Follow-up patency of side branches covered
by intracoronary Palmaz-Schatz stent

To assess the risk of late side branch occlusion after Palmaz-Schatz stent deployment, we
analyzed the angiographic evolution of 62 patients treated by successful stent implantation who
had a total of 85 side branches starting from the stented segment. Side branches were
considered minor (n = 39) when the diameter was <1 mm and intermediate (n = 46) when the
vessel had =1 mm diameter. One angiographic follow-up study was available in all patients at

8 + 5 months. Eight minor branches presented some degree of stenosis at origin before stent
deployment (4 totally occluded). After stent deployment, 32 (82%) of 39 remained unchanged and
3 became occluded. Late progression at origin occurred in 4 of 34 (3 occluded). Before stent
deployment, 48% of the intermediate branches had some compromise degree at their starting
point (1 totally occluded). Eight of 45 intermediate branches became occluded after stent
implantation. Late progression at origin happened in 5 of 32 branches (2 occiuded). Some degree
of follow-up stenosis regression at the origin was observed in 22 (26%) of 85 arteries. Neither
clinical nor angiographic factors could be identified as predictors of late side branch occlusion or
stenosis progression at its origin. Later occlusion or progression at origin of a side branch
covered by a Palmaz-Schatz stent seems to be an uncommon occurrence (7% and 12%
respectively) that cannot be predicted by angiographic or clinical factors. On the contrary,
regression at follow-up of a side branch-origin stenosis can aiso come about. (Am HeART J

1995;129:436-40.)
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Stenting of coronary lesions sometimes involves the
coverage of small or intermediate side branches
located in the vicinity of the target lesion. There is
little information regarding the evolution of such po-
tentially compromised vessels.!> 2 Our study focused
on the angiographic follow-up of patients treated by
successful Palmaz-Schatz stent implantation who
had one or more side branches starting from the
stented segment. The purposes of the study were to
learn the incidence of late side-branch compromise
and to analyze factors influencing such events.

METHODS
Patients. Between May 1991 and September 1993, 207
Palmaz-Schatz stents were successfully implanted in 185
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patients. Sixty-three of those patients were excluded from
analysis: 10 had a definitive subacute occlusion, 4 had elec-
tive surgery before discharge, and 49 were still waiting for
angiographic reevaluation or had been rejected for restudy.
In the remaining 122 patients an angiographic follow-up
was available 7 + 5 months later. Sixty-three of those pa-
tients had at least one side branch covered by the stent.
This group was the object of our study. The mean age was
55 + 8 years. Indications for stenting were (1) abrupt clo-
sure after percutaneous transluminal coronary angioplasty
(PTCA), 9 (14 %); (2) suboptimal PTCA results (dissection
or recoil), 18 (29% ); (3) chronic total occlusion, 23 (37%);
(4) obstinate restenosis after balloon angioplasty or direc-
tional coronary atherectomy, 8 {13 % ); and (5) unfavorable
lesions for PTCA, 4 (7%). The clinical and angiographic
baseline data of the study group are shown in Table I.
Technique. The technique used for stent deployment
has been previously described in detail.% ¢ All patients were
receiving medical treatment with aspirin and antianginal
drugs. Written, informed consent was obtained from all
patients before the procedure. During the procedure, a bo-
lus of intravenous heparin was administered (15,000 IU),
and a continuous infusion was maintained until oral anti-
coagulation was effective. No sheathed delivery system was
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used. The stents were always delivered crimped onto a
low-profile balloon catheter. The stent was expanded to
reach a size slightly higher than the vessel diameter
(8.2 = 0.3 mm).

Immediate and follow-up angiographic studies.
Eighty-five jeopardized side branches originating from the
stented segment were identified. Side branches were con-
sidered minor (n = 39) when the diameter was <1 mm and
intermediate (n = 46) when the vessel had =1 mm diam-
eter (range 1 to 2 mm). The location and size were as fol-
lows: 26 septal perforator (13 minor and 13 intermediate),
21 diagonal (4 minor and 17 intermediate), 29 right
ventricular (17 minor and 12 intermediate), 8 obtuse mar-
ginal (5 minor and 3 intermediate), and 1 intermediate cir-
cumflex branch.

Late progression of stenosis at origin was defined as a
>20% worsening of the diameter in a previously diseased
side branch or the development of a total occlusion inde-
pendent of the previous situation. In side branches without
stenosis after stent implantation, late progression was
considered when >50% stenosis came about. Regression of
the stenosis at origin was considered when a >50% reduc-
tion in percentage of stenosis occurred. In case of an
occluded side branch after stenting, regression was also
considered if the side branch was patent at follow-up. All
patients underwent at least 1 angiographic follow-up study
8 + 5 months later. The serial analyses were performed in
the same selected projection (in which the target lesion and
side branch narrowing were better observed). Restenosis of
the parent vessel was defined as a >50% stenosis at follow-
up. Quantitative angiographic studies were performed to
obtain vessel diameter, percentage of stenosis, and minimal
lumen diameter. Small side branches were drawn and
measured manually with calipers.

Statistics. Data are expressed as mean + SD. A Stu-
dent-Fisher unpaired ¢ test was used to compare quantita-
tive data from patients with or without late progression.
Either the chi-squared or Fisher exact test was used to
compare qualitative variables. A p <0.05 value was con-
sidered statistically significant.

RESULTS

Immediate results. The percentage of stenosis of
the parent vessel changed from 87% + 11% to
5% + 12% and the minimal lumen diameter from
0.4 + 0.3 mm to 3 + 0.4 mm. Fig. 1 shows the acute
changes in the patency of the 85 side branches cov-
ered by the stent.

Minor side branches. Eight presented some degree
of stenosis at origin {4 totally occluded); 1 was already
induced by balloon dilation before stent implanta-
tion. After deployment, 32 (82%) of 39 remained un-
changed, and 3 became occluded (Fig. 1, A). Neither
clinical event nor enzymatic elevation was observed
after side branch occlusion.

Intermediate side branches. Fig. 1, B shows the
angiographic evolution of intermediate side branches.
Before stenting, 22 (48%) of 46 patients had some
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Table I. Baseline characteristics of patients (n = 62)

Age (yr) 55 + 8 (range 34-72)
Sex

Men 54 (87%)

Women 8(13%)
Type of lesion

De novo 51 (83%)

Restenosis 11 17%)
Clinical condition

Stable angina 8 (13%)

Unstable angina 33 (53%)

Post-fibrinolysis 21 (34%)
Treated artery

LAD 33 (53%)

RCA 22 (36%)

Cx 7(11%)
Vessel diameter (mm) 3.1+03
Lesion length (mm) 9+ 4
Stenosis (%) 87 + 11
Minimal lumen diameter (mm) 04 +03

LAD, Left anterior descending artery; RCA, right coronary artery; Cx, cir-
cumflex artery.

degree of compromise at branch origin, with 1 being
induced after previous balloon dilation. After de-
ployment, 8 (17%) of 45 became occluded. Three of
the 8 patients had prolonged chest discomfort with
slight creatine phosphokinase elevation, although no
patient showed significant electrocardiographic
changes.

Late results. After 8 = 5 monthsg, the percentage of
stenosis and minimal lumen diameter at parent ves-
sel level were 36 % + 24% and 1.9 + 0.7 mm, respec-
tively; 20 (32%) of 62 patients fulfilled the restenosis
criterion,

Minor side branches. Late progression at origin
occurred in 4 (12%) of 34 minor side branches. Three
became occluded without significant clinical event.

Intermediate side branches. Five showed late pro-
gression according to the previous definition. Two
late occlusions took place, one (diagonal branch) as-
sociated with non-Q-wave myocardial infarction 1.5
months after the procedure. At follow-up, 41 inter-
mediate side branches remained unchanged (Fig. 2)
or with some degree of improvement at stenosis or-
igin,

Neither clinical nor angiographic factors could be
identified as predictors of late side branch occlusion
or stenosis progression at origin (Table II). In addi-
tion, some degree of stenosis regression at origin was
observed in 22 of the 85 analyzed side branches (Fig.
1).

DISCUSSION

The Palmaz-Schatz stent has been proved to be of
worth in improving suboptimal results after PTCA
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Fig. 1. Angiographic changes of minor (A) and intermediate (B) side branches after being use of Palmaz-

Schatz stent. Top left, No compromise; middle left, stenosis >50%; bottom left, total occlusion.

and in reducing the restenosis rate.>? However, ow-
ing to its particular design (small distance of metal
structure), the coverage of major side branches sup-
plying significant myocardium must be carefully es-
timated because of possible later compromise and the
inability to cross or dilate an ulterior lesion located
in this side branch. Our policy has been to avoid such
an important vessel; therefore in 30 of 185 patients at
least one divided Palmaz-Schatz stent was implanted

to preserve potentially compromised side branches.?
Sometimes, however, we were forced to cover side
branches in the vicinity of the target lesion (Fig. 2).
Our study analyzed the angiographic evolution of
such ‘minor or intermediate vessels (<2 mm).

After stent deployment, acute changes came about
with significant progression of the disease at the side
branch origin (14% of side branch occlusion). This
occlusion rate is slightly higher than that observed in
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Fig. 2. Serial angiographic study of patient with Palmaz-Schatz stent implanted at obtuse marginal cor-
onary artery. There is no compromise of covered side branch (circumflex branch) in spite of restenosis at
origin of stented segment. 1, Baseline; 2, 1 min after balloon angioplasty; 3, 10 min after balloon angioplasty;
4, stent deployment; 5, immediately after stent implantation; 6, 5 months after implantation. Arrows in-
dicate position of stent.

Table Il. Factors determining late progression of stenosis at origin

Minor side branches

Intermediate side branches

Worsening No progression Worsening No progression
(n=4) (n = 30) p Value (n=5) (n=232 p Value
Baseline stenosis at side branch 49 + 46 17 + 26 NS 14 + 15 29 + 31 NS
origin (%)
Stent diameter (mm) 3.2 03 3.1+ 0.3 NS 3+ 0.29 3.15 + 0.34 NS
Balloon ¢/Vessel ¢ ratio 1.1 + 011 1.0 = 0.10 NS 1+0.138 1+01 NS
Unplanned stent indication 0 11 NS 0 19 NS
Parent vessel (LAD) 2 16 NS 3 26 NS
Diabetes 1 4 NS 2 9 NS
Hyperlipidemia 2 9 NS 3 13 NS
Native lesion 3 26 NS 3 29 NS
Chronic total occlusion 3 16 NS 2 13 NS
Restenosis at stented segment 2 11 NS 1 13 NS

NS, Not significant; LAD, left anterior descending artery.

lesions treated by balloon angioplasty (5% ).1! Dis-
section of the dilated artery involving the origin of
the branch or intimal disruption blocking the junc-
ture exit have been proposed as mechanisms respon-
sible for occlusion after balloon angioplasty.ll- 12 Af-
ter stent implantation, other additional factors may
be involved, such as the covering of the side branch
juncture exit by the stent or permanent displacement
of plaque material toward the side branch.

The mechanism of late progression or occlusion at
origin of a side branch covered by a stent remains
unknown. A totally immersed stent in the arterial
wall by itself seems unlikely to produce deleterious
effects of the side branch blood flow. Nevertheless, if
by chance a metallic portion remains nonendothe-
lialized at the ostial level, thrombus formation may

result. In fact, in one of our patients who had a non-
Q-wave myocardial infarction 1.5 months after the
procedure, a late intraluminal filling defect sugges-
tive of thrombus at the origin of a diagonal branch
was observed. Moreover, an exaggerated prolifera-
tion of smooth-muscle cells on the stent surface
reaching the orifice of the side branch could be con-
sidered as another pathogenetic mechanism.
Regression or even disappearance at follow-up of a
lesion at side branch origin emerges as another inter-
esting phenomenon that may occur in a significant
proportion of vessels (26%). Although there is no
definite explanation for these favorable changes, it is
possible to speculate on two diverse considerations:
(1) ulterior lysis of thrombotic material coming from
the stented plague as a result of the intensive antico-
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agulation regimen or (2) remodeling of plaque archi-
tecture at site of side branch origin. To sum up, al-
though our report and a recent study? show favorable
evolution of the side branch covered by the stent (low
stenosis progression rate and frequent stenosis re-
gression), we recommend that caution be used in de-
ciding to cover a significant side branch given the
unpredictability of vessel occlusion.
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