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ABSTRACT

Background: After a successful primary percutaneous transluminal coronary angioplasty (PTCA)/stent placement,
performing bypass surgery to an artery with a patent stent during semi-urgent coronary artery bypass grafting (CABG)
surgeries may protect the patient against ischemic complications due to acute stent occlusion. This issue, however, is
controversial. Loss of bypass graft function may occur in the early stages due to the competition between native flow
and graft flow. In the present study, the effects of bypass surgery to an artery with a patent stent on the outcomes were
investigated. Methods: Fifty nine patients who had undergone isolated CABG surgery within 6 weeks after a successful
primary PTCA/stent placement were included in the study. Patients who had undergone emergency operation due to
suspicion of acute stent occlusion and the redo cases were excluded in the study. Patients were divided into two groups;
those with (Group P, protected) and without (Group NP; non-protected) coronary bypass to an artery with a patent stent.
Preoperative, operative and postoperative data were collected retrospectively from the patient files. The need for urgent
revascularization was recorded postoperatively. Mann-Whitney U test was used for the analysis of continuous variables,
whereas categorical variables were analyzed either using Pearson's chi-square test or Fisher's exact test. Results: Of 59
patients, 35 underwent bypass surgery to the artery with patent stent, whereas bypass was not performed on 24 patients.
It was observed that dual antiplatelet therapy had been performed on 20% of the patients in Group P and 87.5% of those
in Group NP (p = 0.001). No acute ischemic change due to stent occlusion was determined in Group P, whereas it was
observed in one patient in Group NP (p = 0.4). The prevalence of hospital mortality was found to be 8.6% and 8.3% in
Group P and Group NP, respectively (p = 1). Conclusions: Although it was not statistically significant, it was observed
that bypass surgery might have a protective effect against stent occlusion in patients who underwent bypass surgery.
However, postoperative dual antiplatelet therapy substantially prevented stent occlusion in those without bypass surgery.
On the other hand, stent-supported coronary circulation may be unsafe in case of discontinuation of clopidogrel therapy.
Therefore, it was suggested that performing bypass surgery to an artery with a patent stent would be more reasonable in
patients who underwent semi-urgent CABG surgery.

Keywords: Myocardial Infarction; CPI; Stents; Thrombosis; CABG

1. Introduction the stents with incomplete endothelization [4].

In some patients, following a successful primary
PTCA/stent placement, coronary artery bypass grafting
(CABQ) is required before complete endothelization due
to critical lesions in the other arteries. Besides the factors
related to non-cardiac surgery, cardiac surgery may also
lead to acute stent occlusion due to perioperative use of

protamine, surgical manipulations causing stent deforma-

Primary percutaneous transluminal coronary angioplasty
(PTCA) has provided a considerable improvement in the
treatment of acute ST-elevation myocardial infarction
(STEMI) [1]. It is well known that the use of stent during
the procedure enhances the success rate of the process [2].
A certain period of time changing with respect to the

stent type is needed for the endothelization of the stent.
Until it happens, posponament for elective non-cardiac
surgeries is recommended [3]. Because preoperative dis-
continuation of antiplatelet therapy or postoperative
hemodynamic instability may lead to acute occlusion of
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tion, cardiopulmonary bypass (CPB), or surgery-induced
prothrombotic effects [5-7].

In patients who underwent semiurgent CABG after a
successful primary PTCA/stent placement, bypassing a
patent stented coronary artery may protect the patient
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against acute ischemic complications due to stent occlu-
sion. Although it is controversial, the long-term patency
rates between the stent and bypass, which is in favor of
bypass, is another reason that supports grafting [8]. By-
pass graft performed to an artery with a patent stent may
be occluded and loss of function in early period due to
native coronary artery flow. In the present study, the ef-
fect of bypassing a patent stented coronary artery was
investigated by analyzing the outcomes of the patients
who underwent semiurgent CABG.

2. Materials and Methods

Patients who had admitted to our hospital between Janu-
ary 2004 and September 2010 due to acute STEMI and
undergone successful primary PTCA/stent placement
using bare metal stents were retrospectively identified.
Fifty-nine patients who had undergone isolated CABG
surgery before complete endothelization of stent (6
weeks) were included in the study. Indications for CABG
in these patients were either critical stenosis in other
coronary arteries, or the ischemic symptoms that ap-
peared in the areas apart from the infarct-related artery
(IRA) and that could not be improved despite appropriate
treatment. Patients who had undergone emergency op-
eration due to acute stent occlusion, as well as the redo
cases were excluded in the study.

Patients were divided into two groups; those with
(Group P, protected against stent occlusion) and without
(Group NP; non-protected against stent occlusion) by-
pass to a patent stented coronary artery. Demographic
data of the patients, such as age, gender, as well as, the
presence of hypertension, diabetes mellitus, chronic ob-
structive pulmonary disease, peripheral artery disease,
carotid artery disease, and chronic renal failure, were
recorded. Preoperative data of the patients, such as
left-ventricle ejection fraction (LVEF), IRA, the time-
elapsed between PTCA/stent placement and CABG, use
of inotropic support/intraaortic balloon pump (IABP),
levels of troponin I (Trl) and creatine kinase (CK)-MB,
and use of low-molecular weight heparin (LMWH) and
clopidogrel, were determined. Furthermore, operative
data, such as the number of bypass grafting, myocardial
protection protocols, and the cross-clamp (CC) and CPB
times were also determined. Postoperative electrocardio-
graphic (ECG) changes, postoperative concentration of
peak serum CK-MB, as well as, Trl, blood urea nitrogen
(BUN) and creatinine (Cr) levels, the amount of bleeding
within the first 24 hours, the need for reoperation for
bleeding, postoperative use of inotropic support/IABP,
and postoperative need for urgent revascularization were
recorded. Postoperative platelet regimens administered to
the patients were recorded. The rates of morbidity and
mortality were determined with the leading factors, and
all the data between the two groups were analyzed.
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Statistical Analysis

Statistical analysis was performed using SPSS statistical
software (version 11.0, SPSS, Inc, Chicago, IL). Con-
tinuous variables were expressed as mean + standard
deviation and compared with Mann-Whitney U test since
the sample size was small. Categorical variables were
expressed as frequencies and analyzed either using Pear-
son's chi-square test or Fisher exact test when it was ap-
propriate. A p-value < 0.05 was considered significant.

3. Results

Of 59 patients, 35 (Group P) had undergone bypass gra-
fting to a patent stented coronary artery, whereas it was
not performed on 24 patients (Group NP). The IRA was
the right coronary artery (RCA) in 73% (n = 43), the cir-
cumflex (Cx) artery in 17% (n = 10), and the left anterior
descending artery (LAD) in 10% (n = 6) of the patients.
Saphenous vein graft was used for all coronary arteries
except for LAD and left internal mammarian artery was
used for LAD. No significant difference was determined
between the groups in terms of age, gender, concomitant
diseases, and preoperative inotropic support and IABP
use. The time-elapsed between the primary PTCA and
the surgery was significantly shorter in Group P as com-
pared to Group NP (12 + 7 days vs. 18 = 9 days, p =
0.01). There was no significant difference between the
groups regarding preoperative BUN, Cr, Trl and CK-MB
levels and the left ventricular functions (Table 1).

It was determined that the operation had been per-
formed on beating-heart without using CPB in 5 (21%)
patients in Group P and in 3 (9%) patients in Group NP
(p = 0.25). In patients who were operated with CPB,
myocardial protection was provided via antegrade cold
blood cardioplegia in 23 (72%) and 16 (84%) of the pa-
tients in Group P and Group NP, respectively, whereas it
was provided via antegrade/retrograde cold blood car-
dioplegia in the remaining patients. No significant dif-
ference was determined between the groups in terms of
myocardial protection protocols.

After the examination of antiplatelet and anticoagulant
protocols, it was determined that dual antiplatelet and
LMWH therapies had been administered in both groups
following the PTCA, clopidogrel had been discontinued
72 hours prior to the procedure, and LMWH and aspirin
therapy had been continued. It was observed that postop-
erative dual antiplatelet therapy had been maintained in
21 (87.5%) and in 7 (20%) patients in Group NP and
Group P, respectively (p = 0.001). In Group NP, postop-
erative dual antiplatelet therapy was discontinued due to
gastrointestinal bleeding in one patient and hemorrhagic
diathesis in two patients.

However, in Group P, it was determined that dual an-
tiplatelet therapy had not been considered as necessary
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Table 1. Preoperative variables of the groups.

Grup P (n=35) Grup NP (n=24) p-value

Age (years) 60+ 10 57+10 0.20

Male (%) 26 (74) 23 (96) 0.38

HT (%) 23 (66) 18 (75) 0.44
CPOD (%) 7(20) 4(17) 1

DM (%) 19 (54) 16 (67) 0.34
PAD (%) - - -

CKD’ (%) 2(5.6) - 0.51
COD (%) 6(17) 4(17) 1
Preop inotrop (%) 1(2.8) - 1
Preop IABP - - -

PTCA/CABG int. ( days) 12+7 18+9 0.01

Preop BUN (mg/dl) 19+8 16+4 0.31

Preop Cr (mg/dl) 1.12+0.7 1+£0.18 0.66

Preop Tr I (ng/ml) 0.45+0.49 0.48 +0.76 0.25

Preop CK-MB (U/L) 16+8 17+7 0.79
LVEF <35% (%) 4(11.4) 3(12.5) 1

HT: Hypertansion; COPD: Chronic obstructive pulmonary disease; DM: Diabetes Mellitus; PAD: Peripheric artery disease; CKD: Chronic kidney disease;
COD: Carotis oclusive disease; IABP: Intra aortic baloon pump; BUN: Blood urea nitrogen; Cr: Creatinine; Tp I: Troponine I; CK-MB: Ceratine kinase-myo-
cardial bant; LVEF: Left ventricle ejection fraction. CKD= Glomerular filtratation rate < 60 ml/min.

for the majority of the patients, since grafting to a patent
stented coronary artery.

When the operative and postoperative data were com-
pared between the groups, it was found that the number
of bypass grafting (2.97 £ 0.7 vs. 2.3 £ 0.9, p = 0.004)
and the CC time (60 £ 18 min vs. 48 + 18 min, p = 0.01)
were significantly higher in Group P than Group NP.
Moreover, postoperative levels of peak serum CK-MB
(89 £ 49 u/L vs. 65 + 60 u/L, p = 0.002) and TrI (3.01 £
2.23 ng/mL vs. 2.16 = 5.28 ng/mL, p = 0.001) were also
significantly higher in Group P compared to Group NP.
Postoperative ECGs of all patients in both groups, except
for one in Group NP, revealed no signs of acute myocar-
dial ischemia. On the postoperative 4th hour, the ECG of
one patient in Group NP revealed ST-segment elevation
in inferior derivations accompanied by hypotension. In
this patient, primary PTCA/stent placement was per-
formed on RCA due to acute inferior myocardial ische-
mia before 11 days, and semi-urgent CABG surgery was
planned to be performed due to critical left main coro-
nary artery stenosis. Bypass grafting was not performed
to the coronary artery with a patent stent during the op-
eration. However, it was determined that the patient had
been re-operated on the postoperative 4th hour due to the
above mentioned findings, and saphenous vein bypass
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grafting had been performed on the RCA. It was ob-
served that the patient had had no problem during post-
operative period. No significant difference was deter-
mined between the groups regarding other operative and
postoperative data (Table 2).

No perioperative mortality was observed among the
patients included in the study. The rate of hospital mor-
tality was found to be 8.6% (n = 3) in Group P and 8.3%
(n=2) in Group NP (p = 1). One of the patients in Group
P died of massive pulmonary embolus. It was determined
that the other two patients had died due to prolonged
mechanical ventilator-associated pneumonia. One of the
patients in Group NP weaned from CPB with high-dose
inotropic support and died of pump failure on the post-
operative 1st day and the other patient had died of uncon-
trollable upper gastrointestinal bleeding that developed
during the postoperative period.

4, Comment

Despite the satisfactory studies in the literature concern-
ing acute stent occlusions that develop during
non-cardiac surgeries, there are limited numbers of pub-
lications about acute stent occlusions that develop during
cardiac surgery [5,6]. Therefore, the incidence of acute
stent occlusion during cardiac surgery is not known
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Table 2. Operative and postoperative variables of the groups.

Group P (n = 35) Group NP (n = 24) p-value
Number of bypass 297+0.7 23+09 0.004
CC time (min) 60 + 18 48+ 18 0.01
CPB time (min) 86 + 26 76 £ 32 0.10
OPCAB (%) 309 51 0.25
Postop drainage (ml) 890 + 363 767 £ 360 0.09
Postop CK-MB (U/L) 89 +49 65+ 60 0.002
Postop Tr I (ng/ml) 3.01 £2.83 2.16 +5.28 0.001
Postop BUN (mg/dl) 37+39 31+18 0.35
Postop Cr (mg/dl) 1.7+1.2 1.4+0.6 0.56
Postop inotrop (%) 14 (40) 7(29) 0.39
Postop IABP (%) 3(8.6) 1(4.3) 0.63
ICU duration (days) 27+52 2+2.1 0.52
Post-CABG urgent revascularization (%) - 1(4.3) 0.4
Hospital mortality (%) 3(8.6) 2 (8.3) 1

CC: cross clamp; CPB: Cardiopulmonary bypass; OPCAB: Off-pump coronary artery bypass; CK-MB: Ceratine kinase-myocardial bant; Tp I: Troponine I;
BUN: Blood urea nitrogen; Cr: Creatinine; IABP: Intra aortic baloon pump; ICU: Intensive care unit.

exactly. When the postoperative enzyme levels, ECG
changes and the rates of mortality and morbidity were
examined, it was thought that acute ischemic changes
due to stent occlusion had developed in none of the pa-
tients in Group P and in one (4%) patient in Group NP (p
= 0.4). Although no significant difference has been de-
termined between the groups according to the results of
the present study, it can be concluded that bypassing a
patent stented coronary artery prevents the acute ische-
mic complications due to stent occlusion. However, this
strategy has significantly increased the number of the

bypass grafting, thus the CC time. In contrast with the
expectations, the mean postoperative levels of peak
CK-MB and Trl were higher in Group P as compared to
Group NP. These increases did not effect the postopera-
tive clinical course of the patients and it was attributed to
the more critical status of the patients and longer CC
time in Group P, rather than acute ischemic events. The
time intervals between primary PTCA and CABG were
shorter in Group P than in Group NP.

In the present study, the incidence of acute ischemic
events due to stent occlusion was found 1.7% (n = 1).
Postoperative antiplatelet protocol, as well as the bypass
grafting to a patent stented coronary artery, might have
played a role in this very low rate. However, adverse
effects of this protocol should not be ignored. On the
postoperative 4th day, gastrointestinal bleeding developed
in one patient in Group NP and this patient died of un-
controlled bleeding. Bypassing a patent stented coronary
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artery may protect the patient against acute ischemic
complications and facilitate bleeding control by means of
removing the need for postoperative dual antiplatelet
therapy.

It is well-known that postoperative bleeding tendency
increases due to the preoperative dual antiplatelet therapy
[9]. In the cases with stent-dependent coronary circula-
tion, the discontinuation of clopidogrel therapy due to
postoperative bleeding indicates increased risk for acute
ischemic complications. Therefore, it may be beneficial
to provide stent independent coronary circulation via
bypass grafting. In the present study, the rate of emer-
gency resternotomy due to the postoperative bleeding
was found to be 10% (n = 6), which was considerably
high regarding overall routine CABG procedures [10]. In
Group NP, clopidogrel therapy was discontinued in two
patients who were re-operated for bleeding; however,
both patients survived without any problem in this risky
period. It is obvious that new antiplatelet regimens that
would not increase the rate of postoperative bleeding,
that would ensure stent patency during preoperative pe-
riod, and that would be short acting and easily reversible
are needed [11].

Bypass graft in an artery with a patent stent may be-
come thrombosed in early period due to native flow
competition. In the present study, graft patency was able
to be evaluated in only 4 patients who had undergone
mediastinal exploration for bleeding. While, 3 bypass
grafts were found to be patent, a graft occlusion was ob-
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served. These findings failed to provide adequate infor-
mation about early patency since there were limited
number of patients and the mediastinal explorations had
been performed on the day of the operation. The main
limitation of the present study was the fact that graft
patency could not be evaluated via angiography.

In case of graft occlusion in an artery with a patent
stent due to competition, the circulation would again be-
come stent-dependent, and thus clopidogrel therapy
would again become important. It was remarkable that
acute myocardial ischemia had not been encountered in
any of the patients although postoperative clopidogrel
had not been used in the majority of the patients in Group
P. This was attributed to the facts that either the grafts
remained widely patent or the stents which overcame
bypass graft flow were resistant against acute occlusion
due to their good hemodynamic properties even in the
absence of clopidogrel therapy.

4.1. Limitations of the Study

There are several limitations of the study because of ret-
rospective design. Evaluation of the early graft patency
using cardiac CT would strengthen our paper but infor-
mation we have is very limited. However, we have not
performed recent patency evaluation because it will
demonstrate mid or long-term patency (some of patients
was operated six years ago) and this information without
early patency rates does not clarify the question which
method is better, patent stented coronary artery should be
by-passed or not. Occlusion occurred during mid or
long-term is multifactorial. Additionally, graft flows and
data from autopsies are not available. Because, autopsy
and measurement of graft flow are not performed rou-
tinely at our institution.

The small number of the patients in the study population
is another limitation. But we denote that we need several
years to expand the study population. Although our insti-
tution is one of the biggest hospitals of Turkey and more
than 1000 CABG procedure are performed annualy, the
number of patients who can be included study is fifty-nine
in the six years interval. Obviously, prospective, multi-
centeric studies, in which the above mentioned limitation
is eliminated, are needed.

4.2. Conclusion

In conclusion, bypassing a patent stented coronary artery
in semi-urgent CABG cases leads to elevation in CC time;
however, this elevation makes no significant difference
in the clinical course of the patients. Although it was not
significant, it was suggested that bypass graft protected
the patients from the adverse effects of stent occlusion.
In the patients without bypass grafting, stent occlusions
were substantially prevented via postoperative dual anti-

Copyright © 2012 SciRes.

platelet therapy. However, clopidogrel therapy is likely
to be discontinued in any time during postoperative pe-
riod, and in that case, the stent-dependent coronary cir-
culation might be unsafe. Therefore, we suggest that it is
more reasonable to perform bypass to a coronary artery
with a patent stent in semi-urgent CABG cases.
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