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Objective
The aim of this study was to assess the effect of sevoflurane and isoflurane in high-
risk cardiac patients undergoing coronary artery bypass grafting surgery.
Patients and methods
This study included 228 patients undergoing coronary artery bypass grafting surgery.
This was a randomized study. This study was carried out at cardiac centers. The
patients in this study were divided into two groups. In the sevoflurane group, the
patients received sevoflurane (end-tidal concentration of 1–4%) as an inhalational
agentduring theentireprocedure (before,during,andafter cardiopulmonarybypass).
In the isoflurane group, the patients received isoflurane (end-tidal concentration of
0.5–2%)asan inhalationalagentduring theentireprocedure (before,during,andafter
cardiopulmonary bypass). Themonitorsmeasured theheart rate,meanarterial blood
pressure, a continuousECGwith an automatic ST-segment analysis (leads II andV),
central venous pressure, mean arterial pulmonary pressure, pulmonary capillary
wedge pressure, pulmonary and systemic vascular resistances, cardiac index, urine
output, troponin I level, creatine kinase-MB level, required pharmacological, and
mechanical support.
Results
The administration of sevoflurane decreased the heart rate, mean arterial blood
pressure, cardiac index, mean arterial pulmonary pressure, and pulmonary and
systemic vascular resistances compared with the administration of isoflurane
(P<0.05). Also, it decreased the incidence of myocardial infarction, reflected in the
troponin I level, creatine kinase-MB, ECG changes, and the development of new
regionalwallmotionabnormalities (P<0.05).Sevofluranedecreased the requirement
for pharmacological and mechanical support compared with isoflurane (P<0.05).
Conclusion
Sevoflurane is more cardioprotective than isoflurane. It decreases the incidence of
myocardial infarction and the requirement for pharmacological and mechanical
support, and duration of stay in the ICU and hospital.
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Introduction
Volatile anesthetics improve protection, postischemic
recovery, cardiac function, and reduce arrhythmias
on reperfusion against myocardial ischemia by
pharmacological preconditioning [1–6].

All volatile anesthetics induce a dose-dependent
decrease in myocardial contractility, mediate the
formation of nitric oxide, maintain the intracellular
and/or mitochondrial calcium homeostasis, and
moderate the opening of ATP-sensitive potassium
channels [7,8]. These effects decrease the myocardial
oxygen demand; therefore, they play a beneficial role in
the myocardial oxygen balance during myocardial
ischemia [7].
ia | Published by Wolters K
Inhumans,administrationofvolatile anesthetics atdoses
of 0.5–2.0 minimum alveolar concentration throughout
cardiac surgery results in less myocardial injury, less
inotropic support, and reduced mortality [3,9–13].

Sevoflurane and isoflurane are the most common
volatile anesthetics used during cardiac surgery and
we hypothesized that sevoflurane and isoflurane
provide equal myocardial protection in patients
undergoing coronary artery surgery.
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The aim of the present study was to evaluate
the perioperative myocardial protective effects of
sevoflurane and isoflurane in high-risk cardiac patients
undergoing coronary artery bypass grafting (CABG).
Outcomes
The primary outcome was the myocardial protective
effect assessed by the stability of the hemodynamic
status of the patients and the postoperative cardiac
markers [troponin I and creatine kinase-MB (CK-
MB)]. The secondary outcomes were the requirement
for pharmacological andmechanical support in addition
to the safetyof the studymedications,whichwas assessed
by the occurrence of any adverse events.
Sample size calculation
Power analysis was carried out using the χ2-test for
independent samples on the number of patients with
elevated postoperative troponin I levels because this
was the main outcome variable in the present study. A
pilot study was carried out before starting this study
because there are no available data in the literature for
the comparison of the myocardial protective effect in
high-risk cardiac patients undergoing coronary artery
surgery. The results of the pilot study showed that the
postoperative troponin I level increased in 30% of the
patients in the sevoflurane group and 60% of patients in
the isoflurane group. On the basis of a power of 0.8, α
error of 0.05, and β error of 0.2, a minimum sample size
of 114 patients was calculated for each group.
Patients and methods
After obtaining informed consent and approval from
the local ethics and research committee in two cardiac
centers, a prospective randomized study of 228 high-
risk cardiac patients undergoing CABG surgery using
cardiopulmonary bypass (CPB) was carried out.
The inclusion criteria were patients with coronary
artery disease (patients with ischemic heart disease
or percutaneous transluminal coronary angioplasty,
pervious CABG, hypertension, and patients with
poor ventricular function (ejection fraction of
20–40%), or pulmonary hypertension. Exclusion
criteria included patients with congestive heart
failure, acute myocardial infarction, emergency, redo
cases, combined CABG and valvular surgery or aortic
artery surgery, malfunctioning artificial heart valve,
obstructive cardiomyopathy, pericardial disease, and
renal or hepatic impairment. The patients were
assessed using New York Heart Association [14],
American Society of Anesthesiologists Physical
Status Score [15], and Euroscore [16]. The patients
were allocated randomly (using simple randomization
through a process of coin-tossing) into two equal
groups (n=114 each).
Sevoflurane group
The patients received sevoflurane (end-tidal concen-
tration of 1–4%) as an inhalational agent during the
entire procedure (before, during, and after CPB).
Isoflurane group
The patients received isoflurane (end-tidal concentration
of 0.5–2%) as an inhalational agent during the entire
procedure (before, during, and after CPB).

End-tidal concentrations of sevoflurane and isoflurane
were recorded every 5min during the procedure using
Fabius GS Premium (Dräger, Lübeck, Germany).
Anesthetic technique
For all patients and under local anesthesia, a radial
arterial cannula, a central venous line, and a pulmonary
artery catheter were inserted before operation to enable
continuous hemodynamic monitoring. Induction was
performed by intravenous fentanyl (3–5 μg/kg),
etomidate (0.3mg/kg), and rocuronium (0.8mg/kg).
Anesthesia was maintained with oxygen/air (50%),
sevoflurane, or isoflurane according to the study
medication protocol in addition to an infusion of
fentanyl (1–3 μg/kg/h) and cisatracurium (1–2 μg/kg/
min). CPB was established with cannulation of the
ascending aorta and the right atrium. At the end of the
surgical intervention, the patients were prepared for
weaning from CPB. If there was difficulty in weaning
from CPB, pharmacological support (dopamine
or epinephrine or norepinephrine, milrinone, or
nitroglycerine) or mechanical support (intra-aortic
balloon pump) was started. At the end of surgery,
the patients were transferred to cardiac surgery ICU
under full monitoring.
Monitoring of patients
Hemodynamic monitoring included measurement of
the heart rate, mean arterial blood pressure (MAP), a
continuous ECG with automatic ST-segment analysis
(leads II and V), central venous pressure, mean arterial
pulmonary pressure, pulmonary capillary wedge
pressure, pulmonary and systemic vascular resistances,
cardiac index, urine output, troponin I level, CK-MB
level, and the required pharmacological and mechanical
support. The cardiovascular variables derived, namely,
the cardiac index, and pulmonary and systemic vascular
resistances, were calculated using standard formulae
and the measurements were based on the bolus
thermodilution technique using the mean of three
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consecutive 10ml injectates of 5% glucose through the
Swan Ganz catheter (Edwards Lifesciences, California,
USA). Postoperatively, transthoracic echocardiography
was performed for patients with ischemic changes in the
ECG and elevated cardiac biomarkers to diagnose the
development of new regional wallmotion abnormalities.
Postoperative coronary angiography was performed for
patients with elevated cardiac biomarkers to assess the
patency of the coronary grafts.

Hemodynamic values were determined serially at the
following time-points. T0: baseline reading; T1:
reading 15min after induction; T2: reading before
CPB; T3: reading 30min after CPB; T4: reading at
ICU admission; T5: reading at the sixth hour after ICU
admission; T6: reading at the 12th hour after
ICU admission; and T7: reading at the 24th hour
after ICU admission. The troponin level was
checked before surgery, before CPB, at the time of
ICU admission, and at the sixth, 12th, 24th, 48th, and
72nd postoperative hours.
Statistical analysis
Data were described statistically as mean±SD or
frequencies (number of cases) and percentages when
appropriate. Comparison of numerical variables
between the study groups was performed using the
Student t-test for independent samples. Repeated
measures analysis of variance was carried out to
determine the effect of sevoflurane and isoflurane on
hemodynamics and cardiac biomarkers at different
follow-up intervals. For comparison of categorical
data, the χ2-test was performed. The exact test was
used when the expected frequency was less than 5.
P values less than 0.05 were considered statistically
significant. All statistical calculations were carried out
using the computer program SPSS (statistical package
for the social sciences; SPSS Inc., Chicago, Illinois,
USA) version 15 for Microsoft Windows.
Results
Table 1 shows no significant differences in
the demographic data, co-morbidities, preoperative
medications, New York Heart Association class,
Euroscore, and the American Society of Anesth-
esiologists Physical Status Score physical status score
(P>0.05).

Table 2 shows the changes in the heart rate, MAP, and
central venous pressure of patients. There was no
significant difference in the preoperative heart rate,
MAP, and central venous pressure of the patients of the
two groups (P>0.05). After induction, the heart rate
decreased in the sevoflurane group and increased in the
patients of the isoflurane group during the procedure
and through the first 24 h in the ICU and the difference
in the heart rate between the two groups was significant
(P<0.05). After induction, there were minimal
changes in the MAP in patients of the sevoflurane
group and an increase in the MAP in patients of the
isoflurane group and the difference between the two
groups was significant (P<0.05). There was no change
in the central venous pressure of patients during the
procedure and through the first 24 h in the ICU
between the two groups (P>0.05).

Table 3 shows the changes in the cardiac index, mean
pulmonary arterial blood pressure, and the pulmonary
capillary wedge pressure. There was no significant
difference in the preoperative cardiac index, the mean
pulmonary arterial blood pressure, and the pulmonary
capillary wedge pressure between the two groups
(P>0.05). After induction, the cardiac index and the
mean pulmonary arterial blood pressure decreased in
patients of the sevoflurane group and increased in
patients of the isoflurane group during the procedure
and through the first 24 h in the ICU and the difference
in the cardiac index and the mean pulmonary arterial
blood pressure between the two groups was significant
(P<0.05). There was no significant change in the
pulmonary capillary wedge pressure of patients during
the procedure and through the first 24 hours in the ICU
between the two groups (P>0.05).

Table 4 shows the changes in the systemic and
pulmonary vascular resistances of patients. There
were no significant differences in the preoperative
systemic and pulmonary vascular resistances of the
patients between the two groups (P>0.05). After
induction, the systemic and pulmonary vascular
resistances decreased in patients of the sevoflurane
group and increased in the patients of the isoflurane
group during the procedure and through the first 24 h
in the ICU and the difference in the systemic and
pulmonary vascular resistances between the two groups
was significant (P<0.05).

Table 5 shows the changes in the blood levels of
troponin I and CK-MB, ECG changes, myocardial
infarction, and postoperative coronary angiography.
There was no significant difference in the blood
levels of troponin I and CK-MB preoperatively
and before CPB between the two groups
(P>0.05). After CPB, the troponin I and CK-MB
increased in the patients of the two groups. The
increase was markedly higher in the patients of the
isoflurane group than in the patients of the



Table 1 Preoperative data of patients

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Age (years) 54.50±11.25 53.69±10.73 0.578

Weight (kg) 86.46±11.65 87.18±11.58 0.640

Sex

Male : female 63 (55.26) : 51 (44.74) 59 (51.75) : 55 (48.25) 0.595

Diabetes mellitus 98 (85.96) 95 (83.33) 0.581

Hypertension 88 (77.19) 90 (78.94) 0.748

Ischemic heart diseases 114 (100) 114 (100) 1.000

Atrial fibrillation 37 (32.45) 33 (28.94) 0.565

Pulmonary hypertension 46 (40.35) 41 (35.96) 0.495

Ejection fraction (%) 30.70±9.14 32.53±7.44 0.098

Angiotensin-converting enzyme inhibitors 83 (72.80) 79 (69.29) 0.412

β-blockers 88 (77.19) 84 (73.68) 0.452

Calcium channels-blockers 36 (31.57) 42 (36.84) 0.326

Aspirin 114 (100) 114 (100) 0.545

Statins 87 (76.31) 84 (73.68) 0.190

Stroke 3 (2.63) 2 (1.75) 0.404

Carotid stenosis

<50% 21 (18.42) 18 (15.78) 0.597

Unilateral 9 (7.89) 7 (6.14) 0.604

Bilateral 12 (10.52) 11 (9.64) 0.825

Renal function

Impairment 15 (15.15) 12 (10.52) 0.538

Dialysis 6 (5.26) 4 (3.50) 0.517

Smoking

Current smokers 49 (42.98) 45 (39.47) 0.590

Ex-smokers 35 (30.70) 26 (24.56) 0.178

NYHA

II 27 (23.68) 30 (26.31) 0.759

III 80 (70.17) 78 (68.42) 0.885

IV 7 (6.14) 6 (5.26) 1.000

ASA

III 89 (78.07) 82 (71.92) 0.358

IV 25 (21.92) 32 (28.07) 0.358

Euroscore (%) 14.26±4.15 13.80±4.43 0.419

Body surface area (m2) 1.77±0.17 1.76±0.15 0.638

Coronary artery bypasses grafting 114 (100) 114 (100) 1,000

Data are presented as mean±SD and n (%); ASA, American Society of Anesthesiologists Physical Status Score; NYHA, New York Heart Association.
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sevoflurane group through the first 24 postoperative
hours, then the levels decreased through the second
24 postoperative hours, and continued to decrease
through the third 24 postoperative hours. The
difference between the two groups was significant
(P<0.05) (Fig. 1a and b). A total of 26 patients
showed ECG changes (ST-segment changes) in the
sevoflurane group and 39 patients showed ECG
changes in the isoflurane group (P=0.039). A total
of 13 patients showed postoperative myocardial
infarction in the sevoflurane group compared with
24 patients in the isoflurane group (P=0.048).
A total of 13 patients showed postoperative
new regional wall motion abnormalities in
the sevoflurane group compared with 24 patients
in the isoflurane group (P=0.048). A total of four
patients showed postoperative myocardial infarction
and associated occluded coronary grafts in the
sevoflurane group compared with nine patients in
the isoflurane group (P=0.153).

Table 6 shows the intraoperative data and the
outcomes of the patients of the two groups. There
was no difference in the number of coronary
grafts, CPB time, cross clamping time, blood loss,
transfused packed red blood cells, hematocrit value,
transfused fluids, intraoperative urine output, and
neurological and renal complications between the
two groups (P>0.05). Weaning from CPB was
easier in patients in the sevoflurane group than the
patients in the isoflurane group. Patients in
the sevoflurane group needed smaller doses of
pharmacological support (dopamine, epinephrine,
norepinephrine, nitroglycerine, and milrinone) than
the patients in the isoflurane group (P<0.05), and
the requirement for mechanical support (intra-aortic



Table 2 Heart rate, mean arterial blood pressure, and central venous pressure of patients

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Heart rate (bpm)

T0 78.52±10.75 76.80±9.81 0.208

T1 74.80±10.24 78.13±9.55 0.011*

T2 74.10±8.62 77.00±8.40 0.011*

T3 73.98±9.15 78.00±10.34 0.002*

T4 74.90±9.30 78.18±10.27 0.012*

T5 73.79±10.30 77.50±13.13 0.018*

T6 74.66±10.70 78.14±13.52 0.032*

T7 74.97±11.35 79.22±13.79 0.011*

Mean arterial blood pressure (mmHg)

T0 104.95±16.00 105.30±15.61 0.867

T1 103.95±14.35 108.78±16.50 0.019*

T2 102.76±13.75 109.10±16.30 0.002*

T3 106.70±14.64 111.58±17.42 0.023*

T4 107.94±14.20 113.51±18.68 0.012*

T5 108.60±13.95 113.79±18.14 0.016*

T6 107.91±14.10 112.76±18.25 0.025*

T7 107.86±13.36 113.28±18.96 0.013*

Central venous pressure (mmHg)

T0 10.87±1.68 11.15±1.24 0.153

T1 12.25±1.20 12.53±1.35 0.099

T2 12.77±1.36 12.95±1.58 0.357

T3 13.35±1.44 13.10±1.52 0.203

T4 13.41±1.16 13.59±1.23 0.256

T5 13.30±1.37 13.45±1.14 0.369

T6 12.86±1.46 13.16±1.33 0.106

T7 12.75±1.62 12.84±1.17 0.631

Data are presented as mean±SD; T0, baseline reading; T1, reading 15min after induction; T2, reading before cardiopulmonary bypass; T3,
reading 30min after cardiopulmonary bypass; T4, reading at ICU admission; T5, reading at the sixth hour after ICU admission; T6, reading at
the 12th hour after ICU admission; T7, reading at the 24th hour after ICU admission; *P<0.05, significant comparison between the two groups.
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balloon pump) and pacing was lower in patients of the
sevoflurane group than those in the isoflurane group
(P<0.05). A total of 10 patients showed postoperative
atrial fibrillation in the sevoflurane group compared
with 21 patients in the isoflurane group (P=0.033).
The ICU and hospital lengths of stay were shorter in
patients of group M than group C (P<0.05). The
incidence of mortality was lower in patients in the
sevoflurane group than those in the isoflurane group,
but the difference was insignificant (P>0.05).
Discussion
There was an increase in the heart rate, MAP, cardiac
index, and systemic and pulmonary vascular resistances
with isoflurane. This may increase the work performed
by the heart, increasing the oxygen demand and
disturbing the oxygen supply/demand ratio, therefore
the myocardial becomes liable to more ischemia, which
is already suffering from ischemia. However, in the
sevoflurane group, there was a decrease in the heart
rate, MAP, cardiac index, and systemic and pulmonary
vascular resistances, and this decrease resulted in a
decrease in the work performed by the heart,
decreasing the oxygen demand and maintaining or
improving the oxygen supply/demand ratio, therefore
protecting the myocardium from ischemia. The
myocardial protective effect was documented by the
ECG changes and an increase in the troponin I
and CK-MB isoenzyme with isoflurane than with
sevoflurane.

The findings of the present study are in agreement with
the results of other studies. Ceyhan et al. [17] found
that the levels of CK-MB and troponin-T
were significantly lower in the sevoflurane group
compared with the isoflurane group through the
24th postoperative hour and they concluded that
sevoflurane provides better myocardial protection
than isoflurane. Searle et al. [18] showed that the
incidence of postoperative myocardial infarction was
2.2% in the sevoflurane group and 4.5% in the
isoflurane group, but this was insignificant. Ebert
et al. [19] reported that the increase in the heart rate
produced by the surgery was less with sevoflurane
than that with isoflurane and the heart rate of
patients with coronary artery disease patients
undergoing cardiac or noncardiac surgery was more



Table 3 Cardiac index, mean pulmonary arterial blood pressure, and pulmonary artery wedge pressure

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Cardiac index (l/min/m2)

T0 2.53±0.27 2.47±0.30 0.113

T1 2.45±0.23 2.54±0.35 0.022*

T2 2.43±0.25 2.53±0.36 0.015*

T3 2.42±0.28 2.52±0.36 0.020*

T4 2.43±0.36 2.55±0.35 0.011*

T5 2.43±0.32 2.54±0.35 0.014*

T6 2.42±0.30 2.53±0.37 0.014*

T7 2.44±0.34 2.55±0.38 0.022*

Mean pulmonary arterial blood pressure (mmHg)

T0 25.19±4.64 24.76±3.82 0.445

T1 23.35±4.56 25.16±4.48 0.002*

T2 23.37±5.25 25.44±6.80 0.010*

T3 22.90±4.25 24.46±5.51 0.017*

T4 22.63±4.60 24.54±5.15 0.003*

T5 22.89±4.67 24.47±5.10 0.015*

T6 22.58±5.25 24.45±5.68 0.010*

T7 22.14±4.71 24.31±5.98 0.003*

Pulmonary capillary wedge pressure (mmHg)

T0 14.46±2.45 13.98±2.60 0.152

T1 15.25±3.36 14.90±3.54 0.444

T2 15.57±3.25 15.16±3.70 0.375

T3 15.40±3.13 15.29±3.30 0.796

T4 14.72±2.96 15.20±3.17 0.238

T5 15.10±3.00 15.43±3.31 0.431

T6 15.28±3.08 14.75±2.80 0.175

T7 14.69±2.84 14.82±2.53 0.715

Data are presented as mean±SD; T0, baseline reading; T1, reading 15min after induction; T2, reading before cardiopulmonary bypass; T3,
reading 30min after cardiopulmonary bypass; T4, reading at ICU admission; T5, reading at the sixth hour after ICU admission; T6, reading at
the 12th hour after ICU admission; T7, reading at the 24th hour after ICU admission; *P<0.05, significant comparison between the two groups.

Table 4 Systemic and pulmonary vascular resistances of patients

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Systemic vascular resistance (dyne/s/cm5)

T0 1311.65±125.38 1303.89±136.20 0.654

T1 1276.75±122.00 1316.16±130.45 0.019*

T2 1265.42±128.68 1310.73±135.94 0.010*

T3 1260.60±125.46 1305.24±137.13 0.011*

T4 1255.48±127.19 1300.85±142.61 0.012*

T5 1266.54±132.90 1314.37±147.20 0.011*

T6 1258.73±130.47 1305.30±145.56 0.011*

T7 1268.36±133.18 1312.42±144.80 0.017*

Pulmonary vascular resistance (dyne/s/cm5)

T0 436.40±89.26 428.53±93.15 0.515

T1 413.69±91.86 439.98±95.65 0.035*

T2 408.17±93.26 440.38±98.50 0.012*

T3 406.75±94.90 439.63±99.44 0.011*

T4 411.46±92.39 438.70±97.58 0.031*

T5 407.40±90.85 439.00±95.22 0.011*

T6 412.67±87.73 438.30±93.69 0.034*

T7 410.84±88.23 437.90±91.65 0.024*

Data are presented as mean±SD; T0, baseline reading; T1, reading 15min after induction; T2, reading before cardiopulmonary bypass; T3,
reading 30min after cardiopulmonary bypass; T4, reading at ICU admission; T5, reading at the sixth hour after ICU admission; T6, reading at
the 12th hour after ICU admission; T7, reading at the 24th hour after ICU admission; *P<0.05, significant comparison between the two groups.
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stable with sevoflurane than isoflurane. Lee et al. [20]
documented that the cardiac index and stroke volume
index were significantly higher in the isoflurane group
than in the control group and the same findings were



Table 5 Blood levels of troponin I, creatine kinase-MB, ECG changes, myocardial infarction, and postoperative coronary angiography

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Troponin I (ng/ml)

Baseline 0.72±0.13 0.71±0.10 0.515

Before CPB 0.74±0.11 0.72±0.12 0.190

ICU admission 1.44±0.32 1.58±0.54 0.018*

Sixth hour 1.73±0.53 1.91±0.70 0.029*

12th hour 2.75±1.60 3.28±1.75 0.017*

24th hour 2.89±1.67 3.46±1.84 0.015*

48th hour 2.13±1.25 2.59±1.47 0.011*

72nd hour 1.39±0.30 1.52±0.48 0.015*

Creatine kinase-MB (ng/ml)

Baseline 5.31±1.19 5.27±1.22 0.802

Before CPB 5.43±1.24 5.35±1.20 0.621

ICU admission 5.47±1.44 5.60±1.52 0.508

Sixth hour 8.43±2.30 9.17±2.40 0.018*

12th hour 9.32±2.53 10.02±2.65 0.042*

24th hour 9.86±2.59 10.63±2.75 0.031*

48th hour 7.46±2.24 8.15±2.30 0.022*

72nd hour 5.56±1.45 5.68±1.60 0.553

ECG changes 26 39 0.039*

Myocardial infarction 13 24 0.048*

Regional wall motion abnormalities 13 24 0.048*

Coronary angiography (occluded grafts) 4 9 0.153

Data are presented as mean±SD and number; 12th hour, reading at the 12th postoperative hour; 24th hour, reading at the 24th postoperative hour;
48th hour, reading at the 48th postoperative hour; sixth hour, reading at the sixth hour after ICU admission; 72nd hour, reading at the 72nd post
operative hour; CPB, cardiopulmonary bypass; ICU admission, reading at ICU admission; *P<0.05, significant comparison between the two groups.
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reported by Wang et al. [21], who also reported no
difference in the postoperative levels of troponin I and
CK-MB isoenzyme in patients preconditioned by
isoflurane compared with the control group.
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(a) Blood levels of troponin I of patients; (b) blood levels of creatine
kinase-MB of patients. ICU admission: reading at ICU admission;
sixth hour: reading at the sixth hour after ICU admission; 12th hour:
reading at the 12th postoperative hour; 24th hour: reading at the 24th
postoperative hour; 48th hour: reading at the 48th postoperative hour;
72nd hour: reading at the 72nd postoperative hour.
The myocardial protective effect of sevoflurane is
superior to isoflurane and this may be related to
many factors: (a) isoflurane has been associated with
the phenomena of coronary steal that leads to the
redistribution of blood from a poorly perfused region
of the myocardium to an area that is perfused
adequately [25,26], and this may suggest that
isoflurane is associated with a higher incidence of
myocardial ischemia as a result of coronary steal
phenomena [27], while the sevoflurane is not
associated with coronary steal phenomena [19]; (b)
isoflurane increases the heart rate [28–30], which



Table 6 Intraoperative data and outcome of patients (data are presented as mean±SD, number, %)

Variables Sevoflurane group (n=114) Isoflurane group (n=114) P value

Number of coronary grafts

3 25 32 0.638

4 66 61 0.505

5 16 13 0.551

6 7 8 0.789

CPB time (min) 118.36±25.10 116.83±24.54 0.642

Cross clamping time (min) 94.71±17.54 92.45±16.15 0.312

Epinephrine(μg/kg/min) 0.07±0.02 0.08±0.05 0.049*

Norepinephrine (μg/kg/min) 0.04±0.02 0.05±0.04 0.018*

Nitroglycerine (μg/kg/min) 0.75±0.52 0.92±0.64 0.028*

Milrinone (μg/kg/min) 0.33±0.24 0.40±0.19 0.015*

Intra-aortic balloon pump 28 42 0.044*

Pacing 31 45 0.049*

Transfused P-RBC (unit) 3.56±0.46 3.64±0.55 0.234

Hematocrit (%) 38.16±3.76 38.64±3.54 0.322

Blood loss (ml)

Intraoperative (ml) 2275.63±235.15 2248.42±227.85 0.375

Postoperative (ml/24 h) 683.41±132.26 691.95±138.55 0.634

Intraoperative fluids

Crystalloids (ml) 3363.85±644.31 3390.24±672.68 0.762

Hesteril 6% 635.69±135.47 663.46±147.20 0.139

Postoperative fluids 24 h

Crystalloids (ml) 4360.23±838.76 4315.64±866.96 0.693

Hesteril 6% 970.48±293.65 967.15±286.36 0.931

Intraoperative urine output (ml) 2135.61±265.14 2096.74±247.80 0.254

Atrial fibrillation 10 21 0.033

Neurological complication (stroke) 2 2 1.000

New acute renal impairment 9 13 0.369

New renal failure 4 3 0.701

Postoperative dialysis

Temporarily 3 2 0.651

Permanent 1 1 1.000

ICU length of stay (days) 4.72±1.43 5.20±1.40 0.011*

Hospital length of stay (days) 8.87±2.83 9.76±3.44 0.034*

Mortality 4 9 0.153

CPB, cardiopulmonary bypass; P-RBC, packed red blood cells; *P<0.05, significant comparison between the two groups.
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can increase the myocardial oxygen demand and can be
detrimental to ischemic patients undergoing cardiac
surgery [31]; (c) sevoflurane shows more depressant
activity on the myocardium more than isoflurane
[32,33], and this may minimize the work performed
and oxygen requirement associated with surgical stress
[34]; (d) sevoflurane has been shown to exert a better
ischemic preconditioning effect than other volatile
agents [35]; (d) sevoflurane preserves the cardiac
functions after coronary surgery using CPB [6]; and
(e) sevoflurane is responsible for the increase in the
myocardial ATP during reperfusion [36]. Sevoflurane
induces anti-inflammatory effects in different types of
CABG surgeries under CPB [37,38].

In contrast to the findings of the present study,
Kiani et al. [39] compared the protective effect of
isoflurane-induced preconditioning (2.5 minimum
alveolar concentrations) in patients undergoing
elective CABG surgery and they found a significant
decrease in the CK-MB isoenzyme levels at 24 h
postoperatively. Belhomme et al. [4] reported a
decrease in the postoperative release of troponin I
and CK-MB isoenzyme following the administration
of isoflurane in comparison with the control group
and the same findings were documented by
Lee et al. [20].

Hemmerling et al. [40] showed that sevoflurane and
isoflurane exerted the same ischemic cardioprotective
effects in off-pump cardiac bypass surgery. Tomai et al.
[41] found that isoflurane could reduce myocardial
injury only in patients with impaired left ventricular
function [ejection fraction (EF)<50%] undergoing
CABG.

Searle et al. [18] found no difference in the heart rate,
blood pressure, and cardiac index between sevoflurane
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and isoflurane. Also, no difference was found in the
postoperative morbidities between the two groups.

Bennett et al. [42] evaluated myocardial injury using
transesphageal echocardiography and ECG during
anesthesia with sevoflurane and isoflurane and they
found no difference between sevoflurane and isoflurane.
Wang et al. [21] showed no difference in the blood
pressure, mean pulmonary artery pressure, pulmonary
capillary wedge pressure, central venous pressure,
systemic vascular resistance, and pulmonary vascular
resistance between the isoflurane and the control group.

Sarkar et al. [43] evaluated the hemodynamics
of isoflurane, sevoflurane, and desflurane by echo
cardiography and they found that the left ventricular
relaxation function improved with isoflurane,
sevoflurane, and desflurane, but there was
no significant difference in the heart rate,
blood pressure, central venous pressure, pulmonary
capillary wedge pressure, systemic vascular resistance
index, and cardiac index between the three groups; the
same finding was reported by Venkatesh et al. [34].
In a study carried out by Jones et al. [44], the
outcome of sevoflurane and isoflurane was evaluated
in cardiac surgical patients with different ejection
fractions (LVEF >54%, LVEF 40–54%, LVEF
20–39%, LVEF <20%); they concluded that
sevoflurane was not superior or inferior to isoflurane
and the outcomes were the same in the two groups.
Diana et al. [45] evaluated myocardial ischemia using
transesphageal echocardiography and coronary sinus
lactate metabolism and they found no difference in
the incidence of myocardial ischemia between the
sevoflurane and isoflurane groups.

In the present study, the awakening and extubation
times were significantly earlier with sevoflurane than
isoflurane and these findings are similar with the results
of other studies [33,46].
Study limitations
There are limitations in the present study. First, the
study was not a blinded study and second, the present
study had small study samples.
Conclusion
Sevoflurane induces a better cardioprotective effect
than isoflurane during CABG surgery. It decreases
the incidence of myocardial infarction and the
requirement for pharmacological and mechanical
support, and duration of stay in the ICU and
hospital.
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