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Purpose:  This study was conducted to evaluate the effects of ischemic preconditioning (IP) 
with a short period of reperfusion (2 min) during brief ischemic preconditioning (6 min) on 
patients undergoing coronary artery bypass grafting (CABG).
Methods:  In a randomized controlled trial, 40 patients undergoing on-pump CABG with 
cold blood cardioplegia were allocated into two groups, one IP and one control. IP was 
induced by 2 cycles of ascending aorta clamping (2 min for each) followed by two reperfusion 
phases (1 min for each). Left ventricular ejection fraction (LVEF) was measured before and 
after surgery. Creatine phosphokinase (CK) and CK-MB were measured 12 hrs before 
surgery, immediately after aortic clamping, and 24 hrs after CABG. Postoperative myocardial 
infarction (MI), ventricular arrhythmia, duration of inotropic support, and hemodynamic 
parameters were also noted.
Results:  More patients in the control group needed inotropic support (65% vs. 40%, P<0.05). 
Moreover, duration of inotropic support was longer in the control group (9 ± 1.2 vs. 3.8 ± 1.4 hrs, 
P<0.05). There were no significant differences between two groups regarding development of 
ventricular arrhythmia, MI, values of CK, CK-MB, and  postoperative LVEF. No patient 
needed an intra-aortic balloon pump, and no deaths occurred.
Conclusion:  A short period of reperfusion phase declined post-CABG inotrope requirements; 
however, it did not reduce the cardiac enzymes. Our results suggested that reperfusion 
should be longer than 2 min to be capable of reducing cardiac enzymes. (Ann Thorac Cardio-
vasc Surg 2010; 16: 248–252)

Key words: coronary artery bypass graft, ischemic preconditioning, cardiac enzymes

infarct size was referred to IP.2) It was then extended to 
include beneficial effects on ischemia and reperfusion-
induced arrhythmias3) and on myocardial stunning.4) 
Moreover, it has been suggested that IP reduces postope-
rative inotropic requirements and has a preventive role in 

Introduction

The protective effects of ischemic preconditioning (IP) 
on human heart after cardiac surgeries are well defined.1) 
Initially, the ability of short periods of ischemia to limit 
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postoperative myocardial dysfunction.5-7)

Despite a variety of IP timings that have been employed 
during cardiac surgeries in different studies, the minimum 
duration of the ischemia, reperfusion, and total IP that are 
able to protect the heart have not yet been well defined. 

Because IP is an acceptable approach to cardiac protec-
tion during heart surgeries, determination of the minimum 
durations of ischemia and reperfusion phases, thus short-
ening the total duration of IP, can help cardiac surgeons 
to use an effective IP duration while they avoid time-
consuming methods. To the best of our knowledge, the 
shortest period of ischemia phase (1 min) and IP (6 min) 
has been reported by Illes and colleagues.5) Although 
they failed to show a reduction in postoperative cardiac 
enzymes, it seems that they have reached the lowest 
duration of ischemic phase and total duration of IP. In 
contrast, the shortest period of reperfusion phase to 
enable improved cardiac hemodynamics without decline in 
postoperative cardiac enzymes has not yet been recognized. 
The shortest period of reperfusion phase was 4 min, which 
resulted in a reduction in postoperative cardiac enzymes.6)

The present study aimed to evaluate the effects of a 
brief IP with a short period of reperfusion on multiple 
postoperative parameters in patients undergoing coronary 
artery bypass grafting (CABG). For this purpose, we 
selected the shortest period of IP (6 min) that had been 
reported.5) Furthermore, because the shortest ischemic 
time that reduced postoperative cardiac enzymes was 4 
min,6–9) this duration was selected for the ischemia period 
in our study. Moreover, we reduced the duration of reper-
fusion phase to 2 min, which differentiates our protocol 
from previous reports.5,6,10–13) The favorable outcome was 
an improvement in postoperative hemodynamics. 

Patients and Methods

This randomized controlled trial was carried out at Shar-
iati hospital. An ethics committee of human research of 
Tehran University of Medical Sciences approved the 
study, and all patients gave an informed consent before 
enrollment. 

Forty patients who were candidates for elective CABG, 
aged 40–60 years, entered the study. Exclusion criteria 
were patients with left ventricular ejection fraction 
(LVEF) of less than 30%; severe calcification of the 
ascending aorta; history of unstable angina within the 
past two weeks or recent (≤3 months) myocardial infarc-
tion (MI); additional cardiac disease (e.g., prominent 
valvular heart diseases) or noncardiac disorders (e.g., pul-

monary hypertension and renal failure); cardiac 
reoperation; and need for an emergency operation.

The patients were randomly divided into two groups of 
IP and control, using a random table of numbers. They all 
underwent on-pump CABG with cold-blood cardioplegia.  

In the IP group, IP was induced by two cycles of 
ascending aorta clamping (2 min for each), followed by 
two reperfusion phases (1 min for each) before cross-
clamping. The control group received no IP. 

Anesthesia and surgical techniques 
The anesthetic and surgery techniques were the same in all 
cases. Anesthesia was induced using sufentanil, midazolam, 
and pancuronium. Cardiopulmonary bypass (CPB) with 
nonpulsatile perfusion flow (2.2 L/min/m2) was established 
using membrane oxygenators with arterial line filtration. 
No hypothermia was induced. CPB was performed using 
aortic root and 2-stage single venous cannula. A retrograde, 
self-inflating coronary sinus cardioplegia cannula with a 
pressure-monitoring port was guided into place. For 
antegrade cardioplegia, the aortic root was catheterized 
using a 9-gauge cannula. Distal anastomoses were carried 
out as right coronary artery, circumflex artery, left anterior 
descending artery, and proximal anastomoses. In all subjects, 
grafting of the left internal thoracic artery to the left 
anterior descending artery was performed.  For induction 
of cardioplegia, a solution with a 21% hematocrit and 
potassium concentrations of 21 mmol/L and 9 mmol/L in 
the initial and subsequent successive doses was used. 
Blood from the pump reservoir was mixed with crystalloid 
serum in a ratio of 4:1. The temperature of the mentioned 
solution was maintained at 4ºC. The pressures of car-
dioplegia were respectively 80 mmHg and 30 to 50 mmHg 
during antegrade and retrograde deliveries. The flow was 
at least 200 mL/min. Using a high-potassium solution, we 
performed 1.5-min antegrade cardioplegia and then a 2.5-
min retrograde cardioplegia. After each distal anastomosis, 
cardioplegia solution was administered retrograde for 1 
min to grafts of the right coronary and left circumflex 
arteries. Lastly, retrograde warm cardioplegia (37°C) was 
administered about 3 min before cross-clamping removal.14)

Postoperative care
All patients were mechanically ventilated until achieving 
stable hemodynamics and recovering from the anesthesia. 
To maintain filling pressure at least at the preoperative 
level, an infusion of volume was perfumed. After the 
patients had been weaned from the ventilator, they were 
given β-blockers. If arrhythmias developed, cardiological 
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counseling was requested for pharmacological and inter-
ventional management.  

Measurements
LVEF was measured using echocardiography before and 
after surgery. Creatine phosphokinase (CK) and CK-MB 
were obtained 12 hrs before surgery, immediately after 
cross-clamping and 24 hrs later. Required data were 
recorded for each patient. They included demographics; 
pre- and postoperative LVEF, CK, and CK-MB levels; 
duration of cardiopulmonary bypass (CPB) (needing 
postoperative inotropic support and its length); duration 
of ICU stay; myocardial infarction; occurrence of ven-
tricular arrhythmia; and intra-aortic balloon pump (IABP) 
requirements.

Perioperative infarction was diagnosed if any new Q 
waves appeared with one-third of QRS height and for longer 
than 0.04 sec, or if CK-MB passed beyond 100 IU/L.15)

Statistical analysis 
Data were expressed as mean ± SD or numbers. A statistical 
analysis was done using a statistical package (SPSS Inc., 
Chicago, IL, USA; Version 11.5). Fischer’s exact test, χ², 
independent samples t-test, and a paired samples t-test 
were used to analyze data. P value <0.05 was considered 
statistically significant. 

Results

According to inclusion and exclusion criteria, 40 patients 
(20 in each group) were enrolled in the study. There were 
no significant differences between the two groups 
regarding preoperative parameters. Table 1 shows the 
preoperative characteristics of the patients in each group. 

Neither were any significant differences observed 
regarding the postoperative values of CK and CK-MB 

(Figs. 1 and 2). Also, postoperative LVEF was significantly 
higher in the IP group when compared to the control 
group (P = 0.001). More patients in the control group 
needed inotropic support compared to the IP group, and 
the duration of inotropic support was significantly longer 
in the control group (Table 2).  No patient needed an 
intra-aortic balloon pump, and no deaths occurred.

Discussion

Our results showed that a reduction of reperfusion phase 
to 2 min significantly reduced the inotropic support need; 
however, despite an appropriate ischemic period, it was 
unable to make significant differences between IP and 
control groups regarding most postoperative factors.

It has been shown that IP improves postoperative 
hemodynamic parameters after cardiac operation.16) In a 
study by Illes et al.,5) IP induced by 1 minute of aortic 
cross-clamping followed by 5 min of reperfusion during 
normothermic cardiopulmonary bypass, immediately 
before cardioplegic arrest. The results of this study 
showed that ischemic preconditioning significantly 
improves heart function after cardiac operations and 
decreases the need for inotropic support, but they failed 
to show a reduction in postoperative cardiac enzymes. 
Consistent with the mentioned study, in spite of a reduc-
tion in postoperative inotropic support, our method could 
not show significant decline in cardiac enzymes. Thus it 
seems that a short period of IP (6 min) reduces postopera-
tive inotropic support in spite of no significant reduction 
in cardiac enzymes. And similar to the study by Illes and 
associates,5) the cardiac enzymes levels were even slightly 
higher in the IP group, which may suggest some protec-
tive effects of IP mediated through apoptotic dependent 
mechanisms.17) 

Our findings showed that brief IP improves postoperative 

Table 1. Preoperative characteristics of patients in IP and control groups

Variables
 IP group Control group 

P value
 (n = 20) (n = 20) 

Age (years) 48 ± 7.8 45 ± 5.8 0.72
Sex (female) 8 (40%) 5 (25%) 0.5
Preoperative LVEF fraction 49.5 ± 8.6 44.2 ± 9.8 0.092
Previous MI 8 (40%) 11 (55%) 0.52
NYHA class (2, 3) (8,12) (7,13) 0.9
Hyperlipidemia 5 (25%) 11 (55%) 0.102
Hypertension 7 (35%) 4 (20%) 0.48

LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, 
New York Heart Association
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LVEF and inotropic requirement. Improvements in ven-
tricular function following IP have been shown in several 
studies using either cardiac index5,6) or LVEF.18) Also, sev-
eral studies have suggested a reduction in postoperative 
inotropic requirement.5,19) Because preoperative LVEFs 
and other baseline characteristics were not significantly 
different between the IP and control groups, the difference 
between the two groups regarding inotropic support 
could not be related to these factors. This phenomenon 
can be explained in part by the preventive effects of IP 
on stunning.5) 

According to previous reports, IP suppresses postopera-
tive arrhythmias.14,19) In line with these reports, we found 
a lower number of patients developing ventricular 
arrhythmias in the IP group, but there were no significant 
differences between the two groups. In their study, Wu et 

Table 2. Comparison of postoperative parameters between IP and control groups 

Variables
 IP group Control group 

P value
 (n = 20) (n = 20) 

Cross-clamping time (min) 61.9 ± 18 65.4 ± 29 0.65
Cardiopulmonary bypass time (min) 103.3 ± 29 99.6 ± 21.7 0.52
Need for inotropics (n) 8 (40%) 13 (65%) 0.20
Postoperative MI 1 (5%) 3 (15%) 0.60
Duration of ICU stay (hr) 20.5 21.2 0.37
Duration of inotropic support (hr) 3.8 ± 1.4 9 ± 2.1 <0.01
Ventricular arrhythmia 1 (5%) 3 (15%) 0.60
Postoperative LVEF (%) 48.2 ± 1.45 42.5 ± 3.17 0.001

MI, myocardial infarction; LVEF, left ventricular ejection fraction

Fig. 2.  Comparison of CK values in IP and control groups in 12 
hrs before surgery, immediately after cross-clamping, and 24 
hrs after surgery. There were no significant differences between 
CK values in the IP group and equivalent time in the control 
group (P>0.05).  

 IP: ischemic preconditioning

Fig. 1.  Comparison of CK-MB values in IP and control groups 
during the 12 hrs before surgery, immediately after cross-
clamping, and 24 hrs after surgery. There were no significant 
differences between CK-MB values in the IP group or equivalent 
time in the control group (P>0.05).  

 IP, ischemic preconditioning.

al.14) found that ventricular tachycardia (VT) decreased 
within 2 hrs and over the period of 24 to 48 hours after 
reperfusion, but not during 2 to 24 hrs. This may explain 
why we could find no significant differences between the 
two groups regarding the development of VT. In our 
study, VT was recorded when the patients were under 
Holter monitoring in ICU, which usually was not longer 
than 24 hrs postoperatively. Also, we could find no sig-
nificant association between ICU stay and IP, as previously 
reported by other studies.5,19)

The present study had several limitations. We did not 
use cardiac troponin, a more-specific biomarker of car-
diac injury compared to CK-MB. 

In conclusion, IP with a short period of reperfusion 
phase declined post-CABG inotropic support require-
ments; however, it did not reduce the cardiac enzymes. 
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Our results suggested that reperfusion should be longer 
than 2 min to be able to reduce cardiac enzymes. It 
seems that for enough cardiac protection, the duration of 
reperfusion phase and IP should respectively take 2 and 
6 min or more.  Future studies are recommended to 
investigate the effects of IP on serum inflammatory factor 
levels, such as Interleukin-6, besides specific markers of 
myocardial injury.
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