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Abstract
Objectives: We aimed to evaluate the potential effects of heart positioning during off-pump CABG (OPCAB) without a
cardiac stabilizer device on serum levels of ischemia modified albumin (IMA) and cardiac output (CO).

Materials and Methods: This was a prospective study in which consecutive patients who underwent isolated OPCAB
were included. Data including electrocardiography and intraarterial hemodynamic monitoring parameters were recorded.
Arterial pressure waveform was analyzed. CO was measured for circumflex coronary artery (Cx), diagonal coronary
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Abstract
artery (D1), left anterior descending coronary artery (LAD), and right coronary artery (RCA) positions. Preoperative and
postoperative 1st, 2nd, 4th, and 12th-hour blood samples were taken for serum ischemia modified albumin measurements.

Results: Forty patients who underwent OPCAB were included in the study. The mean age was 60.3±10.2 years. Hospital
mortality, stroke, postoperative myocardial infarction, acute kidney injury, sternal infection, and re-operation for bleeding/
tamponade were not observed postoperatively. Six patients (15%) who developed postoperative atrial fibrillation (AF) had
a significantly higher mean serum IMA level compared with patients who did not. There was no statistically significant
difference in preoperative and postoperative mean serum IMA levels (p=0.925). Mean CO values measured at four different
heart positions were not significantly different from each other except for a difference between LAD and Cx (p=0.002).

Conclusion: Our results showed that when the heart was in the Cx anastomosis position, the CO was significantly lower
than the LAD position; however, there was no significant serum IMA raise despite CO decrease. IMA levels did not
change significantly from baseline values. Patients who developed postoperative AF had higher IMA levels than patients
who did not develop AF.

Keywords: Atrial fibrillation, cardiac ischemia, cardiac output, ischemia modified albumin, off-pump coronary artery
bypass

Introduction
Coronary artery bypass grafting is a common surgical
procedure for multi-vessel atherosclerotic patients,
which can be performed while the heart is still beating
off-pump) or with cardioplegia (on-pump)(1-3). Several
studies have shown that off-pump cardiac bypass surgery
(OPCAB) is associated with less cardiac injury and
systemic inflammation compared to on-pump coronary
artery bypass grafting (CABG). Moreover, these
molecular changes can lead to clinical outcomes such
as lower complication rates, lower mortality rates, and
shorter hospital stays in favor of OPCAB(2,4,5). However,
OPCAB is not always innocent of myocardial injury(6),
and generally is criticized for its inability for extensive
revascularizations. These limitations prompted the
use of cardiac stabilizers but that may have negative
consequences in terms of systemic hemodynamics.
Postoperative myocardial ischemia is one of the
most common factors that cause the development of
postoperative myocardial infarction (MI), which is seen
between 3% and 20% of CABG patients(7-9). Detecting
and monitoring ischemia before irreversible tissue

damage occurs as in postoperative MI should be one
of the most important goals. Several myocardial injury
markers, including troponin I, Heart-Type Fatty AcidBinding Protein, choline, and others, are being used for
this purpose(10-12).
Ischemia modified albumin (IMA) is generated by
the modulation of the tertiary structure of the albumin
molecule by reactive oxygen species during ischemia(10).
Several studies up to now have demonstrated the efficacy
of serum IMA levels for early detection of ischemia in
various settings, including acute coronary syndrome
and postoperative MI(13,14). However, data regarding the
utility of serum IMA for the detection of ischemia during
OPCAB are insufficient(15,16).
Clinical experiences point to the deleterious effects of
cardiac stabilizing devices used during OPCAB. These
should be taken with regard to the beneficial effects
obtained with OPCAB. Dong et al.(16) evaluated the role
of serum IMA levels in patients undergoing OPCAB in
which a cardiac stabilizer was used. Thus, we aimed to
investigate serum IMA levels and the alterations in cardiac
output (CO) when the heart was temporarily suspended
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at various positions during OPCAB procedures without
cardiac stabilizer.

Materials and Methods
Our study was a prospective study that primarily
investigated the effects of different surgical positions of
the heart provided by simple suspension sutures during
isolated off-pump coronary artery bypass surgery on
serum ischemia modified albumin levels and CO. The
study was performed at Dışkapı Yıldırım Beyazıt Training
and Research Hospital between February 2011 and June
2011. The Ethics Committee of Dışkapı Yıldırım Beyazıt
Training and Research Hospital approved the study
protocol (approval number: 27, date: 17/08/2011), and
all patients provided written informed consent before
enrolment in the study. The study was performed in
compliance with the Helsinki Declaration.
The consecutive patients who were scheduled to undergo
isolated off-pump CABG (OPCAB) were included in the
study, irrespective of the number and localization of the
atherosclerotic coronary artery. The indications for CABG
were determined by a committee involving cardiologists
and cardiac surgeons. Patients with the following features
were excluded: requirement for emergency surgery, acute
MI, on-pump CABG, additional cardiac pathology rather
than coronary artery disease requiring intervention such
as valve lesions, chronic kidney disease, liver disease,
incurable malignancy, cerebrovascular accident, systemic
infections and low preoperative serum albumin level.
All patients underwent routine preparation phase for
the CABG operation, which was standard at our institution.
Intraoperative data including electrocardiography,
intraarterial blood pressure, central venous pressure,
oxygen saturation obtained with pulse oximetry, urine
output, and body temperature were monitored and
recorded. Arterial pressure waveform (APW) was
analyzed (Flotrac Sensor System, Edwards Lifesciences,
Irvine CA, USA). CO was measured noninvasively for
12 hours. CO and the length of stay of the measurement
sensor at the respective position were measured for
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circumflex coronary artery (Cx), diagonal coronary artery
(D1), left anterior descending coronary artery (LAD) and
right coronary artery (RCA).
Several venous blood samples were obtained for the
measurement of serum IMA levels. The first sample
was taken before the induction of anesthesia (first
measurement). Subsequent blood samples were obtained
in a serum separator at postoperative 1st, 2nd, 4th and 12thhour time points (second, third, fourth and fifth IMA
measurements, respectively). After 30 minutes, the clotted
samples were centrifuged for 15 minutes at 1,000 g. All
serum samples were kept at −20 °C until analysis and being
centrifuged again after thawing before its use in the assay.
The serum IMA levels were analyzed using the Cusabio
Biotech human IMA ELISA kits (catalog number: CSBE09594h, USCN, Houston, TX, USA).
The logistic version of the European System for Cardiac
Operative Risk Evaluation (Log-EuroSCORE) was
calculated to predict operative mortality(17). EuroSCORE
incorporates patient, cardiac and operation related risk
factors to produce an overall risk score. In the logistic
version, the same risk factors are used.
Surgical Procedure
Anesthesia induction was performed using propofol
(3-4 mg/kg/hour), thiopental (3-5 mg/kg), or fentanyl
citrate (5-10 μg/kg). Maintenance of anesthesia was
achieved with propofol, fentanyl or sevoflurane at low
concentrations. Unfractionated heparin of 5,000 U was
administered to all patients during internal thoracic artery
harvesting and the same dose was re-administered when
apparent coagulation was observed at the operation
site. Median sternotomy was performed. Left internal
mammary artery (LIMA), radial artery, and saphenous
vein grafts depending on the coronary anatomy were
prepared simultaneously. The targeted intraoperative
heart rate was 50-70 beats per minute. The heart rate was
controlled by the application of beta-blockers, namely,
esmolol or metoprolol. Systolic blood pressure was
maintained at 50-70 mmHg during the distal anastomosis.
E Journal of Cardiovascular Medicine | Volume 9 | Issue 1 | 2021
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Patients were placed into Trendelenburg position and the
dose of the inhaled anesthetic was adjusted to keep the
systolic blood pressure within the target range. Neither
intracoronary shunts nor commercial stabilizer devices
were used in any of the operations. During the surgery,
stabilization of target coronary arteries was achieved via
simple radial traction sutures as described elsewhere(18).
During the creation of distal anastomoses, bleeding
arising from the target coronary artery was controlled with
atraumatic bulldog clamps. The proximal anastomosis of
the radial artery graft was performed on LIMA in eligible
patients, and in the rest of the patients, the ascending aorta
with a side-clamp was used for this purpose.
After the construction of the anastomosis, a bleeding
check was made, epicardial pacing wires and thorax
drains were placed. Thereafter, sternum was closed and
the patient was transported to the surgical ICU.
All patients were administered metoprolol 50 mg/day,
acetylsalicylic acid 300 mg/day, and clopidogrel 75 mg/
day postoperatively unless a contraindication was present.
Patients whose conditions were stable were transported to
the surgical ward and discharged when appropriate.
Statistical Analysis
One-way analysis of variance (ANOVA) was used to
compare the CO values measured in LAD, D1, Cx, and
RCA positions of the patients, and the Tukey test was
used for binary comparisons for statistically significant
parameters. In the analysis of the changes in the IMA
values in post-operative measurements, repeated measures
ANOVA was used if the test assumptions were met, and
the Friedman test was used if the assumptions were not
met. Multivariable regression analysis and the Pearson
correlation analysis were used to investigate the effect of
CO values measured at four positions of the heart and the
IMA levels. The Kruskal-Wallis H statistical analysis was
used in the comparison of CO at four different positions
and IMA level according to the number of grafts. Statistical
analysis was performed using SPSS 16 Statistical Package
for Social Sciences (SPSS Inc. Released 2007. SPSS for

Windows, Version 16.0. Chicago). A p-value lower than
0.05 was considered statistically significant.

Results
Forty patients who underwent elective, isolated, primary
CABG with the off-pump technique were included in the
study. There were 10 (25%) women and 30 (75%) men.
The mean age of the patients was 60.3±10.2 years. The
mean Log-EuroSCORE and left ventricle ejection fraction
(LVEF) of the patients were (4.62±6.73) and (44.6±5.3%),
respectively. Hospital mortality, stroke, postoperative MI,
acute kidney injury, sternal infection, and re-operation for
bleeding/tamponade were not observed postoperatively in
any of the patients. None of the patients required intraaortic balloon pump and conversion from OPCAB to
CABG with cardiopulmonary bypass due to hemodynamic
instability. Atrial fibrillation (AF) was seen in 6 (15%)
patients postoperatively. The mean length of stay in the
intensive care unit (ICU) and the hospital were 2.02±1.4
and 6.5±2.0 days, respectively. The clinicodemographic
characteristics and perioperative features of the entire
study population are presented in Table 1.
There was no statistically significant difference
in preoperative and postoperative mean serum IMA
levels (p=0.925) (Table 2 and Figure 1). Postoperative
IMA values measured at 1st, 2nd, 4th, and 12th hours
were not significantly different from each other and
mean preoperative IMA value. There was no significant
correlation between the mean serum IMA level and
LogEuroscore, LVEF, number of grafts, length of
operation, postoperative hemoglobin level, and length of
ventilation.
The mean CO values measured in four different
positions of the heart were not significantly different from
each other except the difference between LAD and Cx
(Table 3 and Figure 2). The mean CO was 3.44±0.76 L/
minute at LAD position, and 2.80±0.48 L/minute at Cx
position (p=0.002). None of the CO values measured
at different positions was correlated with age, LVEF,
LogEuroscore, length of operation, and serum IMA levels.
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Table 1. Clinicodemographic characteristics and perioperative
features of the entire study population
Parameters

Variable value
[n (%) or mean ± SD]

Preoperative data

The mean CO values at four different positions and
mean IMA levels were not significantly different in
patients who underwent 1st, 2nd, 3rd, and 4th vessel CABG.
The only observed complication during the
postoperative follow-up was AF in six patients (15%). The
patients who developed postoperative AF had significantly
higher mean serum IMA level compared to patients who
did not (Table 4).

Age (years)

60.3±10.2

Sex (male)

30 (75%)

Body mass index (kg/m2)

26.12±4.33

Peripheral vascular disease

2 (5%)

Diabetes mellitus

15 (37%)

Hypertension

32 (80%)

Discussion

Hyperlipidemia

13 (32%)

The feature results of our study were as follows:

COPD

11 (27%)

Smoking history

24 (60%)

Cerebrovascular disease

0

LogEuroScore

4.62±6.73

LVEF

44.6±5.3%

Operative data
Conversion to CPB

0

Number of bypassed vessel

3 (7%)

CABGx1

12 (30%)

CABGx2

13 (33%)

CABGx3

12 (30%)

CABGx4

0

IABP

287.30±72.06

CO measured at the position of LAD anastomosis was
significantly higher than in the Cx position. Patients who
developed postoperative AF had higher IMA levels than
those who did not develop AF.
Table 2. Median serum IMA values at preoperative and several
postoperative time points (n=40)
IMA
Pre-operative

92.4 (91.7-94.3)

Post- operative (1st hour)

92.4 (92-94.9)

Post- operative (2nd hour)

93.6 (91.8-95.4)

Post- operative (4 hour)

93.1 (91.8-95.3)

Post- operative (12th hour)

93.4 (91.8-95.1)

th

p-value

0.907

IMA: Ischemia modified albumin, n: Number

Mean skin-to-skin OR time (minutes)
Postoperative data
Hospital mortality

0

Postoperative MI

0

Atrial fibrillation

6 (15%)

Stroke

0

Chronic kidney disease

0

Re-operation for bleeding/tamponade

0

Sternal infection

0

Length of ICU stay (days)

2±0.45

Length of hospital stay (days)

6.49±0.93

CABG: Coronary artery bypass grafting, COPD: Chronic obstructive
pulmonary disease, CPB: Cardiopulmonary bypass, IABP: Intraaortic
balloon pump support commenced at perioperative period only, ICU:
Intensive care unit, LVEF: Left ventricular ejection fraction, MI: Myocardial
infarction, OR: Operating room, SD: Standard deviation

Figure 1. Mean serum IMA values at preoperative and several
postoperative time points
IMA: Ischemia modified albumin, Post-op: Post-operative
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One of the most important disadvantages of OPCAB
surgery is its lack of capacity for performing extensive
revascularization procedures mainly due to the
hemodynamic instability caused by changing the positions
of the heart(19,20). On the other hand, using stabilizer
devices may extend the duration of the operation and
cumbersome to use. Therefore, we did not use stabilizer
devices in OPCAB operations in this study. We sought
to answer the question of whether different positionings
of the heart during OPCAB without a stabilizer device
had any bearings on the CO. In addition, we attempted
to evaluate whether any potential decrease in CO led to
ischemia that we measured via IMA levels in this study.

Dong et al.(16) assessed the level of IMA in patients who
underwent OPCAB. The authors found that serum IMA
level reached peak values immediately after surgery, then
gradually regressed, finally was significantly higher than
the baseline levels during the first 24 h after OPCAB in all
63 patients. Ten patients (16%) had postoperative MI. The
patients who developed postoperative MI had significantly
higher IMA levels than those without postoperative MI
at 3 hours after CABG. Moreover, in both groups, serum
IMA levels were significantly higher compared to baseline
values. In another study conducted with patients who
underwent OPCAB, the authors evaluated the relationship
between IMA and MI. They observed perioperative MI in
eight patients (16%) out of 50 study participants. The IMA
levels of the postoperative MI group at 30 minutes and
at three, six, and 12 hours after declamping were found
significantly higher than the patients who did not develop
postoperative MI. Additionally, the IMA levels at 30
minutes after aortic cross-clamping were higher than the
baseline IMA levels in both groups(13).Our study was not
in agreement with the findings of these two studies. First,
we did not observe any postoperative MI in our study
cohort. Second, the serum IMA levels were comparable
throughout the study at different time points.

Figure 2. Mean CO levels measured at LAD, D1, Cx, and RCA
positions

Interpositional CO comparisons detected significant
difference only between Cx and LAD cardiac positions
(lower in Cx) (p=0.002) In our study, compared to the
previous studies, postoperative serum IMA levels did not

CO: Cardiac output, LAD: left anterior descending coronary artery, D1:
Diagonal coronary artery, Cx: Circumflex coronary artery, RCA: Right
coronary artery

Table 3. Comparison of mean CO values measured in four different positions of the heart
CO (L/dk)

LAD (n=40)

D1 (n=20)

CX (n=29)

RCA (n=25)

p-value

3.44±0.7553

3.07±0.6255

2.80±0.4801

3.25±0.6811

0.003*

CO: Cardiac output, Cx: Circumflex, D1: Diagonal 1, LAD: Left anterior descending, RCA: Right coronary artery, n: Number
*There was only one significant intergroup difference between LAD and Cx (Tukey post-hoc test, p=0.002)

Table 4. IMA levels in patients with and without postoperative atrial fibrillation
Atrial fibrillation (AF)

IMA (Mean ± SD)

AF (-)
(n=34)

AF (+)
(n=6)

p-value

93.7±2.4

99.4±5.5

0.011

IMA: Ischemia modified albumin, SD: Standard deviation, n: Number, AF: Atrial fibrillation
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show any change from baseline. However, most studies
reported increased IMA levels after cardiac surgery even
in patients without postoperative MI(21,22). This was also
detected even in patients who underwent off-pump bypass
surgery.
Kanko et al.(22) studied the prognostic value of serum
IMA levels in patients undergoing CABG. Sixteen out
of thirty patients (53%) developed paroxysmal AF after
surgery. The mean serum IMA levels in these patients
was found to be significantly higher than in those
who did not develop AF. Up to current clinic data, our
study is the second study confirming this preliminary
result. In our study, six patients (16%) developed AF
postoperatively and the mean IMA levels of these patients
were significantly higher than those of patients without
postoperative AF. Regarding the potential predictive role
of serum IMA levels for the development of postoperative
AF, further studies are required.
Study Limitations
There are some limitations in this study, which deserve
to be mentioned: First, our sample size was relatively small.
Second, apart from six patients with postoperative AF, the
postoperative course was uneventful for the majority of
the patients; in other words, the study population did not
have any ischemic event such as postoperative MI. We did
not have any patients with postoperative MI in contrast
to the most reported studies. This fact might have led to
unchanged postoperative serum IMA levels compared to
baseline serum IMA levels. In addition, it would have
been better if we had studied other markers of myocardial
injury and ischemia. Measuring serum IMA levels is
more effective in early detection of ischemia than other
established markers. Despite these limitations, to our
knowledge, this is the first study in the literature reporting
the effect of OPCAB without stabilizing device on CO
and serum IMA levels.

Conclusion
This is the first study evaluating OPCAB without a
stabilizing device on CO along with serum IMA levels
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as a marker of ischemia. Our results showed that when
the heart was in Cx anastomosis position, the CO was
significantly lower than LAD position; however, there was
no significant serum IMA increase despite CO decrease.
Interestingly, patients who developed postoperative AF
had higher IMA levels than patients who did not develop
AF. Our results revealed favorable effects of OPCAB on
hemodynamics and ischemia, which is quite common
during bypass surgery.
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