84% estimated reduction
of the pisk of fetal comphicanons, potentally preventing ss
estumated 192 letal Josses

Falls are the second most common cause of Irauns
during pregnancy, espacially during the second aad third
trimester due primarily, amongs: ather reasons, 1o weight
gain, and changes in the center of gravity. Most falls in
pregnant wormen tend to be from 2 standing beight. Schuff
et al. [ 18] studied 693 women who fell during pregnancy.,
79% of whom fell during the third trimester. The hospitali-
2ation rate was twaoe ligher thas i oon-pregnant women,
und resulted in a twolold mcrease i the risk of stllbirth.
Although 547 of the patients had an ISS between one and
eaght, W% required indoction of tahor, und 30% an emer-
geney cosarean section. Okeke (40] has reported o 32 5%
tncedence of fulls o a cross sectional study of 332 pregnant
wamen presenting in labor for delivery at the University of
Nigerin Teaching Hospital Enugu, in Nigeria. This is simi-
Lar to the 27% reporrod Incidence of falls among pregrant
women in the US [54].

Interpersonal violeace during pregnancy poses also
u high risk to bath the mesher and fews. In the majority
of cases, the igurivs are limited to the sofl lisswes. bead.
meck. and torso spaning the abdomen. When the physical
aggression is directed 1o the abdomen, there is 2n increased
ineidence of anteparum hemosthiuge (AP) wirh subseqguent
perinatal complications, The reported prevaleace of mter
personal violence ranges between | and 20 of all pregnant
wamen, with the donwestic panner idennfied as the ageres-
A0 in the majarity of the cases [22]. Howeser, the preva-
lence of imterpeesanal violence s aflectod by several factors,
tncluding socioeconomic factors, cultural upbringing. the
stutus of women in the specific society, and the normative
use of violence i conflict situations as it relates o different
countries. Mesdaghinia et al. [32] have reported a 47% of
incidence of domestic viodence in Irun, especially during the
second trimester of pregnancy. Tbrzhim and others [42] have
reviewed i seenes of 1857 Egyptinn pregmant women to stedy
the medence of intimate partiner abuse. In thear sudy, 44'%
of pregnant wonwen were found to have experienced some
foam of interpersonal violence, including phiysical violence
(10%) and sexual assaul (10%). Acconding 1o the study of
Meuleners et al [29] that included 465 pregnant women
exposed o interpersonal violence, injury associated with
interpersonal viokence resubted in o 1. 7-fold risk in maternal

Tuble 4 AAST OIS for grvid

wcaus |52} Ry T

<z gn- E

Homatoora of continon wabou placental abeuption
Suporticial lnceration < | cm wn depth o plocental abeupeca < 29%

Deep Jaceration § om in dopdr in second rimester of plucenal dhropiaon 259 bur < 203
Doep lacorataon in urd Inmevicr

|aceration extending to the enine arery Deep laceratiom | em with 4% placental sbrpbion
Ulezine rugture is seoond o thind vimesters. Complete placemal sbosgtion

AAST- OIS Asacrican Associalion Ke the Swpery of Teain Oz Dyury Scale
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complications (abortions, preterm. AP), and twofold risk in
fetal adverse vutoomes (low weight at birth, fetsl distress,
wrd Fetal death). The nisk of fetal death is directly curre-
lated to the severity of maternal injunies. In the study by
Nijoku ef of, [33] with a 30% reponsed incidence of domestic
violence i pregmant women, 307 of fetal deaths occunred
m women who had suffered severe maternal mjurses. com-
pawred 1o a foeal loss rare of 20% in pregnant women with loss
SUVTE 1 UE e

Pathophysiology

During pregaancy. there is 3 spatsal redistribution of the
viscera inside the abdominal cavity due to the progressive
ncrense in the size of the uterais. The abdominal viscer are
displooed cephalad as the vserus reaches the central rogion of
the abdomen. That is the reason why penetrating abdominal
injuries during the thind 1rimester of pregaoncy are associ-
nted pot anly with high maternat morbidity, but also with o
significant increased incidence of uterine and fetal injury
(60-707% ), including o very high fetal death rate (40-65%).
As reported by Shakerian ot al, [47], the fetal death rate
from stab ad gunshot woumds 15 42 and 717, respectively.
In a study by Petrone et al. [1]. pepetrating injuries, mostly
gunshot wounds {73% ) accounted for 9% of the mechanism
of baama m 321 pregnant women with abdomanal s,
The cobort of women suffering penetrating injunes bad a
significantly higher maternal morbidity (66 vs. 10 ), as well
as ferdl mortaliny (73 s, W) when compared 10 pregnant
wunsen who hixl blunt sbdominal trauma.

The mmpact of abdominal trauma on the fetus depends to
high degiee on the gessanional nge ot the time of the taima.
Direot inpury to the wieras and fetus is unlibely during the
first |2 weeks of gestation due 1o the protective effect of the
bany pelvis, unless the trmumane event has cansed compiex
pelvae fractures 135]. Miscarrbage s uncommon following
abdosninal travmas during the Gt rmesier unbess Ui preg.
nant woman has suffered sustained hypotension keading 1o
wterioe hypoperfusion from extracasstary blood loss. Tranma
during pregnancy can cause immediate fetal compromise;
bowever, it can also be associated with delayed complica-
tions, such as delayed placenta abeupeion, which has been
reported to occur up 1o 6 days after the traumatic event [56].
It is for this reason that prolonged fetal heast monitoring is
required in pregnancies that have reachad vishility. Abdonsi-
val travina may cause a subclinical chronie PA that may
evolve into an acute episode of PA., preterm labor, prema-
ture membeane rupture, and placental insufficiency that mary,
i tuen, cuuse fetal growth retardation, oligolydsamnios,
amx] low bicth wezght. The short. and Joag-terin complica-
tions of dlunt trauma during pregnancy were investigated
by Malamed et sl [3D] i retrospective cohont study of
411 pregnant women. Thirteen wotnen who had inunediate
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complications were compared to 398 women who did not
suller any complications, In adidson, 303 progoant woeen
who did not deliver at the time of the tmumatic event were
compared to a noemal cohort of %09 matchad by maternal
age ol panity to sssess the impact of o on the ourcone
ol the pregnancy. bnmediate complications in ibe form of
preterm laboe and AP occurred in 3.2% of women. Inde-
pendent risk factors for immediate complicanions included
Tagh severnty of tanman, mulople gestations, vaginal bleed-
ing. axl the developnest of uterme contractivns, Lale-lerm
complications, including preterm labor, PA. and perinatal
morbidity, were also associated with o hagh ISS and the
resquretent for lagarotonsy ol e Guwe of the rauns.

Primary treatment

After the 10th week of pregnancy. there is an increase
in plasma volume by up to 509 with a dilational anemia
secandary 10 a lesser increase in the red blood coll mass
{15-30%F) relative to the expansion of the plasma volume.
These changes can provide some maternal tolerance to hem-
arrhagic shock. Therefore, symptoms such s tachycardin o
hypotension may oot occur unhil there i a blood ks, as high
as 35% [57]. Bleod pressure less than S0/30 mmllg, a palse
greater than 140 or less than 50 heats per minute, a respirs-
oy rate less than 10 or grester than 24, and a fetal lwart rate
less than 110 or greater than 160 beats per minute are associ-
ated with the presence of shock. If used, the abdominal por-
tron of the malitaey ante-shock trousers (MAST) should be
deflated en route, since compression can reduce blood (fow
to the placenta |57. 58], The presence of any of the above
rofhects the seventy of trnuma and should alert the trawims
surgeon 1o a high risk of maternal amd fetal morbidity and
wortality. In addition. duning the second and thisd rmesters
of pregnancy. the compeession of the inferior venn cava in
he supane position by the gravid uterus con contribue wa
state of hypotension because of the decreased yenous return
To avoid this, the pasent must be placed in the 15°-30° left
Ble positbon by placing a tiom wedge undermeath the nght
buttock/ip. manually displacing the uterus if necessary.
always ensuring the immobilization of the cervical spine
[57, 59].

The use of vasopressors, such as norepinephirine or phe-
nylephrine. is not recommended, since they reduce placen-
tal perfusion, unless the patient does not respond to appeo-
priste volume loading with crystallowds, Both the mother
and the fetus are extremely vulaerable to hypoxia duee 10
the respiratory changes associated with pregnancy, namely.
a shallow breathing pattern. decreased Tunctional residual
capacity. and the increased oxygen consumption by 20%:;
therefore, the administration of supplemental oxygen is
always rexuared. The elevation of 1he diapheagm up 1o 4 cm
cempared o its normal anatomical position must be taken
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imlo account when ondertaking any thorac procedure such
s the performance of mibe thormcostomy [S6]. I necessary,
the chst tube should be placed one of two imercostal spwes
above the Bt imtercostal space 1o wvord abdosnal mjpuries,
Doz 10 the increased wierine size, there is a displacement of
tho lower esophageal sphinctor that reduces sts compeience

In mldition, the physiological infubition of gastsic motihily
and the increased relaxation of the lower esophageal sphine-
ter prodispase the pregnamt woman 10 1he risk of aspirmion

To aveed aspiration, placement of 4 decompressive masogas.
1ric tahe is warranted [57, 59),

Delinitive treatment

After the initial sssessmom is perfocmed (Fig, 1) 160), and
once maternal hemodynumic stability 15 reached, fetal nmom

toring shoald be initiated immedintely. Information ahoat the
obsterric history sseh os gestational age, fetal maturity, dase
of delivery, and any other complication dunng pregnancy

===

—
—

Fig 1| Algocithun S andaal sanornal ad Gl sscsmeant [60). 08
Ohaetrics. U5 smeomd, DPL dapmostic perivmcal lavage., Csec
o cesiecan secton. Modiied from Poexrone P, Tillow A Gyneco

53

e ajuries. bnssa o pavid wel cougravd seres wal kusde
gonitalia In: Qurrera therapy of smuma and swpicel critical core
(Elsevier. Philadephia 20101 pp 401407
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must bo obrained [59]. During the physical examination,
particular attention should be paid 1o signs of trauma such
as vaginal bleeding. spontancous ruptare of membranes,
peesonee, intepsicy and frequency of ulenine contracnions,
and abrormal fetal heart rate [S8]. The possibility of bleed-
ing and fetal-placental transfusion must be evaluated using
ihe Klethauer-Retke west, with approprinte admimistration of
AntiD immunogicbalin in Rh negative mathers. A multidis.
ciplinary assessment that includes evaluation by the obstetri-
cian is recommendad [64)),

Imaging during pregnuncy and the pegative impact that
radiation may have on fetal development remain contro-
versial. However, if these tests are clinically justified, the
indacalioss lor manging are e ssane s for any otber noa.
pregoant traama patient, and do not have to be delayed as
the benefits outweigh the risks. Fetal harm doe to radiation
depends on the gestational age of exposure, with the most
vulnerable time being within the first 16 weeks of gestation
[571. Computed tomography (CT) scans can identify mater-
nal aned feeal injurses, but shoukd be oaly pesformed when the
patient is hemodynmmically stable. Despite the high senss.
tivaty and specilicity of CT. focused abdominal sonography
for traama (FAST s considened the goh standard doa 1o s
safety and 3 non-mvasive nature. FAST can identify selid
cegans injuries, the presence of free flusd. fetal well-bemg.
gestanional age, amnsotic fluid volume, and location of the
placentn. Other diagaosiee fechniques, soch as diagrostic
peritonecal lavage (DFPL) can be safely doae, if performed
ahove the umbibicus,

Maternal pelvic fractures are 1he most Cominen caise
of fetal death ansongs! traumatic mjuries. When taken in
isolatson, pelvic fractures do not repeesent an indication for
CIMRIEENCY COsMEan section, since vagiool delivery can be
perfosmmed salely. oven 0 the third trumestee of pregnancy in
most cases [3, 21, 59], Angioembaolization is the ideal treat-
mant for pelvie o cetroperitoneal bamaorthage, slthoagh the
rdiation dose 15 considered excessive and it s ool exempled
of fetal complications [57].

When the fetus is viable (more than 24 weeks” gestation)
coatnod fetal monitoring must be provided. A mmunam
of 2-6 h and up to 48 h of monitoring is recommended, as
samse cases of placental abruption have been reported mare
than 24 b after the imbsad injury. Fetad arthythmi may be the
st sign of maternal hemodynamic compromise. As placen-
tal perfusion and oxygenation depend directly on maternal
cardiorespiratoty conditzon, continuous fetal wonitonng is
recommended m cases of maternal acute respiratory distress
syndrome. severe lung damage, or abnormal beart chythm. In
low-risk pataents with miosoe o and once any masernal
injury ase exciuded, fetal monitoring for 4 h appears 1o be o
sufficient period of moaitoring.

Porimorenm cesarean section in viable fetuses can be soc-
cesslul if perlormed no later than & man following maternal
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Table § Tnudications for auergey cesaie seution (640, 61)

Viable prepmasscacs {5 24 weeks ) of scar s
Mawerzal death
Trouna posents with cardiac wrest

No Lter than 4 min of progaly petflinsed cadiopadmniary pesusl-
taton that hay teled

Loss of fetal well being in viahle fones
Irrepeersble ulcrine raplarc

Masove hemomhape/chock

Threat o life trom exsanguiration from any comas
Mochamcad laitation for materzal sopais
Undahle thaeseolombuar spuns injey

cardiac arrest. Fetal survival rates are excellent with 2
reported fetal survival mte of T0%. A vertical uterine mid-
lene section 18 reconamended o avold igury w the aletime
vessels. The recommendations |60, 61] for emergency cesar-
ean section are listed in Table 5.

Concluston

Truuma in pregnan! women represents i sigificant public
health hurden ond 2 clinical challenge for the tranma sur-
geoa given the complexity of the pregnam woman, The po-
arity should always be with the mother. Whitle injuries 1o
the gravid uterus are uncommon. they should be suspected
in all assanls victims and all patients with direct perineal
trama, pelvic ructures. o penetrating injury w the pelvis
An obstetrician is an esseatial member of the multidiscipli-
nary team for the iitial assessment, stabilizanon, and sub-
sequent management of o prognant trawma victim, Pregannt
women must be educated on the proper use of restrants, and
screening for domestic abuse and depression are essential
camponants of quality care of this unigue populstion. Tt is of
a great importance that all professionals specializing in treat.
ing trauma patients recognize and are xwase of the anatomic
and physiologic chunges that occur to pregnant women and
how these changes can unpact the evaluation and treatment

of this unique patient populztion.
Complivnce with cthical standards

ConfMict of IMerest  Vatroio Petrooe. Parion limenez Monkas,
Aleasmber Axclrad, und Ouovrado I Marini declaes et they have noe
cnnthet of imerest.

Informsed consest  This roscanch coasisted of lilemare reviow aaly.
and. theresoce, did not imvotve human participaats or slmals.
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pregnancy.!

To oor keowledge, cody limuted semes™ =%'' of pregnant
patents sustaining blunt injury amd only oee mralti insttutional
study'* incioding both blunt and penstratng trauma combined
nave been previcusty regorted. However, studies focusing mainly
o0 P it At b dnuros duchig pregancy are Laeking, The ol
of thes study was to review the sodgroap of pregnass trauma
VICTIMS sustaling abdomesal njury.
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from Febouary 1, 1966 to December 31, 2008 was performed.
inclusion critena consisted of all pregnant patients requiring
pospital admission following mjury. Data were extracted from the
frauma registies at the two centers and mdoded demographic
characteristics, igary Severity Scose (I5S)L Revised Trauma Soore
(RTSL abdoeningl Abbeevisted Fjury Scale [AIS] physiologic
parameters 20 admission (o the Emergey Department [ED),
duagrostic and surgicol interventions  perfommed, n-hospital
complicatsons, maternal and fetal mortadity, and Surgical Intensive
Care Uait (SICU) 20dd bospital lengths of stay.

The two-sided Fisher's exact test was wsed for testing Lhe
dillerence between proportions and the Mann - Whitoey tank sum
test was utilised for testing the difference between means. Factors
that were different betwaeen the two studly groups at p < 0,05 were
entered into a logistic regression model for adjustment. Adjusted
odds ratio (OK) and its 95% confidence intesval (C1) for the
cutcomes were derived. The SAS statistical program (SAS [nstitute
Inc.. Cary, NUC) was used for all analysis.

Results

During the 155-month study penod. 321 peegnant patients
were inchoded in the study, Overali. blunt and peretrating infuries
occurred in 291 (51%) and 30 (9%) patieats, respectively. Among
these 30 victims of penetraring insult, 22 (73%) sustained gunshot
wouinds (GSW], 7 (23%) stab wounds (SWL and 1 (3%) shotgun
injury. Mean age was 22 6year-old and the meanISSwas 12 | 16,
Patient’s demographacs and physiolage characteristcs are listed in
Tabde 1. The overall mean sbdominal AlSwas 2 = 1.2and 2 4 2 among
patients sustaining penetrating insults. Forty.one percent of the
patients (n=12) sastained an abdominal injsry, and 145 (n=4)
undervent cesirean section. The diagnostic procedures pecrformed
are listed in Table 2. The overall matermal mortality in the present
seres was 3% (m = 9), and the overall fetal moctality was 16% [0 = 45)
[0 the cohort of penetrating trauma patients. two wommen | /%) and 19
fetuses {/3%) died. When adjusted for age, abdominal AlS, 1SS, and
diastolic bleod pressure, no difference in maternzl mortality was
identified (7% vs. 2% p=0.080), letal mortality, however, was
significantly higher in the penetrating injusy cohort (/5% vs. 10%5;
adjusted OX: 34; 95% C1: 11-124; p < Q0001 ), i which the utsrine
infary ocomred @ the majority of the patients. The penetrating
trauma cohort also had a signtficantly higher matemal morbidity rate
(66T vs. 10%; adjusted OR: 25; 95% (1 9-79; p < Q0001) after
adjustment | Table 1} The most commen complication was teus(57%)
in the penetrating trauma group, followed by abostion (5%] in the
bluse traama group. The penetrating trauona group had 3 longer
hospital length of stay (7 = 9 vs 4 4 8 p < 0.058) as compared to the
Blumet trauma group.

Table 2
Dhagrmastic ssedaitios dephiyed

Feariratong trauma oe 0|

Plaia Dlire 387
CT sbdecines 2%
Trenbdominal pevic dirassons 15
Tocodpmamics nx

CT carepated memogrpiy

Tabic 1
Demrmngrepiin and plrpuciope churactenstas of the wady populetun,
Al paticrrs Frmtiatang
(n=321) trasnia (ve30)
Age (years) 2346 2245
Cemaniond] e (woeks) 19450 i
Vs sigs of sdmisios
Fetal Beart raee (Deatsmin) T34 06 B2
Sywnlic bhood presanre [mm Hl 125122 29:23
Heart zxe (bearvming Wt 20 W42
Respiratory raee [hrrathe(min| MD+& EUED |
Fetal Beart ratw (Beats brus) 1245 114,55
L5 1441 1441
n 942 LB )
1559 T+ 12,15
Abcorriizal ALY 2412 242

CCS Clugow Came Scake. RTS. Revied Trammna Scuee: 55 lnjury Severny Scooe:
NS ABbreveared Tury Scabe
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Tadie 3
Adunted” oo reomes Sl owing peaetrating and Jient soama in Suring pregrancy
-Owtcane Pewanating Than Adasted Adpsned
trauma T odds Ttk pwaber
{n=30 a=291) 193% €1
Naterral " P 1065 o0
mactality
Fetal e -4 34011-124) <0001
asrtalily
* Adpamad far 3ge, ab | apary, IS5, and @awake Nood precwsre
Discussion

Penetrating injuries are exceedingly uncommon in pregnant
poputation reflected hy the lack of Larger senes on the topsc
Nevertheloss, Aniulene et al= roposted, in 2 Medime-hased
review aof 13 years; that injury affices almost 8% of A
pregnancses, bowewer, only 16% ol those Wctims  sustan
penesiating snjury. Likewise, 1 our serles a toral of 9% of the
cohoer sustained a peretrating insult. predomisantly GSW, in
vreess of 70% ol cases

AL Il treatme it presontses 210 i pregoant 1Cauma victim
fallow ATLS poieniples.” Once Nle-threatening (nprmes have been
Sldvessed, the secondury survey of fertile femmale should include
assessanent ol potential pregnancy. fetal age, and its possible exirg-
wler e survival prompting pestisent monstodng of fetal distress
with cardintocography.”’

The mddenxce of ulenne injury increases signibcantly after
peoetrating abdominad trauma, as the pregnant uterus expancls
beyond the pelvis by the 12th week of pregnancy. In the secomd
half of pregnancy the vast majurdty of penetrating injares to
antersor abdomen are associated with uterdne irgury.'™ Never.
theless, by the muddle of the second trimester, the oterine
musculature is capable of absorbing most of the wounding energy
resulting in 2 low maternal death-rate in these instances '™ ’? Stab
wounds during pregnancy, in general, are less likely to cause
maternal bowel injury. However, upper abdomanal stab wounds
may resalt in 2 complex bowel injury because of the cephalad
bowel displacement. Gunshot wounds to the uterus cause
frequeatly fetal injurics in 60-70% of cases. Such lesions are
associated wizh fetal death in 06517219 [n the current senies,
penetrating mechanisms of Injury were significantly moee
fm'\mﬂy assocated with abdominal insults at 41%. Likewise,
penetrating mechanisms of injury resudted in sgnificantly higher
rate of fetal demise, averall morhidity, and in an ohvious rend of
maternal mortality in current serks.

Emorgency cacsaran secrion may be indicated when feeal
survival is noted following peactrating ingury to the atenss ™
Feral vabilny is defined a5 25 weeks of gestation, which
corresponds 1o a fundal height balfway between the umbiticas
and the castal margin,' and at this stage timing of the caesanan
sechion Is cotcal as e Setus has 40-70% chance of sarvival ™
Indcanons fr emergency Caesanan section included maternal
shock. threa to lile from exsanguinanions rom any cause,
preparable uterine njury. fetal distress inoa viable fetos,
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unstable tharacolumbar spine Injury, pregnancy near term, and
maternal death ™ Marris ot al."”? reposted thar the emergency
cacsanian section performed after 25 weeks of gestation for
specific indications following trauma is assocated with 45% fetal
suevival and 725 marernal survival I the caesacan section and
delivery are done within 5 mim there & an excellent probabidity
of suvival, but It is mmore wnlikely as the time Increases
Cavsarian sections were performed in 8% of the penetrating
tranma patients oo seces, of which fetal montaliny was
signaticantly high.

It has been repautidd that 10-30% of wamen are abused dusing
their pregnancy, and 5% of the cases levolving abese tesulr in fetal
Adearh.™ "M In our senies conssstent with the literature, overall § 1% of
patienes reporred domesic assault, These insults may be highly
unreportest in the peegnant population n the pevsent sones in
concarcnee with athers repoes,””*®

Altbough this stxdy has some limetabons, seh as the
retrospective design andd the small number of subjects enralled,
this i to the best of our knowledge the largest senies assembled
from the two nstitunons focussng on pepotratiog abdaminal
injuries during pregaancy

The penetrating traums cobwort of pregnant parients expen-
encod higher maternal mortaliny | 7% ve. 2% {adjusted OR: 7; 95X C1!
Q65-79], p=0.090|, significantly higher fetal mamality [73% ve
10% (adjusted OR: 34: 95% C1: 11-124), p < 00001 and matemal
mot bidity [66% v, 1005 (xljusted OR: 25.95% (1: 9-79) p < 0.0001]
while sdjusting for age, abdomingt AlS, 1SS, and diastolc blocd
pressure.

Condusions

Assessment of 2 female trauma patient in the fertile age should
abways include the possibality of pregnancy. Fetal moetality and
overall maternal morbedity remains exceedingly high, st 73% and
665, respectively, following penetrating abdominal ingury. Pene
trating Injury mechanism, severity of abdominal mjury and
maternal hypotension on admission were independently associat
ed with an increased sk for fetal demise following traumatic
insult during pregnancy.

Coaflict of interest

None.
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Trauma in pregnant patients @c,mm
Introduction

Over the past several decades, traumatic injuries have been identified as major contributors
to maternal and fetal morbidity and mortality. Traumatic injuries, most commonly accidental,
and occasionally the result of intentional violence, are now considered the leading cause of
death during pregnancy. Fildes and colleagues’ reported that nearly 50% of maternal deaths are
caused by trauma. From 6%-7% of all pregnancies are complicated by trauma, and 0.4% of
pregnant patients require hospitalization for the treatment of traumatic injuries.” The actual
number of injured pregnant women is underestimated because many of them are unreported,
especially those due to domestic violence.

Although major blunt and penetrating trauma is more likely to affect both a pregnant woman
and her fetus, complications limited to the pregnancy itself, such as abruption placenta and fetal
injuries, can occur after relatively minor trauma to the abdomen from falls, domestic abuse, and
low-speed motor vehicle accidents.

The possibility of a pregnancy must be considered in all injured women between the ages of
10 and 50 years.” Pregnancy produces major physiological and anatomical changes in multiple
organ systems that may affect the response of a pregnant woman to trauma. It is essential for a
trauma surgeon or any practitioner taking care of a pregnant trauma patient to understand the
effect of the physiological changes occurring during the early and late pregnancy on the
symptoms and signs of the trauma victim to provide the appropriate care to both the mother
and the unborn child. The evaluation, interpretation of diagnostic tests, and management of the
injured pregnant patient must take place within the context of all the physiological alterations
occurring during pregnancy.”

It is essential that all professionals responsible for the treatment of trauma patients recognize
and be aware of the anatomical and physiological changes that occur to pregnant women and
how these changes may affect the evaluation and treatment of this unique patient population.”
Clearly, a comprehensive evaluation of these patients must include the assessment of the fetus
to save the pregnancy.

Historical perspective

The oldest known cases of traumatic injury during pregnancy are referenced in the Code of
Hammurabi (15th century BC)® and the Old Testament (Exodus 22:21), Penetrating injuries to
the gravid uterus from spears, sticks, and animal horns have been observed from ancient times.

http://dx.doiorg/ 101067 fj.cpsurg. 2015.07.001
0011-3840/c 2015 Elsevier Inc. All rights reserved.
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The famous military surgeon Ambroise Paré, who was also an obstetrician, was the first to
describe the treatment of penetrating injuries to the uterus.” He wrote, “When the womb is
wounded, the blood cometh out at the privites, and all other accidents appeared.”

Articles written in past centuries about trauma in pregnancy identified falls, battering, and
assaults as the most common causes of traumatic injuries during pregnancy.” However, with the
evolution from a less to a more industrialized society, the etiology of traumatic injuries has
evolved from those previously reported to those typical of a more industrialized society, such as
motor vehicle crashes and penetrating trauma from stab and gunshot wounds.

Epidemiology

The Center for Injury Research and Prevention in Pittsburgh, Pennsylvania, published in 1995
an excellent epidemiologic 1-year study” that included all women of childbearing age requiring
hospitalization for injuries. Of the 16,722 women having traumatic injuries, 761 were identified
(4.6%) as being pregnant. The most common causes of injury were motor vehicle collisions
(33.6%), falls (26.4%), poisonings (16%), and “struck by or against” (11.4%), The mean age of
injured pregnant women was 24.9 years. Weiss and colleagues”® reported a 3-year study in which
240 traumatic fetal injury deaths were identified (3.7 fetal deaths per 100,000 live births). Motor
vehicle collisions were the leading trauma mechanism (82% of cases), followed by firearm
injuries (6% of cases) and fall-related injuries (3% of cases),

Traumatic injury-related fetal mortality was reported by the same author” in a 2-year study,
with data from only 1 state: 31 of 7131 (0.4%) fetal deaths were ascribed to trauma, whereas the
fetal death rate was 6.5 per 100,000 live births. Motor vehicle collisions were the leading cause
of injury (81%) and placental separation was the most common diagnosis (42%).

More recently, Leggon and colleagues' reported a very extensive literature review from 1932
through 2000, including 101 pelvic and acetabular fractures during pregnancy. They found that
the average age of the women was 25 years, and associated maternal injuries were noted in 60%
of the patients. The most common mechanism of injury was motor vehicle collisions (73%),
followed by falls (14%) and automobile-pedestrian collisions (13%). The overall maternal
mortality rate was 9%, and the fetal mortality rate was 35% The mortality stratified by the
mechanism of injury led to the following observations. Firstly, automobile-pedestrian collisions
were responsible for 7% (3 of 11) of maternal mortality and 45% (5 of 11) of fetal mortality.
Secondly, motor vehicle collisions were associated with 6% (4 of 63) of maternal mortality and
37% (23 of 63) of fetal mortality. Lastly, falls did not cause maternal deaths (0 of 12) but were
associated with an 8% (1 of 12) fetal mortality. These authors concluded that automobile-
pedestrian collisions have a statistical trend for higher maternal mortality, whereas vehicular
collisions tend to cause more fetal deaths.

Young pregnant women are also at high risk for battering. it has been reported that 10%-30%
of women are abused during pregnancy, and 5% of cases involving abuse result in fetal death."’
Physical abuse should be suspected based on the pattern of injuries. Although motor vehicle
collisions and pedestrian struck type of injuries tend to affect more commonly the distal
extremities, pelvis, and abdomen, the injuries caused by physical abuse tend to be more
proximal and more commonly in the midline. Pregnant women subjected to physical abuse
typically present with injuries to the neck, breast, face, upper arms, and lateral thighs, as well as
with bizarre injuries such as cigarette burns and bites.'” Because domestic violence is associated
with a wide range of psychological, psychosomatic, and physical conditions, the diagnosis
requires a high degree of suspicion and astute clinical skills. The most common symptoms
associated with domestic violence include headache, chronic pain, gynecologic symptoms,
posttraumatic stress disorder, acute and chronic injuries such as those described earlier, and
substance abuse, among other conditions.””

An estimated 33% of abused women have anxiety and depression, and 26% of female suicide
attempts are by women experiencing interpersonal violence, but this number is underestimated,
as these injuries are unreported, especially in the pregnant population. Identified risk factors for
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trauma during pregnancy include younger age,” drug and alcohol use, and domestic
violence."”'*"" Berenson and collegues' found that battered women were more likely to use
alcohol and tobacco. Holland and colleagues’” reported a 21% incidence of preterm birth when
pregnant women tested positive for drugs.

Although in general the physical abuse to a pregnant woman is aimed at injuring the
person herself, occasionally the physical abuse is directed specifically to the gravid abdomen,
with the intent of causing fetal injury.'” Battering can initiate or escalate during pregnancy;
however, pregnancy can be a protective hiatus for some women. It is estimated that between
10% and 30% of women are abused during pregnancy, with a fetal mortality of 5%.'” In a review
of domestic violence, intimate partner viclence and battering was reported to occur in 1 of
every 12 pregnancies in the inner city."” Intimate partner violence contributed to 20% of all
nonfatal violent crimes experienced by women.” Homicide rates for African American
women were 3 times higher than those for white women.”' According to Chang and
colleagues,”® homicide is the third leading cause of injury-related death for all women of
childbearing age, independent of pregnancy status. They reported a homicide rate of 1.7 per
100,000 live births, Risk factors for homicide during pregnancy included age younger than 20
years, belonging to the African American ethnic group, and later or no prenatal care. The most
common mechanisms of injury were gunshots (58%), stabbing ( 18%), strangulation ( 14%), and
battering (8%).

1kossi and colleagues” identified factors predictive of injury in a group of pregnant women.
Based on the National Trauma Data Bank (NTDB) of the American College of Surgeons, among
the 77,321 women of childbearing age hospitalized for traumatic injuries, 1.5% (1195) were
pregnant. The most common mechanisms of injury in this review article were motor vehicle
crash (70%), interpersonal violence (11.6%), and falls (9.3%). Young age at the time of the
pregnancy, African American or Hispanic heritage, and lack of insurance or underinsurance
status were the highest risk factors for injury during pregnancy.

Depression during pregnancy and postpartum has contributed to a higher suicide-related
maternal mortality rate.”~*** All pregnant and postpartum women have to be screened for
depression to prevent the possibility of suicidal ideation and the possibility of attempts to
suicide. Suicide remains the fourth leading cause of female mortality’”; however, pregnant
women have a lower risk of successful suicide than that of women who are not pregnant.”’~"
The attempted suicide rate during pregnancy has been estimated to be 0.4 per 1000
pregnancies.”” Common methods of attempted suicide include drug overdose and poisoning
with a corrosive substance,"**

Table 1
Changes in maternal physiology dunng pregnancy.
Change Consequence
Cardiac output and blood volume increase Shock after more than 40% of blood loss
Expansion of plasma volume Physiological anemia
Decline in artenial and venous pressure Vital signs are not reflective of hemodynamic status
Increase of resting pulse
Chest enlargement Change in anatomical landmarks
Diaphragm rise Caution during thoracic procedures {eg, thoracostomy)
Substernal angle increase
Decrease in functional residual capacity Rapid decline in PO; during apnea or airway obstruction

Increase in oxygen consumption
Airway closure when supine

Increase in tidal volume and minute ventilation Reduction in PCO, and bicarbonate levels
Decrease in anesthetic requirements Need for adjustment of sedative doses
Decreased gastric motility Risk of aspiration

Redaxation of gastroesophageal sphincter

Adapted with permission from Tillou and Petrone.™
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Anatomical and physiological changes

The initial assessment and management for resuscitation of an injured pregnant patient are
always the same as in nonpregnant patients, although the anatomical and physiological changes
during pregnancy may alter the response to the injury. It is essential to understand all the
changes that occur during this period to provide appropriate care to both the mother and the
unborn child (Table 1).}

Cardiovascular System

The plasma volume begins to expand at 10 weeks of gestation. The increases in estrogen,
progesterone, renin, and aldosterone levels contribute to expand the plasma volume by up to
45% of pregravid levels. In particular, the enhanced activity of aldosterone is responsible for an
additional resorption of approximately 950 mEq of sodium each day, which in turn leads to
retention of approximately 6-8 L of total body water by the third trimester of the pregnancy.”’

This hypervolemic state, which is teleologically meant to compensate for the blood loss of
approximately 500 mL that occurs at the time of vaginal delivery and which can also protect
the mother from the blood loss of approximately 1000 mL associated with a cesarean delivery,
is protective of the mother in the case of hemorrhage from trauma.

Because of increased plasma volume in relation to the red cell mass, the pregnant woman
develops a “physiological anemia" with a hematocrit of 31%-35% in the late pregnancy.

Because of the increase in plasma volume, the pregnant patient may lose 35% of the
circulating blood volume before exhibiting any sign or symptom of maternal shock, giving a false
sense of security to the caregiver. The white blood cell count increases, reaching values as high
as 25,000 per mm? during labor. The levels of coagulation factors and fibrinogen are increased,
and the fibrinolytic activity is reduced; this results in a hypercoagulable state that accounts for
the increased risk of venous thromboembolism during the pregnancy.

The pulse rate also increases gradually 10-15 beats per minute throughout pregnancy, mainly
because the diaphragm becomes more elevated secondary to the enlarged uterus that causes a
lateral displacement of the cardiac apex, reaching the maximum by the third trimester. The
mean blood pressure averages 105/60, 102/55, and 108/67 mm Hg, by the first, second, and third
trimester, respectively. Levels of blood pressures more than these mean values should alert the
physician to the possibility of pregnancy-induced hypertension.

By the end of the first trimester, cardiac output increases by 1.0-1.5 L/min, which represents
approximately 25% more than the normal value because of an increase in plasma volume and the
decrease in vascular resistance of the uterus and placenta.”

A point worth emphasizing is the maternal position during the second half of the pregnancy.
When the patient is in supine position, the inferior vena cava is partially obstructed by the
enlarged uterus; thus, there is a decrease in blood return to the right side of the heart, resulting
in a decrease in cardiac output, causing the “supine hypotensive syndrome,” which is
characterized by dizziness, pallor, tachycardia, sweating, and hypotension. This condition is
relieved when the patient is turned to the left lateral decubitus position.

Respiratory System

As previously mentioned, the diaphragm rises approximately 4 cm and the chest diameter
increases by 2 cm, increasing the substernal angle by approximately 50 .°% These changes occur
secondary to hormonal effects and from the mechanical pressure imposed by the enlarged
uterus. To avoid latrogenic complications, these anatomical changes should be taken into
consideration when thoracic procedures such as tube thoracostomy, placement of pigtail
catheters, and thoracentesis are being performed.

The most notable changes in respiratory physiology and oxygen use include increased minute
ventilation and vital capacity with decreased residual volume and functional residual capacity,
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as well as an increase in oxygen consumption by approximately 20%. The rise in minute
ventilation is caused primarily by the increase in tidal volume, which averages 200 mL. The
respiratory rate does not alter significantly throughout pregnancy. The arterial partial pressure
of oxygen remains unchanged, whereas the partial pressure of carbon dioxide decreases because
of the augmented minute ventilation. The pH does not change because of the compensatory
decrease in the plasma bicarbonate level; therefore, the pregnant woman develops a state of
compensated respiratory alkalosis.”* Because of the reduced functional residual capacity,
pregnant patients do not tolerate apnea well, and supplemental oxygen is always indicated.

Gastrointestinal system

Gastrointestinal motility, intestinal secretion, and absorption are reduced because of
increased levels of progesterone and estrogen during pregnancy. In addition, because of the
partial displacement of the lower esophageal sphincter into the thorax and the decreased tone of
the lower esophageal sphincter from the action of progesterone, which is associated with
decreased gastric emptying, a pregnant woman is at a higher risk of aspiration following a
traumatic event.

As the uterus continues to grow, the small bowel is displaced laterally and superiorly, making
it more vulnerable to penetrating trauma to the upper abdomen. Biliary secretion is also altered,
as shown by the increase of the alkaline phosphatase levels to nearly twice its normal value.™
Because of the decreased flow-dependent biliary secretion and the decreased cholecystokinin-
induced gall bladder emptying, both caused by the increased level of progesterone, a pregnant
woman is prone to bile stasis and to the formation of gall bladder sludge and gallstones, which
can be documented by the end of the second trimester in 31% and 3% of pregnant women,
respectively.”” " There is also a decrease in the level of plasma albumin to an average of 3.0 g/dL.
but this is probably dilutional and not due to compromised synthetic activity.™

Renal system

The renal system also is affected during pregnancy. The earliest change is an increase of the
renal blood flow by approximately 30% that increases the creatinine clearance. Therefore, the
serum levels of creatinine and blood urea nitrogen are markedly decreased during pregnancy. By
26 weeks of gestation, renal plasma blood flow and glomerular filtration rate are 80% and 50%
more than the normal baseline values, respectively.””*" Because of these increases, more plasma
is filtered, diminishing the protein levels and therefore the oncotic pressure, which places the
pregnant patient at a higher risk of pulmonary edema. As the uterus becomes larger, the ureters
and bladder are compressed, resulting in hydronephrosis and hydroureter; thus, a dilated
collecting system in a pregnant patient is normal. Because of the anterior and superior
displacement of the bladder, it becomes more susceptible to lower abdominal injuries.

Endocrine system

The pituitary gland enlarges by 0.08 mm/wk, reaching a maximum height of 10-12 mm
immediately postpartum; this represents an increase of approximately 135% from its original
size."' Owing to the more dominant enlargement of the anterior lobe of the gland and its
increased blood requirement, this portion of the gland is more prone to ischemia and necrosis
particularly in pregnant women with type 1 diabetes mellitus. Traumatic shock may cause
antepartum necrosis of the anterior part of the gland, causing pituitary insufficiency, as opposed
to the Sheehan syndrome, which is a postpartum pituitary necrosis caused typically by massive
bleeding during or after delivery.

The placenta produces human chorionic gonadotropin, human placental lactogen, progester-
one, estrogen, thyroid-stimulating hormone, and adrenocorticotropic hormone."’ Because
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estriol production depends on the appropriate function of the fetal-placenta system, it can be
used as a marker of fetal and placental well-being.*

Musculoskeletal system

The softening and relaxation of the interosseus ligaments during pregnancy widens the
sacroiliac joint and the pubic symphysis from 4-8 mm. Because of these changes, the maternal
center of gravity is disrupted, and a pregnant woman attempts to compensate assuming a more
lordotic posture, resulting in an increased risk of falls.

Neurologic system

Intracerebral hemorrhage is the most common cause of death in patients with pregnancy-
induced hypertension, and because it can produce seizures, it may mimic a head injury. It should
be suspected when hypertension is associated with hyperreflexia, proteinuria, and peri-
pheral edema.

Reproductive system

The weight of the uterus increases 60 times, ranging from 60-1000 g by the end of the
gestation. After the third month, the uterus is outside the pelvis, and by the third trimester, it is
at a level above the umbilicus, displacing the hollow viscous viscera upward and laterally.

Uterine blood flow increases by approximately 500 mL/min; this represents an increase of
approximately 17% of the cardiac output.”” Simultaneously, uterine veins may enlarge up to 60
times their size when compared with the prepregnant state. The increased vascularity of the
uterus and the pelvis resulting from the increased inflow caused by the expanded runoff
provided by the gravid uterus places a pregnant woman at a higher risk of massive bleeding in
the case of pelvic fracture or uterine injury.

Assessment and management
Prehospital care

Prehospital personnel must be aware of the physiological changes associated with pregnancy,
in particular, the importance of providing supplemental oxygen for preventing maternal and
fetal hypoxia and of infusing intravenous fluids liberally during the transport of these patients.
Because of the increased intravascular volume, these patients can lose a significant amount of
circulating blood volume before the development of tachycardia, hypotension, and other signs of
acute blood loss.

Military antishock trousers (MAST), also known as a pneumatic antishock garment, are a
1-piece inflatable device that has been used to support blood pressure in hypotensive patients
during transport to the trauma center. The current indications include the presence of severe
hypotension in patients with suspected or documented pelvic fractures and temporary support
of blood pressure in patients with hemorrhage from abdominal trauma who are on route to the
operating room or to another facility.** The MAST are potentially harmful to pregnant women in
the second and third trimester of pregnancy and are relatively contraindicated in pregnancy
other than for a ruptured ectopic pregnancy.*” The emergency department team must be aware
to limit the inflation of the MAST only to the leg compartments and to avoid inflation of the
abdominal section if used while transporting a pregnant woman whose pregnancy has
progressed beyond midterm gestation, because inflation of the abdominal compartment of the
MAST can compromise uteroplacental blood flow.*” Deflation should occur in the hospital only
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after intravenous lines are secured and after appropriate volume loading with crystalloids, blood
products, and control of the bleeding source.™”

To avoid the supine hypotension associated with the uterine aortocaval compression (Fig 1),
patients after 20 weeks of gestation should be transported on a backboard tilted to the left by
15", paying special attention to the immobilization of the cervical spine.™" The aortocaval
compression by the uterus decreases the venous return to the right heart, causing supine
hypotension because of the reduced stroke volume and cardiac output. It is noteworthy that
aortocaval compression from the enlarged uterus can compromise the effectiveness of chest
compressions during cardiopulmonary resuscitation (CPR) in the third trimester of pregnancy.
If the patient is in a supine position, the right hip should be elevated 4-6 in (15-30"), placing a
firm wedge under the right hip to achieve tilt. In cases of major trauma, the wedge should be
placed under the spinal board. If lateral tilt is not feasible, manual uterine displacement to
minimize inferior vena cava compression is indicated: standing on the woman's left, the
physician places both the hands around the uterus and gently pulls the uterus toward himself
or herself."

Primary survey

The priorities for treatment of an injured pregnant patient remain the same as those for the
treatment of a nonpregnant patient. The primary survey includes establishing the patency of the
airway, maintaining the breathing, and providing adequate support of the circulation with
volume replacement and hemorrhage control, if necessary, with the understanding that the
treatment of the mother takes precedence over the treatment of the fetus.*

Severe trauma induces the release of maternal catecholamines that cause uteroplacental
vasoconstriction, compromising the fetal circulation. Therefore, supplemental oxygen is always
indicated to prevent maternal and fetal hypoxia. Because of the increased cardiac output present
in pregnant patients, the increase in oxygen in solution provided by the administration of
supplemental oxygen may increase oxygen delivery to the fetus,

Hypovolemia should be suspected in all pregnant victims of trauma before it becomes
clinically apparent, because the pregnancy-induced hypervolemia may mask significant blood
losses, and the occurrence of shock may be delayed. Vigorous volume resuscitation is
encouraged even for patients who appear normotensive after major trauma.

Fig. 1. Compression of the infenior vena cava (within the oval) in advanced pregnancy. (From Dr Patrizio Petrone's
personal archives.) (Color version of figure is available online.)
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Secondary survey

The secondary survey consists of obtaining the obstetrical history, a physical examination,
and evaluation and monitoring of the fetus. All necessary radiological investigations should be
performed regardless of the pregnancy. Comorbid factors such as pregnancy-induced hyper-
tension and diabetes mellitus should be known to provide proper treatment. The obstetrical
history of preterm labor or placental abruption places the patient at increased risk for the
recurrence of this condition. The obstetric history includes previous episodes of preterm labor,
placental abruption, the date of the last menstrual cycle, expected date of delivery, and any
problem or complications of the current and previous pregnancies.

The abdominal examination is critically important, as well as the determination of the
uterine size, which provides an approximation of gestational age and fetal maturity (Figs 2 and
3). It is important to stratify the pregnant patient into 1 of the categories shown in Table 2.*" The
fetus is usually considered viable when it has a 50% chance of extrauterine survival. With the use

Fig. 2. Location and size of uterus during different stages of pregnancy. The numbers indicate weeks of gestation.
(Modified with permission from Wilson SF ed. Assessment of the Pregnant Patient. Health Assessment for Nursing
Practice. 4th ed. Mosby: 2009.) (Color version of figure is available online.)
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Fig. 3. Exploratory laparotomy in a pregnant patient at approximately 26 weeks of gestation. (From Dr Patrizio Petrone’s
personal archives.) (Color versson of figure is available online.)

of advanced neonatal supportive capabilities, newborns weighing 500-600 g can be supported in
appropnate neonatal intensive care units with 20%-30% chance of meaningful survival. Dedsions
regarding fetal viability are based on the assessed gestational age by ultrasonography; however, it
must be mentioned that even with the use of the most advanced technology, gestational age is
subject to an error of 1-2 weeks. A rule of thumb assessment of gestational age in the trauma bay
uses the umbilicus as the landmark of potential fetal viability. If the fundus of the uterus extends
above the umbilicus, the fetus is considered potentiaily viable. A discrepancy between gestational
dates and uterine size is suggestive of uterine rupture or uterine hemorrhage. Uterine rupture is
suspected by the presence of peritonitis, findings of extrauterine fetal parts on abdominal palpation,
as well as the inability to palpate the fundus of the uterus. However, the abdominal examination may
be unreliable and cannot be relied upon as the sole diagnostic modality. An algorithm for initial
maternal and fetal assessment is presented in Figure 4.+

There are 6 conditions suggesting potential harm to the pregnancy itself in a patient who has
experienced a traumatic event that must be assessed at the time of the evaluation of the
pregnant patient.*” They include one or more of the following conditions:

1. Vaginal bleeding: it can suggest premature cervical dilation, early labor, placental abruption
or placenta previa.

Table 2
Patient stratification by category.
Category Considerations
Potentially pregnant History alone is unreliable in excluding pregnancy

Perform a pregnancy test on all women of childbearing age who sustained trauma
Where pregnancy is confirmed after a trauma event, provide counseling on the
implications (ie, radiographic studies)

Previable gestation (< 24 wk) Dates and estimations of gestational age may be inaccurate or unreliable
Where in doubt, presume viability
Document presence or absence of fetal heart rate

Viable gestation Gestation greater than 24 wk
Start cardiotocograph monitoring

Perimortem Evaluate to perform cesarean delivery

Adapted with permission from Queensland Clinical Guidefines."”
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Fig. 4. Algonithm for initial maternal and fetal assessment. OB, obstetrics; US, ultrasound. (Color version of figure is
available online.)

2. Ruptured membranes: prolapse of the umbilical cord can occur, resulting in compression of
the umbilical vein and arteries.

3. Bulging perineum: caused by pressure from extrauterine located parts of the fetus.

4. Presence and patterns of contractions: their presence is important, so preparation for an
eventual and early delivery can be made.

5. Abnormal fetal heart rate and rhythm.

6. Kleihauer-Betke test: is used after maternal injury to identify fetal blood in the maternal
circulation (fetomaternal hemorrhage).

Fetomaternal hemorrhage

FMH, the transplacental hemorrhage of fetal blood into the normally separate maternal
circulation, is a unique complication of trauma during pregnancy.”’ The reported incidence of
FMH after trauma is approximately 10%-30%.°" There is no proven correlation between the
severity of trauma, gestational age, and frequency and volume of FMH. Complications of FMH
include Rh sensitization in the mother, fetal anemia, fetal paroxystic atrial tachycardia, fetal
hypoxia, intrauterine death from exsanguination, or neonatal neurologic damage.™
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Theoretically, FMH is possible by the fourth week of gestation; some authors suggest that FMH
becomes a concern only after 12 weeks of gestation when the uterus rises above the pelvis and
becomes an organ susceptible to direct trauma. FMH is detected by the KB test, an acid elution
technique on maternal blood. On examination, adult cells remain colorless, whereas fetal red
blood cells turn bright purple-pink. The ratio of fetal cells to maternal cells is recorded, enabling
calculation of the volume of fetal blood leaked into the maternal circulation.

The management of the FMH includes continuous electronic fetal monitoring of the viable
fetus, abdominal ultrasound to detect fetal heart activity, placental location, amniotic fluid index,
and excluding intraperitoneal bleeding. Elevated peak systolic velocity of the fetal middle
cerebral artery correlates with fetal anemia.”*”” Occasionally, emergency cesarean delivery may
be indicated.””

Most clinical laboratories screen 1000 red blood cells taken from the mother. A maternal
blood volume of 5L is commonly assumed in the laboratory formulas used; therefore, the
presence of 1 fetal cell per 1000 cells counted corresponds to a FMH of 5 mL However, the
amount of FMH sufficient to sensitize most Rh-negative women is well less than the 5-mL
sensitivity level of the standard laboratory’s KB test. As little as 1 mL of Rh-positive biood can
sensitize 70% of Rh-negative women. Currently, several commercial kits expedite and simplify
the test process. Unfortunately, the sensitivity of the KB test remains low. Therefore, all Rh-
negative mothers who present with a history of abdominal trauma should receive 1 prophylactic
dose of 300 pg of Rho(D) immune globulin (RHOgam) within 72 hours of the traumatic event.
Although controversial, the KB test should be reserved for Rh-negative women who are at risk
for massive FMH that would exceed the efficacy of 1 dose of immune globulin (ie, more than
30 mL). According to some studies, less than 1% of all trauma cases and only 3.1% of major
trauma cases exceed the coverage provided by 1 dose of 300 pg Rh immune globulin. As a
general rule, 300 pg of Rh immune globulin should be given for every 30 mL of fetal blood found
in the maternal circulation. The KB test should be performed in all pregnant patients with
gestational age more than 12 weeks.” " For cases of documented FMH, some studies
recommend repeating the KB test in 24 hours to check for ongoing bleeding.

Radiographic examination

Indicated radiographic studies should be performed independent of the status of the
pregnancy (Fig 5). The effect of radiation on the pregnancy is completely dependent on the
gestational age of the fetus.” Before the third week of gestation, during preimplantation and
early implantation, exposure to radiation can result in death of the embryo. Between 3 and 16
weeks of gestation, during organogenesis, radiation can damage the developing fetal tube,
resulting in anomalies in the central nervous system. After 16 weeks, neurologic defects are the
most common complications.” Prenatal radiation exposure may be associated with some
childhood cancers.”"

Most of the human data on exposure to radiation are not based on doses applied during
normal diagnostic studies. Although there is existing concern about radiation exposure during
pregnancy, in general, the benefits of the radiological investigations outweigh the risks
associated with it. However, unnecessary duplication of films should be avoided. It is generally
believed that exposure of the fetus to less than 5-10rad causes no increase in the risk of
congenital malformations, intrauterine growth retardation, or miscarriage. Radiation doses from
common imaging studies are shown in Table 3.°'"*" The American College of Obstetricians and
Gynecologists (ACOG) has published a consensus statement™ with the following recommen-
dations: (a) Women should be counseled that x-ray exposure from a single diagnostic procedure
does not result in harm to the fetus or the pregnancy; (b) Concern about possible effects of high-
dose ionizing radiation should not prevent medically indicated diagnostic x-ray procedures from
being performed during pregnancy; (c) Consultation with an expert in dosimetry calculation
may be helpful when several diagnostic x-rays are required. Specifically, exposure to less than
5 rad has not been associated with an increase in fetal anomalies or pregnancy loss.”*
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Fig. 5. Abdominal computed tomography (CT) scanning m a pregnant woman. (From Dr Patnzio Petrone's personal
archives.

Important statements on radiographic studies were also made by the American College of
Radiology and the National Council on Radiation Protection, including that no single diagnostic
procedure results in a radiation dose that threatens the well-being of the developing embryvo
and fetus.”” Furthermore, fetal risk is considered negligible at 5 rad or less when compared with
the other risks of pregnancy, and the risk of malformations is significantly increased only when
levels of radiation exposure exceed 15 rads.

Although there have been no documented adverse effects reported, the National Radiological
Protection Board arbitrarily advises against the use of magnetic resonance imaging in the first
trimester.”* There have been no reports of documented adverse fetal effects from diagnostic
ultrasound procedures, including duplex Doppler imaging, and there are no contraindications to
ultrasound procedures during pregnancy. Ultrasonography has largely replaced x-ray as the
primary method of fetal imaging during pregnancy.”™

In summary, the following guidelines are suggested: First, limit the number of radiographic
studies to the minimum necessary to establish the diagnosis, avoiding unnecessary duplications.
Second, shield the abdomen with a lead apron when a radiological study does not involve

Table 3
Estimated fetal exposure.

Procedure Fetal exposure (rad) Number of studies required for
a cumulative 5-rad dose

Chest x-ray (2 views) 0.00007 71420
Abdominal film (multiple view) 0.245 20
Cervical spine 0.002 2500
Upper or lower extremity 0.001 5000
Thoracic spine 0.009 535
Lumbosacral spine 0359 13
Pelvis 0.040 125
Hip (single view) 0213 23
Head CT (10 sfices/10 mm 0.050 100
Chest CT (10 slices/10 mm) < 0.100 50
Abdomen/lumbar spine CT 35 1

i o

CT. computed tomography. (Modified with permission from Queensland Clinical Guidelines™ and Tillou and Petrone. **)
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investigation of the abdomen. Third, limit the number of radiographs required over a protracted
intensive care unit stay in critically ill patients.

Fetal assessment

Fetal evaluation begins with checking the fetal heart rate and documenting the presence of
fetal movement. Currently, the most valuable information regarding fetal viability can be
obtained by a combination of monitoring of the fetal heart rate and ultrasound imaging. Fetal
heart tones can be detected by auscultation or Doppler probe. This should be accomplished early
in the secondary survey and repeated frequently. The normal range for the fetal heart rate is 120-
160 beats per minute. Continuous electronic fetal heart rate monitoring remains the most widely
used modality for evaluation of the fetus and is an adjunct to the monitoring of the maternal
condition. The use of electronic fetal heart rate monitoring permits prompt identification of fetal
distress including the possibility of asphyxia and fetal death. Any viable fetus of 24 or more
weeks of gestation requires monitoring after a trauma event. This includes patients with no
obvious signs of external abdominal injury, because direct impact is not necessary for
fetoplacental pathology to occur.”™"'

The objective of the monitoring is to identify premature labor, placental abruption, and
fetal distress. The combination of high-resolution real-time ultrasonography and cardio-
tocographic monitoring (CTM) appears to have the highest sensitivity and specificity. They
should both be instituted as soon as feasible without interfering with maternal resuscitative
efforts.”

The most common obstetrical problem caused by trauma is the occurrence of premature
uterine contractions. Myometrial and decidual cells, damaged by contusion or placental
separation, release prostaglandins that stimulate uterine contractions. Progression from uterine
contractions to actual labor depends on the size of uterine damage, the amount of
prostaglandins released, and the gestational age of the pregnancy. Some studies question the
routine use of tocolytics for the prevention of premature labor after trauma, because most of the
contractions (90%) stop spontaneously, and persistent contractions are often pathologic in
origin, thus, in itself, a contraindication to tocolytic therapy.”

Blunt trauma to the abdomen can result in uterine rupture, but this event is uncommon and
usually rapidly fatal for the fetus. A much more common event is placental separation from the
uterus because of the shearing forces following blunt injury. This separation is called placental
abruption.”” Although placental abruption involving more than 50% separation of the placenta
from uterus is uniformly fatal for the fetus, minor cases may initially go undetected. Placental
abruption after trauma occurs in 2%-4% of minor accidents and in up to 50% of major injuries.
Separation results as the inelastic placenta shears away from the elastic uterus during sudden
deformation of the uterus. Abruption can occur with little or no external signs of injury to the
abdominal wall. Maternal mortality from abruption is less than 1%, but fetal death rates range
from 20%-35%. Clinical findings suggestive of abruption include vaginal bleeding, abdominal
cramps, uterine tenderness, amniotic fluid leakage, maternal hypovolemia, a uterus larger than
normal for the gestational age, or a change in the fetal heart rate. When present after trauma,
vaginal bleeding is an ominous sign often indicative of placental separation. The first test to
confirm the presence of abruption is the transabdominal ultrasound (less than 50% accurate).
CTM is more sensitive in detecting placental abruption by fetal distress than ultrasound by
visualization. CTM should be started in the resuscitation room and continued for a minimum of
6 hours. A minimum of 24 hours of CTM is recommended for patients with frequent uterine
activity (more than 6 contractions per hour), abdominal or uterine tenderness, ruptured
membranes, vaginal bleeding, or hypotension. Fetal distress is associated with placental
abruption 60% of the time.”""
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Table 4
The American Association for the Surgery of Trauma-Organ Injury Scale (AAST-OIS) for gravid uterus
Grade Injury description AlS-90 score
1 Hematoma or contusion without placental abruption 2
I Superficial laceration < | cm in depth or partial placental abruption 25% 3

i Deep laceration 1 am in depth in second trimester or placental abruption 25% but < 50%; 3-4
deep laceration in third trimester

v Laceration extending to the uterine artery; deep laceration | cm with 50% placental abruption 4

v Uterine rupture in second or third timester; complete placental abruption 45

AlS, abbreviated injury scale. (Adapted with permission from Tillou and Petrone.*)

Abdominal evaluation

Accurate evaluation of the abdomen in a pregnant patient may be challenging. Special
attention should be given to the evaluation of pregnant women who have 1 or more of the
following: rib or pelvic fractures; unexplained hypotension; vaginal blood loss; hematuria; or
altered sensorium due to drugs, alcohol, or brain injury.

A diagnostic peritoneal lavage (DPL) can be performed safely and has the same sensitivity as
in nonpregnant patients. DPL should be performed superior to the umbilicus using an open
technique. Abdominal computed tomography scanning can also be performed safely with an
evaluation of both the mother and the fetus, but the patient must be hemodynamically stable.
Focused abdominal sonography for trauma has a major role in the abdominal evaluation because
it can rapidly detect intra-abdominal and pericardial fluid in the mother as well as assess the
general fetal condition. The American Association for the Surgery of Trauma-Organ Injury Scale
(AAST-0IS) for gravid uterus is shown in Table 4.°°

Mechanisms of injury

Differences regarding the mechanisms of injury in pregnancy must be recognized in gravid
patients. Overall, 17% of injured pregnant patients experience trauma because of assaults, and
60% of pregnant women have been exposed to repeated episodes of domestic violence.*® Table 5
shows the leading causes of maternal traumatic injury and death.”**

Blunt injury
The most frequent blunt mechanism of injury is motor vehicle collision, followed by assault
and falls. Nonoperative management of hemodynamically stable patients with solid abdominal

organ injury can be accomplished successfully in most pregnant patients. In contrast, unstable

Table 5
Causes of maternal traumatic injury and death.

Motor vehicle collision
Violence and assault
Gunshots
Stabbing
Strangulation
Falls
Auto vs pedestrian
Suicide
Drug overdose
Poisoning
Burns
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patients or stable patients with suspected intestinal injury benefit from early operative
treatment, as hypotension and sepsis can be harmful or even lethal for the fetus.

In the first and early second trimester, the pregnant uterus is an endopelvic rather than an
abdominal organ. At 13-14 weeks of gestation, the uterus is just above the pubic symphysis and
therefore is unlikely to be subjected to direct trauma because it is protected by the bony pelvis.
Fetal loss in the first trimester is rarely attributable to direct uterine trauma but usually is due to
maternal hypotension and the consequent hypoperfusion of the uterus and the developing fetus,
or to the mother's death.

The management of pelvic fractures can be particularly challenging in pregnant patients.
Leggon and colleagues'” reported on 101 cases of pelvic or acetabular fractures in pregnant
women from 1932-2000. This report identified 3 mechanisms of injury: motor vehicle collisions
(73%), falls (14%), and pedestrian struck by a car (13%). The mortality rate correlated with
mechanism of injury and the injury severity score. The overall fetal mortality rate in patients
with pelvic and acetabular fractures was 35%, compared with a 9% maternal mortality.'”
Hemorrhage from dilated retroperitoneal veins can cause hemorrhagic shock and death.”

In nonpregnant patients, bleeding from complex pelvic fractures is usually controlled with
angioembolization; however, the dose of radiation necessary to achieve control of bleeding with
angioembolization in pregnant patients exceeds the upper limit of what is considered safe
during pregnancy.

The abdominal wall, uterine myometrium, and amniotic fluid act as a cushion to direct forces
from blunt trauma, but in some instances, blunt trauma can be so severe that it may cause
uterine rupture (Fig 6). Uterine rupture occurs in less than 1% of pregnant trauma victims but has
an obvious grave prognosis for the fetus and the mother.”™ ™' As the uterus becomes an

A

Fig. 6. (A) Pregnant patient unrestrained ejected through the windshield and rollover by a car. The tire mark on the
abdomen is shown, (B) Rupture of the uterus of the same patient. She was pregnant with triplets; all of them died.
({C) Reconstruction of the uterus was accomplished. (From Dr Patrizio Petrone’s personal archives.) (Color version of
figure is available online.)
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abdominal organ, the risk of direct uterine trauma and rupture increases. The enhanced uterine
vascularity and blood flow associated with the advancing pregnancy increase the possibility of
massive hemorrhage if the uterus is injured and the uterine vasculature is disrupted.””"” The
extent of uterine damage and injury to adjacent organs cannot be predicted on clinical
presentation and is typically not apparent until exploratory surgery is performed. However,
surgeons must be prepared to act quickly to avoid the consequences of severe hemorrhage and
to prevent the development of the deadly triad of hypothermia, acidosis, and coagulopathy. If
the uterus is severely damaged and cannot be repaired expeditiously, then hysterectomy is
appropriate to prevent further deterioration in the woman's condition and the associated
maternal morbidity and mortality.

The most common causes of fetal death include placental abruption due to anoxia,
prematurity, and exsanguination. The manifestations include vaginal bleeding, abdominal pain,
uterine tenderness, and contractions.”” One of the most serious complications associated with
abruption is the occurrence of disseminated intravascular coagulation, activated by the
migration of thromboplastin from the placenta into the maternal circulation. In this setting,
cesarean delivery should be avoided because it is associated with a very high risk of hemorrhage,
hysterectomy, and subsequent death.

Because of evidence that the use of car restraint reduces both maternal and fetal morbidity
and mortality, the ACOG recommends seat belt use in pregnant women to reduce both maternal
and fetal morbidity and mortality.”*”™ Education on the proper use of restraints should be a
standard component of all prenatal care programs. The use of 3-point seat belt restraints during
pregnancy is highly recommended. The National Highway Transportation Safety Administration
(NHTSA) recommends that pregnant women wear their seatbelts between the breasts, and the
lap belt portion under the pregnant abdomen as low as possible on the hips and across the
upper thighs, and not above or over the abdomen.

Penetrating injury

As the uterus increases in size and expands out of the pelvis, it becomes more vulnerable to
penetrating trauma. Penetrating injuries are exceedingly uncommon in the pregnant
population; this is reflected by the absence of larger series on the topic. Nevertheless, Aniulene
and colleagues™ reported, in 3 MEDLINE-based review encompassing 13 years, that 16% of
injuries in pregnant women were caused by penetrating injury. Likewise, in the series by
Petrone and colleagues’™ of abdominal injuries in pregnancy, 9% of the cohort reported in the
review sustained a penetrating insult, with more than 70% of penetrating injuries caused from
gunshot wounds.

Because of the thickness of the uterine musculature, the uterus can absorb the energy from
low-velocity penetrating injuries; therefore, maternal death is relatively uncommon with
injuries limited to the uterus. In contrast, because of the upward displacement of the intestine
from the enlarged gravid uterus, penetrating injuries to the upper abdomen tend to be more
frequently associated with massive bowel injury that may cause maternal death.

However, the extent of injury from single gunshot wounds depends on the type of firearm,
the size and muzzle velodty of the bullet, the distance from perpetrator to the victim, and the
anatomical region penetrated by the bullet and on the subsequent secondary missiles created by
the impact of the bullet. Although maternal deaths are relatively rare with penetrating injuries
limited to the uterus, fetal injury and fetal mortality rates are very high if the uterus is the main
organ affected by either stabbing or gunshot wounds.”” Fetal death is dependent on the amount
of placental or umbilical cord disruption. Up to 60%-70% of the fetuses sustain injuries after
abdominal gunshot wounds, with a fetal death rate reported to be as high as 71% with gunshot
injuries” (Fig 7) and 42% with stabbings.” Gunshot wounds to the uterus carry a maternal
mortality rate of 7%-9%.77

Pregnant women with gunshot wounds to the abdomen should undergo exploratory surgery
with debridement of damaged tissues. Stab wounds to the abdomen should be managed in a
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Fig. 7. Entrance of the bullet in the head of fetus. Delivered by cesarean section. (From Dr Patrizio Petrone's personal
archives.) (Color version of figure is available online.)

manner similar to the management in nonpregnant patients if intra-abdominal injury is
suspected. In cases of gunshot wounds, if the bullet has penetrated the uterus and the fetus is
viable, cesarean delivery is indicated.

If a surgical procedure other than a nonobstetric procedure is required, it is extremely
important to maintain adequate maternal oxygenation, circulating blood volume, and uterine
perfusion. DPL can be performed safely in all trimesters using an open direct visualization
technique through a supraumbilical incision”™ or under ultrasound guidance at a point above the
umbilicus. Tube thoracostomy should be performed 1 or 2 interspaces higher than usual because
of elevation of the diaphragm. The surgical team should never allow the enlarged uterus to
compromise surgical exploration. However, the performance of an exploratory laparotomy is not
in itself a justification for the delivery of the fetus. If there is significant potential for
coagulopathy such as from a placental abruption, it may be beneficial to proceed with
evacuation of the uterus whether the fetus is viable. Coagulopathy further complicates the
hemorrhagic picture and leads to a more complicated perioperative management and the
possibility of the development of the aduit respiratory distress syndrome. Fetal heart monitoring
should be performed throughout surgery. Hysterectomy is required if the uterus is injured
beyond repair from penetrating trauma.

Perimortem cesarean delivery

The fetus is considered viable after 25 weeks of gestation, which corresponds to a fundal
height halfway between the umbilicus and the costal margin. Cesarean delivery at this stage of
gestation is indicated after maternal death, as the fetus has a 40%-70% chance of survival."™*' An
important variable affecting the survival and functional outcome of the fetus is the time interval
between maternal death and the cesarean delivery. If the cesarean delivery is accomplished
within 5 minutes or less of maternal death, the fetus has an excellent probability of survival.*” As
the time increases, the chance of meaningful survival decreases dramatically."**' The
indications for perimortem cesarean delivery are shown in Table 6. In the rare case in which
the mother is declared brain dead but remains stable from the respiratory and hemodynamic
standpoints, the fetus can be allowed to grow and mature before delivery.

An important technical aspect of a perimortem cesarean delivery is to make a vertical midline
incision through all the layers into the uterus because this is safer, faster, and avoids the high risk
of adding more damage to the uterine vessels. Clearly, this approach facilitates the delivery of a
fetus by trauma surgeons who are less familiar with the transverse incision on the lower
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Table 6
Indications for cesarean delivery during trauma.*"

Maternal shock

Threat to life from exsanguination from any cause
Mechanical limitation for maternal repair
Irreparable uterine injury

Fetal distress in viable fetus

Unstable thoracolumbar spine injury

Instability in a potentially viable fetus

Maternal death

Adapted with permission from Tillou and Petrone. ™

segment of the uterus, typically used by obstetricians. An algorithm for emergency cesarean
delivery is shown in Figure 8.

During maternal resuscitation, adequate oxygenation, fluid loading, and left lateral decubitus
positioning should be tried to see if maternal circulation can be improved. If there is no response
to advanced cardiac life support within 2-3 minutes, maternal CPR must be continued, anterior
thoracotomy with open-chest cardiac massage (OCM) but without aortic cross-clamping should
be considered, and emergency cesarean delivery for a viable fetus should be performed. It is
known that conventional external cardiac massage (ECM) is less effective as the patient
approaches term because of mechanical factors. The only method of assessing adequacy of fetal
oxygenation during CPR is to monitor the fetal heart rate. Carotid pulse and end-tidal CO,
monitoring should be used to monitor adequacy of maternal vital organ perfusion during CPR.”’

When the gestational age is less than 24 weeks, emergency cesarean delivery is usually not
indicated because the fetus is too small to survive and the birth is unlikely to have much effect on

Fig. 8. Algorithm for emergency cesarean section after trauma. (Color versien of figure is available online.)
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maternal hemodynamics. However, when gestational age is greater than 24 weeks, emergency
cesarean delivery favorably affects maternal or fetal outcome. At a gestational age of 26-32
weeks, when ECM is not effective, as indicated by failure to generate a carotid pulse, inadequate
end-tidal CO, levels, or fetal bradycardia, OCM should be seriously considered before an
emergency cesarean delivery is performed. If OCM proves successful, the delivery may be delayed
so that chances of postnatal survival improve. Even slight prolongation of fetal intrauterine life
probably improves the chances of fetal survival, especially when gestational age is less than 28
weeks. However, if OCM proves to be ineffective, the fetus must be delivered immediately.”’

After 32 weeks of gestation, when ECM is not effective, an emergency cesarean delivery must
be performed immediately. Delivering the infant improves maternal cardiac filling, thereby
improving the success of CPR. The longer the delay between the onset of cardiac arrest and
delivery, the less are the chances of fetal and maternal survival. In contrast, if the ECM appears to
be effective, it may be continued for 5 minutes. If a spontaneous circulation is not restored
within 5 minutes, an emergency cesarean delivery must be performed. If this fails to revive the
mother, OCM may be considered.”'

Complications

One of the most lethal complications, associated with 80% maternal mortality, is the
occurrence of amniotic fluid embolism, which together with pulmonary thromboembolism
remains the leading cause of maternal mortality in the United States.”” In addition to
complications involving hemodynamic instability and pulmonary compromise, pregnant
women with traumatic injuries may develop minor alterations in the platelet count or the
more serious complication of disseminated intravascular coagulation.

Although thromboembolic events remain the most common cause of morbidity and
mortality during normal pregnancy, they may become even more frequent after traumatic
injuries owing to the added hypercoagulability associated with trauma and are a frequent cause
of maternal morbidity and death. The pregnancy is a hypercoagulable state due to the increased
levels of fibrinogen and factors V, VII, VIII, IX, X, and XII, and placental inhibitor of fibrinolysis.
There is also a release of tissue thromboplastin into the circulation at placental separation,
venous stasis of the lower extremities, and an endothelial damage associated with parturition.
Conversely, there is a decrease of fibrinolytic activity.™”

Another important complication during pregnancy is the development of pregnancy-induced
hypertension, occasionally with systolic blood pressure of 160 mm Hg and diastolic blood
pressure of 110 mm Hg, which must be taken into account when treating a pregnant woman
with traumatic injuries.

Predictive factors of outcome

The predictive factors can be subdivided depending if they pertain to the fetus or to the
mother. There are several factors associated with risk to the fetus.”**"" The most common
factors are (1) maternal death, (2) maternal hypotension, (3) maternal traumatic brain injury,
(4) high injury severity score, (5) pelvic fracture, (6) ejection of pregnant woman from a vehicle,
and (7) severe abdominal injury to pregnant women. The predictive factors associated with
maternal mortality include’ (1) amniotic fluid embolism, (2) deep venous thrombosis and
pulmonary embolism, and (3) infections.

Medico-legal implications

Depending on the outcome of the mother and the fetus after a motor vehicle collision or
assault, physicians treating pregnant patients subjected to trauma are at risk of being involved in
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legal and medico-legal actions that may require the treating physician to testify about the care
rendered to the mother and the fetus. Therefore, it is imperative that all findings identified
on serial examinations and by diagnostic studies, in addition to the degree of monitoring of
the mother and the fetus, be accurately documented. Therefore, the evaluation and the
recommendation for monitoring of the mother and the fetus for up to 4 hours after an accident
or injury is not only necessary for maternal and fetal treatment but also to have complete
documentation of maternal and fetal status during the stay at the trauma center while they
received treatment.™’

Injury prevention during pregnancy

Injury prevention deserves specific attention during pregnancy. The first area of prevention is
related to the use of drugs and alcohol. The use of these substances is not only harmful to the
fetus, but it is also associated with a high risk of injuries. In the same context, domestic violence
is becoming a major cause of injury during pregnancy.'’ A study noted a 17% prevalence of
physical or sexual abuse during pregnancy, with 60% of women having 2 or more episodes of
assault.”" Interpersonal violence is not dependent on race, age, marital status, or socioeconomic
status; therefore, all pregnant women are potential victims of abuse.”*

Conclusions

Injuries to the gravid uterus are rare and should be suspected in all assault victims and all
patients with direct perineal trauma,” pelvic fractures, or penetrating injury to the pelvis.
Thorough physical examination, preferably in the operating room, with prompt surgical
treatment improves the outcome of these potentially challenging injuries. An obstetrician is an
essential member of the multidisciplinary team for the initial assessment, stabilization, and
subsequent management of a pregnant trauma victim. Pregnant women must be educated on
the proper use of restraints, and screening for domestic abuse and depression are essential
components of quality care of this unique population.
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Abstract

Intvodduetion Teauma during pregnancy is the leading
oo obstetrical cause of maternal death and a sigmfcam
public health burden. This study reviews the most common
causes of trauma during pregnancy. morbidity, and maor-
tality, and the impact upon perinatal outcomes nssocioted
with trwma, providing 2 management approach o pregnant
Lraauma patsents,

Materials and methads A systemsatic review of the current
literarure from Jasuary 2006 1o July 2016 was performed.
Resules  Fifty-one arocles were identificd, including a sl
ol 95,949 patients, Motor velriele crash was the most fre-
guent cause of blumt tramma, followed by falls, assault both
domestic and interpersonal violence, and penetrating injuries
(gunshot and stzb woands).

Conclusions  Teauma i pregnant women s assocsated
with high rates of wdverse imasermal and moonatal cutcomes,
Kuowledge of the mechunism of injury is impoctant o slen
tify the potential injuries and the complexity of the manage-
ment of these patients.: As in all raumatsc evests. prevention
is of paramount importance

Keywords  Trouma - Pregnancy - Fetal injurses - Blumt -
Fenetrating
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Introduction

Trouma s the leading non-ohszetrical covse of masernal
death dunng pregnancy. However. it may be an underestima-
tion of the true incidence of trauma during pregnancy due to
the under-reporting of trauma, especially trauma from inter-
personal violesce 1] The aim of this aeticle ks o review the
lersture reganding trunma during pregaancy focusing on
Ahwe st commmon mscian s of iy, and maternal sl
fetal outcomes,

Materinls and methods

Atticles in the English lunguage between January 2006
and July 2016 on trauma during pregnancy were identi-
fied wsing the following key words: trouma and pregnancy.,
hlunt tasma, penetrating wound, injury during pregnancy,
motor vehicle accident/crash, falls, asseall, interpecsonal
violence. fetal monitoring, perimortem cesarean section,
abstetrical patient. pregnant trauma patient, asd mortality
and pregnancy

Results

Of tive 200 articles identified, 51 wese incloded tn this study
fo  tonal of 5,949 pativnts,

Blunt trasiina ix thse st commmon mechamisi of [rauis
amang pregoant wonwen sccounting for 9% of the wial
number of traumas, whereas penetrating trauma accounts
for onlty 1 5% of episodes of trauma during pregnancy. In
37 articles voviewed beremn, MYC is oot ondy the nwst colt
mon but ubso the most life threateaing of mechamisns un
njury. Mortality occurred in 100 of 728 (13.7%) mothers
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and TRT2K (10.7%) fetuses. The frequency of use of seat Table 1 Mochanisns of injury
Pellx b,\ pregnant menma\:ﬂab‘eml‘oﬂh. 3T artacles T 50 Tosdn Glamn ——
in which MVC was reported mechanism of injury, which
maged from u bow of 21% 1o hagh value of 98%. Metz {2006 |2 LU o
The second most common cause of tmunia during preg- ¥l Kady (2006) [1] nn M 0
nancy. especially during the second and third trimester  fare (2006) 4] ¥5.. s o
dus primarily, amongst other reasons, (o weight gain, and  Anmbens (20051 15) o L
changes in the center of gravity. The reported prevalence  Wealnub (20061 [6] 34 S o
of imerpersonal violence mnges between | and 20% of all  Sperry (3006) (7] i3] NS “
pregmant women. During pregaancy, there i a spatial redis-  Hitessgl 20061 13) 5313 o
tribution of the viscera inside the abdominal cavity due to Koo (2007) [9] 106582 7100 3as
1he progressive increase in the size of the users, Abcutamns (2007 |14 M 259 NS
The impact of abdomisal taus on the fetus dopemds 1o Greeos 2T 332 MR NR
high degree on the gestational age at the time of the truuma.  Pattenn (2007, 112) 48 NR 4
Direct injury 1o the uterus and foras ks anlikely during the  Kvamstmand (00K) (17 mm oI »
lirst 12 wewks of gestabon due 10 Use protective effect of tle Wess (20081 114] 7330 W30 ke
bony pelvis, unless the traumatic event has caused complex  Cabell (06 (18] H? KR NH
petvic fractures. Klinkch c2n0es) [ 16] AT 5T "
Table 1 includes the total number of patients stratilied by Abootaos (2008) {17] 48 148 0
the mechanism of injury, whereas Table 2 epoes prevaleace  Schitf (200K) [14) LA o
rokes bossedd on 1he causes of traunss, Masernal and fetal mor-  Nannisd (200%) [59] 1408 1408 o
tulity rates have been derived from 28 of the 51 articles that  Pussing (050 (20) 0 e o
included maternal and fetal mortaliny daca (Table 3) Canmada (00N (21 LT "
Tinkor (20104 {22 4% NR NR
EM Vimhaton (2000 |21 *x Ou o
Schitt (2010 [24) SN SN "
Traunia is the Jeading cause of death in pregnant wonsen,  Petrone (20131 [1 e
and it is responsible for a high rate of maternal and fetal  'wen (200025 MRY  NR 121
marbichity, Whike the reporsed rie of complications of preg-  Vivean Taylee (2M20120] 2047 2147 o
nuncy duwe t trauma appears low, this rute is likely under. e (01 127] 5352 NR NR
estimated due to under-reporting particularly in cases of MR ENDIEN] LU L
domestic viokence [ 1) Meulenors (2011 129) 108 w5 0
Based on our review, blent trauma is the most comumon MeSamed (240121 £30] 41 v
mechanism of trauma among pregaan: wamen accounting  MAds U1 W NR NR
lor 6% ol s total number of trawmss, whoress peoetrat.  Meadeghinia (2012 321 i ox o
ing trauma accounts for only 1.5% of episodes of trauma  Niok= (G0N 1) 6334 §
during peegnancy (Table 1). Among the causes of blunt  Tukey (2013 (354 26126 )
trauma. MVC is the most frequent cause of injury followed  Yialutia 2053) [35] 25068 25068 o
by falls, assanlt. gunshol. and stab wounds (Table 2). The  Irymsgagm Q014 635 NK NH
severity of gravikl ulerus injuries is graded using the Organ Beookfickd (2013) [37) 351 2 67
Injury Scale of the American Association for the Surgery of  Z0pene (20133 [35) e 13
Trauma (AAST-OIS) [54] (Table 4). Walll 2014y 9] @™ v
L a reveew of 102 rauma prognant putients by Zan.  Okeke 2000 159] 08 108 o
gene ot al, [38], blunt trauma was found to be the cause  larland (05331 I4Re ¥T2 NH
of trauma in 68% of pregnant women compared 10 32%  Thmhim 201%) [42) B9 - w9 0
who bad penetrating trauma. The most common mecha.  Chibber (2015)[43) 8 T o
nism of injury was MVC followed by domestic violence.  Jwkwon (20131133 o %h v
The trapmatic event caused maternnl injuries, mostly Az (20131 145] 3936 5936 o
lower extremity injuries, in 67'F of patients, apd it way Y= der Knoop (2015) {36) 6 16 o
associated with a 13% incidence of fetal complications  S¥keman GDI) [47) ™™ 0
|placental abrupsion (PA) and preterm). Wall and others  Wener (2016) [48] 0 916 o
[39] have reported blunt trauma as a MOI in 57% of all Mk (20l6) |30) Iys  sTes o
Tantaboglu (20963 (%) 175 1 9

cases compared to 217 where the MOI was penctrating
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Tuble 1 (coatnued)

Authoe {year) Totaln Wt n Penciratng &
Disteldond (2010) [21) 3429 NR NR

Toeal Y5O BOA e 14T (1 AT
NR it dod, NS not speciliad

trasma, OF note, i this study, interpersanal violenoe wis
the moest common cause of injury followed by MVC, 52
and 26%, respectively Fetal dearhs occurred in WS of
patrents with sovere mjurbes (185> 15) und urgeat lapa

rotomy was required in 867 of women presenting with
direct trauma 1o the abdomwn

In 37 arucles reveewed berein. MVC is not only (e most
common but also the most hife-threatening of mechanisms
o ajury [12] Chibber et all [43] have reported that 647
of 7218 (89%) pregnant women involved in MVC presented
with maternal and fetal complications (placental and preterm
labor, 59 and 407 respectively ). Mortality occurred in 100
of 728 (13.7% ) mothers and TR728 (10.7%) fetuses. Ninety-
ane perimortem cesarcans sections were porformed with o
maternal mostality of 66%F (60091 ) ard a much lower fetal
nmsartality rate, 1865 (£791)

Vivian-Taylor et al. ]26] bave reported a serses of 2147
pregnant women involved in MVC. In 72 of 2147 (3.3%)
parients, the raumatic evem caused delivery during the
trauma hospatalization, five (7%) of whom suffered pelvic
fractures, six (8% ) presented intra-ahdominal injunes. and
seven (10%) wero sliitod to the 1CU, three of whom subse-
quently died. They concluded that the injuries from an MVC
during pregnancy aro independent risk factors for induced
delivery with poor permatal outcomes.

The associating of maternal fractures and pennatal out-
cotnes has been imvestgated 1n a retrospective cobon study
of 3292 pregnant women by El Kady et al. |3]. In ther
cabort stady, fractures wore identified in 44% of pregaane
patients imvalved 1 an MVC. Pelvic [ractures mereased the
morbidity and mortality not only of mothers. but also of
fetumes, Aboutanos [17] reported a 48 ol increase in fetal
death 1 patients with pelvic and acetabalar fractures from
MVC. However, due to the absence of specific information
regarding the type of pelvic and acetubular fraciures i the
study population. these authors were unable to establish a
causal relarionship between the fractures themselves and
fetal mortality. It is likely that the presence of either pelvic
or acetabular fractures is a marker of the severity of the
trumsfer of energy 10 the prognant iweeas and thin the 1ype
and/or complexity of the fractures itself is less importand
from the standpoint of the risk of fesal mormbity. One fnd-
tog OF inteeest i thas stady i that the presence of pelvic
fractures is an independent risk fuctor foe stillbirth regardless
of gestational age, Simdlar conclusions were reported in o

86

study by Cannada et al. [21] in which pelvi: fractures and
acetabalar fractures were shown to be associated with a 30%
rate of fatal death.

The severity of the injunes sustained during MVC
depends not oaly on the characteristics of the accident stself,
hut akso an the appropriate nse of safery devices such as air-
bags and seat belts on the part of the pregamnt wonsan. The
fresuency of use of seat belts by pregnant women was avail-
ablo in 8 of the 37 articies i which MVYC wus the reparsed
mechanism of injury. whsch ranged from a low of 217 o
high value of 985, The wype and the severity of maternal
and Setal byury i MVC asccidents ane reliuted o U appro
priate use of seat belts and/or the presence of frontal and
lateral wirbags. Five of the six deaths reported o o serfes of
160 pregnant women involved in MVC were unrestrained
women. two drivers, and three passengers [12]. There is a
lugh correltion between the absence of use of seat bedts and
the revised trauma score (RTS) severity of injury suffered
by pregnant women mvolved in MVC. Addational supportive
evidence of 1he value of seat belt use by pregnant women in
MVC is provided by Luley et al. [34]. These authors have
shown that women who do noe wesr sean helis suffer mose
severe injuries: furthermore. they require more frequently
nan-obstetric surgery, primanly arthopedic procedures, as
1 resule of the mjunies sustianed when compared to preg-
nant women wearing seat belts. 25% as opposed to 7%,
respectively, Whidke airbag deployment was more frequont
10 pateents who lad abruption placenta and fetal loss, there
was no statissically significant carrelation berween the both
Tras very Hikely that the abruption placenta s feal hss ane
the result of the force of the impact and the transfer of the
kinetic energy to 1he pregnam aterus From the MVC mthee
ian the abdominal truma caused by the deployed airbag,
The absence of causal relationship between airbag deploy-
ment and placental abruption was investiguned by Motz and
his collaborators [ 2] in a retrospective study of 30 pregnaat
women (20 or more weeks' gestation) who were involved m
a MVC with a repocted median speed of 35 mph. Among the
30 women, one experienced PA with subsequent intrauter-
ine fetal dense. This study suggests that PA occurs with a
low freguency with airbag deployment. Based on computer
modeling in crash tests dummies, airbag deplayment may
be u risk factar for PA uod fetal Juss in unbelted pregnant
women, but it does not increase the rask of PA and fetal loss
in properly restmined pregnant women [53],

Klinich et al. [ 16] investigated how restraint conditions
and crash chamcteristics affected the fetal ovzcome in 57
pregnant women. Fetal loss ocourred in 12 of 41 properly
restrained occupants (2973 ), in contrast to three of the six
(50% ) impraperly restrained women, Eight of the tea (80%)
unrestraboed women bad slverse fotal outcomses. The rate
of fetal death in unbelted women was 62% . while 79% of
properly restrained women hid only auinor complications,
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Table 2 Prevalencs of the Asthoe (year! WMVCI%) Pall(%) Aseol (8} GSW{%)  SW{%1  Othen (%)
caanex of trauma
Netz (%03 [7) " " a o O -
El Kady (2006) {3] " s 10 0 o -
Pearre (M08 4) sl 41 o o o ]
Asiulicae (2004 (5] NS NS NS NS NS -
Weireraeh (2106 1) nNe NS NS o o -
Sperry (2000} (7] b 6 a3 NR NR
Hitoazg (J006) (K] LD " a o O -
Kzo (2007) 19] 1 2 NS 1 NR 8%
Aberetance (0075 | 100 NS NS Ny NS NS -
Greenz (2007) 193 wE 3 NR NR NR -
Fanesan (NUT [12) - f 3 1 NR 2
Kraeadrand (2003) | 3] i u o o o -
Welss (2008 [14] pL} L] NS ol NR EL)
Caill (M) |15) < v NK NR -
Khizich (2008) 116] "o 0 o o Q
Aboetsews (2X8) |11} e o o o o -
SchaT 2008 [15) (+] 100 0 0 o
Namnim (20000 | 1) o " 1 o o -
Deaning 120100 [ 29) o 100 a o o -
Comnada (0100 11} 40 4 ) o o fi
Tieker (20100 ]22) 3z 2 NR NR NR s
Visdutes (010074 " o o o o -
Scblr 20100 [24) m 0 O o Q -
Petrvoe (M1 (1] NR NR 1" 73 - ]
Poecti (2011 |25 NK NK N NR Ni -
Vivlan Taybr (20123 120] m n o o o
Pocher (200 3) | 27) Nl N v NN NR -
Lin (2001 124] o 0 kR 3 1%
Mexkeaers (20113 [2v) o " 1 NKH NR -
Melamed (20125 [30] 3 b} 3 0 0 -
Raradas (0123151} e1] “n NH NR NR bl
Mesdcehinia (2012) {32} 13 b 4 o 0 -
Njokn (20121 173] ) “ 46 s NR -
Lukey (2043) [33] e u o o o -
Vixdutk (20131 3%] e 0 o 0 0
Peniystayaeam (2014) | 16] % NK v NR NR 1
Bacolfield 20131 137] n ‘ ' 10 9
Jangpene (MHS) ] N) 40 n bs | NM 2 -
Wl 2014) 39 b 7 2 10 7 5
Ohkckes (2N113) =y o o o o o -
Harlaad (2014) [41) 30 40 NR NR NR -
theabeem (015) 147) 0 " 100 o o =
Chiblyer (20151 [43] 100 o o o o .
Mckson C2038) 144) o " 100 “ O -
A 01R1145) {0 0 o o o
Van der Knoop (2015) |44) s +~ 5 o o -
Shuduerian £2015)147] 1 7 ] o o -
Weiner {20016) |30) bl b L] o o -
Miller (2016 [49] m 0 o o o -
Basalogh (206} |%0) sh 2 " NR NR -
Dracinat 120140 [51) 33 » s NR NR -

NI noe recorded., VY ned ecined. MVC mosoe voliicle collision. GXW zunshot wound. SW stab womd
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Tuble 3 Moterial usal fetal woctaliny

Anthaor | yean | Mugcrnad mortal- Fetal
oy v martality

%)
Mete (2006 | 2] NE 3
El Kody (2006) 15) 059 1
Bared 120061 {4) NR 1
Anialenc (2006) [5] 4 v
Piberoagi {2008 8] Ni “
Abouttanns (20075 [10] o 4
Crecns (20071 111) o 1
Pulicxon ( 2007) | 12| ' .
Kvamatrand (2000 | 1Y) u 3
Weiss 12008 [14) NR 1
Klizich ¢2008) [16] NE 4 |
Abuulaos (2008 [17) NE s
Schaft (2000) {1%] NR 1
Schily (200100 [24] NR ad
Petrooe (2010011 9 82
Vivaan-Taylor (XI12) | 264 Nie 1
Lin{2n 0 m 10
Meulesen (2011) [29] NE 1
Melamed (2012) | Uy Nie 1
Moabaghome (2002)[%2] o |
Njoku 12013) {33] 2 3
Ludey Q2015 [34] NE 4+
Perymuyagan (2013 [36] L) NR
Well (20143 | W) 2 »
Chibber (2015) [43] " 1n
Shakoriaa (2015) |47 Nic 1
Miller (2016 1«4 Nie wl
Distclhoost (20063151 ! 3
NR ot recorded

Based on the results of their study, these suthors conclude
that wonen restrained by three-point seat belts are bess likely
to suffer severe injuries. with an 84% estimated reduction
of the pisk of fetal comphicanons, potentally preventing ss
estumated 192 letal Josses

Falls are the second most common cause of Irauns
during pregnancy, espacially during the second aad third
trimester due primarily, amongs: ather reasons, 1o weight
gain, and changes in the center of gravity. Most falls in
pregnant wormen tend to be from 2 standing beight. Schuff
et al. [ 18] studied 693 women who fell during pregnancy.,
79% of whom fell during the third trimester. The hospitali-
2ation rate was twaoe ligher thas i oon-pregnant women,
und resulted in a twolold mcrease i the risk of stllbirth.
Although 547 of the patients had an ISS between one and
eaght, W% required indoction of tahor, und 30% an emer-
geney cosarean section. Okeke (40] has reported o 32 5%
tncedence of fulls o a cross sectional study of 332 pregnant
wamen presenting in labor for delivery at the University of
Nigerin Teaching Hospital Enugu, in Nigeria. This is simi-
Lar to the 27% reporrod Incidence of falls among pregrant
women in the US [54].

Interpersonal violeace during pregnancy poses also
u high risk to bath the mesher and fews. In the majority
of cases, the igurivs are limited to the sofl lisswes. bead.
meck. and torso spaning the abdomen. When the physical
aggression is directed 1o the abdomen, there is 2n increased
ineidence of anteparum hemosthiuge (AP) wirh subseqguent
perinatal complications, The reported prevaleace of mter
personal violence ranges between | and 20 of all pregnant
wamen, with the donwestic panner idennfied as the ageres-
A0 in the majarity of the cases [22]. Howeser, the preva-
lence of imterpeesanal violence s aflectod by several factors,
tncluding socioeconomic factors, cultural upbringing. the
stutus of women in the specific society, and the normative
use of violence i conflict situations as it relates o different
countries. Mesdaghinia et al. [32] have reported a 47% of
incidence of domestic viodence in Irun, especially during the
second trimester of pregnancy. Tbrzhim and others [42] have
reviewed i seenes of 1857 Egyptinn pregmant women to stedy
the medence of intimate partiner abuse. In thear sudy, 44'%
of pregnant wonwen were found to have experienced some
foam of interpersonal violence, including phiysical violence
(10%) and sexual assaul (10%). Acconding 1o the study of
Meuleners et al [29] that included 465 pregnant women
exposed o interpersonal violence, injury associated with
interpersonal viokence resubted in o 1. 7-fold risk in maternal

Tuble 4 AAST OIS for grvid

wcaus |52} Ry T

<z gn- E

Homatoora of continon wabou placental abeuption
Suporticial lnceration < | cm wn depth o plocental abeupeca < 29%

Deep Jaceration § om in dopdr in second rimester of plucenal dhropiaon 259 bur < 203
Doep lacorataon in urd Inmevicr

|aceration extending to the enine arery Deep laceratiom | em with 4% placental sbrpbion
Ulezine rugture is seoond o thind vimesters. Complete placemal sbosgtion

AAST- OIS Asacrican Associalion Ke the Swpery of Teain Oz Dyury Scale
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complications (abortions, preterm. AP), and twofold risk in
fetal adverse vutoomes (low weight at birth, fetsl distress,
wrd Fetal death). The nisk of fetal death is directly curre-
lated to the severity of maternal injunies. In the study by
Nijoku ef of, [33] with a 30% reponsed incidence of domestic
violence i pregmant women, 307 of fetal deaths occunred
m women who had suffered severe maternal mjurses. com-
pawred 1o a foeal loss rare of 20% in pregnant women with loss
SUVTE 1 UE e

Pathophysiology

During pregaancy. there is 3 spatsal redistribution of the
viscera inside the abdominal cavity due to the progressive
ncrense in the size of the uterais. The abdominal viscer are
displooed cephalad as the vserus reaches the central rogion of
the abdomen. That is the reason why penetrating abdominal
injuries during the thind 1rimester of pregaoncy are associ-
nted pot anly with high maternat morbidity, but also with o
significant increased incidence of uterine and fetal injury
(60-707% ), including o very high fetal death rate (40-65%).
As reported by Shakerian ot al, [47], the fetal death rate
from stab ad gunshot woumds 15 42 and 717, respectively.
In a study by Petrone et al. [1]. pepetrating injuries, mostly
gunshot wounds {73% ) accounted for 9% of the mechanism
of baama m 321 pregnant women with abdomanal s,
The cobort of women suffering penetrating injunes bad a
significantly higher maternal morbidity (66 vs. 10 ), as well
as ferdl mortaliny (73 s, W) when compared 10 pregnant
wunsen who hixl blunt sbdominal trauma.

The mmpact of abdominal trauma on the fetus depends to
high degiee on the gessanional nge ot the time of the taima.
Direot inpury to the wieras and fetus is unlibely during the
first |2 weeks of gestation due 1o the protective effect of the
bany pelvis, unless the trmumane event has cansed compiex
pelvae fractures 135]. Miscarrbage s uncommon following
abdosninal travmas during the Gt rmesier unbess Ui preg.
nant woman has suffered sustained hypotension keading 1o
wterioe hypoperfusion from extracasstary blood loss. Tranma
during pregnancy can cause immediate fetal compromise;
bowever, it can also be associated with delayed complica-
tions, such as delayed placenta abeupeion, which has been
reported to occur up 1o 6 days after the traumatic event [56].
It is for this reason that prolonged fetal heast monitoring is
required in pregnancies that have reachad vishility. Abdonsi-
val travina may cause a subclinical chronie PA that may
evolve into an acute episode of PA., preterm labor, prema-
ture membeane rupture, and placental insufficiency that mary,
i tuen, cuuse fetal growth retardation, oligolydsamnios,
amx] low bicth wezght. The short. and Joag-terin complica-
tions of dlunt trauma during pregnancy were investigated
by Malamed et sl [3D] i retrospective cohont study of
411 pregnant women. Thirteen wotnen who had inunediate
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complications were compared to 398 women who did not
suller any complications, In adidson, 303 progoant woeen
who did not deliver at the time of the tmumatic event were
compared to a noemal cohort of %09 matchad by maternal
age ol panity to sssess the impact of o on the ourcone
ol the pregnancy. bnmediate complications in ibe form of
preterm laboe and AP occurred in 3.2% of women. Inde-
pendent risk factors for immediate complicanions included
Tagh severnty of tanman, mulople gestations, vaginal bleed-
ing. axl the developnest of uterme contractivns, Lale-lerm
complications, including preterm labor, PA. and perinatal
morbidity, were also associated with o hagh ISS and the
resquretent for lagarotonsy ol e Guwe of the rauns.

Primary treatment

After the 10th week of pregnancy. there is an increase
in plasma volume by up to 509 with a dilational anemia
secandary 10 a lesser increase in the red blood coll mass
{15-30%F) relative to the expansion of the plasma volume.
These changes can provide some maternal tolerance to hem-
arrhagic shock. Therefore, symptoms such s tachycardin o
hypotension may oot occur unhil there i a blood ks, as high
as 35% [57]. Bleod pressure less than S0/30 mmllg, a palse
greater than 140 or less than 50 heats per minute, a respirs-
oy rate less than 10 or grester than 24, and a fetal lwart rate
less than 110 or greater than 160 beats per minute are associ-
ated with the presence of shock. If used, the abdominal por-
tron of the malitaey ante-shock trousers (MAST) should be
deflated en route, since compression can reduce blood (fow
to the placenta |57. 58], The presence of any of the above
rofhects the seventy of trnuma and should alert the trawims
surgeon 1o a high risk of maternal amd fetal morbidity and
wortality. In addition. duning the second and thisd rmesters
of pregnancy. the compeession of the inferior venn cava in
he supane position by the gravid uterus con contribue wa
state of hypotension because of the decreased yenous return
To avoid this, the pasent must be placed in the 15°-30° left
Ble positbon by placing a tiom wedge undermeath the nght
buttock/ip. manually displacing the uterus if necessary.
always ensuring the immobilization of the cervical spine
[57, 59].

The use of vasopressors, such as norepinephirine or phe-
nylephrine. is not recommended, since they reduce placen-
tal perfusion, unless the patient does not respond to appeo-
priste volume loading with crystallowds, Both the mother
and the fetus are extremely vulaerable to hypoxia duee 10
the respiratory changes associated with pregnancy, namely.
a shallow breathing pattern. decreased Tunctional residual
capacity. and the increased oxygen consumption by 20%:;
therefore, the administration of supplemental oxygen is
always rexuared. The elevation of 1he diapheagm up 1o 4 cm
cempared o its normal anatomical position must be taken
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imlo account when ondertaking any thorac procedure such
s the performance of mibe thormcostomy [S6]. I necessary,
the chst tube should be placed one of two imercostal spwes
above the Bt imtercostal space 1o wvord abdosnal mjpuries,
Doz 10 the increased wierine size, there is a displacement of
tho lower esophageal sphinctor that reduces sts compeience

In mldition, the physiological infubition of gastsic motihily
and the increased relaxation of the lower esophageal sphine-
ter prodispase the pregnamt woman 10 1he risk of aspirmion

To aveed aspiration, placement of 4 decompressive masogas.
1ric tahe is warranted [57, 59),

Delinitive treatment

After the initial sssessmom is perfocmed (Fig, 1) 160), and
once maternal hemodynumic stability 15 reached, fetal nmom

toring shoald be initiated immedintely. Information ahoat the
obsterric history sseh os gestational age, fetal maturity, dase
of delivery, and any other complication dunng pregnancy

===

—
—

Fig 1| Algocithun S andaal sanornal ad Gl sscsmeant [60). 08
Ohaetrics. U5 smeomd, DPL dapmostic perivmcal lavage., Csec
o cesiecan secton. Modiied from Poexrone P, Tillow A Gyneco

90

e ajuries. bnssa o pavid wel cougravd seres wal kusde
gonitalia In: Qurrera therapy of smuma and swpicel critical core
(Elsevier. Philadephia 20101 pp 401407
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must bo obrained [59]. During the physical examination,
particular attention should be paid 1o signs of trauma such
as vaginal bleeding. spontancous ruptare of membranes,
peesonee, intepsicy and frequency of ulenine contracnions,
and abrormal fetal heart rate [S8]. The possibility of bleed-
ing and fetal-placental transfusion must be evaluated using
ihe Klethauer-Retke west, with approprinte admimistration of
AntiD immunogicbalin in Rh negative mathers. A multidis.
ciplinary assessment that includes evaluation by the obstetri-
cian is recommendad [64)),

Imaging during pregnuncy and the pegative impact that
radiation may have on fetal development remain contro-
versial. However, if these tests are clinically justified, the
indacalioss lor manging are e ssane s for any otber noa.
pregoant traama patient, and do not have to be delayed as
the benefits outweigh the risks. Fetal harm doe to radiation
depends on the gestational age of exposure, with the most
vulnerable time being within the first 16 weeks of gestation
[571. Computed tomography (CT) scans can identify mater-
nal aned feeal injurses, but shoukd be oaly pesformed when the
patient is hemodynmmically stable. Despite the high senss.
tivaty and specilicity of CT. focused abdominal sonography
for traama (FAST s considened the goh standard doa 1o s
safety and 3 non-mvasive nature. FAST can identify selid
cegans injuries, the presence of free flusd. fetal well-bemg.
gestanional age, amnsotic fluid volume, and location of the
placentn. Other diagaosiee fechniques, soch as diagrostic
peritonecal lavage (DFPL) can be safely doae, if performed
ahove the umbibicus,

Maternal pelvic fractures are 1he most Cominen caise
of fetal death ansongs! traumatic mjuries. When taken in
isolatson, pelvic fractures do not repeesent an indication for
CIMRIEENCY COsMEan section, since vagiool delivery can be
perfosmmed salely. oven 0 the third trumestee of pregnancy in
most cases [3, 21, 59], Angioembaolization is the ideal treat-
mant for pelvie o cetroperitoneal bamaorthage, slthoagh the
rdiation dose 15 considered excessive and it s ool exempled
of fetal complications [57].

When the fetus is viable (more than 24 weeks” gestation)
coatnod fetal monitoring must be provided. A mmunam
of 2-6 h and up to 48 h of monitoring is recommended, as
samse cases of placental abruption have been reported mare
than 24 b after the imbsad injury. Fetad arthythmi may be the
st sign of maternal hemodynamic compromise. As placen-
tal perfusion and oxygenation depend directly on maternal
cardiorespiratoty conditzon, continuous fetal wonitonng is
recommended m cases of maternal acute respiratory distress
syndrome. severe lung damage, or abnormal beart chythm. In
low-risk pataents with miosoe o and once any masernal
injury ase exciuded, fetal monitoring for 4 h appears 1o be o
sufficient period of moaitoring.

Porimorenm cesarean section in viable fetuses can be soc-
cesslul if perlormed no later than & man following maternal

@ springer
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Table § Tnudications for auergey cesaie seution (640, 61)

Viable prepmasscacs {5 24 weeks ) of scar s
Mawerzal death
Trouna posents with cardiac wrest

No Lter than 4 min of progaly petflinsed cadiopadmniary pesusl-
taton that hay teled

Loss of fetal well being in viahle fones
Irrepeersble ulcrine raplarc

Masove hemomhape/chock

Threat o life trom exsanguiration from any comas
Mochamcad laitation for materzal sopais
Undahle thaeseolombuar spuns injey

cardiac arrest. Fetal survival rates are excellent with 2
reported fetal survival mte of T0%. A vertical uterine mid-
lene section 18 reconamended o avold igury w the aletime
vessels. The recommendations |60, 61] for emergency cesar-
ean section are listed in Table 5.

Concluston

Truuma in pregnan! women represents i sigificant public
health hurden ond 2 clinical challenge for the tranma sur-
geoa given the complexity of the pregnam woman, The po-
arity should always be with the mother. Whitle injuries 1o
the gravid uterus are uncommon. they should be suspected
in all assanls victims and all patients with direct perineal
trama, pelvic ructures. o penetrating injury w the pelvis
An obstetrician is an esseatial member of the multidiscipli-
nary team for the iitial assessment, stabilizanon, and sub-
sequent management of o prognant trawma victim, Pregannt
women must be educated on the proper use of restrants, and
screening for domestic abuse and depression are essential
camponants of quality care of this unigue populstion. Tt is of
a great importance that all professionals specializing in treat.
ing trauma patients recognize and are xwase of the anatomic
and physiologic chunges that occur to pregnant women and
how these changes can unpact the evaluation and treatment

of this unique patient populztion.
Complivnce with cthical standards

ConfMict of IMerest  Vatroio Petrooe. Parion limenez Monkas,
Aleasmber Axclrad, und Ouovrado I Marini declaes et they have noe
cnnthet of imerest.

Informsed consest  This roscanch coasisted of lilemare reviow aaly.
and. theresoce, did not imvotve human participaats or slmals.
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F. Discusion

El traumatismo es considerado como la principal causa de muerte de origen no
obstétrico durante el embarazo. Fildes! informé que alrededor del 50% de las muertes
maternas estan relacionadas con traumatismos, y del 6% al 7% de todos los embarazos
sufren complicaciones debido a ellos, de los cuales el 0,4% requieren hospitalizacion para

el tratamiento de las lesiones.>

Es esencial que los profesionales que se especializan en tratar pacientes victimas de
traumatismos puedan reconocer los cambios anatomicos y fisioldgicos que ocurren en las
mujeres embarazadas y como esos cambios impactan en la evaluacion y el tratamiento de
esta poblacion unica. Para poder salvar el embarazo debe incluirse la evaluacion del feto.
En la asistencia a una mujer embarazada debemos tener presente en todo momento que
estamos tratando dos vidas, la madre y su hijo, y que el feto puede sufrir tanto lesiones
directas como derivadas de las alteraciones maternas. Los efectos del traumatismo durante

la gestacion van a estar determinados por los siguientes condicionamientos:
» Edad gestacional
» Tipo y severidad del traumatismo
» Alteraciones en la fisiologia feto-placentaria

Los casos mas antiguos de lesion traumatica en el embarazo fueron descriptos en el
Codigo de Hammurabi (siglo XV, AC)’ y en el Viejo Testamento (Exodo 22:21). Las
lesiones penetrantes del utero gravido con objetos como lanzas, ramas o cuernos de
animales han sido observadas desde la antigiiedad. Ambroise Paré,* famoso cirujano
militar de origen francés, fue el primero en describir el tratamiento de lesiones penetrantes
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uterinas. El traumatismo durante el embarazo recibidé un interés mas exhaustivo en la
literatura médica reciente. Los articulos mas antiguos describian casos relacionados con
caidas, apaleamientos y agresiones,” pero conforme la sociedad se tornd mas
industrializada, los informes clinicos se centraron en lesiones penetrantes y en colisiones

automovilisticas 0 MVC (motor vehicle collision de la literatura sajona).

Un detallado estudio epidemioldgico de un afio de evolucion, publicado por Weiss,®
del Center for Injury Research and Control, dependiente de Presbyterian University
Hospital y University of Pittsburgh, Pennsylvania, incluy6é a todas las mujeres en edad
fértil que hayan requerido hospitalizacion a causa de un traumatismo. De un total de
16.722 mujeres admitidas, se identificaron 761 (4,6%) embarazadas, con una media de 25
afios de edad. Las causas mas comunes fueron MVC (33,6%), caidas (26,4%) y
envenenamiento (16%). Luego el mismo autor dio a conocer otro estudio,’ esta vez de tres
anos de duracion, en el que identifico 240 muertes fetales de origen traumatico (3,7
muertes fetales por 100.000 nacidos vivos). MVC representd el principal mecanismo

(82%), seguido de lesiones por arma de fuego (6%) y caidas (3%).

En un estudio sobre mortalidad fetal, de dos afios de duracion y con informacion
proveniente de un solo Estado, Weiss® encontré 7.131 muertes fetales de las cuales 31
fueron identificadas de origen traumatico (6,5 muertes fetales por 100.000 nacidos vivos).
MVC también fue la principal causa de lesion (81%), y la disrupcion placentaria el
principal diagnostico (42%). Nuevamente se informd que la mujer embarazada joven se

encontraba expuesta a un mayor riesgo, con una media de 25 afios de edad.
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Leggon y colaboradores’ realizaron una extensa revision de la literatura,
comprendiendo los afios 1932 a 2000, en la que incluyeron 101 fracturas pélvicas y de
acetabulo durante el embarazo. Encontraron que el promedio de edad fue también de 25
afios, y las lesiones maternas asociadas estuvieron presentes en el 60% de las pacientes. El
mecanismo de lesion mas comun fue MVC (73%), seguidos por caidas (14%) y
atropellamiento vs. peaton (13%). La mortalidad materna global fue 9% y la mortalidad
fetal global fue 35%. Los autores estratificaron la mortalidad segiin el mecanismo de lesion
y encontraron que las colisiones auto vs. peaton estaban asociadas con una mortalidad
materna de 27% (3 de 11) y una mortalidad fetal de 45% (5 de 11). En el caso de MVC se
asocid con una mortalidad materna de 6% (4 de 63) y fetal de 36% (23 de 63), mientras
que las caidas (n=12) no presentaron mortalidad materna, pero si fetal (8%; 1 de 12). Los
autores concluyeron que las colisiones de automdévil vs. peatdon presentaban una tendencia

estadistica mayor tanto para mortalidad materna como para mortalidad fetal.

En el afio 2011, Petrone y colaboradores!® realizaron un estudio de 13 afios de
duracion en dos centros de trauma Nivel 1, Los Angeles County + University of Southern
California Trauma Center (Los Angeles, California) y University of Southern Nevada Las
Vegas Trauma Center (Las Vegas, Nevada). En el mismo incluyeron 321 pacientes
embarazadas, de las cuales 291 (91%) presentaban traumatismo contuso mientras que 30
(9%) fueron victimas de traumatismo penetrante. Los autores informaron una morbilidad
materna de 66% y una mortalidad fetal de 73% luego de un traumatismo abdominal
penetrante. La severidad de la lesion abdominal, el mecanismo penetrante y la presencia de
hipotension materna al ingreso fueron identificados como factores de riesgo asociados a

muerte fetal luego de un hecho traumatico.
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Es de importancia remarcar la relacion entre los estudios radiologicos y sus efectos
teratogénicos. Existen tres fases de dafio fetal relacionado con la radiacion dependiendo de
la edad gestacional.!! Antes de las 3 semanas, previo e inmediatamente después de la
implantacion, la exposicion a la radiacion puede derivar en la muerte del embrion. Entre
las semanas 3 y 16 de gestacion, durante la organogénesis, la radiacion puede dafiar el tubo
neural, y ocasionar anomalias en el sistema nervioso central. Después de las 16 semanas, la
complicacion mas comiin comprende defectos neurologicos.!! La exposicion prenatal a las

radiaciones puede llegar a asociarse con algunos tipos de cancer de la infancia.'?

Los estudios por imagenes radiograficas deben realizarse como en cualquier otro
tipo de pacientes, siempre considerando que los beneficios superen a los riesgos. La
exposicion fetal a radiacion menor de 10 rad (radiation absorbed dose) no presenta un
riesgo mayor, aunque es obvio que se deben evitar estudios y duplicaciones innecesarias.
Las dosis de radiacion de los estudios por imagenes mas comunes se muestran en la

siguiente tabla:'?

Dosis de Radiacion de Estudios por Imagenes
Rx AP de torax < 0,005 rad
Rx de pelvis <0,4 rad
TC cerebral (cortes de 1 cm) 0,05 rad
TC de abdomen (20 cortes de 1 cm) 3,0rad
TC de pelvis (10 cortes de 1 cm) 3,0-9,0 rad

La evaluacion del abdomen en la paciente embarazada suele ser un desafio, y se

debe prestar especial atencion a la presencia de una fractura costal o pélvica, hipotension
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sin origen obvio que la justifique, pérdida sanguinea, hematuria, o alteracion del sensorio

debido a drogas, alcohol o por una lesion cerebral.

La ecografia (Focused Abdominal Sonography for Trauma, FAST) tiene un papel
preponderante en la evaluacion abdominal y es considerada de eleccion, ya que puede
detectar liquido libre abdominal y pericardico de manera rapida y no invasiva, asi como
también investigar la condicion general del feto.!* El lavado peritoneal diagnostico (LPD)
puede realizarse de forma segura y posee la misma sensibilidad que en cualquier paciente,
solo que técnicamente el LPD debe realizarse por encima del ombligo utilizando la técnica
abierta. La tomografia computarizada (TC) de abdomen también puede realizarse con
seguridad, y evaltia tanto a la madre como al feto, pero la paciente debe hallarse
hemodindmicamente estable. E1 Comité de Escalas de Lesion de Organos de la Asociacion
Americana de Cirugia del Trauma (American Association for the Surgery of Trauma-
Organ Injury Scale Committee, AAST-OIS) clasifico a las lesiones del ttero gravido en

grados tal como se muestra en la siguiente tabla:'

Escala de Lesion del Utero Gravido

Grado Descripcion AIS-90 Score
I Hematoma o contusion sin disrupcion placentaria. 2
I Laceracion superficial <1 cm de profundidad o disrupcion | 3

parcial placentaria <25%.

Laceracién de 1 cm de profundidad en el segundo trimestre o | 3-4
disrupcion placentaria de 25% pero <50%; laceracion profunda
en el tercer trimestre.

III

v | Laceracion hasta la arteria uterina; laceracion profunda de 1 cm | 4
con 50% de disrupcion placentaria.

AV Ruptura uterina en el segundo o tercer trimestre; disrupcion | 4-5
placentaria completa.
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G. Violencia Interpersonal

El nimero real de mujeres embarazadas que sufren traumatismos no se conoce a
ciencia cierta ya que muchos de ellos no se informan, especialmente aquellos debidos a
violencia interpersonal (interpersonal violence, IPV). Los traumatismos y la violencia
doméstica son las causas mas frecuentes de muerte en la mujer en edad fértil.
Paraddjicamente es un problema de salud que afecta a las sociedades mas desarrolladas en
las que el indice de natalidad es decreciente. Asi, la violencia interpersonal es hoy un
problema de salud publica, ya que existe un aumento del riesgo de maltrato y abuso

durante el embarazo dificil de cuantificar por las dificultades sociales que plantea.

El Comité de Violencia Familiar del Instituto Nacional de Salud (NIH) de
Estados Unidos ha propuesto definir a la IPV como "actos que son fisica y
emocionalmente dafiinos o que tienen el potencial de causar dafio fisico, y que incluyen
coaccion sexual o asaltos, intimidacion fisica, amenazas de matar o danar, restriccion de
actividades normales o la libertad, y la negacion de acceso a los recursos".!® Esta ultima
definicion incluye los tres tipos principales de IPV reconocidos en la literatura: violencia
fisica, sexual y emocional/psicolégica/verbal.!” El uso intencional de la fuerza fisica se
incluye en "violencia fisica" y el uso de la fuerza para obligar a una persona a participar en
un acto sexual es lo que se conoce como "violencia sexual".!® Bajo los términos violencia
"emocional", "psicoldgica" o '"verbal", incluye amenazas, humillacién, control de

actividades, aislamiento, insultos, e infundir temor.

La IPV no solo es una gran preocupacion mundial a nivel social y de la sanidad,

también lo es desde el punto de vista economico y de salud publica. El costo anual en salud
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19,20

en los Estados Unidos relacionado a la IPV supera el billon de ddlares, y por si misma

se encuentra en el 20% de todos los crimenes violentos.?' Es sefialada como una cuestion

% situacion que no deberia sorprendernos si analizamos el

de proporciones epidémicas,?
contexto mundial. El Departamento de Justicia de los Estados Unidos estima que el 52%
de las mujeres experimenta IPV a lo largo de su vida, y de ellas el 45% reporta haber sido
forzadas a tener relaciones sexuales,? lo que implica que entre 1,5 y 4 millones de mujeres
americanas son victimizadas por su pareja.’*?° La prevalencia en otros paises también se
ha estudiado. Asi, en un estudio poblacional de Australia del 2005 reportd un 15% de

IPV,?® 15% en Canad4,”’ y 20% en Ucrania,?® mientras que en Espafia se encontrd un

32%,% 35% en Ruanda,* 40% a 52% en Nicaragua,** y 45% en Per.>?

Si bien estas tasas son alarmantes, la prevalencia real de IPV durante el embarazo
puede ser incluso mayor debido a la renuencia de las mujeres a reportarlo, especialmente
durante el embarazo.’> Ademas, existen estudios que han indicado que ciertas mujeres
pueden estar en mayor riesgo de IPV durante el embarazo debido al estatus
socioecondmico, edad, estado civil o cuando pertenecen a una minoria. Mientras que la
IPV se encuentra en todos los niveles socioecondomicos, muchos estudios identifican un
mayor riesgo cuanto mas bajo es el mismo, tanto en mujeres embarazadas como no
embarazadas.>***> Un proyecto que involucré a mas de 1000 mujeres embarazadas en
Estados Unidos reveld que los niveles de ingresos y de educacion fueron los factores
predictivos mas significativos de violencia durante el embarazo.*® Siguiendo con esta linea,
un estudio poblacional realizado en Chile, Egipto, India y Filipinas demostré que los
indicadores socioecondmicos fueron también universalmente considerados como factores

de riesgo de IPV.’
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Ademas de la relacion con el nivel sociocultural, también se han observado otros

38,39

factores de riesgo como: la edad, siendo mas frecuente en las mujeres jovenes, sobre

0 estado civil: las madres solteras*! tienen cuatro veces mas

todo menores de 20 afios;*
posibilidades de ser victimas cuando se las compara con mujeres casadas; y minorias
raciales: en Estados Unidos se ha observado un mayor riesgo en aborigenes nativas
americanas y afroamericanas.*? Por Gltimo, existen otros factores de riesgo observados a
tener en cuenta, que en forma aislada o combinados entre ellos o con los anteriores,
plantean una mayor complejidad para su correcto manejo. Entre ellos se cuentan el estrés,
que se incrementa durante el embarazo, mayormente en estratos sociales bajos,** los
celos y la sospecha de infidelidad, que puede exacerbarse en parejas con conducta violenta
previa,® y el exceso de alcohol, que contribuye a aumentar el riesgo de IPV en presencia
de los factores anteriores. 64

Algunos trabajos*® han demostrado que el 10% al 30% de las mujeres sufren abuso
durante el embarazo, y que el 5% deriva en muerte fetal. El abuso fisico es sospechado
cuando las lesiones se localizan principalmente en la parte proximal y en la linea media
corporal antes que distalmente. Es mas evidente cuando ocurren en el cuello, mamas, cara,
parte superior de los brazos y lateral de los muslos. También son altamente sospechosas las
lesiones bizarras como quemaduras de cigarrillos y mordeduras.*’ Si bien los casos de
violencia doméstica se asocian con un amplio abanico de condiciones psicoldgicas,
psicosomaticas y fisicas, su diagnostico eficaz y oportuno requiere de ciertas habilidades
clinicas. Los sintomas mds comunes son cefalea, dolor cronico inespecifico, estrés

postraumatico, sintomas ginecologicos, lesiones agudas y cronicas (como las descriptas

anteriormente), y abuso de sustancias, entre otras condiciones.’® Aproximadamente el 33%
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presentan ansiedad y depresion, mientras que el 26% sufre de intentos de suicidio, aunque

este nimero podria llegar a ser superior debido a la falta de informes o publicaciones.

Segtin la Organizacion Mundial de la Salud (OMS), la IPV aumenta los factores de
riesgo durante el embarazo al retrasar el cuidado prenatal y no concurrir a las visitas
médicas periddicas durante el mismo, posiblemente porque el compaiiero abusivo evita que
la mujer salga de su casa, o bien porque ella misma no puede concurrir debido a las
lesiones o por temor a que ellas sean descubiertas. Como mecanismo para enfrentar la
situacion dan comienzo a conductas toxicas, como fumar, utilizar drogas o abusar del

alcohol.”!

Por otro lado, la IPV est4 estrechamente relacionada con un aumento del riesgo de
ser victimas de homicidio por parte de sus parejas. De hecho, el femicidio es la segunda
causa de muerte en mujeres embarzadas, luego de las colisiones automovilisticas. Segun la
Coalicion Nacional Contra la Violencia Doméstica (National Coalition Against Domestic
Violence, NCADV)> reportd que entre 1990 y 2004 en los Estados Unidos, 1300 mujeres
embarazadas fueron asesinadas, de las cuales el 56% fue por arma de fuego, y el 44%
restante lo fue por arma blanca o estrangulamiento. Mas del 75% fue asesinada durante su

primer trimestre de gestacion.
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H. Prevencion

La prevencion merece una atencion especial durante el embarazo, sobre todo en lo
relacionado con el uso de drogas y alcohol, que no solo es perjudicial para el feto sino
también se asocia con un alto riesgo de lesiones. En el mismo contexto, la violencia
doméstica es una causa mayor de lesion durante el embarazo.*’ Se ha publicado que el 60%
de las mujeres que padecieron IPV de tipo fisico, sexual o emocional, tienen mayores
posibilidades de ser victimas de dos o mas episodios de agresion,*® por lo que se considera
que todas las mujeres embarazadas son potenciales victimas de violencia interpersonal.’*>*
Se han publicado encuestas en que el tamizaje y el cuestionario que investiga la posibilidad
de IPV se realizaba solo en el 18% de las mujeres embarazadas evaluadas, por lo que una
de las herramientas mas efectivas para identificar esta problematica seria realizarlo tanto en

las salas de emergencias como también en las consultas periddicas y programadas con el

especialista.>®
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I.

1.

Conclusions

Trauma has become the leading cause of death in young pregnant women.

Trauma in pregnant women represents a significant public health burden and a

clinical challenge for the trauma surgeon given its complexity.

The evaluation of a female patient of childbearing age who is a trauma victim

should always include the possibility of pregnancy.

Injuries to the gravid uterus are rare and should be suspected in all assault victims
and all patients with direct perineal trauma, pelvic fractures, or penetrating injury to

the pelvis.

Thorough physical examination, preferably in the operating room, with prompt

surgical treatment improves the outcome of these potentially challenging injuries.

The physiological and pathological changes during pregnancy affect all aspects of a
traumatic injury, requiring detailed evaluation and meticulous management of this

unique patient population.

Following penetrating abdominal injury, fetal mortality and overall maternal

morbidity remains exceedingly high, at 73% and 66%, respectively.

Penetrating injury mechanism, severity of abdominal injury and maternal
hypotension on admission are independently associated with an increased risk for

fetal demise following traumatic insult during pregnancy.

An obstetrician is an essential member of the multidisciplinary team for the initial

assessment, stabilization, and subsequent management of a pregnant trauma victim.
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10. Pregnant women must be educated on the proper use of restraints while they are in

cars, regardless if they are drivers or passengers.

11. Screening for domestic abuse and depression are essential components of quality

care of this unique population.

12. Intervention on each risk factor individually does not guarantee the solution or the
prevention of the trauma derived from interpersonal violence, taking into

consideration the complex interaction of the social conditioning factors.
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J. Palabras Finales

Esta tesis ha cumplido con los objetivos establecidos en la seccién B. El objetivo
general de describir los cambios anatomicos y fisiologicos que ocurren durante la gestacion
normal y la fisiopatologia de las lesiones se detalla ampliamente en las publicaciones I, 111
y VI. Los objetivos especificos también se completaron con sus correspondientes

publicaciones de la siguiente manera:

- Identificar los factores de riesgo de morbilidad y mortalidad fetal y materna:

publicaciones II, IV y V.

- Desarrollar un algoritmo de diagnodstico de evaluacion inicial para la madre y el

feto: publicaciones III, IV y V.

- Disefar un algoritmo para cesarea de emergencia después de un traumatismo

severo: publicaciones III, V' y VIL
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Apéndice 1: Factor de impacto de las revistas

Revista

Abreviatura

Factor de impacto

Current Problems in Surgery

Injury, International Journal of
the Care of the Injured

Scandinavian Journal of Surgery

European Journal of Trauma and
Emergency Surgery

Curr Probl Surg

Injury

Scand J Surg

Eur J Trauma Emerg Surg
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Apéndice 2: Restimenes de los articulos en inglés traducidos al espafiol

Articulo 1. Petrone P, Asensio JA. (2006). Trauma in pregnancy: assessment and

treatment. Scandinavian Journal of Surgery. 95, 4-10.

Las mujeres entre las edades de 10 y 50 afios tienen el potencial de embarazo; por
lo tanto esta condicion debe ser tomada en consideracion cuando una mujer es
examinada en la Sala de Urgencias luego de sufrir un evento traumatico. El embarazo
produce significativos cambios fisiologicos y anatdmicos en todos los sistemas del
cuerpo femenino. La evaluacion de la paciente embarazada traumatizada, el enfoque y
la interpretacion de las pruebas diagnosticas debe ser acompaniada por el completo
conocimiento de todos cambios que ocurren durante el embarazo. En el mismo
contexto, a pesar de que el médico trata a una mujer embarazada victima de trauma
debe recordar que hay dos pacientes, las prioridades de tratamiento son las mismas que
para la paciente traumatizada no embarazada El mejor tratamiento inicial para el feto es
la optima resucitacion de la madre. Debe realizarse un examen exhaustivo para
descubrir las condiciones unicas que pueden estar presentes en la paciente embarazada
tal como lesiones uterinas contusas o penetrantes, disrupcion placentaria, embolia de
liquido amniodtico, isoinmunizacion, y ruptura prematura de membranas. Los obstetras
deberian estar presentes siempre y ser considerados parte del equipo de trauma en la

evaluacion y tratamiento de la paciente embarazada.

Articulo II. Petrone P, Talving P, Browder T, Teixeira PG, Fisher O, Lozornio A, Chan
LS. (2011). Abdominal injuries in pregnancy: a 155-month study at two level I trauma
centers. Injury, International Journal of the Care of the Injured. 42, 47-49.

El objetivo de este estudio fue examinar los resultados de las pacientes
embarazadas que hayan sufrido una lesion abdominal. Se trata de un analisis
retrospectivo de todas las pacientes gestantes admitidas en dos centros de trauma de
nivel 1 durante 155 meses. Se incluyeron datos como mecanismo de lesion, parametros
fisiologicos al ingreso, indice de severidad lesional (ISS), escala abreviada de lesion

abdominal (AIS), edad gestacional, procedimientos diagndsticos y quirurgicos
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realizados, complicaciones y mortalidad materna y fetal. Se utiliz6 anélisis univariante
y de regresion logistica. Se incluyeron 321 pacientes embarazadas, de las cuales 291
(91%) sufrieron una lesion contusa, mientras que 30 (9%) fueron victimas de un
trauma penetrante. De las lesiones penetrantes, 22 (73%) fueron heridas de bala, 7
(23%) heridas de arma blanca y 1 (4%) herida de escopeta. La maternidad general y la
mortalidad fetal fue del 3% (n = 9) y del 16% (n = 45), respectivamente. La edad
promedio fue 22,6 afios de edad, y la media ISS fue 12+16. El AIS abdominal medio
total fue de 2+1.2. Cuando se ajusta por edad, AIS abdominal, ISS y presion arterial
diastdlica, el grupo de trauma penetrante experimentd una mayor mortalidad materna
[7% vs. 2% (OR ajustado: 7, IC 95%: 0.65-79), p= 0.090], mortalidad fetal
significativamente mas alta [73% vs. 10% (OR ajustado: 34; IC del 95%: 11-124),
p<0,0001] y morbilidad materna [66% frente a 10% (OR ajustada: 25; IC del 95%: 9-
79) p<0,0001]. La mortalidad fetal y la morbilidad materna general siguen siendo
excesivamente altas (73% y 66%, respectivamente), después de una lesion abdominal
penetrante. El mecanismo de lesion penetrante, la severidad de la lesion abdominal y la
hipotension materna al ingreso se asociaron de forma independiente con un aumento

del riesgo de muerte fetal luego de un insulto traumatico durante el embarazo.

Articulo IIl. Petrone P, Marini CP. (2015). Trauma in pregnant patients. Current
Problems in Surgery. 52, 321-352.

Las lesiones traumaticas ocurren en al menos 1 de 20 mujeres embarazadas y
actualmente representan la principal causa de muerte materna durante el embarazo. La
posibilidad de embarazo debe ser considerado en todas las mujeres en edad
reproductiva, por ello es esencial que los médicos tratantes de pacientes victimas de
trauma estén bien entrenados en la fisiologia del embarazo y su efecto en la respuesta y
manejo de tales lesiones. Este trabajo ofrece una perspectiva integral sobre este tema.
Comienza con una perspectiva historica, seguida de la epidemiologia de esta condicion.
Una discusion a fondo de lo anatomico y los cambios fisiologicos del embarazo
proporcionan una base para su revision de la evaluacion y manejo. La evaluacion

abdominal y los mecanismos de lesion estan cubiertos en detalle. Las secciones
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siguientes tratan sobre el parto por cesarea perimortem, complicaciones, prediccion de
resultados, implicaciones médico-legales, e incluso prevencion de lesiones durante el
embarazo, presentdndose la evidencia de manera objetiva y con una perspectiva

equilibrada, recursos valiosos para los médicos que tratan con pacientes traumatizados.

Articulo IV. Petrone P, Jiménez-Morillas P, Axelrad A, Marini CP. (2017). Traumatic
injuries to the pregnant patient: a critical literature review. European Journal of

Trauma and Emergency Surgery. Sep 15. doi: 10.1007/s00068-017-0839-x.

El trauma durante el embarazo es la principal causa no obstétrica de muerte
materna y una carga importante en términos de salud publica. Este estudio revisa las
causas mas comunes de trauma durante el embarazo, morbilidad y mortalidad, y el
impacto perinatal de los resultados asociados con trauma, proveyendo un abordaje a las
pacientes embarazadas que hayan sufrido un traumatismo. Se realizd una revision
sistematica de la literatura mas actual desde enero de 2006 a julio de 2016. Se
identificaron 51 articulos, incluyendo un total de 95.949 pacientes. Las colisiones
automovilisticas fue el mecanismo de trauma contuso mas frecuente, seguido por
caidas, asaltos por violencia doméstica e interpersonal, y lesiones penetrantes (por
arma de fuego y por arma blanca). Los traumatismos en mujeres embarazadas se
asocian con altas tasas de resultados adversos tanto maternos como neonatales. El
conocimiento del mecanismo de lesion es importante para identificar las lesiones
potenciales y la complejidad del manejo de estos pacientes. Como en todos los eventos

traumaticos, la prevencion es de suprema importancia.
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424  GYNECOLOGIC INJURIES

Table |: Changes in Maternal Physiology during
Pregnancy

Change Consequence

Cardiac output and blood Shock after 40% of blood lost
volume increase

Expansion of plasma Physiologic anemia
volume

Decline in arterial and Vital signs are not reflective of
VENous pressurc hemodynamic status

Increasc of resting pulse

Chest enlargement Changg in anatomic landmarks

Caution during thoracic proce-
dures {e.g., thoracostomy)

Diaphragm risc

Substernal angle increase

Decrease in functional Rapid decline in PO; during
residual capacity apnea or airway obstruction

Increase in oxygen
consumption

Airway closure when
supine

Increasc in tidal volume Fall in PCO; and bicarbonates

and minute ventilation

Decrease in anesthetic Need for adjustment of sedative

requirements doscs
Decreased gastric motility Risk of aspiration
Relaxation of gastrocsoph-

ageal sphincter
Incidence

According to some authors, nearly 50% of maternal deaths are related
to trauma. From 6%—7% of all pregnancies arc complicated by trauma,
and 0.4% of the patients require hospitalization for treatment of inju-
rics. In 1995, Weiss reported an epidemiologic -year study in which all
women of childbearing age who required hospitalization for injurics
were screened for pregnancy; of 16,722 women, 761 were identified
(4.6%) as being pregnant. The actual number of injured pregnant
women is underestimated as many of them are unreported, especially
with injuries resulting from domestic violence.

Mechanism of Injury

Motor vehicle collisions are the most common causes of injury dur-
ing pregnancy. As the pregnancy progresses, the shift in the woman’s
center of gravity and diminished agility can result in falls and acci-
dental injuries. Other common causes of injury include automo-
bile—pedestrian collisions and fircarm injurics. Younger women are
at higher risk for injury during pregnancy, with a mean maternal age
of 25 ycars.

Young pregnant women are also at high risk for injuries resulting
from battery. It has been reported that 10%-30% of women arc
abused during pregnancy, and 3% of cases involving abuse result in
fetal death. Of injured pregnant paticnts, 17% expericnce intentional
trauma and 60% suffer repeated cpisodes of domestic violence.
Physical abuse is suspected when the injurics arc located proximally
and in the midline, rather than distally, and trauma is evident to the
neck, breast, face, upper arms, and lateral thighs, as well as with bi-
zarre injurics such as cigarctte burns or bites.
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Diagnosis

Care is undertaken with attention to both mother and fetus. Uterine
blood flow lacks autoregulation and is related directly to maternal
blood pressure; consequently, treatment prioritics are the same as for
the nonpregnant trauma patient, as the best initial treatment for the
fetus is the optimal resuscitation of the mother. A thorough physical
cxam complemented by imaging studies is necessary to identify some
of the unique problems that might be present in any pregnant pa-
tient, including blunt or penetrating injury to the uterus, placental
abruption, amniotic fluid embolism, isoimmunization, or premature
rupture of membrancs.

Prehospital Care

As a result of significant changes in maternal physiology (sec
Table 1), supplemental oxygen should be administered to prevent
maternal and fetal hypoxia during transport and in the resuscita-
tion room. Fluid resuscitation should be initiated cven in the ab-
sence of signs of hypoveolemia and shock. To avoid supine hypoten-
sion associated with the uterine compression of the inferior vena
cava (IVC), patients in the sccond or third trimester of pregnancy
should be transported on a backboard tilted to the left, with special
attention to immobilization of the cervical spine. If the patient is
kept in a supine position, the right hip should be clevated
4-6 inches, and the uterus should be displaced manually to the left.
This mancuver increases cardiac output by 30% and restores circu-
lating blood volume. Although only about 10% of pregnant pa-
ticnts at term develop symptoms of shock in the supine position,
fetal distress may be present even in normotensive mothers; there-
fore, right hip clevation should be maintained at all times including
during operative procedures.

Hospital Care

Primary survey includes assessment of airway, breathing, and circu-
lation (ABCs), including volume replacement and hemorrhage con-
trol. Sccondary survey includes the obstetrical history, physical
cxamination, and cvaluation and monitoring of the fetus. The his-
tory should include the date of the last menstrual cycle, expected date
of delivery, and any problems or complications of the current and
previous pregnancics such as preterm labor or placental abruption.
Comorbidities such as pregnancy-induced hypertension and diabe-
tes mellitus should also be documented.

The abdominal examination is critically important, as is a
determination of uterine size, which provides an approximation
of gestational age and fetal maturity. A discrepancy between
dates and uterine size suggests uterine hemorrhage or rupture.
Uterine rupture is suspected with peritoncal signs, abdominal
palpation of fetal parts duc to extrauterine location, and inability
to palpate the uterine fundus. However, as the utcrus enlarges,
it displaces the intestines upward and laterally, stretching the
peritoncum and making the sbdominal physical cxamination
unrcliable.

Determination of gestational age is particularly important be-
cause this will guide the decision for a premature delivery if indi-
cated. Most institutions will accept a 24-26 weck pregnancy as
viable, with a probability of survival ranging from 20%-70%. Ra-
diographic estimation of gestational age is bound to an crror of
1-2 wecks. Unless the date of the conception is known exactly,
gestational age is particularly difficult to determine. A good rule of
thumb is to consider patients with a uterus halfway between the
umbilicus and the costal margin as having a viable pregnancy
(Figure 1). An algorithm for initial maternal and fetal asscssment
is presented in Figure 2.

Physical cvaluation of the pregnant patient must be dirccted
to the detection of the following six pregnancy-related acute
conditions.
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Table 3: AAST-OIS for Gravid Uterus

Gratle Ieury Description AlS90 Score

1 Hesmabotna of cosilsdos without 2
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trimeater; compleie placeatal ab-

sugriioe

Azserican Awociations fur the Surgeey of Tranms | AAST)

Modifed from Moase EE, Jurdosich G} Kaudoos MM et al Organ Injury
sudlog VL cxtrabeputic ey, csrplagon, stoauach, subva. vaguis, ulcoos
tnanpregmant |, meras (prepzant L Blloplan rebe, and ovars [ Troune
X516L1069-107 0. 1995,

Felvic factures seprescnt e sust challenging blant iogasies Jus-
ing guegnavcy. Hemorrhage v dilaed retrupentoncal veens can
catse massive and ftal hbemoremagic shode Maternad pelvic fracture
i the sl conuvon cause of fetel death, well 4 Setal montalbity ap-
rnurhmg 5% In nonpergnant paticats, .\nﬁuwnhmulmu s the
usuad treatment for pelvic hemarrhage, b the radiation dose for the
procodare s cansidencd excesve during pregmancy

1he ahdaminal wall, uterine oyyometrigm, and amniotic flud act
45w cushiion to dicect loeces Sroan Dluses b, Placeutal abeugstion
I the most commmon came of fotal death, seaulting from anoxia, pre-
matursy, or exsanguination, Manifestations include abdomenal pen,
vaginal blecding, ulerine lemlersew, and contractions. Oac ol the
moet serious complications associated with abruption s disseow
nated  Intravesculor cosgulativa (DIC) Gaused when placentad
H‘,:vmhuphum ersters matermal azculitson

Penetrating Iyury
Ax the wierus grows and cxpands out of the peldvig, it Becomes an
easwr target for penctrating tranma. The thick demsity of its musaa-
lature allows the gtenes fo wboast concigy oo low-velucay penstaal.
ing imjures matornal death s very uncommmen exoept for injuries in
the upper abdomen, which wually produce severe masernal damoge.
Caznahurt wossnds catone Setal ey iz 609070 of casen, with fotal
deatk in 902 63% . 1f the balket hos penctriated the uterus and the
fetus is vishde, cesarean section is indicated. Indicutsons for C section
1 exhiobamy are summaneed in 1abis 4

Perimostern C-section is adicmed in the case of masernal deoth
il thie fetus is viable 124 weeks ), Tining b coitical us the probabilicy
of feta) survival is excellent when dcdvery oocum wathin S minutes or

less of psaterna desnise. As Lhe Line escreames, e diance of sarvival
dissinisho. [n b race sdustion where the motber is declared Brain
dead but maintains goad vital signs, the fetin can be allowed ro ma
tuie beloee delivery (Figuse 5).

When p:!l'nnhmﬂ N PITETRency Coacehion an 4 frasma patient,
instead of the commonly used transverse inGsica. a verzical Incision
thevugh all the kryors inso the uterem wosader snd fader. Thiv ine

avosds injuary tn the uterine weaels, which enter the nterss from
botls sides.

Netween gostational ape 24-32 weeks, open candiac masage (XM
without anrtic cros clamping showld be seriondy comsiderad before an
cocrgency C-section b performed I OCM peoves succeadul, the deliyv-
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Table 4: Indications for C.Section
during Laparotomy for Trauma

Matezmal shock

Thaeat %o life from exsanguinations from amy couse
Mechanicad Bnitation foc nstcrsul repair
Irreparable merine injury

Petal distrons in viable Bty

Unstable thoraoumbar spice injay

regmancy mear lerm

Matermal death

Figure § mrracranal hemaerhage (Mght panel) in an 18-week
pragnaiil putert decired bran dusd Az the fatus was o€ riabde O
parey the patients tymily sgreed ™0 Crgan conamon

ey auy be delaved 20 that Gunces of postatl susvival ingeove. A
propasd algneithm for cmengeney C-wcction afer sty i peesentod
In Figum 6

Morbidity and Moreality

Trouma has become the most frequent canse of maternal death in
the Ulkited States. Older seports ansiboted 30% materoul mondd

iy 10 ammintic fhind embalivm, which together with pulmonary
thrombocmbolisen was cited 45 the leading cause of materaal mor

Lality. 1o contrast 1o declining maternal moctality om lnfection,
hemorrhage, hypersmsion. and thrombaoombolism,  accidental
deaths daring preguancy have risen steaddy. Accosding to the Lt
ot slatistics, a» many as 3% ol malcroal deaths arc camsed by
penetrating trauma. While overall maternal mortality from ab
domimal gumbot wonmds i» low (3.9%), (vtal moctalily canges
between 4% and Y% Kk factors axwociated with ponr frtal
outcomne are listed i Tabde 5,

Conclusions

Trauma as become the leading cause of death in women aged 54
and younger, incduding peognant puticnts. Fathoplwsiologe changes
in pregrancy affect all aspects of traumatsc miury and roquire de
talled assessonent and meticuloes masagement

TRAUMA TO NONGRAYVYID UTERUS
AND FEMALE GENITALIA

heee 18 2 melatve atemdance of edormation on trauma o pregeancy
and 2 mlatie pancity regarding injuries t the farake penitalia Al
theragh those Svjurios arc uncanusos & e woopeognest pabaend, they
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| mpurea pregnane patiee |
Pl haset lones
‘feg No
Utnsound Continoe
maternal
resusciaton
g
I Fols' o
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| ¥
Opets cardoG C-aecdon
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00" fr boumS, AN Surg 223901408 19900

Table §: Predictors of Fetal Outcome

Mezvy of the anjurios tn the external genltal cogams are the rowmlt
of vialent acts in pregnant as well ax nospregnamt women. THis pos-
siiility shoubd be always be consbdered, especially when the mcchs-
nitm of injury i vinclear 1F sexmal assanlt haw occurmeds informed
conseodt for the remainder of the ascssment must be obtained.

Durmeatic vindemoe covones lines of ethnusty/race, age, sabiosal -
gin.sexual orentation, religion, andor sociveconomic status, aliboogh
au uverwheliniog maoeizy ot the victims i heterosexual relutioandigs
ary women Typically, battory tends 8o ocoar an a pattern of viokner
rutber chan 4 one-lime event Plysicuns westing Uiy viclione

Jusmahd able to revorgrce e signs ol domctia videnee, (efsr [laticnt
wn appropriste spenchos and provide social and other suppor.

Diagnosis

Intial anscsument and roumcitation are performed as for any trasma
parizin. The secotdary survey shedd udude s detailed plrysical ex-
amunation of the perinenm. Examination under anowheua may he
needed for patients with severe pain or active bleeding. A complete
cxanunatiom should dads bimanual palpation and speculum cx-
amunations of vagans and anorectum. Some authors recommend
ancsthesia toe all patients with perlsedl taama in order o evaluate
the cxtent of tho ijury.

Intra-abdomingd genital insecs are wssally diagnused ar Mipe
sotonsy Jor anociated injusie. As Blaal isgary is mose cosamus with
pathologically enlarged imtemmal genitalia i the nongravid patient,
CT scan ol the ébdomen o DEL sy aid the disgiioois, alilsough the
Latter = very rarcly waed. Detaiied graching of gynecolegic anjurios
presented in Tables 6 theough 10

Table 6: AAST-OIS for Gynecologic Injuries: Vagina

Maternal death

Maternal bypescnvion

Maternal tracmatic beain Insary

High logury Scverity ‘xm“!\sl

Pelvic fracture

Epoctiom of pregiant wonman fves 4 whide
Severe abdosniial bijusy b peogeant wonsn

wre mare often seen im cases whaore there i pathalogic enlangoment of
the intermal genzalia or in lhc gurly postparvum period. Missed or im
pruperdy treated female ge carx rewalt s hamorslags, sepais,
and boes of endocrine and reproductive functinn,

Grade  Injury Description AFS-90 Score

! Comtusion or hematoms U

n Superbicial Liceration lnvelviog 1
mMuCoss

nr Deep biceratson extending into 2
sihmucoal fat ar muncle

v Connples laceration extendisy o the 3
SETVIX o peritoeeins

v Injury to adjacent argans A

AusseriCan Association lor the Surgery of Trauss [AASTL

MudiSicd Bruss Mucee EE, Jhueich GL Knodeon MM ot o Ongas injusy
waling Vi- extmbaperc bliarg evophagas, somach, vive. vagina, utenn
{oupwegranl| . ueus i Laluprian tobe. and wvarg [ Troune

BAO 06T 1000, |94

Incidence
The maidence of impuries to the female gemitalia is fangeky unk T Table 7: AASTOIS for Gynecologic Injuries: Vulva
Must isfornsation va the suljoct cosnes from solased Coe seports w
summall acrsen of puticntc Vaginal lacerations comgplicats imately e m DR AIS99 Bcose
3.5% of pedvic fractures in fomale patienss. Urethral and bladder ln 1 Hemunoana or cantusion !
punes ars abo commenly proent. u Superficial luaration mvwlving I
skin cnly

m Deep baceration extending in 2
Mechanism of Injury aubcutancoms fat or muscle
Blunt inparscs isvolveng the lemede genitalis are anust frequently o- v A""h"“ ol "“f‘_’ fat, ot mnwacde |
rociated with petvic fracrures. Injuries to the extornal genitalia can v Injury o adjzomnt organs. ]

ahio be the result of stzuddle injuries or sccidental penetration, Water
skiing, gymmastics, aol hicycling acosdents ke been reportad ax the
causes of blunt trasma to the dower genitlia Peoetroting inparies
wie aloset exclusively responsible for injutio to the wpper genitul
orpans althoogh several roports of Blant trauma s oormal avaries
i wterus lueve been repoesed.
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Angican Association fod the Surgesy ol Teaua (AAST)

Maodificd from Moare H1 fudoswich €1 Knudsam MAS, ot 2k Organ mjury

n.dng VL cxttahepatic bilisy, cvepluggin, stossach, vulvd, viglisa, wictus
), ideras { 1, fallogian tudse, and ovacy. [ T

.”(ﬂ l’lm 1071 1935,

L
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Table 8: AAST-OIS for Gynecologic Injuries:
_No_-n-!r.vid Uterus

Grade  Injury Description AIS-90 Scorw
I Hematoma or contuson z

" superfical laceration <1 om in depth 2

o 1heep laeration | em o depth bl

o Laceration extendsng 10 uterine atery 3

v Devascularization or avwlwon 5

Anrican Asociation o the Surgery of Teaunas (AAST)
Modified from Mosee EE darkosich G Kzudion MM, et sl Ongan injury

stalieg VL exiiabapetic biary, clophagu, somadl, volva vagios, uterss
(nazprognami, srevus (pecpnant ), Bllegian e, ard ovary. [ Tauma
IH0 LI HA-L0T0, 1995

Table 9: AAST-OIS for Gynecologic Injuries:
Fallopian Tube

Giraciw Injury Descripticon AlS-50 Score
1 Hematoma or contrsion i
" Laceration isvolving <<30% of ’
ciroamference
t Laceratian imvalving 6 of 2
clremmference
v Complete transection 2
v Devasculariend sgment

American Assocation for the Suegery of Traums (AAST Y,

Modificd fraom Moane BE, furkovich (o) Knndsees MAL of al: Urgan mpury
waling V1 excraliepatic biliary, ssophages. soomach, vulv, vagioa, usius
(sasnpregnant |, uterss |prognast ), falupiss tebe, oul ovary, ) Trovne
390611067 1070, 1935

Table 10: AAST-OIS for Gynccolo!lt Injuries: Ovary

Grade injury Descripeion AlIS-90 Score

I Coutassnn o hemastuma 1

n Supericil lacetstinn <03 G z
w depile

n Deep laceration 0.5 <m in depth 3

w Partial diarugaion of Nood A
aapply

v Complets parenshymal dirap- k]
tions or avalion

Amenican Awacation for the Surpery of Tranma (AAST)

Muodibed from Moces EE Jmbovich G Keudoon MM, ot al: Orgas mjury
scaleeg VI: extrabepatic bdiary, coophagon, stremach, valva, vagina, uteron
g sty sterus [ peegoant ). lallogian 1w, aod ovary, J Thauisa
SHO 100N 1070, 1993

Surgical Management

busduted perineal Liceratons sbould be repmaal alter appeupeat
immgation and debndement wieh or without placement of demina
Large pesioed homutonues requare incison wod draisage bocise of
the bigh amocated incidence of infection and sepses Vulvar lacera-
tioms may be closed primarily with absorbable sutures.

Hepais of vaginal and carvical lacerarions may be challenging be-
caise ol the ubwisdast blood suppdy. Absorhiabie sutares inclading
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the al and suds sal Layers are Iy used. These inju-
rics must he dagnosed prompely in patients with pevic fractures »
any delay can soaudt I segois and Jdeath.

Injucies to the uterus are repaired in two leyers wing siowly ab
sabable runsing of wterrugted hgure-ol-cight sutures. Huterec-
tomy for trauma v extreonely race and is anly needed in extrome
caser of mavwrs dedruction or excauinatag bemorrduge. [surio
 the Gllopan tuhes and ovarics are also managed by ether pramary
sepai ot excision acconding W inpery scverity. Vaginad packing widh
antibjotics is frequenthy used for 24 hours after procedures involving
the vagina Cervix, Of uterue

Morbidity and Mortality

Morbdity i primanly desermined by the assscissed inparies, Hfrofuse
bleeding from the perincal wounds or well as vagina. cervi and
wterns muay be the cause of hemorrhagic shock. These wouds may
be difficuls w comtrol. Mased perinedl injurics in ssociason with
pelvic fracture usy be Ltal Long-tersm complicatioss o lude |
dysfancrion and infertility.

Conclusions

Tigurics o e iongravid wicsus o well o Jasale genital cegess are
rare and should be suspected im all assauly wictims and all patients
with dircct perimeal trauma, pelvic fractures, of penctrating injusy b
the pelviv. Thomegh phyvieal cxamination, preforahly in the nperat-
ang 1o widls grompd surgical teatinend iapoves the outcoe ol
these potentially challenging injurics.
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Apéndice 4

Articulo de Revision
A Argent Crug 2034, 106/1). 96.52

Traumatismo en la mujer embarazada

Trouma In pregnant women
Fotrizio Petrone
Coeipan el & |ntrodutcan
De Satrizio Petrone,
NEH
Patrio petrane@gmail El traumaniemo e considerada como la principal causa e muerte de orgen no
com

obstétrico durante of embarazo. Fildes® informé que alrededar del SO% de las muertes ma
tenas estdn relaconadas con travmstismas, y del 6 al 7% de todos los embaracos sulren
complcaciones dedido a estos, de bos cuales el 0,4% raquieren hozpitalizacian para el trate-
miento de las lesiones.’ Ll ndmero resl de muieres smbarazadas que sufren traumatismos
no se conoce a dencia certa ya que muchas de ellos no se informan, especialmente los
debidos o violeria domestica

Es enencied que los profesionsdes que se wspecializan e Lalar pacientes victmas
de traumatismo reconozcan y estén preparados ante los cambioz anatomicos y fisiolégicos
que ocurren on las mujeres embarazadas y cdmo esos camblos mpactan en la evaluackn
v ¢l tratamiento de esta poblacién dnica y sapan ques, para poder salvar el embararo, las

evabuaciomes deben ingluir la evaluscion del Tetn

Perspectiva histdrica

Los casos més anbguos
de lesién traumdtica en ef em-
barazo taeron descriptos en ol
Codiga de Hammurani (siglo XV,
s C) y en l Vo Testamenta
(Exodo 22:21|. Lesiones pene-
trartes del dtero griwido con
abjetos como lanas, famas o
wemos de animales han sido
observades desde la Artigue-
dac. Ambroize Pare, famoso o~
rujano mitar de arigen francés,
fue el primero en describir el
trataimdenta de besiomes pene-
trames uterinas.*

Ln la litersturs meédica
de los dltimos siglos, of tema del
traumatisma dusante el ¢inbare-
20 recilin un interds mas dela-
liado. Los articulos mds antiguos
describlan cazos  relacionadas
con caidas, apaleamientos
agreskines,” pera contarme i
socledad s om0 mds indus-
trahzads, los informes clinicos
se centraron en incldentss auto-
manslisticas [MVC, motor wehicle
coision| y leslones penetrantes.

Mecibado ol
13 de jufu e 2043

Azeztodu o
11 e fubvaro e 2014

Incidence

B Centro de Prevencion & Investipscion de Le-
slonas en Patsburgh, Pennsylvania, pablicd un excelen-
te pudio epidemiciogico ® on ol que inclupd a tadas las
mujeres en adad fért durante un Ao, y que hayan re
guends hospitalizaton o couss de traumstismo. De un
total de 16.722 mujeres admitidas, = idantificaron 761
[4,5%) como =mbarazadas, con una media de 25 ados
de edad. Las causas mds comunes fueron MVC {33 5%,
caidas [26,4%) y envenensmiento (16%), Mas tarde, of
mismo ator dio & conover olro estudio,” ests vee de
tres 3Aos ce duracicn, en el gue identficd 240 muertes
fetales de origen traumdtico {3,7 muertes fetales por
100,000 nacidos vivos). Los MVC regpresercaron o prin
tipal mecanismo (82%), segudo de lesivows por arma
de fuego |0%] y caidas |37). Weiss," en un estudio acer
ca de mortalicad fetal c= dos afos de duracdn y con
informacidn de un solo estado, encontrd 7 131 muertes
fetales de lon cusles 31 Tueron idectificadas coma de
Oigen Laumaticn 6,5 musrtes Tetabes pos 100 000 ns-
cidos vwos), Los MVC tambeen fueron |a prinops! causs
de lesién (81%), v o disrupcién placemaria, ¢l princi-
pal diagndstico {42%). Nusvamente se informo que fa
mujer embirazadia Jowwn s encuentra eapuesta a un
mayor riesgo, con una media de 25 anos de edad.

Mas recientemente Leggon v col,’ realizaron uns revi-
sion extensa de |a literatura, comprendiendo los afos
1937 a 2000, on fa que inckiyeran 101 fractuas polvi-
s y de acetabula durante o embaraxa. Fncontraron
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que el promedio de edad fue de 25 anos, y las lesiones
maternas asociadas estuvieron presentes en el 60% de
las pacientes. El mecanismo de lesion mas comun fue-
ron los MVC (73%), seguidos por las caidas (14%) y las
colisiones automovil vs. peaton (13%). La mortalidad
materna global fue de 9% y la mortalidad fetal global
fue de 35%. Los autores estratificaron la mortalidad
segun el mecanismo de lesion y encontraron que las
colisiones auto vs. peaton estaban asociadas con una
mortalidad materna de 27% (3 de 11) y una mortalidad
fetal de 45% (5 de 11). En el caso de los MVC se aso-
ciaron con una mortalidad materna de 6% (4 de 63) y
fetal de 36% (23 de 63), mientras que las caidas (n=12)
no presentaron mortalidad materna, pero si fetal (8%,
1 de 12). Los autores concluyeron que las colisiones
automovil vs. peaton presentaban una tendencia esta-
distica mayor para mortalidad materna, mientras que
tanto este como los MVC la presentaban para morta-
lidad fetal.

Existen informes'® que dan cuenta de que el
10 al 30% de las mujeres son abusadas durante el em-
barazo, y el 5% derivo en muerte fetal. El abuso fisico es
sospechado cuando las lesiones se localizan principal-
mente en la parte proximal y en la linea media corporal
antes que distalmente; es evidente en el cuello, mamas,
cara, parte superior de los brazos y lateral de los mus-
los. También son altamente sospechosas las lesiones bi-
zarras como quemaduras de cigarrillos y mordeduras®®,
Si bien los casos de violencia domeéstica se asocian con
un amplio abanico de condiciones psicologicas, psi-
cosomaticas y fisicas, su diagnostico requiere ciertas
habilidades clinicas. Los sintomas mas comunes son
cefalea, dolor crénico inespecifico, estrés postraumati-
co, sintomas ginecologicos, lesiones agudas y cronicas
como las descriptas mas arriba, y abuso de sustancias,
entre otras condiciones*?. Aproximadamente el 33%
presentan ansiedad y depresion, mientras que el 26%
de los intentos de suicidio son mujeres que experimen-
tan violencia interpersonal, aunque este numero po-
dria llegar a ser superior debido a |a falta de informes.

En el afio 2011, Petrone y col.” en un estu-
dio de 13 afios de duracion realizado en dos centros
de trauma Nivel 1, Los Angeles County + University of
Southern California Trauma Center (Los Angeles, Cali-
fornia) y University of Southern Nevada Las Vegas Trau-
ma Center (Las Vegas, Nevada), incluyeron 321 pacien-
tes embarazadas, de las cuales 291 (91%) presentaban
traumatismo contuso mientras que 30 (9%) fueron vic-
timas de traumatismo penetrante. Los autores informa-
ron una morbilidad materna de 66% y una mortalidad
fetal de 73% luego de traumatismo abdominal pene-
trante. Este ultimo mecanismo de lesion, la severidad
de la lesion abdominal, y la presencia de hipotension
materna al ingreso fueron identificados como factores
de riesgo asociados a muerte fetal luego de un hecho
traumatico.

Cambios anatomicos y fisioldgicos

La evaluacidn inicial y la conducta frente a la
paciente embarazada victima de traumatismo son las
mismas que para todos los pacientes traumatizados,
aunque los cambios anatomicos y fisioldgicos durante
el embarazo pueden alterar la respuesta a dichas lesio-
nes. Es esencial entender todos los cambios durante
este periodo para proveer el cuidado apropiado tanto
a la madre como al bebé por nacer.

A) Aparato cardiovascular

El volumen plasmatico comienza a expandirse
3 partir de la semana 10 de gestacion. El aumento de
estrogeno, progesterona, renina y aldosterona contri-
buye a expandir el volumen plasmatico 5% de los ni-
veles pregravidos, asi como también aumenta la reab-
sorcion tubular de sodio 950 mEq, y de 6 a 8 litros de
retencion de agua corporal.* Este estado hipervolémi-
co ejerce una funcion de proteccion materna durante
el potencial sangrado por una lesion y la prepara para
la pérdida sanguinea sea durante el parto vaginal (500
mL) como la cesarea (1 000 mL). Este estado es conaoci-
do como "anemia fisiologica del embarazo” y, durante
su etapa final, un hematocrito de 31 a 35% se considera
normal. Debido al aumento en el volumen plasmatico,
la paciente embarazada puede tener hasta 35% de pér-
dida sanguinea antes de exhibir cualquier signo o sinto-
ma de shock materno, ofreciendo una falsa sensacion
de seguridad. Otros cambios incluyen un aumento del
recuento de globulos blancos, que pueden llegar hasta
25 000/mm* durante el trabajo de parto, un aumento
de los factores de coagulacion y del fibrinogeno, y una
disminucion de la actividad fibrinolitica, derivando esto
ultimo en un estado hipercoagulable y un riesgo au-
mentado de eventos tromboembdlicos.

La frecuencia cardiaca aumenta gradualmen-
te, de 10 a 15 latidos por minuto a través de todo el
embarazo, debido a que el utero eleva el diafrag-
ma y desplaza el dpex cardiaco. El valor medio de
la presion arterial durante el primer trimestre es de
105/60 mm Hg, 102/55 mm Hg para el segundo y
108/67 mm Hg para el final del embarazo, por lo que
cualguier incremento significativo puede indicar hiper-
tension inducida por el embarazo.

Para el final del primer trimestre, el gasto car-
diaco aumenta entre 1y 1,5 L/minuto, lo que representa
alrededor de un 25% por encima del valor normal debi-
doaun aumento del volumen plasmatico y una disminu-
cion de la resistencia vascular del Gtero y la placenta®.

Hay un punto en el que vale la pena poner én-
fasis, y es acerca de la posicién materna en el traslado
durante la segunda mitad del embarazo. Cuando la pa-
ciente se encuentra en decubito supino, la vena cava in-
ferior se encuentra obstruida parcialmente por el Gtero

135



Patrizio Petrone

| L

P Petrone. Trouma en la mujer embarazada. Rev Argent Cirug 2014;106(1): 46-52

aumentado de tamafo, produciendo una disminucion
del retorno venoso hacia el lado derecho del corazén,
lo que ocasiona una disminucion del gasto cardiaco y
causa el “sindrome de hipotension supina”, caracteri-
zado por mareo, palidez, taquicardia, sudoracion e hi-
potension, condicion que mejora cuando la paciente es
colocada en decubito lateral izquierdo.

B) Aparato respiratorio

El diafragma se eleva aproximadamente 4 cm
y su diametro aumenta 2 cm,'® cambios que deben ser
tenidos en cuenta al realizar procedimientos toracicos.
Los cambios mas notables son el incremento de la ven-
tilacion por minuto y la disminucion de la capacidad
reidual funcional debido a una disminucién de los vo-
limenes de reserva expiratoria y residual. La presion
parcial de oxigeno (Pa0O?) no sufre cambios, mientras
que hay una disminucion de la presion parcial de dioxi-
do de carbono (PCO?), con una disminucion compensa-
toria en los niveles de bicarbonato.'” La administracion
de oxigeno suplementario esta siempre indicada ya que
las pacientes embarazadas no toleran bien la apnea.

C) Aparato gastrointestinal

Tanto la motilidad, la secrecion como la ab-
sorcion gastrointestinal estan inhibidas debido a un in-
cremento en los niveles de progesterona y estrogeno
durante el embarazo. Adicionalmente, el esfinter eso-
fagico inferior se desplaza hacia el torax, disminuyen-
do su competencia.’* Por lo tanto, se debe asumir que
el estomago de la paciente embarazada se encuentra
siempre lleno, por lo que para evitar la broncoaspira-
cion, se indica la descompresion a través de una sonda
nasogastrica. Debido al continuo crecimiento del Gtero,
el intestino delgado es desplazado lateral y superior-
mente.

D) Aparato urinario

El cambio mas temprano del sistema urina-
rio es el incremento del filtrado glomerular y del flujo
renal sanguineo en un 30%.* Al mismo tiempo hay un
aumento del clearance de creatinina asi como también
una caida marcada de los niveles séricos de creatinina
y del nitrégeno ureico en sangre (BUN). Conforme el
utero continiia aumentando de tamano, los uréteres y
la vejiga son comprimidos, derivando en hidronefrosis
e hidrouréter, por lo que un sistema colector dilatado
en una paciente embarazada se considera normal.

E) Sistema endocrino

La glandula pituitaria aumenta aproxima-
damente 135% su tamano original®®. El shock puede

producir necrosis de la parte anterior de la glandula,
causando una insuficiencia pituitaria o sindrome de
Sheehan, potencialmente fatal.

F) Aparato locomotor

El reblandecimiento y la relajacion de los liga-
mentos interoseos durante el embarazo aumenta la ar-
ticulacion sacroiliaca, ensanchando la sinfisis en 8 mm.
Debido a estos cambios el centro de gravedad materno
se encuentra alterado y la mujer embarazada intenta
compensarlo adoptando una posicion lordotica, lo que
da como resultado un riesgo aumentado de caidas.

G) Aparato neurolégico

La hemorragia intracerebral es la causa de
muerte en pacientes con hipertension inducida por el
embarazoy, debido a que ello puede producir convulsio-
nes, puede aparentar una lesion cerebral. Debe sospe-
charse cuando la hipertension esta asociada a hiperre-
flexia, proteinuria y edema.

Evaluacion y conducta

El personal prehospitalario debe estar cons-
ciente de los cambios fisiologicos durante el embarazo.
De particular importancia es proveer oxigeno suple-
mentario con el objeto de prevenir tanto la hipoxia fe-
tal como la materna, asi como administrar fluidos libe-
ralmente por via intravenosa durante el transporte de
estas pacientes. Debido al aumento de volumen intra-
vascular, pueden perder una cantidad significativa de
volumen sanguineo antes que aparezcan signos como
taquicardia o hipotension. Con el objetivo de evitar la
hipotension supina asociada a la compresion uterina
de la vena cava inferior,™ las pacientes en el segundo o
tercer trimestre de embarazo deben ser transportadas
en la tabla con inclinacion hacia la izquierda, prestando
especial atencion a la inmovilizacion de la columna cer-
vical. Si la paciente se encuentra en posicion supina, la
cadera derecha deberia elevarse 15 cm, y el atero ser
desplazado manualmente hacia la izquierda.”

Las prioridades en el tratamiento de las pa-
cientes embarazadas son las mismas que para todos los
pacientes. La evaluacion primaria incluye la via aérea,
la ventilacion y la circulacion (ABC), incluido el control
de la hemorragia y la administracion de fluidos, es la
madre quien recibe tratamiento primero.

La evaluacion secundaria consiste en el exa-
men fisico, la evaluacion y monitorizacion del feto,
asi como obtener la historia obstétrica de la paciente.
A pesar del embarazo deben tomarse las radiografias
necesarias. Algunos factores concomitantes como la
hipertension inducida por el embarazo y la diabetes
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mellitus tienen que estar documentados para proveer
el tratamiento necesario. La historia obstétrica incluye
episodios de contracciones previas, disrupcion placen-
taria, la fecha del ultimo ciclo menstrual, la fecha esti-
mada del parto, y cualquier otro problema o complica-
cion tanto del embarazo actual como previos.

El examen abdominal es critico. La determina-
cion del tamano uterino indica una aproximacion de la
edad gestacional y de la madurez fetal (Figura 1). Una
discrepancia entre |la fecha y el tamafo uterino es su-
gestiva de ruptura o hemorragia uterina. La ruptura es
sospechada por signos de peritonismo pero el examen
abdominal suele ser dificultoso. Otros hallazgos inclu-
yen la palpacion abdominal de partes fetales localiza-
das fuera del Gtero e imposibilidad de palpar el fundus
uterino.

El examen fisico de la paciente embarazada
debe incluir las siguientes seis condiciones que indi-
quen el estado del embarazo:*

1. Hemorragia vaginal: sugiere dilatacion cervical pre-
matura, disrupcion placentaria o placenta previa.

2. Rotura de membranas: puede ocurrir el prolapso del
corddn umbilical y ocasionar compresion de las arterias
y vena umbilicales.

3. Abultamiento del periné: causado por la presion ex-
trauterina de partes fetales.

4. Presencia y patron de las contracciones: su presencia
es importante en preparacion para un parto temprano.
5. Frecuencia y ritmo cardiacos fetales anormales.

6. Test de Kleihauer-Betke (KB): se usa luego del trau-
matismo para identificar la presencia de sangre fetal en
la ciculacion materna (transfusion feto-madre).

Examenes radiograficos

Existen tres fases de dano fetal relacionado
con la radiacion dependiendo de la edad gestacional.
Antes de las 3 semanas, antes e inmediatamente des-
pués de la implantacion, la exposicion a la radiacion
puede derivar en la muerte del embrion. Entre las se-
manas 3 y 16 de gestacion, durante la organogénesis,
la radiacion puede dafiar el tubo neural, y ocasionar
anomalias en el sistema nervioso central. Después de
las 16 semanas, la complicacion mas comun compren-
de defectos neurologicos.** La exposicion prenatal a las
radiaciones puede llegar a asociarse con algunos tipos
de cancer de la infancia.”

Los estudios radiograficos deben realizarse
como en cualquier tipo de pacientes (Figura 2), sabien-
do que los beneficios superan a los riesgos. La exposi-
cion fetal a radiacion menor de 10 rad (radiation ab-
sorbed dose) no presenta un riesgo mayor, aunque es
obvio que se deben evitar duplicaciones innecesarias.
Las dosis de radiacion de los estudios por imagenes
mas comunes se muestran en la Tabla 1.°

Evaluacion abdominal

La evaluacion del abdomen en la paciente em-
barazada suele ser un desafio, y se debe prestar espe-
cial atencion a la presencia de una fractura costal o pél-
vica, hipotension sin origen que la justifique, pérdida
sanguinea, hematuria, alteracion del sensorio debido a
drogas, alcohol o por una lesion cerebral.

La ecografia (Focused Abdominal Sonography
for Trauma, FAST) tiene un papel preponderante en la
evaluacion abdominal y es considerada de eleccion, ya
que de manera rapida y no invasiva puede detectar li-
quido libre abdominal y pericardico, asi como también
investigar la condicion general del feto.” El lavado pe-
ritoneal diagnostico (LPD) puede realizarse de forma

Laparotomia exploradora en una paciente embarazada luego de un
MVC. Obsérvese el desplazamiento intestinal causado por el Utero
gravido. (Archivo personal del Dr. Petrone)

TC abdominal en una mujer embarazada. (Archivo personal del Dr.
Petrone)
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M TABLA 1

Dosis de radiacion de estudios por imagenes

Rx AP de torax <0,005 rad
Rx de pelvis <0,4 rad
TAC cerebral (cortes de 1 cm) 0,05 rad
TAC de abdomen (20 cortes de 1 cm) 3,0rad
TAC de pelvis (10 cortes de 1 cm) 3,090 rad

W TABLA 2

Escala de lesion del Gtero gravido?s

Grado Descripcidn
| Hematoma o contusion sin disrupcion 2
placentaria

Lacerac|on superficial <1 cm de profundi-
" dad ?g’sfupc%en parcial pﬁacemgrr‘gs <25% 3

Laceracion de 1 ¢cm de profundidad en el

m  segundo trimestre o disrupcion placentaria 3.4
de 25% pero <50%; laceracion profunda en
el tercer trimestre

Iv  Laceracién hasta |a arteria uterina; 4
laceracion profunda de 1 cm con 50% de
disrupcion placentaria

v Ruptura uterina en el segundo o tercer a5
trimestre; disrupcion placentaria completa

WFIGURAS

Lesion contusa en una mujer embarazada a término ejectada del ve-
hiculo y luego arrollada. Obsérvese la marca del neumatico sobre el
abdomen. (Archivo personal del Dr. Petrone)

segura y posee la misma sensibilidad que en cualquier
paciente, solo que, como detalle técnico, se debe te-
ner en cuenta que el LPD debe realizarse por encima
del ombligo utilizando |a técnica abierta. La tomografia
computarizada (TC) de abdomen también puede utili-
zarse con seguridad y evalda tanto a la madre como al
feto, pero la paciente debe estar hemodinamicamente
estable. El Comité de Escalas de Lesién de Organos de
la Asociacion Norteamericana de Cirugia del Trauma
(American Association for the Surgery of Trauma-Organ
Injury Scale Committee, AAST-OIS) clasifico las lesiones
del utero gravido en grados tal como se muestra en la
Tabla 2.*

Mecanismos de lesion

Como en todo evento traumatico existen dos
tipos de mecanismos de lesion: contuso y penetrante.

A) Lesion contusa

El manejo no operatorio de organos solidos
abdominales usualmente se realiza con éxito en las
pacientes embarazadas en condiciones estables. Sin
embargo, las pacientes inestables o aquellas con le-
siones intestinales se benefician con una intervencion
quirdrgica temprana, ya que tanto la hipotension como
la sepsis son perjudiciales y hasta mortales para el feto
(Figura 3).

La fractura de pelvis es la lesion que implica
un mayor desafio durante el embarazo. La hemorragia
proveniente de las venas retroperitoneales dilatadas
pueden causar shock hemorragico y muerte.® La frac-
tura de pelvis es la causa mas comun de muerte fetal
con una mortalidad del 25%. En este tipo de trauma la
angioembolizacion es el tratamiento indicado, pero la
dosis de radiacion excede lo que es considerado seguro
durante el embarazo.

La pared abdominal, el miometrio y el liquido
amnidtico amortiguan las fuerzas que son aplicadas
directamente en forma de traumatismo contuso. La
causa mas comin de muerte fetal se debe a la disrup-
cion placentaria, debida a anoxia o exsanguinacion. Las
manifestaciones incluyen hemorragia vaginal, dolor ab-
dominal, reblandecimiento uterino y contracciones,* y
una de las mas serias complicaciones asociada a ella es
la coagulacion intravascular diseminada (CID), causada
cuando la tromboplastina de la placenta entra en con-
tacto con la circulacion materna.

B) Lesion penetrante

A medida que el utero aumenta de tamafio y
se expande por fuera de la pelvis, mas facilmente se
convierte en blanco de lesiones penetrantes (Figura 4).
Debido a que el espesor de la musculatura uterina es
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capaz de absorber la energia proveniente de lesiones
penetrantes de baja velocidad, la mortalidad materna
en estos casos no es comun, excepto cuandose lesiona
el abdomen superior, lo que si acarrea un dafio severo.
Hasta un 60%-70% de los fetos son lesionados luego de
una herida abdominal por arma de fuego, y desafortu-
nadamente del 40 al 65% de ellos fallece® (Figuras). Si
el proyectil penetro el utero y el feto es viable, se indica
la intervencion por cesarea.

Cesdrea perimortem

Por definicion se considera a un feto viable
cuando presenta 26 semanas de gestacion. Una regla
practica es cuando la altura del fundus uterino se en-
cuentra a mitad de camino entre el ombligo y el rebor-
de costal. En estos casos se indica la cesarea luego de
la muerte materna, ya que el feto posee entre el 40 y
el 70% de probabilidades de sobrevida.”*** Otro fac-
tor muy importante para tener en cuenta es el iempo
transcurrido entre la muerte de la madre y la cirugia. Si
la cesarea se realiza durante los primeros cinco minu-
tos, la probabilidad de sobrevida es excelente, pero va
disminuyendo conforme el tiempo va en aumento.**3,
Debido a que los cirujanos de traumatismo no estamos
familiarizados con este tipo de cirugia, un abordaje téc-
nico importante durante la realizacion de la cesarea es
efectuar una incision vertical en |a linea media del tte-
ro, alejandose de este modo de los vasos uterinos.

Complicaciones

El embolismo de liquido amnidtico se asocia
con el 80% de mortalidad maternay, junto al tromboem-
bolismo pulmonar, representa la principal causa de
muerte materna en los Estados Unidos.* Ademas de la
inestabilidad hemodinamica y el compromiso pulmo-
nar, estas pacientes pueden desarrollar CID, y, debido a
que el embarazo es un estado de hipercoagulabilidad,
los episodios tromboembdlicos permanecen como la
causa mas comun de morbilidad y mortalidad durante
este periodo.

Se postulan varios factores predictivos que se
asocian a un alto riesgo para el feto,* y los mas comu-
nes relacionados con la madre son:

* Muerte materna

* Hipotension

* Lesion cerebral traumatica

* Alto indice de severidad lesional

* Fractura pélvica

* Mujer embarazada eyectada del vehiculo
* Lesion abdominal severa

Prevencion

La prevencion merece una atencion especifica

Lesion penetrante abdominal por herida de arma de fuego impac-
tando en la pared posterior del utero. Obsérvese la extraccion del
proyectil. (Archivo personal del Dr. Petrone)

FIGURA S

Orificio de entrada de un proyectil en la cabeza de un feto luego una
cesdrea. (Archivo personal del Dr. Petrone)

durante el embarazo, sobre todo en lo relacionado con
el uso de drogas y alcohol, que no solo es perjudicial
para el feto sino también se asocia con un alto riesgo de
lesiones. En el mismo contexto, |a violencia doméstica
es una causa mayor de lesion durante el embarazo.? Se
informé el 17% de prevalencia de abuso fisico o sexual
durante este periodo, con el 60% de las mujeres tenien-
do dos o mas episodios de agresion'. La violencia inter-
personal no depende de la raza, edad, estado civil, ni
estatus socioeconomico, por lo que todas las mujeres
embarazadas son potenciales victimas de abuso.*

Conclusion

El traumatismo se convirtio en la principal cau-
sa de muerte en pacientes embarazadas jovenes. Luego
de un traumatismo penetrante abdominal, la mortali-
dad fetal y la morbilidad global materna permanecen
excesivamente altas.
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La evaluacion de una paciente en edad fértil victima
de traumatismo siempre debe incluir la posibilidad de
embarazo. Los cambios patofisiologicos durante este
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g mrauma. One of the concdusions of this sudy wae that fetal monality
cate and vverad steriad sooetdity rece resalo eecoodingly Mgy w73
aned 60%, rovpectivedy, Sollowing posctrating abdmmial aqury.

Mechanism of Injury

Mot veducds celliniocs are the munt comewe casees of infury during
pregrancy. Asthe prognascy progroass, the dufl in the womas’ cen.

ter of gravity and diminihed agdsy can soult hb acd -.uknhl
sguries. Other commoe catiscs of anpary

=

TABLE |: Changes in Maternal Physialogy
during Pregnancy

Change Cunvequuce
Cardias cutpet and blond shack afier >3 of blond lou
vilusse incesuse
Py of pl } Fhysologic anemia
Dycling i artortal and voecos — Vital signs are see reflecnwe
proaaure ol Beomody s stalen
Lacrcos of reating pube
Chent erdargment Change in anstomic bndmarks
Caution during thorack
procedures (v g, tobe
tharacoatomy)
Praphragm rise
Substernal angle incréase
Decrease I fuscthonal Fapid decoe s Poy dusiing spoca
restdual capaaity o azway ohatroction
Tncreass in oxypen
coeaumpten
Alnery dloser when suprine
tncrease In tdal wlime and  Fall in 0y and Mearbonates
ssitte ventilabon
Decreawe in ancehetic Need for adjustmens of
seyuircimcots sedudive dones
N d gastrsc motlity Bak of sgpeatom
Relivation of
gastrawsophageal sphincier

Young peegnant women ase alan at high rdk for ingumes resulting
from hattcry. 1t has boen reporiad that I le 0% of women ace
avancd doring pregnancy, and V% of casex imvohiasg abuse revult i
Setal death. OF Injured pregnant patienta, 17% experionee Imtentional
crauma and $ON wutler repeeted <prodes of domestic vicdence Pays
al shuse e swpecned when the Injurses are Jocated peovimally and In
e oaindline. racher thao distally, wed trauma b svident to the nech.
becal, face, upper s, and latccal tagrhin, w well & bizasre injuscs
auch we sigarctts burny or baics

Diagnosis

Care s wndertaken with attention to hath mather and fetus. Wtenine
Mood Sow lacks autoregulation and » related directly 10 matomal
Blood puesstie consoquendy, treatsent protitics e e sanie ue
Sor the ponpregoant trauma pathent, as the best Initial trestment
o the letus s the quuul ol taton of e mother. A Uroeuugh
phv-al € Lo ted by imaging staadios i» necesary

podosrian collions and fircarm Imjuries. Younger wnmen are 2t

Eagher rak for iyury during pregnancy, with a matemal age ranging
from 27 1o 2% yrars
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o ad md&:mpnﬂm&mm@fkpw‘mwa@
yt:gtunl petient, including blum ur pencioating inpry W she utcrua,
ah and
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Prehospital Care

As s rooult of sigeaficant chasmges in maternal pliysiokogy, supplensen-
tal wypen shewld be administered to provent matermal and fetal hyp-
oxia during transport and in the resssctiathon room. Fhid
rouscilalicn dhould be uitatod oven in the abwenie of signs of ypo-
volemia and dmdc Tommd supine hypotension assoctated with the
uterine ¥ ool the i vend cava (IVC), gutents = e
sccond ve Uued lnnm:dwnqdnﬂdkumkdwn
heckiboard tited to the beft. with special attention 10 immobitzation
ol the cervical spine I the paticnt is hepl in o wupise position, e
right hup should be elevated 4 to & inches and the sterus shoald be
disploced manuaily to the kft. This mancever mcreases cordlac ot
put by 0% amd roees cireulalsng blood vobame, Allhoogh enly
abort 1% of pregnane patlents at term develop symiptoms of shock
s the supine position, fcta datiom may be present even i nurmo-
temive muthere therefoee, right hup devatiom should be manstamed
at ol timaes Inchading during operative procedures

Hospital Care

Fomary sy Incindes assessment of alrwary, breaching, and cinen-
Lation JABC), axluding volune soplacomsent ased bemotithuge con-
trod. Secooddary warvey incdedes the obwietric hinory, phpsical
examinathon, and evaluwation and monisortng of the fetus The history
sheuld Exlude the dale of the et enntrual cycle. expectled dule of
detrvery, and any probloms or camplications of the corrent and pre-
vioin prognances such ws preterm laboe or placental abrapion.
Cotarubid conditioss such av puegrancy-mducad hypertounse sl
diabetos mellttus shondd also be dacumented
Thw abdominal examination Is critically bmportane, a5 b o dewer

usematoon of uterine stze (Fig. 1), whick pruvade an approximation of
pestational age and fotal masurity A discrepancy henecen dates md
ULetine slar el i thage ur rup Dlcrine supt

w nspested with peri 1 signa, absd 1 palpation of fctal parts

FROURE | Locaticn and szw of cearn durmg ciferent stages of
pregrancy. (Moded Som Wition S, ot Assesament of the pregnare
chart, Health casament for puvang proctcs, e 4, Masky, 2009 Crggnal
crwdt Sentel ot o 2006}
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e fo extrasterine locuton, asd inability 1o palpate the scrine fun-
don. However, o the uterus enbirges. ot displaces the mtostines
upward and laterally. stretching the peritoneum and making the
abdouninal physical cxsmination wackisble,

Derermimation of gestatooal age b particalarly important becanse
Whis will gaids the decaos b 4 prasnatuie dedivery if indicaal. Mot
Isatrtutioos will accept & 24- o 2-wock pregaancy ex viable, wath o
pmlubdlqo( survival rate ranging from 20% o 7O

bon of goatuliond age o b 1o am crrur of L obo 2 wecks,
Unless the dase of the comceprion 1 known rxacily, gessatiooal ape
ts particularly difficul to desermine. A gnod rule of thamb # %0 con
sider paticnls with o utcrus haliway betwoen the umbilicis and the
oontal margies a8 Baving a viable pregeancy. Am algorwthm for inital
maternal and fetal assessment Is presented in Fgure 2

Physscal evaluation of 15e pecgnast patsent must be directod s the

devecrion of the follaring six pregnancy related acute condisons

& Vagraal Woodtag: This v an omineos sign that suggests proms
tere cervical dilaton, casly Labor, slocental ubruplion, oe pla-
coMa provia Facostal abrgption afisy braumas occurs e 2%
to 4% of minoc accidents and i up o 30N of major Injuries.
Matersul imoctaity tate froen abouption i los tun 1%, b
fetal death ranges from 200 80 325,

W Wvptured membranes In addrion 10 mcreased risk of infection,
produpec uf the wsbdical cord car voor, sevulling in compres-
stom of the snbilical wean and arseries,

B Salpiog petitiewm. This B caused toot cumpscedy by pressuse
fronn catranlense locstiun of fetal purts,

W Presence awd patterns of comtraciiover Threct o Indirect erauma
1 the myometnes sy roul in dooe of seschidunic acd
that can coove stenine coctrachions. Azhough st Contrac-
tons will coase sponmncously. propazacion for o premarine
delivery abaould be made.

B Abworma! feta! heart rate and rhytime B may be the firs ind)-
cation of a major disrepekom m fetal homeostasis. During trauma
revncitabion, evalustion of the Szius swould boges with sncede-
tion of heart tones and continuous clectronic Setal heart rate
muniluring (EFM). Anv viakle fetus ud 24 mulcmb acvu
tmn roguss afler 1 (™
monttoring should be started in the resusciaton room
and d Jur = i uf 4 hours & sz of
24 boun i dod for put with fn
actavity {more than aix contracthons per Boer), ahdamml or

ine tend I h vagil blecding or

hyeten e

B Ferometermal homorrhage. Fewomaternal hemgerhage o the
trass placestal hamoerhage of fetal blood into B nornully sep-
arate maternal chrociation and occurs tn ¥% 10 3%, of patients
with travssss duoitsy prognancy. The wventy of ugucy and the
gokational wze Bave no corrdation with the Foguescy and vel-
ume of fetomarernal hemormrhage. The Kiehaoer Betie (KN best
i waed aficr | sy bo wieatily [tal blood in the wualce-
nal circsdatinn. The ratio of fetal to musernal cells s receeded,
wlbowing caboslation of the volume of fetal blood leaked o the
matermal circulatson. Complicatioos of Etunaternal hensoe-
rhage include Bh senatizaton in the macher. fotal saemia, fetal
paroncysmal atrial tchycardh, and fetal deaths from exsanguing
tian. As the voluse of fomatormal hosoerhag: suffiaomt w
sensitiee most Rh negative womsen Is well below the 5 mL sen
siivity lovel of the typral hiborabory's KB tot. all Rh-negative
mothers who presentwith a hivacy of abdominal frauma should
recelve oo 300 g prophylectic dose of Rh Immune giobulin
{anti-D imnuscglobuling RhwGam) withan 72 hours of the trau-
matic cvent. An addtsaul W0 pg of Ith immune globulin should
be given for every 30 mL of fetal blood tosesd (n maternal circy
latinn. Oy 51% of major trauma cascs requine miee than coe
00 pg ®h imeoune globulie dose. The KB tess Is probably
unnecessary before 16 weeks' gestanbon becanse the feval blood
volume s« holow M3 ml at this gosatuomnal age




Patrizio Petrone

ASDOMNAL INJIRIES 403
FIGURE I Algortthen dor inmal marermal snd fecd ogrant
wassmant. ABC, Axway, g and crculats I hiued ge paost ]
C-secvion, cesarean wacnon DPL dagnostic peritonsal
lavign. O3, olatetrics. US, drsound. (Modkfed fium
Kaudion MM, Ronycki S5, Pogum MAL Rebrodictive aysdem
rauma Iy Moare EE. Fedcioso OV, Mottaw KL ediers Trawma
S ol Now York, 2004, McCraw-HX pb B5/-875.)
Ne
Blood positve?
Yes MNo
Cperstng 'Mmm:l ared
om Bl avaduaion I" - lml
l Yin | ™
Congithr C-gacron I, I ‘
* Moenal o el diniiasa
+ Cbavucting wtans Contirras malesna’ Masernal
avalastion and tregiment evaluaton
and beatrent
Yes No
Camnue matemal Cbeeraalon
evaluatcn and treatmem {mmnirerm 4 hours)
Congader locolrtics
Congidar Csaction

Rodiographic Examination

There are three phases of madiation damage related 1o gestational
ape of the fesun. Before 1 woeks of gestation. either during preim-
Plastation and carly ingpdantation, exposuse 10 radution can el
m death of the embeyn Netwren 3 and 16 weeks of gostation,
during orgategenests, radiative can damage the developing fetal
tbe, reaating in wnuesalics s ihe contral nervous sysicm. Afker
16 weeks. penraloge defocts are the most common cnmplication
Promutal sadiation exposuse muay be wnsociated with cenala child-
hoad cancen

Althomgh there 15 existing concemn abou radutos evposure der-
g peeguancy, in st inutances e bedelits vutweigh e sisks It is
geoerally heleved that expasvere of the fetvs 1 low than S 1o 10 rad
causes no significant increase in the risk of congenital malformations,
anttasscrine growel setasdation, e miscassiage, Radiabion doses liom
common maging studios are shown tn Tablke 2. All tndscated radio-
wraptoe studies sboadd be perlocniad. ws fue doeguegnant paticnls
{Fig. 33 1 & olrvious Usal unncoosary daplicatics ol stexlics shuuld
be avoided.

Abdominal Eveluation

Ivaluatom of the abdomen m the pregmant pahent may be challeng-
ing Superior displacement of the viscera by the expanding wierus
chasges the asatlomic celation of e intra-abdomisal vrgans
(g 4 special attemnan = neaded far patients with nb o pelvas frac-
tuges, uneaplained hypotension, blood boss, hematusia, of uliceed sz
waium cased by drage, dookal, o bran sy
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TABLE 2: Radiation Doses from Plain Radiographs
and CT

Tain anteropodenior chest radingraph <o rad
Felvc radingraph <04 rud
CT scan of head (1 om cuna) .05 rad
€1 scan of upper ahdmmen (20 1-<m cuty) L ead

CT scon of lower abdomen {10 1cm cutsd 20-9.0red

Y, Cnrepunad tomograghy

Focusad ¢ with guphy in trausss (FAST) has 4
major mle m the ahdonmnal evalnation becans it provides rapid
detectinn of tmra-abdomimal and perticardal find i the mnther as
well & guich ssoaieal ul fetal ..uuuum Ia llu: heusedy namicadly
narmal patient, abd hy (€°F) s R can
albr be duse sudely 1o euhul.c bvlh mother and fetus. 16 CT scan is
necoary, both ond asmd intrevecou conbrad media should be
admimsrered ax needed. The mamn drawback of » diagnostic perttn-
ocad Livage (DPL) iy ily svmdrenoss, and DPL dbould be periosnad
abave the umbiicos wsng an open technsgoe

The Amencin Amodatton for the Surgery of Trauma {AAST)
Ovgan sy Scale (ot graved utcns o sbown m Table 3
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TABLE 3: AAST-OIS for Gravid Uterus

AlS-%0
Grade  Injury Description Scarm
1 Hemamooma or contison withous placentad 2
ebeuptioe
1 supecticial laceration < § ¢ In depth or 3
perthl plecental abeuption <25%
i Decp lcerstion | <m sn depth in sccond A-4
Lelmesser or placental abeuption 23% bat
50N deep lacerution i thied trimestes
i Lacoration :1|x.-.4.~ng_ 0 e ulerse artery; Kl
decp iceration | oo with 508 placentd
sbruptacs
FIQURE I Pdwnc radcgraph of 2 pregrat satses after Slost trauna v Uteslse raplure s second oe thid trlmestes;  4-5
Vertehrae and ather parts of the fetus can be seen complese placental ahruption

Modiied fros

waliag VI o3ty

Mocee B2, Jishoreich G, Konsdwer: MM, =t o Ougan lnqury
Reparic bifiary .\'phtnlk dnreach. wabrs, vagoe, steres

ety pregiant), steres (puegnued), falloprias tube, wnd ovary. J Triosems
IFR0G3-1070, 1995,

AASTANS, Amercan Avsocuenn for tae Surgory of | rausss Organ Inpary
Scabe ALS, Abdrevited Injry Scak

intray
plastin enters maternal crcedation.

ular coagulabes (D), caused when placental thrambo-

Penetratiag Injury

Ax the ntersn grows and uxlu.s:h out of thie pebas, # bocomes an can
ser tarpel for peeetrating tramma. The thack demety of sty sancalature
allows the userus to absoub encrgy from low velocity penetrating g
recx, smuatormal desth & very uncotsemon except Jur mjueics i the
upper abdoomen, which nwally pradoce sowerr masernal damage
Gumahot weound & cause fetal startos tn 80% ta 0% of cases, with fetal
dzach in 40% e 65%. 1 ddse bullet bas penctialod thic wierus asal the
frtsan w viable, sexarcan sectaom i incdicated (Table 4)

Penmortem cosarvan section w indicated i the case of masernal

FIGURE 4 Exploratory laparcsomy aher motor velicle coloon death of the fetus is e (2126 weeks). Timing Is aritkcal as the
Gravid stermn doplecng viscers predubdey of (ctal wavival is excdlent when delivery ooy within

S minutes or lesy of masernal demise, As the tine Incrcases. the
chance of survtval dimmadhes In the sare srarons when the mother
Is Jockared buuin desd Dot mainalio good vitd sigos, the tetus can be
s“"ﬂ"" Treatment allineed s seaure befare delivery (g 9)
Blant Infury
Sobiad ongan lnjurses may be muansged wouoeciativey i tie henedy
numecally stablc prognant paticns In contrast, unatahic patieats or TABLE 4: Indications for Cesarean Sectlon
those with smestinal Injury deorly require carly operation. as hypo for Penetrating Trauma
lezsion and exlocum wen be Barmiul oe cvens Ethal foe e fetus
Pelvic fractwies represent the st challengeag blunt syanc Moternal sheck
durning pregnancy. Hemorrbape from dilated retropermoneal wetsw

Can Couse massive and fatal bemuorlaghc shock. Malensal peivic Theesd ta life fom coungamaticns from any caus

fracvuse s e oot cosaroon catse of Jetal deatls, wah o tetal mor
takey rale appenachong 5% In noopregnant paticnts, angocmbaob-
saon 15 the veual treatment for pebic Bemormhage. bur the
ralistions dine Jur the procedure s cunidered excomsive durag

Modhanical limitation for macernal sepalr

frrcparabls sterine snpury

premgancy Feral distress in viable fetus
The abdomimal wall, ntenne soyometrium, and amniotic Susd act
4 4 Canhiion to direct forces frooa blunt e, Placeital abruption & Unatable thocacolsssbar spue sapry

the must common cause of Setal death, rosalting S anoxia, prema-
furily, or cxungumastaos. Mandodatoos mclude abdonunal fra= P:c_uun.)‘ fent Loy
voR e¢ R, W mess, and contracions. One of the

cainal Meeding. waerine senderness, and comtraction ne ) stmernal death

sl sesibous connplications sasoclatsd with abeuplion o disswmisalod
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FIGURE S ntracranod hamorrhags (rght ponel) nnoan | B-week pregnant
padent dectred Beain doad As the fotus was ot viadle (et panel, te
patont’s farvly agreed o organ domadon

When petiunmiog 40 cmsigoiny cesstown soclioo o @ s
patient, nviead of the commonly wed tras
inciston through all the layers tmto the weerus & sader and faster. This
cisbon evoids injury to tee merine vesaels, wiich enter the uteru
frown botle sades,

Petverem grstatiomal age 24 te 57 wacks open candiopalmenary

rrwe mesaon, a vertsal

resmsctdtion without sortic cross-Clunping should be sedoudy o
sadered beloee an CINCTRSNLY Comreuls soclion b pafotimol It upu
cardinpulmonary resuscitation privves successful, the dedvory may
be delayed ro that chances of poetnatal survival improve. A proposed
.llsu:llla.'u bog cmergny conarcis soulion afloy tratua ;uc-culn.‘ "

Fagure &

Morbidity and Mortality

Teawuma has become the most froguent cavse of maternal death in che
United States. Obder srports altzibuted 80% matetnal smucalily rate
Wowmmote Bexd cobolian, which logether withe pulinenary

[ njred pregnant camm]
Fetal Feart lones
Yes No
Ulsxsound Confoue
majema
resysciahon
et meeks [ ol monturios
2206 woeks
| Fetalor
Matemal it
oaede anrest malema’ destress
Open candiae C-zechun
massage
Parmotem
C-soecton

FIGURE & Algorrhm for emergency tecarmon section after trauma
Cosecnon_ Cesyrean secron. (Moafiag frase Moerit JA b, Rotendower 7]
Mathoadh G el of At servied’ Afer Cussyedn SO v routon

Ann Surg 21148 1-408 16
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TABLE S: Predictors of Fetal Outcome

Matcrnal dcatls

Mateenal hypotendon

Maternal Sraumatic braie tnjury

High Inlury Severnty Scome (158)

Felne fractoe

Fpection of pregnant woman from a vehicle

Severe abdombsal njury 1y pregnas wossin

shramboembaoliem was ated ac the keading canse of maternal fataliry

In contrass to dechimang masernal mortality rides froem idection, hem
curhege, by pertesion. and thromboembolism. ecddental deaths dur

myg prognancy have meen vieaddy. Alhoogh overell maternal

maortalily rate Srom abdoemmal gumshol weimnds & arcand 7%, foual
morality mate roaches 3% and overall mavernal moshidity rate s
EO%N. Rk Lacton wssocated with poot (el vutcosne se Bited in

Table &

Conclusions

Trauma has becoome the leading canse of death in women aged 34 aml
yuunger, bchading preguant paticnts. Assexancul ol o fosoale s
paticnt 1n the fernle age should always snclode the posvielity of preg-
nancy. Pathophysiologhc changes during pregruncy atfect all aspects
of taesatic injury and require 4 desalled and  metiodous
managemenl

" TRAUMA TO NONGRAVID UTERUS
AND FEMALE GENITALIA

Although mjures o the fonade genitalise arc wicoaumuon b tie son-
poegnant patiene. they are more often seem in cases i which there s
sathologs enlavgersent of the nternad penltalia oc o the carly post
jurium perod Musol or -.:nrny\nh' treated female gomital injurics
can resnlt s bemurrisage, sepain, and loss uf rndocnoe and cepnduc-
tive luncrion

Incidence

1he mendasce wl smpuncx fu the fomale gemitalia » bogdy unknoees
Most information on the yubiect comes from selated cow neporta or
ool sertes of patients. Vaginal lacerations complicate approssmately
3.5% ol pelvi Sructwes in Jeale pabicuts, Usethisal aod Iladder inps
nes are ales commnnly prevent

Mechanism of Injury

Hhunt inpuries smvolving the female genitala are most froquently aou-
cuted with pdvie Fraciures. Injunes to e external gemitalia can also
e the result of sraddle injuries or sccidental penexration, Wasee &)
a3, EVINIa and tocpudies scodents have been sepustod an the
casen of hlunt trauma tn the loeer genitalla. Penetrating injuricos
by responsthle for injurics 10 the wpper geneal
cugans, allioogh several seports of blunt raussd 10 eounsal ovacics
and wtenin have been reportcd

are almost exclusive
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Mazy of the mjuries to the cxiormal genital cegans arc the roull of
wolent acts i pregnant as well ae nonpregnant women. This poss-
bility should 5 dways be connidered, especially when the mechanism
of inpury b uncloar U scxtal wesnult lss cccttrsed, informed cosoca
for the remmainder of the assessmens must S obtwned

Diomestic vicdence crosses lises of ethudcity wod sace, uge. naional
orgin, scxcal cclemtaton, religea, and sodoccosenic datus,
altheeegh an enrrwhelming majonty of the vichons sn heterosexual
relatioandhips are women. Typlcally, battery tends L0 OCCUL 85 & pattern
af vidence rather than & nnc-tese cvent I'h
wvictima hﬂkﬂ:mwm&:qxuddnm:w&mr,
refer patients to appropriate agencies. and proyide soclal suppoot.

Diagnosis

(ENTHY 1 and rowe are d an for any {rasene
patsent. ‘The sccandary wurvey <honld inchade o domtlod physical
exuninution of the pelicuan. Exandeation undss enestbiods ey
be aesded for patients with severe pain oe actoee Weeding. A snmplctr
examination should inclode biranud palpation and speculum exant

Inaslons of vaging und anorectven. Soae outhors recosnmend anes

thexs for all patsents with perinesl brauma in ander to evaluate the
extent of the mmry.

Intra-abdomainal genital injuries are usually dizgnosed ar laparor
omy lor sssociated njunsy. As blunt sy o noce consmon with
pathodogicaly enlarged imternal genttalia = the nomgravid pazient,
CT scay of e abdoten of DPL may aid the dugnoss, althosh
(e Batteys b very surcly used. Detadod gradisg uf gyoecubogic ijusics
i presented | Uahles n throagh 10)

s

Surgical Management

Laolated perincal laceratuosn al prop
M Aberiad m or . # l" 4 l‘w
pmnznl hematomas require incislon and drainsge becavae of the high
wsociated Bucidance ol Udection wad sepsis. Vidvar lacerations may
be doacd premartly wath ahsarbable sutures
Repatr of vagnal and cervcal bcerstions may he challengng
because of the abundas blood supply. Absorbulde sutuces lockaling
the mucasl and submucesal Layery arc comeendy usad. Thess -
ries must be dugnascd pramptly m patients with pednc fractuees, s
any delay can result i sepsie 2od death,

Id be {alter

13 e

TABLE &: AAST-OIS for Gynocologic Injuries: Vagina

TABLE 7: AAST-OIS for Gynecologic Injuries: Yulva

AlS-50
Orade  bjury Duscription Score
i H or L
1l Supertichal laceration Inveving skin only L
m Liecp laceration extending o |

suldutantous it o sl

w Avulsion of shin. fat. or muscle 3
v Injury 1o sdlacent ocgani 3

Modied from Mooee 17, [urkonich G Kandwe MM, o st Organ apery
scalmg VI extrabepatic bitary, esophages. @omack, vidva, vagina, utemis
{osa-pregant), deces {pregaain, Sdlogian tabe and ovary. [ Trnaw
L= 10, 1S

AAST OIS, Ameticen Assochacion for the Sargery of Trasms Ongas 2sjury
Scake: A15, Abbreviated Iy Scake

TABLE 8: AAST-OIS far Gynecologie Injurles:
Nongravid Uterus

Grade  Injury Deecription AIS-90 Scare
1 Hemmat ar 2
1 Superticial laceration <1 cm I depth 1
" Dieep laceratinn | em in depth )
w Lacerabiem exlcading to uterine arfery )
v P 1 or avids 3

Modded from Mooce EE Jurkovich G Kaudson MM e ab Organ oty
scaling VI extrabepatic bilary. esophagus. momach, vidvi vagina. utenus
(nen-prognan], stores {pregnam |, idlopian tsbe and ovary. ! Jraana
WiIE- 10T 1998

AAST-OIS Amerias Assounation ke (e Sargery ol Trastns Orgas Zuwy
Scade; AL, Abicoviated lnpary Scale

TABLE 9: AAST-OIS for Gynecologic Injuries:
Fallopian Tube

AIS-90 AlS50
Grade  Injury Desarfpeion Score Grade Injury Description Score
1 Coutusion v hematoons 1 1 Hemat oe L 2
" supericial lacemenion invohing macom 1 n Laceranion mvohing <90 of b1
sorcundermice
i Drecp leceration sxtzmding st sulimucosal 2
Lt o muscle m Laceration lnvidvisg 50% of 3
Chcusferznce
w ¢omplex laceration extending smio the corax 1
oF pertomenm w Coenplety tranacction 2
v Ingusy to adpacent vegans 1 v Devavrulenzed scgment 3

Mealifiad lrewn Mewe EE Juthesich GT. Krubos MAL et ). Ovgan isjury
scaling VE cxtrabepatic bducy, cnphages, stoanach vulva. vagina, ulerus
(non pregaant), werws (pregaant), falioptan tube. sad saury [ Trawme
3005|900, 19575

AAST-0, Amevicss Avexciatios foo the Surgery of Tramna Urgas houry
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TABLE 10: AAST-OIS far Gynecologic

Injuries: Ovary

Als-9e
Grade  Wjury Description Score
1 Cootusive uf hesatoon |
" superficul lacerabiom <03 am in depth 2
r Deep Jaceration 0.5 oo b depthy 3
w Fartial disruption of hloaad sopply L]

v Complete parenchymal dleruption or avuidos 3
Modified fom Mooee B8, Jerknc® GG, Kzudca MM, @ 2l Cegan mijpery
seating V1 emrabeparsc billary, esopiagus somach, wriva, Tagina wenie
(=t geegrant). olerus (peagnant], Gllopian tabe. and ivary. | Toaumi
PEIR-1070, 19
AAST OIS, Amerkan Assockeion S the Surgery of Trwama Orges Isjury
Suule: AIS. Atbreviated lnury Scek.

Tug w the wr are repaband in two layers weing duwly
sbau bable susming ot inlezrupted lgure-od-cigut sutuzon Hyterec-
vomny for cranma s extremely rare and & necdod only = extrooe cases

Ul ssasive desliaction of exseegulsaliog | hage. L Lo the
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Morbidity and Mortalicy
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b difficalt to contrad. Missed perioeal injuries In assochition with pel-
vic fractee may be fatal Long-term cotnplications nclude sexual
dysfunction and edertiliy.
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oo, with prompt surgical treecment improves the outcome of these
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Rotura Esplénica Espontanea Secundaria A Angioma de

Células Litorales

‘Alejandro J Pérez-Alonso, “Lucia Caballero-Marcos, *Carlos del Olmo-Rivas
Machado-

“Ignacio Romero, *Patrizio Petrone

Introduccion: Presentamos un angioma de células Morales
(LCA. por sus siglas en inglés). una rara neoplasia vascular esplé-
nica que surge de las células que recubren los senos de la pulpa
ro@a. Se considera una lesion benigna y de hallazgo accidental.
Presentacion del caso: varon de 50 afios acude con una
rotura esplénica espontanea. Al principio del proceso, el
paciente presentaba fatiga, debilidad y distensidn abdominal.
Se realizd una ecografia abdominal donde se observaron
hemangiomas mdltiples en el bazo. La tomegrafia computarizada
revalo esplenomegalia con mddtiples lesiones redondas &
El paciente fue sometido posteriorments a cirugia
y se realizd una esplenectomia. Los estudios histoldgicos e
immunohistoquimicos confirmaron el diagndstico de LCA.

Discusion: Un LCA es un tumor esplénico poco frecuente
diagnosticado en pacientes que pueden o no presentar moles-
tias abdominales. Suele presentarse con sintomas de hiper-
esplenismo, y debe realizarse &l diagndstico diferencial entre
los tumores vasculares esplénicos divididos entre neoplasias
benignas, indeterminadas, o neoplasias malignas.
Conclusion: Debido a la asociacion de LCA a neoplasias
de colon, rifién, pancreas, pulmén, ovano, leiomiosarcoma,
melanoma y infoma, se debe descartar el neoplasma visceral
en estos pacientes. Pocos informes scbre este tipo de tumor
han sido pubficados, y de manera inconsistents. Presentamos
PUES UN Nuevo caso y revision de Ia literatura actual.

Palabras Claves: Angioma de células litorales, Cirugia,
Inmunchistoquimica e histologia, Neoplasia vascular.
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ABSTRACT

Introduction: We present a |ttoral cell angioma (LCA), a
rare splenic vascular neoplasm that arises from the cells
lining the red pulp sinuses_ It is deemed to be a benign and
incidental lesion.

Case report: A 50-year-old male presentad with a spontaneous
splenic rupture. At the beginning of this process, the patient
had abdominal distension, weakness and fatigue. An abdomi-
nal ultrasound was performed and multiple hemangiomas
were ohserved in the spleen. Computed tomography scans
revealed splenomegaly with multiple round and hyperdense
lesions. The patient subsequently underwent surgery and a
splenectomy was performed. Postoperative and
immunohistochemical studies confirmed the diagnosis of LCA.
Discussion: LCA is an uncommon spienic tumor diagnosed
in patents presenting with or without abdominal discomfort.
It can present with symptoms of hyperesplenism, and the
differential diagnosis of splenic vascular tumors can be divided
info benigns, indeterminate, or malignant neoplasms.
Conclusion: Due to its association with neoplasms of the
colon, kidney, pancreas, lung, ovary, leiomyosarcoma, mela-
noma and lymphoma, becomes mandatory to rule out a visceral
neoplasm from these patients. Only a few case reports regard-
ing this kind of tumor have been published with inconsistent
results. In the present report, we present a case of LCAand a
review of the [derature.

Keywords: Immunchistochemistry and histology. Littoral cedl
angioma, Surgery, Vascular neoplasm.

INTRODUCCION

El angioma de células litorales (ACL) es una neoplasia
benigna del bazo que fue descrita por primera vez por
Falk et al' en 1991, cuando se describen 17 casos de “un
nuevo tipo de tumor vascular”. Desde entonces, se han
notificado alrededor de 80 casos adicionales.™ La presen-
tacion clinica del ACL suele variar desde ser completa-
mente asintomatica y descubierta incidentalmente, hasta
presentar una constelacion de signos v sintomas como dis-
tensidn abdominal, sintomas constitucionales complejos,
esplenomegalia ¢ hiperesplenismo. Aunque la tomografia
computarizada (TC) y el ultrasonido (US) caracteristicos
de esta neoplasia han sido bien descritos, hay una falta
de especificidad en la diferenciacion del tumor de otros

Panamerican Joumnal of Traurna, Cnitical Care & Emergency Surgery. May-August 2017.6(2):131-133
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CHALLENGES IN ACUTE CARE SURGERY

Bilateral pulmonary emboli and extensive inferior vena cava
thrombosis in the setting of large subcapsular hematoma and
liver laceration after blunt trauma

Alcjandro Betancourt-Ramirez, MD, Soraya SMolero, MD, Patrizio Petrone, MD,
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The efficacy of platelet-rich plasma gel in MRSA-related surgical
wound infection treatment: an experimental study in an animal

model
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Thrombocytopenia in Pregnancy: Is Splenectomy
Necessary at the Time of Delivery?
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