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ABSTRACT
Objectives: This study aimed to investigate the early results of the patients presented with acute coronary

syndrome (ACS) who underwent coronary artery bypass grafting (CABG) after percutaneous coronary

intervention (PCI) to the culprit lesion. 

Methods: Patients who underwent CABG between January 2011 and January 2014 were enrolled and divided

into two groups. Group 1 (102 patients) was consist of the patients who were hospitalized with ACS and

underwent CABG after a previous PCI. Group 2 (107 patients) was consisting of the patients who underwent

elective CABG operation after elective coronary angiography. 

Results: There was no statistically significant difference between the groups in terms of demographic features

and preoperative risk factors. Preoperative use of angiotensin-converting enzyme inhibitor and levosimendan

were significantly higher in group 1 compared to group 2. (95 (93.1%) vs. 89 (83.1%), p = 0.027). The operative
variables were similar between two groups whereas the postoperative blood drainage amounts were

significantly higher in group 1 than group 2 (546.3 ± 172 cc vs. 424.2 ± 185 cc, respectively, p < 0.001). The
blood product usage was significantly higher in group 1 than in group 2 (3.3 ± 1.8 units vs.1.7 ± 0.9 units,

respectively, p < 0.001). 
Conclusions: Early CABG operation after ACS is a safely applicable process with acceptable mortality and

complication rates.

Keywords: Early CABG operation after ACS is a safely applicable process with acceptable mortality and

complication rates.

ardiovascular Diseases (CVDs) are the most

common cause of mortality in developed coun-

tries as it is the expected case to be valid in developing

countries in the future [1]. Coronary artery disease

(CAD) is the most common form of cardiovascular

diseases which is associated with high mortality and

morbidity all over the world. Ischemic heart disease

may clinically manifests as silent ischemia, stable

angina pectoris, unstable angina pectoris, myocardial

infarction (MI), heart failure, or sudden cardiac death.

Acute coronary syndrome (ACS) is the name of a

group of diseases that show different clinical manifes-
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tations in the course of coronary artery disease but en-

tirely have a common pathophysiological mechanism

[2]. The primary goal of the treatment in this clinical

presentation, which manifests in a broad clinical spec-

trum ranging from unstable angina to ST elevation

myocardial infarction (MI), is to eliminate acute ob-

struction in the coronary circulation by thrombolytic

therapy, emergent percutaneous coronary intervention

(PCI) or coronary artery bypass grafting (CABG) sur-

gery. In this study, the patients presented with ACS

who underwent PCI for the culprit lesion were exam-

ined. The patients who were scheduled to undergo

CABG for coronary artery stenosis after PCI were

compared with those who were scheduled to undergo

elective CABG only. The aim of this study was to

compare early (30 days) postoperative outcomes in-

cluding mortality, morbidity and relevant factors be-

tween the two groups.

METHODS

Patients

      This study was approved by the Medical Research

Ethics Committee of our hospital. The data of 209 pa-

tients who were included in the study between January

2011 and January 2014 in our cardiovascular surgery

department were retrospectively analyzed. According

to the diagnostic and treatment protocol for ACS in

our hospital, Coronary angiography (CAG) is sched-

uled within the first six hours after the onset of chest

pain in patients presented with ACS. In our study, PCI

was performed for the responsible coronary lesions de-

tected by CAG, and then the patients underwent

CABG surgery because of extensive coronary lesions

other than the culprit lesion. The patients who were

scheduled to undergo CABG-only in the early period

were also enrolled. In the same period, the patients

who were scheduled to undergo elective CABG-only

after elective CAG were also reviewed. Another pa-

tient group was randomly selected from the patients

who had undergone CABG and included in the study

as the control group. The 30-day postoperative mor-

tality and morbidity data and the factors related to

morbidity and mortality were investigated using the

digital medical files of the patients. In this study, a

total of 102 patients presented with ACS and had un-

dergone CABG after PCI were classified as Group 1;

in the same period, 107 patients who underwent elec-

tive CABG-only after elective CAG were classified as

Group 2. The demographic characteristics, past med-

ical history, perioperative data, and early postoperative

mortality and morbidity outcomes were examined.

The left ventricular function of all patients was evalu-

ated by transthoracic echocardiography on the day be-

fore the surgery. As a clinical protocol, 87 (85.3%)

patients underwent CABG when preoperative troponin

I level was below 3 ng/ml after MI. In this group, al-

though they were hemodynamically stable, 15 (14.7%)

patients underwent CABG within the first three days

due to a critical coronary artery lesion [severe left

main coronary artery stenosis or severe proximal left

anterior descending artery (LAD) stenosis] and ongo-

ing angina despite optimal medical treatment after

MI.After the first antiaggregant treatment given after

PCI procedure, the antiaggregant treatment was termi-

nated. If the stent was placed on the culprit lesion,

clopidegrol (75 mg 1×1) was started on the second

postoperative day. Patients with a history of previous

CABG operation, those who required additional sur-

gery other than CABG, and who needed emergency

surgery due to hemodynamic instability were excluded

from the study. 

Statistical Analysis 

      SPSS 16.0 program was used for the analysis of

the data. Categorical variables were expressed as num-

ber (%) and continuous variables were expressed as

the mean ± standard deviation. The Fisher's Exact Test,

Pearson's Chi-Square test, independent-samples t-test,

and Mann-Whitney U test were used for the relevant

analyses. A p value of <0.05 was considered as statis-
tically significant. 

RESULTS

      In Group 1, there were a total of 102 patients (71

men and 31 women) with a mean age of 60.2 ± 9.0

years. In Group 2, there were a total of 107 patients

(77 men and 30 women) with a mean age of 61.2 ±

10.6 years. The preoperative variables of the patients

in the two groups are shown in Table 1. The mean

waiting time for the surgery was 9.7 ±4.6 days in the

patients who were admitted with ACS. All patients had

undergone CABG between 1 to 21 days after hospi-
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talization. There was no statistically significant differ-

ence between the two groups in terms of DM, HT, HL,

smoking, and chronic obstructive pulmonary disease.

The percentage of the patients using oral ACE in-

hibitors preoperatively was quite close in the two

groups, but the difference was statistically significant

[95 (93.1%) vs. 89 (83.1%), respectively; p = 0.027].
The number of patients taking intravenous levosimen-

dan in the preoperative period was higher in Group 1

than in Group 2 [21 (20.5%) vs. 11 (10.2%), respec-

tively; p = 0.039]. 
      The variables that were evaluated during the sur-

gery in the two groups are shown in Table 2. The vari-

ables such as the number of grafts used in CABG,

cross-clamping time, perfusion time, and LIMA usage

among the perioperative data were compared between

the groups. The LIMA graft was frequently used in

both groups and there was no statistically significant

difference between the two groups regarding LIMA

use [97 (95%) and 97 (90.6%), respectively; p =

0.213]. There was no statistically significant difference

between the two groups in terms of cross-clamping

times [67.1 ± 27.2 min vs. 69.6 ± 27 min, respectively;

p = 0.498], perfusion times [91.8 ± 36 min vs. 90.8 ±
33.4 min, respectively; p = 0.843] and the number of

grafts used in CABG [3.3 ± 1 vs. 3.3 ± 0.9, respec-

tively; p = 0.901]. 
      The patients were monitored in terms of early sur-

gical complications and certain parameters in the in-

tensive care unit until the discharge. The amount of

drainage in the first 24 hours postoperatively was

found to be 546.1 ± 173 cc in Group 1 and 424.2 ±

185.6 cc in Group 2 (p < 0.001). Parallel to this, the
amount of blood products used in the first 48 hours

postoperatively was 3.3 ± 1.8 units in Group 1 and 1.7

± 0.9 units in Group 2 (p < 0.001). The number of pa-
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tients requiring intra-aortic balloon pump (IABP) sup-

port in the postoperative period was higher in Group

1 than in Group 2, but the difference was not statisti-

cally significant between the two groups [22 (21.5%)

vs. 13 (12.1%), respectively; p = 0.068]. IABP support
was used in the management of pump failure follow-

ing cardiopulmonary bypass, and low cardiac output

syndrome in both groups (Table 3). 

      In the overall study population, mortality was ob-

served in 9 (4.3%) patients. Three patients died due to

low cardiac output and one patient died due to multi-

organ failure in Group 1; while two patients died due

to multi-organ failure and 3 patients died due to sepsis

in Group 2. There was no significant difference be-

tween the two groups in terms of in-hospital mortality

rate [5 (4.9%) and 4 (3.7%), respectively; p = 0.470].

DISCUSSION

      In this study, we demonstrated that CABG can be

performed in the early period with acceptable morbid-

ity and mortality rates after PCI applied to the respon-

sible coronary lesion in patients presented with ACS. 

      The acute coronary syndrome is the acute deteri-

oration of underlying coronary artery disease by

atherothrombotic occlusion of epicardial coronary ar-

teries which leads to significant rates of mortality and

morbidity. Successful interventional treatments have

been developed over time for this acute devastating

disease and significant improvements in in-hospital

and long-term mortality rates have been achieved [2-

5]. When ACS is diagnosed, treatment modality

should be determined and the appropriate process for

the required revascularization method should be initi-

ated. Considering the coronary anatomy, the general

condition of the patient and the interventional capabil-

ity of the center, PCI or CABG should be decided for

revascularization of the responsible coronary lesion or

lesions. Recently, PCI has become the first choice

treatment in the setting of ACS which results in satis-

factory outcomes [5]. By the introduction of new de-

vices and technical improvement in PCI procedures

have allowed satisfying revascularization of lesions in

epicardial coronary arteries and have significantly in-

creased the availability of the procedure even in com-

plex lesions. However, PCI can be inadequate to open

target vessels in some cases such as left main coronary

artery diseaseand multi-vessel disease or depending

on the skill and experience of the cardiologist who per-

forms the procedure. Under these circumstances,

CABG becomes the preferred revascularization

method. Along with the developments in invasive car-

diology, it is possible to determine the limits of oper-

ability criteria, which is an important problem in

cardiac diseases. In the previous studies till today, the

precise indications for PCI and CABG have been de-

termined. However, there are still debates on some le-

sions and patient characteristics. "Intervention-free life

expectancy" and "event-free life expectancy" rather

than the survival rates of patients after the procedure

have become essential in determining indications [6].
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Although both procedures can be performed in ACS,

the choice and timing of the revascularization method

are still controversial. In randomized studies, it has

been emphasized that immediately identifying the pa-

tients who will benefit from early surgical revascular-

ization is important [7]. According to coronary lesions

viewed by CAG, medical treatment of the patients is

initiated after the decision for the choice of revascu-

larization method (PCI or CABG). Five large random-

ized studies (RITA, GABI, CABRI, EAST, and BARI)

have compared outcomes of the patients with multi-

vessel disease after PCI and CABG. These studies

concluded almost the same results. Both revascular-

ization methods have similar risks of death and non-

fatal myocardial infarction. However, patients treated

with CABG were less likely to suffer from angina and

to take anti-anginal drugs in the postoperative period.

Further revascularization intervention was needed

more frequently in patients who were treated with PCI.

Moreover, it has been clearly shown in the BARI study

that surgical method was superior to PCI in the man-

agement of diabetic patients with multi-vessel CAD. 

      We designed our study for the patients who were

presented with ACS and underwent PCI for the culprit

coronary lesion and then underwent elective isolated

CABG for the other lesions in the early postoperative

period. As a control group, we randomly selected the

patients with stable CAD who underwent elective iso-

lated CABG after elective CAG in the same time pe-

riod in our hospital. Hemodynamically unstable

patients were not included in our study. Coronary ar-

tery by-pass grafting was performed on an average of

9.7 ± 4.6 days in ACS patients. There was no signifi-

cant difference between the two groups in terms of

mortality. In a study including 12,227 patients between

2000 and 2012, Potluri et al. [7] have shown that there
was a significant reduction in all-cause mortality in

patients who underwent primary angioplasty after

ACS and then who underwent CABG due to appro-

priate indications. The mortality rate of this study is

very close to our mortality outcome. The general de-

cline in mortality rate was emphasized overall ACS

patients who had undergone CABG thereafter, espe-

cially in the group underwent CABG after PCI. 

      In our study, there was no statistically significant

difference between the two groups in terms of the pre-

operative variables, demographic characteristics and

concomitant diseases. Among the preoperative vari-

ables, there was a statistically significant between the

two groups regarding the medical treatments used in

the preoperative period. There was a statistically sig-

nificant difference between the two groups in terms of

the use of oral ACE inhibitors and the use of intra-

venous levosimendan before the surgery. The use of

oral ACE inhibitor was higher in Group 1. ACE in-

hibitors have the proven benefits such as increasing

survival in ACS patients, reducing ventricular remod-

eling, having anti-atherogenic effect, and reducing the

risk of death due to CAD [8-14]. In our study, we think

that the use of oral ACE inhibitor was higher in Group

1 because of these reasons. In our hospital, the patients

presented with ACS are treated with oral beta-blockers

and oral ACE inhibitors routinely if there is no con-

traindication. Both drugs have been proven in terms

of efficacy, so included in our routine clinical practice

[15, 16]. The treatment protocol of our center can ex-

plain the difference between the study groups regard-

ing medications used. 

      Similarly, another preoperative medication that

was statistically significantly different between the

two study groups was the percentage of patients re-

ceived intravenous levosimendan. Myocardial dys-

function develops frequently in acute and subacute

periods after ACS. Early revascularization results in

early reperfusion in infarct- or ischemia-related artery

and a rapid improvement in ventricular function usu-

ally occurs after thrombolysis. However, if transmural

injury and/or microvascular obstruction occurs, espe-

cially in the anterior wall after NSTEMI or STEMI,

the pump failure accompanied with pathologic remod-

eling and clinical signs and symptoms of heart failure

may complicate the acute phase and can result in

chronic heart failure. Before CABG, especially in the

period after ACS, the situations such as the develop-

ment of left ventricular dysfunction in echocardiogra-

phy may be encountered which represent increased

risk of morbidity and mortality after CPB. In these

cases, preoperative levosimendan infusion would be

beneficial in preventing increased mortality due to left

ventricular dysfunction during and after cardiac sur-

gery [17-19]. The fact that this treatment protocol,

which was used significantly higher in Group 1, was

applied for the medical treatment of the left ventricular

dysfunction occurring after ACS would also explain

the statistically significant difference between the two

groups. In our postoperative data, although it is not
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statistically significant, greater use of IABP in Group

1 may explain that the increase in preoperative use of

levosimendan was related to the intention to amelio-

rate the left ventricular dysfunction. 

      In the postoperative period, there was no statisti-

cally significant difference between the two groups in

terms of the time spent on mechanical ventilation, the

development of heart rhythm problems, infections,

and the length of stay in the intensive care unit. How-

ever, in the postoperative period, there was a statisti-

cally significant difference between the two groups in

terms of the amount of blood in drainage systems and

the amount of blood and blood products used. Al-

though the increased drainage in Group 1 did not re-

quire re-exploration for surgical revision of the

bleeding, it became important with the increased need

for blood and blood products. In addition to the me-

chanical approach to vascular pathology in the treat-

ment of ACS, there are also medical treatment options

to increase and maintain the blood flow and prevent

re-stenosis after revascularization. Various drug

groups such as thrombolytics, antithrombotics and an-

ticoagulants have taken place in the treatment. These

treatments, which are part of the treatment of ACS,

bring the risk of bleeding problems together [20]. In

the ACUITY study by Ben-Gal et al., after CABG was
performed in patients with ACS and stable angina pec-

toris, the patients’ mid- and long-term results have

been examined. In this study, the authors mentioned

that bleeding problems were experienced in the ACS

group in the postoperative period due to antithrom-

botic and anticoagulant therapy used in the treatment

of 1ACS preoperatively [21]. In our study, we ob-

tained similar results and there was no reoperation

need for bleeding revision, which suggest that this

treatment protocol is suitable and its implementation

prior to CABG does not create essential problems in

the postoperative period. 

Limitations 

      This study is a retrospective study carried out in

two homogeneous groups of patients. Our results may

have been affected by our treatment methods. Rela-

tively small number of patients is also a limitation of

the study. The surgical interventions had been per-

formed by different surgeons which. make the stan-

dardization difficult. Our patients were analyzed for

in-hospital mortality and morbidity. For this reason,

its mid-term and long-term results could not be as-

sessed. In addition, patients with hemodynamic insta-

bility after myocardial infarction were excluded. The

patients were operated at least 24 hours after myocar-

dial infarction. Therefore, the data of this critical group

of patients were not included in the comparisons be-

tween the study groups. On the other hand, this situa-

tion made it possible to increase the homogenization

of the groups and prevented the critical preoperative

condition to affect the results of the study.

CONCLUSION

      According to our results, the use of preoperative

levosimendan infusion and the need for postoperative

IABP support were higher in the patients who were

admitted with ACS and had undergone CABG-only

compared to the group that underwent elective CABG-

only. This finding has reinforced the depressive effect

of ACS on left ventricular functions. Nevertheless,

there was no significant difference in mortality rates

between the two groups. It may be thought that the in-

creased need for medical practice and IABP support

as well as the length of stay in the intensive care unit

increase the treatment costs. However, there is no pre-

vious comparative study on this topic. Based on the

results of our study and the previous studies, we be-

lieve that CABG can be safely and successfully per-

formed in the early period with acceptable morbidity

and mortality rates in ACS patients who underwent

PCI for the culprit lesion and who have an indication

for CABG surgery due to the remainder lesions. 
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