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A b s t r a c t 

Introduction: Heart-type fatty acid-binding protein (H-FABP) is a novel indi-
cator of myocardial damage. The aim of the study was to compare the levels 
of H-FABP in off-pump and on-pump coronary artery bypass grafting (CABG).
Material and methods: Thirty non-randomised 30 patients who underwent 
CABG between January 2009 and January 2010 were enrolled in the study. 
Patients were divided into two equal size (n = 15) groups as group A (off-
pump CABG group) and group B (on-pump CABG group). Three arterial blood 
samples were obtained for H-FABP after sternotomy (H-FABP 1), after the 
last distal anastomosis in group A  and immediately after the cross clamp 
was removed from the aorta in group B (H-FABP 2) and 24 h after the oper-
ation (H-FABP 3). Renal and liver functions and circulating fatty acid binding 
protein (FABP) levels were also assessed in blood samples obtained 24 h 
before and 1 h after the operation.
Results: At all three assessment points patients in group B had significantly 
higher H-FABP values when compared with group A. Preoperative renal and 
liver functions were similar in both groups and they did not differ signifi-
cantly in group A and group B when preoperative and postoperative values 
were compared. In both groups circulating FABP levels increased in the post-
operative period, and the increase was more pronounced in the on-pump 
CABG group.
Conclusions: On-pump surgery resulted in higher levels of H-FABP as an 
ischaemic marker in patients receiving coronary artery bypass surgery.

Key words: coronary artery bypass grafting, off-pump, beating heart, 
metabolic process, fatty acid-binding globulin, myocardial-specific.

Introduction

Since the beginning of coronary artery bypass surgery, cardiopulmo-
nary bypass (CPB) has been an inevitable component of the procedure. 
In elective conditions mortality rates are reported between 2% and 3% 
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[1]. On-pump coronary bypass grafting provides 
a bloodless and stable surgical field, which is an 
optimum condition for coronary artery bypass 
grafting (CABG) [2]. However, it leads to systemic 
inflammatory response, which may affect lungs, 
heart, kidney, and brain [3]. Cardioplegic arrest 
and aortic cross clamping also add additional isch-
aemia, which may lead to additional injury to the 
heart and brain [4]. 

Off-pump CABG is a  less invasive procedure 
when compared with on-pump surgery [1–4]. 

However, a  less stable and less visible surgical 
field make surgery technically more demanding 
than on-pump surgery [4]. After the 1990s, de-
velopment of cardiac stabilisers made off-pump 
surgery more feasible. In recent years, off-pump 
coronary artery bypass application has increased 
with an idea to minimise the insult of CPB to the 
body during surgical revascularisation [5]. Upon 
avoiding CPB, myocardial ischaemia-reperfusion 
damage decreases and postoperative systemic 
complications fall clearly [6]. Previous reports in-
dicate shorter hospital stay, less need for trans-
fusion, reduced atrial fibrillation frequency, and 
fewer myocardial infarctions [2, 4].

Our purpose in this study was to assess the 
changes of heart-type fatty acid-binding protein 
(H-FABP) as a marker of ischaemia in patients un-
dergoing off-pump and on-pump CABG in a pro-
spective controlled manner.

Material and methods

This study was performed at the O.U.M.F. The 
study protocol was approved by the institutional 
Ethics Committee. Written, informed consent was 
obtained from all subjects. The technique of oper-
ation was chosen regarding the patients’ coronary 
lesions, and we tried to ensure full revascularisa-
tion in all cases. 

This was a non-randomised study, and during 
the study period 15 subjects who had undergone 
off-pump CABG were enrolled to the off-pump 
group (group A), whereas 15 subjects who un-
derwent on-pump CABG were enrolled to the on-
pump group (group B) during the same period. In 
both groups, subjects who were not willing to join 
the study, subjects who underwent re-do cardiac 
surgery, patients receiving additional valvular or 
aortic surgery, patients with a  recent myocardial 
infarction, emergent operations, chronic renal or 
hepatic diseases, and patients with diabetes mel-
litus were excluded from the study. 

Demographic parameters of the patients: body 
mass index (BMI), ejection fraction (EF), postop-
erative extubation time, and amount of postop-
erative drainage were noted. Intraoperative vein 
graft type and number of anastomoses were also 
recorded. Subjects were also evaluated for met-

abolic parameters, namely alanine transaminase 
(ALT), aspartate transaminase (AST), blood urea 
nitrogen (BUN), creatinine, BUN/creatinine ratio, 
and H-FABP.

Measurement of metabolic parameters

Arterial blood samples were obtained for 
H-FABG three times. The first samples were ob-
tained after sternotomy in both groups (H-FABP 
1). The second samples were obtained after the 
last distal anastomosis in group A (H-FABP 2). In 
group B the second blood samples were obtained 
immediately after the removal of the aortic cross 
clamp (H-FABP 2). The third samples were ob-
tained at the 24th h after the operation (H-FABP 3). 

Arterial blood samples were drawn into the plas-
tic tubes containing 1 mg/ml ethylenediamine-tet-
ra acetic acid (EDTA). The sera, which was provided 
from blood samples by centrifuging for 3500 rpm 
for 5 min, were stored at –70°C. H-FABP measure-
ments were performed by the Department of Mi-
crobiology, ELISA Laboratory by using H-FABP ELISA 
Kit (Life Diagnostics Inc., West Chester, USA). Nor-
mal values were accepted as 1.6–19 ng/ml, and  
> 19 was accepted as a marker of myocardial in-
farction. The measurements of ALT, AST, BUN, and 
creatinine values were performed twice. Venous 
blood samples were obtained 24 h before the oper-
ation and 1 h after the operation.

Anaesthesia technique

Premedication was provided with a  0.05 mg/
kg morphine intramuscular injection 30 min be-
fore the operation in both groups. The subjects 
were taken on the operation table and monitored. 
For induction, all subjects were administered  
0.3 mg/kg etomidate intravenously. Respiration 
was taken under control with a  mask following 
the loss of consciousness and lash. Neuromus-
cular blocker (0.9 mg/kg rocuronium) was given. 
The subjects were introduced sevoflurane volatile 
anaesthesia with a value of 2–4 minimum alveo-
lar concentration (MAC). After 3 min, intubation 
was performed and the subjects were connect-
ed to a mechanical ventilator. For central venous 
pressure follow-up an 8 Fr catheter was placed in 
the right internal jugular vein. An oesophageal 
heat probe was placed for heat tracking during 
the surgical operation, and a  Foley urine cathe-
ter was placed for kidney functions. The subjects 
were started with a 0.1–0.4 µg/kg/min remifent-
anil infusion. Mechanical ventilation was applied 
in controlled mechanical ventilation mode. When 
superficial anaesthesia symptoms were detected 
sevoflurane doses were increased. Upon ending of 
the surgery anaesthetic agents were stopped and 
the subject was transferred to an intensive care 
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unit. After the anaesthesia blood pressures were 
monitored through a  radial artery catheter, and 
central venous pressures were monitored through 
an internal jugular vein catheter.

Surgical procedure

In both groups the left internal mammary ar-
tery (LIMA) and saphenous vein grafts were pre-
pared after median sternotomy. The pericardium 
was opened and traction sutures were placed. 
In group A  the patients were heparinised as the 
activated clotting time (ACT) level would be be-
tween 200 and 250 s. First, proximal anastomoses 
were done on side-clamped ascending aorta. The 
zone to which the anastomosis was applied was 
stabilised using Octopus® II (Medtronic Inc., Min-
neapolis, MN) equipment. Coronary arteriotomy 
was performed. An intracoronary shunt was not 
used for distal anastomosis. The coronary arteries 
were occluded from proximal and distal segments 
by bulldog vascular clamps. The distal anasto-
mosis of saphenous vein grafts was performed 
in an end-to-side fashion with a  7/0 polyproline 
running suture. Finally, the LIMA-LAD (left anterior 
descending artery) anastomosis was performed in 
the same manner. Heparin was neutralised with 
protamine after the anastomoses.

In group B ascending aortic and two-stage ve-
nous cannulations were performed. Extracorpo-
real circulation was started. The aorta was cross 
clamped. Antegrade blood cardioplegia was in-
fused through the aortic root cannula. Cardiac ar-
rest was provided. Moderate (30–32°C) hypother-
mia was achieved by the pump. A Jostra®-coated 
oxygenator (Jostra Medizintechnik AG, Hirrlin-
gen, Germany) was utilised. While performing 
LIMA-LAD anastomosis, the subjects were heat-
ed gradually. The cross clamp was removed, and 
proximal anastomoses were on the side-clamped 
ascending aorta during CPB. After the proximal 
anastomoses, patients were gradually weaned off 
the cardiopulmonary bypass. 

Statistical analysis

Static analysis of all variables was performed 
with SPSS (Statistical Analysis for Social Sciences) 
version 19 (IBM Corporation, USA). For normal-
ly distributed variables t-test, two-way variance 
analysis, and two-tailed exact sigma test were 
used. Indicating statistics were given as average ± 
standard error (mean ± SE). For variables not nor-
mally distributed the Mann-Whitney U  and Wil-
coxon signed-rank test were performed, and the 
results were given as its median, and 25th and 75th 
percentile values. Descriptive analyses were pre-
sented as percentages. A  p-value less than 0.05 
was accepted as statistically significant. 

Results

Comparison of demographic data

The study included 30 subjects. Twelve out of 
the 30 subjects were female and the remaining 18 
were male. Both groups consisted of 15 subjects. 
Group A consisted of eight males and seven fe-
males, whereas group B consisted of 9 males and 
6 females. There were no significant differences for 
gender distribution, BMI, EF, and history of diabetes 
between groups (p = 0.080, p = 0.087, p = 0.130,  
p = 0.060, respectively). The age and FEV

1 levels 
differed between patients in groups. Patients in  
group B had significantly higher age and higher 
FEV

1 levels when compared with the patients in 
group A (59.00 ±9.9 vs. 66.40 ±9.4 years, p = 0.045 
for age and 76.20 ±9.1% vs. 84 ±10.3%, p = 0.037 
for FEV

1) (Table I).

Intraoperative and postoperative 
parameters

LIMA was used in 12 subjects in group A and  
13 subjects in group B. No significant difference 
existed for LIMA use between groups (p = 1.000). 
Saphenous vein graft use differed between groups. 
In group B, patients received significantly higher 

Table I. Comparison of age, BMI, EF, FEV1, and amount of postoperative drainage between groups

Parameter Group N Mean Standard deviation P-value

Age [year] A 15 59.00 9.907 < 0.05

B 15 66.40 9.402

BMI A 15 28.18 2.614 > 0.05

B 15 30.51 4.319

FEV1 (%) A 15 76.20 9.127 < 0.05

B 15 84.00 10.323

EF (%) A 15 46 14.533 > 0.05

B 15 53 8.236

Drainage [ml] A 15 714 283 > 0.05

B 15 779 278

BMI – body mass index, FEV
1
 – forced expiratory volume in 1 s, EF – ejection fraction.
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numbers of saphenous vein graft conduits (p < 
0.001, Table II). Radial artery graft was used only in 
one subject in group B. There was a significant dif-
ference between groups when the number of distal 
anastomosed vessels was compared. In group A,  
one and two vessels were anastomosed in six 
and nine subjects, and in group B two, three, and 
four vessels were anastomosed in two, 10, and 
three subjects, respectively (p < 0.001, Table III).  
Only two subjects needed intra-aortic balloon 
pump (IABP) support due to low EF and occurrence 
of hypotension at the time of distal anastomosis, 
and they were from group A. Although these pa-
tients were supported with high doses of inotropic 
drug infusion, their mean blood pressures were 
low, so they were supported with IABP counterpul-
sation, and after stable, reasonable target values of 
mean arterial pressure of 65 mm Hg were reached, 
IABP counterpulsations were weaned and removed. 
There was no statistical difference between groups 

regarding postoperative drainage (714 ±283 ml for 
group A and 779 ±278 ml for group B, p = 0.529). 

Mean operation time was shorter in the off-pump 
group than in the on-pump group (165 vs. 215 min, 
p = 0.02). Median extubation time was 210 min in 
group A and 360 min in group B (p < 0.001).

Metabolic parameters

The median values of the preoperative and post-
operative ALT, AST, BUN, creatinine, and BUN/cre-
atinine ratio are presented in Table IV. In group A,  
when preoperative and postoperative values were 
compared, no significant difference existed for 
ALT, creatinine levels, and BUN/creatinine ratio  
(p = 0.254, p = 0.471, p = 0.245, respectively); 
however, the AST and BUN levels were lower in 
the postoperative period (p = 0.017 and p = 0.020, 
respectively).

In group B, ALT and BUN levels significantly in-
creased in the postoperative samples (21 vs. 42 

Table II. Comparison of saphenous vein use between groups

Group Number of saphenous vein grafts P-value

0 1 2 3

Ab 3 12 0 0 < 0.001**

Bb 0 3 7 5

bPearson c2,**p <0.001.

Table III. Number of anastomosed vessels in groups

Group Number of anastomosed vessels Percentiles P-value

1 2 3 4 25 Median 75

Ab 6 9 0 0 1.0 2.0 2.0 < 0.001**

Bb 0 2 10 3 3.0 3.0 3.0

bPearson c2 test, **p < 0.001.

Table IV. Comparison of preoperative and postoperative values of ALT, AST, BUN, creatinine and BUN/creatinine 
between groups

Parameter Group Preop. percentiles Postop. percentiles

25 Median 75 25 Median 75

ALT [U/l] A 22 27 49 18 26 30

B 17 21 22 35 42 56

AST [U/l] A 19 30 37 14 18 32

B 14 18 23 14 23 37

BUN [mg/dl] 1 14 17 24 14 17 18

2 18 21 25 24 27 32

Creatinine [mg/dl] 1 0.8 1 1 0.8 0.8 1

2 0.9 1 1.3 1 1.2 1.5

BUN/creatinine 1 16 20 24 17 18 21

2 17 21 24 21 23 26
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for ALT, p < 0.001 and 21 vs. 27 for BUN p = 0.006). 
When preoperative and postoperative values were 
compared, no significant difference existed for 
AST, creatinine levels, and BUN/creatinine ratio  
(p = 0.124, p = 0.016, p = 0.186, respectively).

H-FABP levels in all three assessment points 
indicated a statistically significant difference be-
tween groups. Group B had significantly higher 
H-FABP values when compared with group B in all 
three assessment points (1.40 ng/dl vs. 3.10 ng/dl 
for H-FABP1, p = 0.004; 2.75 ng/dl vs. 10.10 ng/dl 
for H-FABP2, p < 0.001, and 1.40 ng/dl vs. 3.20 ng/dl 
for H-FABP3, p = 0.006, Table V). The H-FABP values 
were also compared in patients in group A and B.  
The H-FABP values did not differ significantly at 
different time points in group A  (H-FABP1: 1.40 
ng/dl, H-FABP2: 2.75 ng/dl, H-FABP3: 1.40 ng/dl;  
p = 0.15). However, in group B, the H-FABP 2 lev-
els (10.10 ng/dl) were found to be significantly in-
creased when compared with H-FABP 1 (3.10 ng/dl)  
and H-FABP 3 (3.20 ng/dl). In the same group, 
H-FABP 1 (3.10 ng/dl) and H-FABP 3 (3.20 ng/dl) 
were measured and found to be similar (Figure 1). 

Discussion

Off-pump CABG surgery may be preferable in 
certain cases because it results in lower surgical 
trauma when compared with on-pump surgery. In 
the literature various advantages of off-pump sur-
gery have been reported previously [7]. Off-pump 
CABG provides protection against pump lung syn-
drome [8]. The lung damage caused by CPB rang-
es from microatelectasis to acute respiratory dis-
tress syndrome [9]. An increase in extubation time 
also increases the risks of atelectasis, aspiration 
pneumonia, and swallowing problems and is re-
lated with increased mortality and morbidity risk. 
The risk of lung damage significantly increases 
when the extubation time exceeds 150 min [10]. 
In our study, although respiratory function tests 
were better in the on-pump group, extubation 
times were shown to be longer than for off-pump. 
The extubation time was, on average, 210 min in 

group A and 360 min in group B (p < 0.001). Ad-
ministration of lower doses of heparin, avoidance 
of CPB-related haemodilution, extracorporeal cir-
culation, and hypothermia-related coagulopathy 
results in less perioperative bleeding and reduced 
need for heterologous transfusion [11].

In a prospective study Yamada et al. evaluated 
transient hepatocellular damage in 38 subjects 
(17 off-pump; 21 on-pump) by measuring alcohol 
dehydrogenase (AD) and α-glutathione S-trans-
ferase (α-GST). Both markers have been found to 
significantly rise in the on-pump group postopera-
tively [12]. In a recent study on 50 subjects (25 off-
pump; 25 on-pump) Möhnle et al. evaluated the 
effect of surgery type on hepatic function and per-
fusion in subjects without pre-existing liver func-
tion [13]. Plasma indocyanine green clearance as 
well as standard laboratory tests were similar in 
the groups. In our study, in group A no significant 
difference existed in preoperative and postopera-
tive values in terms of ALT. AST levels decreased 
in the postoperative period. In group B, the pre-
operative and postoperative change of AST was 
not significant. ALT levels significantly increased 
in postoperative measurement. 

Renal impairment and acute renal failure are 
serious complications in coronary artery bypass 
surgery. Some previous studies indicated minimal 
renal failure in off-pump surgery when compared 

Table V. Levels of heart-type fatty acid-binding protein at assessment points

H-FABP Group Percentiles P-value

25 Median 75

H-FABP 1 
(after sternotomy)

A 0.80 1.40 2.90 < 0.01

B 2.60 3.10 4.50

H-FABP 2
(after the removal of aortic cross clamp/
last distal anastomosis)

A 1.90 2.75 4.00 < 0.001

B 4.70 10.10 15.00

H-FABP 3
(24th postoperative hour)

A 0.75 1.40 2.40 < 0.01

B 2.30 3.20 12.00

H-FABP – heart-type fatty acid-binding protein.

Figure 1. Change of H-FABP levels between assess-
ment points
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with on-pump [14]. In a  randomised controlled 
study on 1580 subjects (1145 off-pump; 435 on-
pump) Abu-Omar et al. reported better glomerular 
filtration and renal tubular function in off-pump 
surgery [15]. On the other hand, Gamoso et al. did 
not find any significant difference for renal dys-
function between on-pump and off-pump groups 
[16]. In our study the serum creatinine, BUN, and 
BUN/creatinine ratio were measured. Our results 
did not show any significant difference in creat-
inine and BUN/creatinine ratio in both groups in 
terms of preoperative and postoperative periods. 
Only in the on-pump group were BUN levels sig-
nificantly increased in the postoperative period.

In order to evaluate the myocardial injury in 
on-pump and off-pump surgery Chowdhury et al.  
conducted a  randomised study on 50 subjects 
[17]. Cardiac biomarkers including H-FABP, cardiac 
troponin I, CK-MB, high-sensitivity C-reactive pro-
tein, and myoglobin were used. The study results 
indicated that, among these markers, H-FABP and 
cardiac troponin I were found to be the most sen-
sitive biomarkers for myocardium injury.

In our study, in order to assess myocardial dam-
age, H-FABP levels were measured. In the healthy 
population H-FABP levels should be lower than  
5 µg/l. It can be detected in the serum within 4 h 
after myocardial injury. Previous studies reported 
a close relation between infarct size and amount. 
In our study, blood samples were obtained imme-
diately after sternotomy (H-FABP 1), after the last 
distal anastomosis in the off-pump group, after 
the cross clamp was removed in the on-pump 
group (H-FABP 2), and at the 24th postoperative 
hour in both groups (H-FABP 3). For first assess-
ment point (after sternotomy) H-FABP median 
values were measured as 1.40 ng/ml in group A 
and 3.10 ng/ml in group B, which was attributed 
to the increased number of diseased coronary ar-
teries. All of the cases were fully revascularised 
in the two groups, and the operation technique 
was also chosen regarding full revascularisation. 
As a  result, the number of affected arteries was 
accepted as not effecting the ischaemia level of 
myocardium in the postoperative period. For the 
second assessment point, in group A, the H-FABP 
levels increased to 2.75 ng/ml, probably due to the 
temporary ischaemia during anastomosis. None 
of the subjects in group A demonstrated a H-FABP 
value of more than 5 ng/ml. In group B the H-FABP 
levels increased up to 10 ng/ml, and in two sub-
jects they reached values above 19 ng/ml. In these 
subjects, it is thought that the existing ischaemia 
continued in the early period. For the third as-
sessment point, median H-FABP levels decreased 
to 1.40 ng/ml. One subject in group A  demon-
strated a high H-FABP level at the 24th postoper-
ative hour (20 ng/ml). H-FABP levels decreased to  
1.40 ng/ml in follow-up. The increase of H-FABP 

levels was due to increased drainage and hypo-
tension in this subject. IABP was required in this 
particular patient due to low blood pressure. In 
group B, H-FABP levels decreased to 3.20 ng/ml. 
In both assessment points H-FABP levels were 
significantly higher in on-pump surgery, indicat-
ing increased myocardial injury. This damage was 
transient, and H-FABP levels returned to preoper-
ative levels 24 h after surgery. 

A major limitation of the study was the small 
number of the patients in both groups. In group B 
more saphenous vein grafts were used, which is 
indicative for more severe coronary artery disease. 
Disparity of disease severity between groups may 
be accepted as another major limitation; however, 
we performed full revascularisation in all of the 
patients. As another limitation, we should accept 
the non-randomised nature of the study. 

In conclusion, it is well known that off-pump 
CABG has certain disadvantages, including limited 
visibility of the coronary arteries and manipula-
tion of the heart; however, several advantages of 
the technique were outlined in the literature. In 
our study, we sought to investigate the deleteri-
ous effects of CPB on the ischaemic myocardium 
through H-FABP levels. The H-FABP levels were 
significantly elevated in patients with coronary ar-
tery disease who received on-pump CABG, which 
indicated myocardial injury. 
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