
Remote ischaemic preconditioning does not protect the heart
in patients undergoing coronary artery bypass grafting

Vladimir V. Lomivorotov, Vladimir A. Shmyrev*, Valeriy A. Nepomnyaschih, Dmitriy N. Ponomarev,

Lubov G. Knyazkova, Vladimir N. Lomivorotov and Alexandr M. Karaskov

Department of Anesthesiology and Intensive Care, Academician E.N. Meshalkin Novosibirsk State Research Institute of Circulation Pathology, Novosibirsk, Russia

* Corresponding author: Rechkunovskaya str, 15. 630055 Novosibirsk, Russia. Tel: +7-913-9540297; +7-383-3324758; fax: +7-383-3322437;
e-mail: shmyrevv@gmail.com (V.A. Shmyrev).

Received 17 December 2011; received in revised form 16 February 2012; accepted 19 February 2012

Abstract

Remote ischaemic preconditioning (RIPC) gained attention as a possibility to reduce myocardial injury after a subsequent sustained
episode of myocardial ischaemia. This prospective randomized study was carried out to assess whether RIPC reduces myocardial injury
in coronary artery bypass grafting patients. Eighty patients were assigned to remote preconditioning or control treatment. Ischaemic
preconditioning was induced by three 5-min cycles of upper limb ischaemia and reperfusion after anaesthesia induction.
Haemodynamic and markers of myocardial damage were analysed preoperatively and over 48 h postoperatively. The cardiac index was
higher immediately after remote preconditioning in the main group. There were no differences in other haemodynamic, troponin I
and creatine kinase-MB concentrations at any time point between groups. Thus, short-term remote preconditioning improves haemo-
dynamics and does not reduce myocardial injury after coronary artery bypass surgery. Further study of high-risk patients may be
needed to fully evaluate the clinical effect of RIPC.
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INTRODUCTION

One recognized approach for reduction in myocardial injury sus-
tained during this surgery is ischaemic preconditioning, which
describes the cardioprotection obtained from the application of
cycles of non-lethal myocardial ischaemia and reperfusion
before a potentially lethal heart ischaemic insult [1]. However,
the clinical application of local preconditioning induced by
aortic cross-clamping is limited by the need to induce ischaemia
in the target organ, a process that itself may stimulate heart dys-
function and that is clearly inappropriate for global myocardial
protection. More recently, it was established that a less invasive
approach to same cardioprotection might be achieved by
remote ischaemic preconditioning (RIPC). The concept of RIPC
was first discovered in animal models by Przyklenk et al. [2],
which showed that transient ischaemia of the left circumflex
artery could reduce the effects of subsequent potentially lethal
ischaemia in the left anterior descending artery. Further studies
reported that brief ischaemia of non-cardiac tissue such as the
kidney, the intestine [3] or skeletal muscle [4] could also protect
the heart against a subsequent myocardial infarction. Although
the exact mechanism for remote preconditioning is not yet
known, the effects of RIPC are relatively benign, there being no
myocardial dysfunction, arrhythmia or low cardiac output.

At the present, several clinical reports of RIPC in cardiac
surgery have been published. In children undergoing congenital
heart defect repairs, lower limb RIPC has been shown to reduce

troponin I release and inotrope requirements [5]. In adults
undergoing coronary artery surgery, RIPC using transient upper
arm ischaemia has been followed by reductions in the post-
operative release of lactate dehydrogenase, creatine kinase-MB
(CK-MB) and troponin I [6]. Although these studies have shown
reduced biomarker release by RIPC, until today it is not known
whether the reduction in myocardial damage will translate into
better outcome of cardiac patients. Moreover, in contrast to pre-
vious smaller studies, Rahman et al. [7] reported that in patients
after on-pump coronary surgery, upper limb RIPC did not
reduce troponin T release and improve haemodynamics.
Therefore, we aimed to assess whether RIPC is effective in myo-
cardial protection in patients with coronary heart disease (HD)
undergoing on-pump coronary artery bypass grafting (CABG).

MATERIALS AND METHODS

We performed a prospective randomized study with a cohort of
patients scheduled for cardiac surgery between June 2010 and
March 2011. Eighty adult patients with stable CHD referred for
CABG under cardiopulmonary bypass (CPB) were recruited. The
study protocol was approved by the local ethics committee and
informed consent was obtained from all the patients before
entering into the study. Patients were excluded from consider-
ation for the following reasons: reduced left ventricular ejection
fraction (<50%), renal failure, hepatic or pulmonary disease,
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diabetes and myocardial infarction within the past 4 weeks.
Patients were randomly assigned to receive either RIPC (40
patients) or control (40 patients) before CABG. All patients had
preoperative placement of Swan–Ganz for haemodynamic moni-
toring throughout the study.

The RIPC protocol comprised three 5 min cycles of right
upper limb ischaemia, induced by a blood pressure cuff placed
on the right upper arm and inflated to 200 mm Hg, with an
intervening 5 min of reperfusion during which the cuff was
deflated [8]. Control patients had a deflated cuff placed on the
right upper arm for 30 min. The RIPC was applied after anaes-
thesia induction and baseline measurements. The time taken
from the termination of the RIPC to the aortic cross-clamp was
not more than 20 min in all patients.

Standard anaesthetic, surgical and CPB techniques were
employed. Anaesthesia was induced with fentanyl (5–15 μg/kg),
propofol (1–2.5 mg/kg) and pipecuronium bromide (0.1 mg/kg).
Anaesthesia maintenance was done with isoflurane (0.6–1.2 vol%),
and fentanyl, propofol and pipecuronium bromide were given as
needed. All operations were performed under normothermic CPB
(nasopharyngeal temperature >35°C). Antegrade cold-crystalloid
cardioplegia (St Thomas solution) used and repeated every 20
min until completion. After construction of all the grafts, the CPB
was discontinued and protamine was used to reverse the effect of
heparin.

All patients had recordings of the cardiac index, stroke index,
central venous pressure, pulmonary capillary wedge pressure,
mean arterial pressure and heart rate before RIPC, after RIPC
and 5 min, 30 min, 2, 4, 6 and 24 h after discontinuing CPB.

In order to assess the impact of RIPC to myocardial injury, we
studied the dynamics of biochemical markers. Blood samples to
assess troponin I (cTnI) and CK-MB isoenzyme were taken pre-
operatively and 6, 24 and 48 h after CPB. Plasma troponin I was
determined quantitatively using the immunochemiluminescence
method (Architect i2000sr; Abbot Diagnostics, USA) with an
upper normal limit of 0.3 ng/ml. Plasma CK-MB activity was
measured with an assay kit (ThermoFisher Scientific, USA), using
a Konelab 20 analyser (Finland), which has an upper normal
limit of 24 U/l.

The duration of ventilation postoperatively, intensive care unit
stay, complications, blood loss and mortality was recorded.

The statistical analysis was performed with STATISTICA 7.0 for
Windows (StatSoft Inc., Tulsa, OK, USA). The qualitative data are
expressed in absolute numbers (percentage). The quantitative
data are presented as the average (standard deviation), adding
or substituting them with the median (25th and 75th percentiles)
when the distribution of the values of this variable is markedly
outside of the normal distribution; this last value was calculated
using the Kolmogorov–Smirnoff test. For comparison of quantita-
tive data, t-test for independent samples, Mann-Whitney U and
Friedman tests were used depending on the case. Comparison
of the qualitative data was performed using the χ2 (Chi-square)
test, applying Yates’ correction to obtain the most conservative
results. Values of P < 0.05 were considered statistically significant.

RESULTS

The major demographics and baseline characteristics were
similar in the two groups (Table 1). There were no significant dif-
ferences between the mean values of age, ejection fraction,
cross-clamp time or CPB time between the two groups.

The assessment haemodynamic data indicated that mean ar-
terial pressure decreased significantly in the RIPC group com-
pared with the control group at 5 min after CPB [71.5 (69; 80)
with RIPC versus 81 (72; 84) mmHg for the controls; P < 0.05].
The cardiac index increased significantly in the RIPC group im-
mediately after RIPC [2.3 (2; 2.5) with RIPC versus 2.1 (1.9; 2.3)
l/min/m2 for the controls; P < 0.05]. Statistically significant differ-
ences in the stroke index between groups were noted immedi-
ately after RIPC and 5 min after CPB. At this period in the RIPC
group, the stroke index increased compared with the control
group [41.4 (34.7; 51.3) and 40.9 (36.5; 42.2) with RIPC versus 36
(28.9; 41.3) and 35.1 (32.2; 37.2) ml/m2 for the controls; P < 0.05].
The systemic vascular resistance index in the RIPC group
decreased significantly at 5 min after CPB [1774 (1485; 2044)
with RIPC versus 2102 (1869; 2509) dyne s/cm5/m2 for the con-
trols; P < 0.05]. There were no other differences in haemodynam-
ic variables between the two groups in the perioperative period
at any time point (Table 2).
The evaluation biochemical markers of myocardial injury indi-

cated that baseline troponin I concentrations were below the
upper normal range of the assay (<0.3 ng/ml) in all patients.
There was a rise in plasma cTnI in both groups postoperatively,
indicating some myocardial injury during the operation
(Table 3). Peak cTnI release occurred at 6 h after completion of
CPB in all patients: the RIPC group 2.1 (1.3; 3.2) ng/ml; the
control group 2.4 (1.5; 5.4) ng/ml. At 24 and 48 h after CPB,
plasma cTnI in both the groups marked decreased (Table 3).
There were no statistical differences in cTnI levels between RIPC
and control groups at any time point. The total troponin I
released in the RIPC group, expressed as the area under the
curve of troponin I over the 48 h after surgery, did not differ sig-
nificantly compared with the control group: the RIPC group,
54.4 (20; 97.3) ng/ml/48 h; the control group, 53.3 (34.7; 140)
ng/ml/48 h (Fig. 1).

Table 1: Demographics and baseline characteristics

Variable RIPC Control P-value

No. of patients 40 40
Sex (male/female) 36/4 37/3 ns
Age (years) 56.5 ± 8.7 58.1 ± 6.4 ns
NYHA functional class

Class II 12 (30%) 10 (25%) ns
Class III 28 (70%) 30 (75%) ns
Class IV 0 0 ns

EuroSCORE 2.2 ± 0.6 2.5 ± 0.8 ns
Body mass index (kg/m2) 28.4 ± 4.1 29.3 ± 3.2 ns
LV ejection fraction (%) 58.1 ± 6.2 59.8 ± 6.8 ns
Cross-clamp time (min) 36.6 ± 14.8 38.8 ± 13.9 ns
Bypass time (min) 62 ± 17.7 67.1 ± 20.3 ns
Number of grafts 2.6 ± 0.9 2.8 ± 0.7 ns
Coronary endarterectomy 5 (12.5%) 5 (12.5%) ns

Medication (% of group)
Ca2+ blockers 8 (20%) 9 (22.5%) ns
β-Blockers 32 (80%) 34 (85%) ns
Nitrates 34 (85%) 33 (82.5%) ns
ACE-inhibitors 22 (55%) 21 (52.5%) ns
Cholesterol-lowering drug 31(77.5%) 33 (82.5%) ns

RIPC: remote ischaemic preconditioning group; LV: left ventricle; ns:
not significant; NYHA: New York Heart Association.
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The baseline CK-MB activity did not exceed the upper normal
limits (<24 U/l) in all patients. There was a marked elevation in
plasma in both the groups at 6, 24 and 48 h after CPB compared
with the preoperative values (Table 3). The peak-level occurred
at 48 h after CPB in all patients: the RIPC group, 49.5 (42; 70);
the control group, 47.5 (38.5; 69.5) U/l. However, there were no
significant differences in activities between RIPC and control
groups at any time point.
The data of the postoperative period are presented in Table 4.

There were no operative deaths (to 30 days postoperatively) in
the two groups. None of the patients in this study required any
form of renal replacement therapy after surgery. The mean dur-
ation of postoperative ventilation, intensive care unit stay and
the blood loss was similar in both the groups. One patient in the
RIPC group required inotropic support. In this case at 5 h, infu-
sion of dopamine (2–4 mcg/kg/min) was carried out which did
not affect further clinical course of this patient.
There were no untoward consequences of the RIPC protocol.

DISCUSSION

Recently RIPC has gained attention as a way of reducing
myocardial injury after a subsequent sustained episode of
myocardial ischaemia. Due to the safe and non-invasive
nature of the intervention, this cardioprotection might be ap-
plicable in numerous patients with CHD. However, published
evidence from the cardiac surgical literature is conflicting and
the independent influence of RIPC on the myocardial
damage of patients following surgical coronary revasculariza-
tion is unclear [9].
In this clinical study, we demonstrate that RIPC induced by

brief ischaemia and reperfusion to the upper limb can, in the
short-term, improve the contractile function of the heart. This
was shown by the increase in the cardiac index immediately
after RIPC compared with the control group. Both the de-
crease in peripheral vascular resistance and the increase in
the stoke index may account for the increase in the cardiac
index seen in the RIPC group. The haemodynamic differences
between the groups were not revealed at any time point.
The most possible mechanisms of the short-term increase in
the cardiac pump function after RIPC have been described
by some authors [10] and are closely related to the release
of numerous substances, including adenosine, bradykinin,
opioids, calcitonin and endocannabinoids into the blood
stream.
It is proven that the cardiac enzyme release during cardiac

surgery occurs as a result of combined ischaemia–reperfusion
injury [11]. Cardiac-specific markers of myocardial injury such
as troponin I and CK-MB have been used to quantify ischae-
mia–reperfusion form of myocardial injury and have been
reported by several clinical studies to be associated with
worse short-term and long-term outcomes after surgery [12].
In this study, we established that RIPC did not reduce myo-
cardial injury in patients undergoing CABG surgery. There
were no significant differences in plasma levels of biomarkers
of myocardial injury and total troponin I release over the 48
h after surgery between the groups throughout the study
period [13]. The mean duration of postoperative ventilation,
intensive care unit stay and hospital stay did not differ
between the groups.
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There are several limitations of our study. First, we have
demonstrated that remote preconditioning, induced by transient
upper limb ischaemia, does not reduce myocardial injury in
low-risk patients undergoing coronary artery surgery. High-risk
patients tend to have greater myocardial injury and therefore
may derive greater benefit from RIPC, but this remains to be
determined by future clinical studies.

Furthermore, Kottenberg et al. [14] found that the effect of
RIPC is inhibited by the use of propofol. In contrast, Lucchinetti
et al. [15] found that RIPC applied during isoflurane inhalation
provides no benefit to the myocardium of patients undergoing
on-pump CABG. The existence of a large number of conflicting
studies emphasizes the need for further research. Hence,
patients in this study were randomized to RIPC or control groups
and all underwent the same anaesthetic, CPB and intensive care
management protocols to minimize bias.
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cTnI (ng/ml) RIPC 0.01 (0.01; 0.01) 2.13 (1.27; 3.15)^ 0.93 (0.45; 2.21)^ 0.76 (0.2; 1.09)^
Control 0.01 (0.01; 0.01) 2.37 (1.48; 5.36)^ 0.87 (0.58; 2.46)^ 0.54 (0.39; 2)^

CK-MB (U/l) RIPC 20 (14; 22) 45.5 (32; 53.5)^ 48.5 (32; 66)^ 49.5 (42; 70)^
Control 18 (14; 23) 39 (33; 58)^ 45 (33; 58)^ 47.5 (38.5; 69.5)^

Difference confidence level: *P < 0.05 when RIPC patients are compared with the control group, ^P < 0.05 when compared with values before CPB.

Table 4: Postoperative findings and outcome

Variable RIPC Control P-value

Ventilation time (h) 4.5 ± 1.5 5 ± 1.5 ns
ICU stay (days) 1.9 ± 0.5 1.9 ± 0.5 ns
Mortality 0 0 ns
Blood loss in POD 1 (ml/kg) 4.9 ± 2.1 5.1 ± 2.2 ns
Reoperation for bleeding 0 0 ns
Need for inotropic support 1/40 (2.5%) 0 ns
Postoperative dialysis 0 0 ns
Mediastinitis 0 0 ns

RIPC: remote ischaemic preconditioning group; ICU: intensive care
unit; POD: postoperative day; ns: not significant.
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