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Kontext: Perforace koronarni tepny (coronary artery perforation, CAP) je vzacnou, Zivot ohrozujici kom-
plikaci perkutanni koronérni intervence (PCl). Vysoce Uspésnou a zivot zachrarujici metodou lécby CAP je
implantace stentd potaZzenych polytetrafluorethylenem (PTFE). Incidence trombdzy a restendzy pfi pouZiti
stentd potazenych PTFE je vyssi nez pii implantaci standardnich stentl. Cilem této studie bylo zhodnotit
klinické vysledky pouziti stentl potazenych PTFE pfi fedeni CAP.
Materialy a metody: Analyzovali jsme Udaje celkem 38 pacienttd s implantaci stent( potazenych PTFE po CAP
provedenou v obdobi mezi lednem 2012 a lednem 2022 na jednom pracovisti s vysokym objemem téchto
vykonU (Medipol University Hospital v tureckém Istanbulu). Priméarnim sledovanym parametrem byl souhrn
zavaznych nezadoucich kardiovaskularnich pfihod (major adverse cardiovascular event, MACE).
Vysledky: Hodnotili jsme jednoro¢ni vysledky pacientl s implantaci stentd potazenych PTFE po CAP. Do
studie bylo zafazeno celkem 38 pacient(; 22 (58 %) muzd a 16 (42 %) zen pramérného véku 69,7 + 11,4
roku. Béhem sledovani doslo ke vzniku MACE u 37 % daného souboru (14 pacientl). Do jednoho roku byla
revaskularizace cilové tepny (target vessel revascularization, TVR) provedena u 36,8 % (14 pacientl) a re-
vaskularizace cilové |éze (target lesion revascularization, TLR) u 21 % (8 pacient(i), incidence umrti dosahla
10,5 % (4 pacienti) a infarktu myokardu 21,1 % (8 pacientd).
Zavéry: | kdyz se dnes vétsina pripadl perforace koronarni tepny Uspésné fesi zavedenim stentd potazenych
PTFE, je jednoroc¢ni incidence MACE u pacientu s implantaci takovych stentd vysoka. Nase vysledky tak pro-
kazaly, Ze uvedené pacienty je nutno dusledné sledovat.

© 2024, CKS.

ABSTRACT

Background: Coronary artery perforation (CAP) is a rare, life-threatening complication of percutaneous co-
ronary intervention (PCl). PTFE-coated stents are highly successful and lifesaving in the treatment of coro-
nary perforation. The incidence of thrombosis and restenosis in the PTFE-covered stent is higher than in
standard stents. The aim of this study was to evaluate the clinical outcomes of PTFE-covered stents for CAP.
Materials and methods: We evaluated a total of 38 patients who were treated with PTFE-coated stents for
coronary perforation from January 2012 to January 2022 at a single high-volume center, Medipol University
Hospital in Turkey. The primary endpoint was the composite of major adverse cardiovascular events (MACEs).
Results: The one-year outcomes of the patients who had PTFE-coated stents implanted after CAP were
investigated. A total of 38 patients, 22 (58%) males and 16 (42%) females, were included. The mean age
was 69.7+11.4 years. MACE developed in 37% of the population (14 patients) in the follow-up. The target
vessel revascularization (TVR) rate at one year was 36.8% (14 patients), the target lesion revascularization
(TLR) rate at one year was 21% (8 patients), the incidence of death was 10.5% (4 patients), of myocardial
infarction 21.1% (8 patients).

Conclusions: Today, although the majority of coronary perforation cases are successfully treated with PTFE-
-coated stents, the one-year outcome of MACE in CS implanted patients is high. These results showed that
such patients should be closely monitored.
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Introduction

Coronary artery perforation (CAP), is a rare (0.2-0.5%),
life-threatening complication of percutaneous coronary
intervention (PCl)."2 The frequency of CAP increases ac-
cording to the increasing number of complex PCl.>4 Ellis
Type Ill has a high mortality risk and results in tamponade
and cardiac arrest if early emergency intervention is not
performed. The coronary perforation mortality risk is as
high as 5.9-7% in studies.> PTFE-coated stents are highly
successful and lifesaving in the threat of coronary perfo-
ration, especially in the proximal and mid-segment perfo-
rations of the vessel. However, its use is limited in tortu-
ous, calcified vessels or distal perforation due to difficulty
in advance and low flexibility. Unfortunately, potentially
lifesaving covered stents have a thrombogenic problem
and are associated with a relatively high restenosis rate of
31.6% at 6-month follow-up.®” Long-time outcome data
for CS is limited. We aimed to evaluate the one-year clini-
cal outcomes of a PTFE-covered stent for coronary artery
perforation.

Materials and methods

We evaluated a total of 38 patients who were treated with
PTFE-coated stents for coronary perforation from January
2012 to January 2022 at a single high-volume center in
Turkey. Out of the 45,000 patients who underwent PCl,
70 patients experienced coronary perforation. We iden-
tified 38 patients with coronary artery perforation and
treated them with a PTFE-coated GRAFMASTER stent (Ab-
bott Vascular). The primary endpoint was the composite
of major adverse cardiovascular events (MACEs). MACEs
were defined as death in any case, myocardial infarction,
target vessel revascularization, target lesion revascular-
ization, and the requirement for surgical repair. The diag-
nosis of MI was defined according to the fourth universal
diagnostic criteria of Ml as abnormal cardiac biomarkers
in the setting of evidence of acute myocardial ischemia.
Target-vessel revascularization (TVR) was defined as any
repeat PCl or CABG due to stenosis in another segment
of the vessels treated with CS. Target-lesion revascular-
ization (TLR) was defined as any revascularization (PCl/
CABG) of the target lesion due to restenosis or reocclusion
within the stent or within 5mm of the distal or proximal
segment of the stent.? Patients with both type 1 and type
2 diabetes mellitus were included. Angiographic views of
the coronary arteries of patients with perforation were
classified according to the Ellis classification into I, Il and
Il types. Patients with pericardial effusion and tampon-
ade were detected on transthoracic echocardiography;
clinical manifestations of tamponade — hypotension and
tachycardia — were also evaluated, and patients who had
undergone surgical procedures were screened. Data were
collected from outpatient controls or phone calls. Patients
receiving dual antiplatelet therapy after covered stent
(CS) implantation — aspirin and clopidogrel or aspirin and
prasugrel, or aspirin and ticagrelor — were screened. It
was evaluated whether there was a relationship between
MACE and choice of antiplatelet treatment. Total MACE,
each component of MACE - death, myocardial infarction,

target vessel revascularization, target lesion revascular-
ization, and requirement for surgical repair — were also
evaluated. The investigation complied with the Declara-
tion of Helsinki.

Statistical analyses

Statistical analyses were conducted using SPSS (version
26.0; SPSS, Chicago, lllinois). Data were expressed as per-
centages (%) for categorical variables and means + SD for
continuous variables. The data were tested by conduct-
ing the Shapiro-Wilk test to determine for distribution
of the data. The student t-test was used for comparing
continuous variables that showed a normal distribution.
Non-normally distributed samples were compared with
a Mann-Whitney U test based on MACE. A Chi-square
test was used to test the associations between the cat-
egorical variables in each group. Statistical significance
was defined as a p-value <0.05 for all comparisons. Uni-
variate and multivariate logistic regression analyses
were performed to define the independent predictors of
MACE after coronary perforation. Statistically significant
(p <0.05) variables in the univariate model were entered
in the multivariate analysis. Female gender, clinical pre-
sentation (ACS vs. CCS), previous PCl, coronary perfora-
tion type (Ellis type I-Il vs. type lll), and stent diameter
were the independent variables, whereas the develop-
ment of adverse events (MACE) was the dependent vari-
able of the model. The results of the regression analyses
were expressed as the p-value and hazard ratio (HR) with
a 95% Cl and presented in Table 1.

Results

Our study is a single-center, retrospective study. The
one-year outcomes of the patients who had PTFE-coated
stents implanted after CAP were investigated. All patients
were successfully treated with covered stent implanta-
tion and followed for one year. A total of 38 patients, 22
(58%) males and 16 (42%) females, were included. The
mean age was 69.0+10 years. The baseline characteristics
of study patients are shown in Table 1, and lesion and
procedural characteristics are shown in Table 2. The most
common perforated artery was left anterior descending
(LAD), in 28 patients (73.7 %). Type Ill perforation was
observed in the most of the patients in our study (22 pa-
tients, 58%). Coronary perforation was observed more
frequently after stent deployment (12 patients, 31.6%)
and balloon post-dilation after stent implantation (12 pa-
tients, 31.6%). Pericardial effusion was observed in 18 pa-
tients (47.3%), tamponade developed in 8 patients (21%),
and pericardiocentesis was performed. Cardiogenic shock
was observed in 4 patients, and mechanical circulatory
support was required, two patients underwent surgical
operations (5%). The 16 patients (42%) had a history of
previous percutaneous coronary intervention (PCl). The
32 patients (84.2%) presented with acute coronary syn-
dromes, and 6 patients (15.8%) had chronic coronary
syndromes. There was not any periprocedural death or
death after emergency cardiac surgery. MACE developed
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Table 1 - Baseline characteristics of study patients

Clinical features Overall (n = 38) MACE (-) MACE (+) p-value
n=24 n=14

Age (years) 70.5+10 71.4+8.8 65.9+14.3 0.147
Sex (female), n (%) 16 (16/38) 8 (8%) 8 (57%) 0.048
Hypertension, n (%) 34 (89%) 20 (83%) 14 (100%) 0.106
Diabetes, n (%) 14 (36%) 6 (25%) 8 (57%) 0.048
Hyperlipidemia, n (%) 38 (100%) 18 (75%) 10 (71%) 0.809
Smoker, n (%) 34 (89%) 16 (67%) 8 (57%) 0.557
Previous MI, n (%) 10 (26%) 8 (33%) 2 (14%) 0.198
Previous CABG, n (%) 12 (32%) 8 (33%) 4 (29%) 0.761
Previous PCl, n (%) 16 (42%) 6 (25%) 10 (71%) 0.023
LVEF (%) 49+11 48.3+11.5 50.7+£9.8 0.520
Clinical presentation

ACS 32 (84%) 22 (92%) 10 (71%) 0.036

CCS 6 (16%) 2 (8%) 4 (29%) 0.036

Table 2 - Lesion and procedual characteristics

MACE (-) MACE (+) p-value
n=24 n=14

Lesion-related artery, n (%) 0.102

LAD 14 (58%) 4 (29%)

Cx 2 (8%) 0 (0%)

RCA 6 (25%) 8 (57%)

Ao-Cx SVG 2 (8%) 0 (0%)

Ao-RCA SVG 0 (0%) 2 (14%)
Perforation type, n (%) 0.032

Ellis I/l 14 (58%) 2 (14%)

Ellis 111 10 (42%) 12 (86%)
Main vessel, n (%) 22 (92%) 12 (86%) 0.564
Cause of perforation, n (%) 0.080

Wire 4 (17%) 4 (29%)

Predilatation 4 (17%) 4 (29%)

Stent 6 (25%) 6 (43%)

Postdilatation 10 (42%) 2 (14%)
DAPT choice, n (%) 0.441

ASA + clop. 18 (75%) 12 (86%)

ASA + pras./ticag. 6 (25%) 2 (14%)
Pericardial effusion, n (%) 12 (50%) 6 (43%) 0.671
Pericardiosynthesis, n (%) 6 (25%) 2 (14%) 0.435
Cardiogenic shock, n (%) 4 (17%) 0 (0%) 0.106
Surgery, n (%) 2 (8%) 0 (0%) 0.267
Number of covered stents 1.2+0.3 1.4+0.7 0.147
Stent length (mm) 26.2+8.7 29.9+13.3 0.308

Stent diameter (mm2) 3.34+0.65 2.73+0.28 0.002
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Table 3 - Clinical outcomes of study patients

Duration 1-year
Myocardial infarction (%) 21
Target-vessel revascularization (%) 36.8
Target-lesion revascularization (%) 21
All-cause mortality (%) 10.5

Table 4 - Predictors of adverse events

Variable Univariate analysis
Hazard 95% confidence p-value
ratio interval
Female gender 2.654 0.802-5.316 0.023
Clinical status 2.326 1.511-3.716 0.212
Previous PCl 2.011 1.268-2.754 0.039
Type-lll perforation  0.767 0.327-1.798 0.541
Stent diameter 1.103 1.007-1.208 0.045

Multivariate analysis

Hazard 95% confidence p-value
ratio interval
Female gender 1.252 1.012-1.492 0.036
Previous PCl 2.245 1.145-4.387 0.042
Stent diameter 0.960 0.936-0.994 0.135

in 37% of the population (14 patients) in the follow-up.
The TVR rate at one year was 36.8% (14 patients), the TLR
rate at one year was 21% (8 patients), the incidence of
death was 10.5% (4 patients), and the myocardial infarc-
tion was 21% (8 patients). Two patients (5%) experienced
emergent surgical repair after CP.

Table 3 showes clinical outcomes of study patients.
The results of the logistic regression analysis are shown
in Table 4. The univariate analysis revealed that female
gender, previous PCl history, and stent diameter were
correlated with major adverse cardiovascular events. On
multivariate analysis, female gender and previous PCl his-
tory were independent predictors of major adverse car-
diovascular events.

Discussion

We presented a one-year outcome after treatment of cor-
onary artery perforation with PTFE-coated stents. In pre-
vious studies, the total MACE rate was found to be high
in patients with CS implantation. Perforation is mostly
seen in elderly patients; vascular structure is more fragile
in elderly patients; and coronary artery disease is progres-
sive over time. The covered stent consists of a polytetra-
fluoroethylene layer between two stainless steel sections,
the endothelialization is difficult and the restenosis risk is
higher than with conventional stents. In trials, the risk of
thrombosis and restenosis was found to be higher in cov-
er stents compared to other stents. Neoendothelializa-
tion is slower, and metal components are more common

in cover stents than in other drug-eluting stents.® Optical
coherence tomography (OCT) studies revealed that delay
in endothelialization after covered stent implantation is
an important factor in thrombosis.” The studies showed
that the frequency of coronary perforation increases over
time. This is related to the development of invasive cardi-
ology and the increase in complex PCl procedures." Most
of the patients included in our study were male, and most
patients had a history of hypertension (HT), hyperlipid-
emia (HL), and smoking. In this study, the MACE rate was
higher in females than in males. In other studies, patients
of advanced age, female sex, and with renal impairment
were found to have a higher risk of coronary perforation.
Female sex was a predictor of adverse outcomes after
PCl in studies. The small vessel diameters, reduced vessel
compliance due to a stiffer vessel'? in women, and the
predisposition of cover stents to thrombosis support the
high MACE result in women. This may also be due to the
atypical course of the complaint of coronary syndrome
in women, its confusion with anxiety, and the delay in
admission to the hospital as observed in other studies.’

CP was observed more frequently in patients treated
with acute coronary syndrome than in patients treated
with chronic coronary syndrome in this study. However,
MACE was significantly higher in patients with PTFE-
coated stent implantation for chronic coronary syndrome
than in acute coronary syndrome. As in our or other stud-
ies, this result was correlated to the more complex and
diffuse lesions, complex PCl, or higher pressure balloon
inflation in chronic coronary disease than acute coronary
disease.”> MACE was found to be higher in patients with
a previous history of PCI. Stent thrombosis is not only due
to the CS itself. MACE was also found to be high in pa-
tients with previous stents in other trials.’ This is due to
stent under expansion, strut malapposition, and edge dis-
sections where cover stents overlap with previous stents.
Post-procedure imaging with intravascular imaging with
intravascular ultrasound (IVUS) or optical coherence to-
mography (OCT) can predict these situations.

Although the effect of stent length on MACE was not
detected, stent diameter is affected by MACE. The MACE
rate was found to be higher in patients with smaller PTFE-
coated stents implanted than larger ones (2.73+0.28 ver-
sus 3.34+0.65, p = 0.002) In previous studies, stent reste-
nosis was a major complication in patients treated with
CS implantation. IVUS examination revealed more reste-
nosis in stent edges than in the center of CS."

Our study has several limitations. It was conducted
with a retrospective analysis and with a small number of
patients. Although dual antiplatelet therapy is planned
for 12 months, drug use information is limited, and the
dual antiplatelet treatment duration and bleeding com-
plications could not be established correctly. We did not
have any intravascular imaging data during or after the
procedure. One-year results of cover stents were investi-
gated, but longer results were not considered.

Conclusions

Although the majority of coronary perforation cases are
successfully treated with PTFE-coated stents, the one-year
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outcome in CS-implanted patients is high. For this reason,
such patients should be closely monitored.
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