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Abstract

preconditioning.

sion).

tween the treatment and control groups.

and hemodynamic changes after cardiac surgery.

Background: Elective open heart surgery is associated with troponin release in some cases due to myocyte necrosis.
Objectives: The aim of this study was to measure cardiac troponin I (cTnl) preoperatively in elective CABG after remote ischemic

Methods: Twenty-eight patients were selected for elective CABG. They were randomized to receive remote ischemic preconditioning
(induced by three 5-min cycles of inflation with a pneumatic tourniquet and 5-min deflation between inflation episodes as reperfu-

Outcomes: Primary outcomes were cardiac troponin I levels at 6 and 24 hours after the procedure, and the secondary outcomes
included creatine phosphokinase, lactate dehydrogenase, and serum creatinine levels. Hemodynamic changes were evaluated be-

Results: Cardiac troponin I at 6 hours after preconditioning was significantly lower compared to the control group (P=0.036),and
after 24 hours, there was still a significant difference between the two groups (P < 0.05).

Conclusions: Remote ischemic preconditioning reduces ischemic biomarkers during coronary artery bypass graft and attenuates
procedure-related cardiac troponin I release and eventually reduces cardiovascular events such as myocardial infarction, chest pain,

Keywords: Cardiac Surgery, Remote Ischemic Preconditioning, Cardiac Outcomes

1. Background

Elective open heart surgery is associated with troponin
release in some cases (1). Troponin elevation is associated
with necrosis and damage to cardiac cells (myocytes), and
itis a sensitive and specific blood marker for ischemia and
reperfusion cycles (1). In some studies, elevation of cardiac
troponin 1 (cTnl) has been associated with cardiovascular
events such as arrhythmia, hemodynamic changes, and pe-
rioperative myocardial infarction (2). One recognized ap-
proach for reducing myocardial damage is ischemic pre-
conditioning in cardiovascular surgery, which is a cardio-
protective procedure with brief episodes of myocardial is-
chemia and reperfusion cycles before a potentially high-
risk cardiac surgery (3). Recent studies suggest that a less
invasive procedure may be more helpful with remote is-
chemic preconditioning (RIPC) in cardiovascular surgery.
RIPC was first introduced by Przyklenk in laboratory an-
imals, where he demonstrated that brief ischemia of the
left circumflex artery could modify the unfavorable effects
of ischemia in the left anterior descending artery (4).

RIPC can be achieved by noninvasive inflation and de-

flation of a standard blood pressure cuff or pneumatic
tourniquet on the upper or lower extremities to induce
brief ischemia and reperfusion, a procedure that causes in-
jury in patients undergoing open cardiac surgery. Anaero-
bic metabolism and decreased ATP production occur due
to ischemia, and there is insufficient energy for cell mem-
brane pump activity, antioxidant defense, and homeosta-
sis, which leads to cell death. On the other hand, in the
reperfusion cycle, sudden entry of oxygen which is called
oxygen influx leads to synthesis of reactive oxygen species
and causes reperfusion syndrome (5).

2. Objectives

The aim of this study was to evaluate the capability of
RIPC to reduce cTnl levels after elective CABG.

3. Methods

We performed a randomized clinical trial on pa-
tients scheduled for CABG during January and Febru-

Copyright © 2017, Anesthesiology and Pain Medicine. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the

original work is properly cited.


http://anesthpain.com/
http://dx.doi.org/10.5812/aapm.12549

Javaherforoosh Zadeh F et al.

ary 2017, which included 28 patients referred for on-
pump open-heart surgery. This research was supported
by the Pain Research Center, Ahvaz Jundishapur Univer-
sity of Medical Sciences, Ahvaz, Iran, under proposal No.
IR.AJUMS.REC.1395.501. All patients provided written in-
formed consent. Patients were excluded from considera-
tion for the following reasons: more than 70 or less than
20 years old, ASA class 4 or more, elevated baseline cTnl,
myocardial infarction in preceding 4 weeks, ejection frac-
tion less than 35%, renal dysfunction, arteriovenous fistula,
lymph edema, and severe hepatic or endocrine dysfunc-
tion. Patients were randomly selected to undergo open-
heart surgery with (14 patients) or without (control, 14
patients) RIPC (Randomization method was random per-
muted block sizes 4).

There are different protocols for RIPC. In this study,
RIPC consisted of three 5-min cycles of cuff inflation on the
right arm up to 200 mmHg, which is called the ischemia
phase, and 5-min cuff deflation between inflation cycles,
which is called the reperfusion phase. The inflation and de-
flation phases were induced with a pneumatic tourniquet
placed on the right upper arm. Control patients had a de-
flated cuff placed on the right upper arm for 30 minutes.
This process was applied after induction of anesthesia and
baseline chemistries.

Standard anesthetic, surgical, and cardiopulmonary
bypass (CPB) techniques were employed. Anesthesia was
induced with 0.03 mg/kg midazolam, 0.1 ug/kg sufentanyl,
1 mg/kg ketamine, and 0.5 mg/kg cisatracurium. Anesthe-
siawas maintained with 0.1 mg/kg/h midazolam, 0.1 i/kg/h
sufentanyl, 0.1 mg/kg/h cisatracurium, and 0.6% isoflurane
in 50% oxygen. All operations were performed under nor-
mothermic CPB, and antegrade cold crystalloid cardiople-
gia (St. Thomas solution) was used every 20 - 25 minutes
until completion. After reconstruction of all the grafts, CPB
was gradually discontinued and intravenous protamine
was administered to reverse heparin anticoagulant effects.

Central venous pressure and mean arterial pressure
were recorded in all patients before, 6 and 24 hours after
RIPC.

The impact of RIPC on myocardial injury was assessed
byanalyzing biochemical markers. cTnl, creatine phospho-
kinase (CPK) and lactate dehydrogenase (LDH) were deter-
mined in blood samples taken preoperatively and at the
time points of 6 and 24 hours after RIPC. Plasma cTnl was
determined quantitatively using the Troponin-I test sys-
tem (Monobind Inc., Lake Forest, CA, USA) with a normal
range < 1.3 ng/mL.

Statistical methods: Statistical analyses were per-
formed using SPSS 22. Analysis of variance or t-test was
used to compare continuous variables, and chi-square test
was used to compare categorical variables. Qualitative

data are expressed in absolute numbers (percentage), and
quantitative data are presented as the mean and standard
deviation. P< 0.05 was considered statistically significant.

4. Results

Twenty-eight patients were approached for studyinclu-
sion. There were no statistically significant differences be-
tween the two groups according to demographic and clin-
ical characteristics (Table 1). The evaluation of hemody-
namic data indicated that systolic blood pressure was not
significantly different compared to the control group af-
ter 6 hours of RIPC [141.13 (137.03; 145.23) versus 146 (140.98;
151.01) mmHg; P = 1], but there was a significant differ-
ence after 24 hours [137.73 (133.19; 142.26) versus 147 (143.42;
151.03); P = 0.025]. Diastolic blood pressure showed no sig-
nificant difference between the RIPC and control groups af-
ter 6 h [81.93 (78.34; 85.51) versus 83.38 (79.15; 87.61) mmHg;
P =1], but there was a significant difference after 24 hours
[77.73 (74.8; 80.66) versus 86 (82.22; 89.77) mmHg; P=0.011].
Mean arterial pressure in the RIPC group compared to the
control group after 6 h showed no significant difference
[101.4 (97.79; 105) versus 103.84 (99.59; 108.09) mmHg; P =
0.198]. After 24 hours, mean arterial pressure was signif-
icantly lower in the RIPC group compared to the control
group [97.53 (94.31; 100.74) versus 106.07 (102.48; 109.67)
mmHg; P = 0.008]. The assessment data indicated that
central venous pressure was not lower in the RIPC group
compared to the controls after 6 hours [5.33 (4.85; 5.81) ver-
sus 5.92 (5.52; 6.31) mmHg; P = 0.937], but that it was sig-
nificantly lower after 24 hours [5.13 (4.61; 5.65) versus 6.84
(6.28;7.4) mmHg; P < 0.05].

Table 1. Baseline Characteristics of the Patients

Variable RIPC Control
No. of patients 14 14

Sex (male/female) 8/6 10/4
Age,y 57.7£10.2 57.2 4 7.04
BMI, kg/m” 275 +2.04 27.7 +1.94
LVEF, % 51.2 &£ 3.11 51.4 & 3.81

Abbreviations: BMI, body mass index; LV EF, left ventricular ejection fraction;
RIPC, remote ischemic preconditioning.

Blood chemistries indicating myocardial injury
showed that the baseline cTnl level was in the normal
range of the assay (< 1.3 ng/mL) in both groups. Plasma
cTnl was significantly lower 6 hours after surgery in the
RIPC group compared to the control group [[0.29 £ 0.07
versus 0.70 *+ 0.1 ng/mL for the controls; P = 0.036]].
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After 24 hours, the cTnl level was significantly lower in
the RIPC group compared to the control group [0.16 £+
0.08 versus 1.22 £ 0.18 ng/mL for the controls; P < 0.05].
Similar changes were seen in serum CPK (184.661+6.00
versus 225.38 £ 8.46; P = 0.36) at 6 h and (179.33 &£ 5.85
versus236.611 8.06; P < 0.05)24 hours after RIPC. Changes
in serum creatinine (0.90 & 0.04 versus 117 £ 0.04; P =
0.000) were detected significant 24 hours after surgery
but not significant at 6 h. There was no significant change
in serum LDH (Table 2). The findings suggested that there
was a relationship between cTnl and CPK elevation and
clinical outcomes.

5. Discussion

This study demonstrated that RIPC administered by
brief arm ischemia-reperfusion episodes stimulates CABG-
related troponin release in patients undergoing elective
CABG. RIPC before cardiac surgery seems to improve clin-
ical outcomes after surgery (6, 7). Most studies have shown
thatopen-heart surgery-related cTnl elevation is associated
with poor outcome (7). An increase in cTnl level more than
5-fold baseline levels is a predictor of death, revascular-
ization, and myocardial infarction (8-10). When the post
open-heart surgery cTnl concentration is elevated up to
3 times compared to the baseline, myocardial infarction
specifically relates to surgery as the cause (11). The most
recognized mechanisms of cTnl release is microemboliza-
tion of plaque and side-branch occlusion (11). In Doppler
studies, there are microembolic signals during cardiac
surgery associated with cTnl release (12). Birnbaum and
colleagues demonstrated that RIPC in the rabbit reduced
infarct size by about 60% compared to the control group
(12). RIPC shows a biphasic model for myocardial protec-
tion (13). The first phase, called the early classic phase,
starts a few minutes to 2 hours after RIPC and stimulates
mitochondrial ATP-sensitive potassium channels. The sec-
ond phase, called the delayed phase, occurs at 24 to 72
hours after RIPC, and it may be the cause of the expres-
sion of genes that inhibits the proinflammatory response
to ischemic/reperfusion injury (13). In some studies, no
myocardial protection by RIPC was reported, such as that
of Porto and colleagues. Lee et al. studied RIPC effects
in pulmonary hypertensive infants undergoing ventricu-
lar septal defect surgery and found that the RIPC could not
produce any substantial myocardial or pulmonary protec-
tion (14). The RIPC protection mechanism for myocardium
againstischemia and reperfusion injury is unclear (15). But
some suggested pathways emphasize the release of sub-
stances from the remote organ that activate intracellu-
lar signaling cascades in the myocardium (16). In recent
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decades, RIPC has received more attention since it can re-
duce injury to the myocardium after brief episodes of my-
ocardial ischemia (17). Since this procedure is non-invasive
and safe, it may be applicable in patients with coronary dis-
ease (17).

We demonstrated in this study that RIPC induced by
short ischemia and reperfusion episodes to the arm was
able to control systolic, diastolic, and mean arterial pres-
sure compared to the control groups. The most proba-
ble cause of better control of blood pressure has been re-
ported in some studies to be associated with mediators
such as circulating opioids, calcitonin, endocannabinoids,
bradykinin, and adenosine (18).

Release of cardiac biomarkers during heart surgery oc-
curs as a result of ischemia and reperfusion injury (18).
Biomarkers of myocardial injury, such as LDH, CPK, and
cTnl, have been studied in several trials and have been
reported as results of injuries in cardiac surgeries (18).
Kidney protection in patients undergoing cardiovascular
surgery is controversial. In some studies such as that of
D’Ascenzo et al. a meta-analysis that examined the effect of
RIPC in patients undergoing cardiovascular interventions,
the authors found no significant differences in serum cre-
atinine between the RIPC group and control group (19).
On the other hand, a meta-analysis conducted by Alreja et
al. demonstrated significant differences in serum creati-
nine level between the RIPC and control groups (19). In this
study, we showed that RIPC reduced myocardial damage in
patients undergoing open -heart surgery. There were sig-
nificant differences in plasma levels of biochemical mark-
ers of myocardial damage, namely cTnl, CPK, and LDH, at 6
and 24 hours after the procedure between the RIPC group
and control group.

Our study had potential limitations. Although there
were enough patients undergoing cardiac surgery for the
RIPC procedure, we were unable to do a whole blindness
for the procedure.

Conclusions: We conclude that RIPC may reduce my-
ocardial injury in patients undergoing open-heart surgery.
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Table 2. Biomarkers After Surgery

Marker Group Before RIPC PValue 6 hafter RIPC PValue 24 h after RIPC PValue
RIPC 0.88 = 0.10 029 + 0.07 0.16 = 0.08
Troponin I, ng/mL 0.65 0.036% <0.052
Control 033+ on 070 + o 122 £ 018
RIPC 190.40 = 5.05 184.66 & 6.00 17933 £ 5.85
CPK, U[L 0.628 0.036% < 0.05%
Control 210.61 % 8.55 22538 1 8.46 236.61 = 8.06
RIPC 351.40 + 25.05 344.86 £ 25.75 335.53 £ 26.82
LDH, UL 1 1 1
Control 354.61 & 24.77 376.23 & 24.99 391.07 + 2533
RIPC 0.99 £ 0.04 0.93 £ 0.05 0.90 % 0.04
Creatinine, mg/dL 1 01 0.000
Control 1.01 = 0.05 110 £ 0.03 117 1 0.04
Abbreviations: CPK, creatine phosphokinase; LDH, lactate dehydrogenase.
significant.
Footnotes 8. Shimizu M, Tropak M, Diaz R], Suto F, Surendra H, Kuzmin E, et al. Tran-
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