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Aim To evaluate the cardioprotective effect of sevoflurane on a beating
heart in patients undergoing coronary artery bypass grafting with normal

preoperative left ventricular function.

Methods The randomized controlled study included 32 patients induced
with sevoflurane and then randomized to receive either 1 minimal alveo-
lar concentration (MAC) end-tidal concentration of sevoflurane (n = 16)
or propofol (n=16) 2 to 3 mg kg™ hour~'. Theaceeleration of the aortic
blood flow, cardiac index, heart rate, mean arterial pressure, and central
venous pressure were measured S minutes after anesthesia induction, at
the beginning of ischemia, 15 minutes after ischemia, and 15 minutes af-
ter sternum closure.

Results There-were no differences in heart rate, mean arterial pressure,
and central venous pressure within each group and between groups dur-
ing surgery. Acceleration increased in the sevoflurane group 15 minutes
after ischemia (10.3 +3.5 m/s% P=0.004) and 15 minutes after sternum
closure (10.7 3.9 m/s% P<0.001). Acceleration in the propofol group
decreased from the beginning of ischemia (P<0.001) and remained lower
15 minutes after sternum closure (?=0.001 and P = 0.024, respectively).
Acceleration was higher in the sevoflurane group at the beginning of
ischemia and 15 minutes after sternum closure (P=0.017 and P=0.046,
respectively). There were no significant differences in cardiac index values
within the sevoflurane group. In the propofol group, significant decreases
in cardiac index were seen at the beginning of ischemia (2<0.001). There
were between-group differences in cardiac index values at the beginning
of ischemia and 15 minutes after ischemia (P=0.002, and P=0.011, re-
spectively).

Conclusion Cardiac function was better preserved in the patients anes-

thetized with sevoflurane than in patients anesthetized with propofol.

Trial Registration ClinicalTrials.gov Identifier: NCT00477737
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Ischemic-reperfusion event occurs in many clin-
ical situations, especially in cardiac and vascular
surgery, neurosurgery, and transplant surgery (1).

Ischemic “preconditioning,” as originally de-
scribed by Murry et al (2), is defined as a rapid,
adaptive response to a brief ischemic insult that
improves the tolerance of the myocardium to a
subsequent period of prolonged ischemia. Dur-
ing cardiac surgery, ischemic preconditioning
of the heart can be utilized as an effective ad-
junct to myocardial protection, but may not be
getting widespread use. Volatile anesthetics are
another effective adjunct, which provide pro-
tection against reperfusion injury (postcondi-
tioning) (3).

In vitro studies and in vivo animal experi-
ments have shown that-halogenated volatile an-
esthetics-have a protective effect on the ischemic
myocardium (4). In clinical settings, however, an-
esthetic preconditioning may be of more interest.
The underlying mechanisms are still under inves-
tigation, but it seems that protection of myocytes
is mediated through an effect: on mitochondrial
and sarcolemmal adenesine triphosphate-regu-
lated potassium (K,1p) channels (5,6).

Studies have been performed on human pa-
tients undergoing coronaryartery bypass grafting
(CABG) surgery with-cardiopulmonary bypass
(CPB) (7,8). Only a few studies, however, have
evaluated the effects-of volatile anesthetics dur-
ing coronary artery bypass grafting on a beating
heart (OPCABG), with conflicting results as far
as cardiac biomarker release is concerned (9,10).

Because CPB is known to have a profound
impact on cardiac function, studies performed
on patients scheduled for off-pump coronary ar-
tery bypass grafting could evaluate more specifi-
cally the effects of the anesthetic agents them-
selves. Patients undergoing off-pump coronary
artery bypass grafting have a predictable and pre-
defined ischemic zone during surgery and repre-
sent an extremely interesting and safe model for
the study of ischemia and cardiac damage in hu-
mans (11).

Presently, there is still no consensus on the
method of administration of volatile anesthet-
ics, including the time to begin administration,
its duration, the dosage, and selection of volatile
anesthetics.

The aim of our study was to evaluate the car-
dioprotective effect of sevoflurane in patients un-
dergoing off-pump coronary artery bypass graft-
ing surgery. We proposed that a cardioprotective
effect of sevoflurane would save myocardial func-
tion, which we measured as acceleration of the
aortic blood flow by esophageal Doppler and car-
diac index with bolus thermodilution methods,
both during brief ischemia and reperfusion.

Patients and methods

Patients

The study was conducted at Clinical Depart-
ment of Anesthesiology, Reanimatology, and
Intensive Care Medicine, University Hospital
Dubrava, Zagreb, between August 1, 2006 and
December 31;.2006. Out of 86 patients admit-
ted to the department, 49 patients were eligible
for thestudy as they had the diagnosis of coro-
nary arterydisease. Out of 49 eligible patients, 35
met the inclusion criteria and were randomized
into two groups (Figure 1). The inclusion criteria
were as follows: the degree I or II of Cardiac An-
esthesia Risk Evaluation score (12), angiographi-
cally verified coronary artery disease, and left ven-
tricular ejection fraction higher than 40%. There
were 24 male and 11 female patients, all young-
er than 75 years (Table 1). Patients were exclud-
ed from the study if they had any kind of heart
disease other than coronary artery disease, con-
genital heart disease, atrioventricular conduction
disturbances, evidence of previously ventricular
arrhythmias requiring antiarrhythmic treatment,
atrial fibrillation with rapid ventricular response,
and any kind of valvular heart disease which re-
quired using CPB. Patients with myocardial in-
farction or stroke within 6 months, diabetes




mellitus, end-stage of obstructive or restrictive
pulmonary disease, or sepsis, and patients taking
antiarrhythmic or digoxin therapy or if required
inotropic support before surgery were excluded
from the study. Exclusion criteria during surgery
were myocardial ischemia (depression or eleva-
tion of the ST-segment of more than 1 mm on
12-lead electrocardiography) and hemodynam-
ic instability (heart rate >100 beats/min, systolic
blood pressure <90 mm Hg, or need for cardiac
pacing). Two patients randomized into the pro-
pofol group and one patient randomized in the
sevoflurane group were subsequently excluded
from the investigation and data analysis because
they met the exclusion criteria during surgery
(extreme hemodynamic instability that required
conversion from off-pump corenary artery by-
pass grafting to.coronary artery bypass grafting
surgery) (Figure 1).

The study protocol was approved by the in-
stitutional review board (hospital ethical com-
mittee) and was consistent with the principles of
the Declaration of Helsinki. All patients were in-
formed about the investigation.and signed an in-
formed consent form before surgery.

Study design

The patients in a single blinded study. were ran-
domized into two groups by an anesthesiologist
who drew patients’ numbers-from a hat on the
day before surgery. The same anesthesiologist
performed anesthesia procedure in all random-
ized patients. After canulation of the radial ar-
tery, induction with anesthesia was performed,
and intubation and mechanical ventilation were
applied. The anesthesiologist then inserted the
pulmonary artery catheter and esophageal Dop-
pler probe. Measurements were performed at the
following intervals: 0) 5 minutes after anesthesia
induction; 1) at the beginning of ischemia, when
the left anterior descending coronary artery was
occluded - ischemic stage; 2) 15 minutes af-
ter ischemia, when occlusion of left anterior de-
scending coronary artery was terminated — re-
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Figure 1. The flow diagram of patients through the study.

perfusion stage; and 3) 15 minutes after sternum
closure. In both groups, measurements were per-
formed simultaneously with the esophageal Dop-
pler and pulmonary actery catheter. During sur-
gery, vital signs were followed,.and in the event
that the mean_arterial pressure dropped lower
than-60 ' mm Hg, phenylephrine was applied as
an intravenous bolus. During surgery, Ringer’s-
lactate (Croatian Institute for Transfusion Med-
icine, Zagreb, Croatia) or 500 mL hydroxyeth-
ylstarch 6% solution (HAES-sterile 6% in saline
0.9%; Fresenius Kabi, Bad Homburg, Germany)
was administered in all patients to optimize pre-

load.

Anesthesia procedure

Patients received their cardiac medications on
the morning of surgery. Long-acting medications
(calcium antagonists and angjotensin convert-
ing enzyme inhibitors) were discontinued a day
before the beginning of the study. All patients
were premedicated with morphine at a dose of

0.1 mg/kg IM (Morphine Merck®, Merck KgaA,
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Darmstadt, Germany) one hour before surgery.
Anesthesia was induced by 8% vol. sevoflurane
(Sevorane®, Abbott Laboratories S.A., Abbott
Park, IL, USA) with high 100% oxygen flow
(7 L/min) until the patient lost consciousness.
Sevoflurane was administered with a Driger va-
porizer (Dréger, Liibeck, Germany). After endo-
tracheal intubation, the lungs were mechanically
ventilated by positive pressure (tidal volume of
8 mL/kg and ventilatory frequency of 12/min)
(Primus; Driger). After induction, patients were
randomized into two groups. In the sevoflurane
group anesthesia was maintained at 1 minimal
alveolar concentration (MAC) of sevoflurane.
In the propofol group, sevoflurane was switched
to continuous infusion of propofol(Diprivan”,
Fresenius Kabi, Graz,-Austria) and anesthesia
was maintained with doses between 2 to 3 mg
kg 'h™’. In both groups, remifentanil (Ultiva®,
GlaxoSmithKline, Auckland, New Zealand) was
administrated to provide adequate analgesia at
adose of 0.3 ug kg™ h™' via target-controlled in-
fusion. For muscular relaxation, all patients re-
ceived pancuronium-bromide (Pavulon®, N.V.
Organon, Oss, the Netherlands) at a bolus-dose
of 0.1 mg/kg intravenously. Additional:deses of
pancuronium-bromide (0.1mg/kg)were admin-
istered as required to-maintain neuromuscular

blockade duringsurgery.

Hemodynamic monitoring

American Society of Anesthesiologists (ASA)
standard monitors were applied to the patients
on admission to the operating room (13). In
the operating room, an arterial catheter (Arrow
International, Reading, PA, USA) was insert-
ed into the left radial artery at an angle of 35%
to the plane of the wrist, to measure direct arte-
rial blood pressure. Seldinger’s technique (14)
was used for the central venous catheter place-
ment and for the introduction of a 5-lumen, 7.5
French pulmonary artery catheter (Arrow Inter-
national) into the right internal jugular vein. In-
sertion of the pulmonary artery catheter via the

jugular vein through the heart and into a pul-
monary artery branch was controlled by a mon-
itor (Hewlett Packard Viridia CMS; Boblingen,
Germany). Pulmonary artery catheter was fixed
after being placed into the pulmonary capillary
wedge position, usually 55-60 cm from the in-
ternal jugular vein puncture site. Central venous,
radial, and pulmonary arterial pressure transduc-
ers (Peter von Berg, Kirschseeon, Germany) were
zeroed at the level of the left atrium. Electrocar-
diographic leads II and V5, heart rate, central
venous, radial, and pulmonary artery pressure
curves and values were monitored on the same
monitor in-the Same way throughout the study.

Thermodilution

Bolus thermodilution via the pulmonary artery
catheter is currently the method of choice for
measuring cardiac output in the clinical setting
By this technique, multiple cardiac output mea-
surements can be obtained at intetvals, using an
inert indicator. A bolus of cold fluid was injected
into the right atrium and-the resulting tempera-
ture change was detected by the thermistor in the
pulmonary artery. During the patient’s exhala-
tion, an'indicator (10.mL0f 5% glucose at room
temperature) was injected over 4 seconds into
the central venous part of the pulmonary artery
catheter. The thermodilution curve was moni-
tored on a thermodilution monitor (Cardiac
Output Computer; Arrow International, Read-
ing, PA, USA). Five consecutive measurements
were done. The cardiac output mean value was
calculated from the three of five measurements
not differing reciprocally by more than 10%.

Esophageal Doppler

Just after the induction of anesthesia, the trans-
ducer of the esophageal Doppler device (Hemo-
Sonic 100; Arrow International) was inserted
through the nose and positioned in the esopha-
gus. Prior to the transducer insertion, the intend-
ed insertion depth for the ultrasound sensors
must be estimated on the basis of external anat-




omy. This is achieved by placing the dual sensor
assembly onto the patient’s chest at the level of
the third intercostal juxtasternal space, approx-
imately 35 cm from the incisors in a tracheally
intubated patient. Under these conditions, ul-
trasonic transducers are located approximate-
ly between the fifth and sixth thoracic vertebra,
where the esophagus and the aorta run parallel
for about 5 cm. Finally, the transducer handle is
secured by a fixed arm attached to the operating

table.

Statistical analysis

For the analysis between groups and time points,
a two-way analysis of variance (ANOVA) was
performed. Data were analyzed using the soft-
ware program Statistica, version 4.5 for Win-
dows (StatSoft, Ine: Tulsa, OK, USA) and P<.05

was considered statistically significant.
Results

There were no significant differences in patients’
ages, body surface area, and numbers of grafts. In
both groups of patients, the duration of coronary
occlusion was almost equal and did not have sta-
tistical significance (Table 1).

Statistical analysis of hemodynamic param-
eters is shown in Table 2. There was no statisti-
cal significance within each group and between
groups for heart rate, mean arterial, and central
venous pressures.

Compared to the baseline measurements, ac-
celeration values within the sevoflurane group
showed a consistent increase during surgery, but
significant increases in acceleration values were
observed 15 minutes after ischemia and 15 min-
utes after sternum closure (¢ test, P=0.004 and
P<0.001, respectively). In contrast to these re-
sults, the propofol group demonstrated a statis-
tically significant decrease of acceleration values
in all measurements, compared to their base-
line measurements. The peak decrease was ob-
served at the beginning of ischemia, as compared
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Table 1. Preoperative and operative characteristics of patients
underwent coronary artery bypass grafting on a beating heart
Treatment (mean+SD)*

sevoflurane propofol

Characteristics (n=16) (n=16) Pt
Preoperative data:

age (years) 613159 64.8+6.1 0.091
body surface area (m?) 1.9+0.2 19+0.1 0.564
Operative data:

number of grafts 27+1.0 25407 0.532

duration of coronary occlusion* 15.8+5.7 16.9+6.3 0.534

*Abbreviations: SD - standard deviation.
TANOVA test.
1The sum of single coronary occlusions.

Table 2. Hemodynamic parameters (mean + standard deviation)
of patients who underwent coronary artery bypass grafting on
a beating heart*

Measurement point

on the 15 min after
5 min after beginning of 15 min after  sternum
Parameter induction ischemia ischemia closure
ACC (m/s?):
sevoflurane 9.3+3.1 9.8+3.3¢ 10.3+£3.5t 10.7+3.9%
propofol 9.9+29 7.3+1.8 8.3+26" 84128t
Cl (L min" m?):
sevoflurane 22104 224024 23+0.3* © 23+03
propofol 21+0.3 1.8£0.41 2.0+04 21+0.3
HR (beats/min):
sevoflurane 7161147 753+9.1 77.3+8.7 80.3+9.0
propofol 711276 T744+93 76.2+9.6 747+9.0
MAP (mmHg):
sevoflurane 79.0+£8.7 78.7+10.3 80.7+£10.0 80.1+9.4
propofol 82.3+57 81.1+£89 812+77 858%7.7
CVP (mmHg):
sevoflurane 13.7+15 13.8%23 144+17 143%19
propofol 138+156  143+17 149+16 142+13

*Abbreviations: ACC - acceleration; Cl - cardiac index; HR = heart rate; MAP — mean
arterial pressure; CVP — central venous pressure.

1P<0.05 within group vs “5 minutes after induction” (t test).

1P<0.05 between.groups in the same measurement (ANOVA).

to baseline measurements (from 9.9+2.9, 95%
confidence interval (CI), 8.4-11.4 to 7.3+1.8
m/s%, 95% CI, 6.4-8.3). In the further two mea-
surements, 15 minutes after ischemia and 15
minutes after sternum closure, values of accel-
eration increased, but they did not return to the
baseline values and remained significantly lower
(P=0.001 and P=0.024, respectively).

When we compared differences of accel-
eration between the sevoflurane and propofol
groups, acceleration had significantly higher val-
ues in the sevoflurane group in the second and
fourth measurement (P=0.017 and P=0.046,
respectively). The value for acceleration in the
third measurement was also higher in the sevo-
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flurane group than in the propofol group, but
did not reach statistical significance (P=0.071).

There were no significant differences in car-
diac index values within the sevoflurane group.
Contrary to these results, a significant decrease of
cardiac index at the beginning of ischemia, com-
pared to baseline in the propofol group was ob-
served (P<0.001). In comparison to the propofol
group, values of cardiac index at the beginning
of ischemia and 15 minutes after ischemia were
higher in the sevoflurane group (2=0.002 and
P=0.011, respectively) (Table 2).

Discussion

In the present study, we observed-eardiopro-
tective effect of sevoflurane on left ventricular
performance during off-pump coronary artery
bypass grafting surgery as measured by with ac-
celeration and cardiac index.

In the sevoflurane group, compared to base-
line, acceleration showed a permanent increasing
trend during the whole period of ischemia un-
til the 1S minutes after sternum closure, when it
reached the highest value (10.7 m/s?). In the pro-
pofol group, compared to baseline, therewwasia
strong decrease in acceleration at the beginning
of ischemia (from 9.9 t0*7.3 m/s?)+In the ensu-
ing two measurements; a slight trend of recov-
ery of acceleration.was noted, but its value re-
mained definitely below baseline. This shows
that propofol, in our investigation, did not have
a cardioprotective effect on left ventricular per-
formance.

Although values for cardiac index did not
show a significant increasing trend in sevoflurane
group compared to baseline, its values between
the groups were significantly higher in the sevo-
flurane group at the beginning of ischemia (2.2
vs 1.8 L min~' m™?) and 15 minutes after myocar-
dial ischemia (2.3 vs 2.0 L min™' m™). Similarly
as with acceleration, the propofol group, com-
pared to baseline, displayed a noticeable decrease
in cardiac index at the beginning of ischemia (2.1

vs 1.8 L min™! m™). In contrast to the esopha-
geal Doppler, bolus thermodilution in this study
was a less precise method for estimating myo-
cardial cardioprotection. Myocardial ischemia
and reperfusion result in injury of coronary mi-
crovasculature and contractile dysfunction. This
contractile dysfunction usually resolves within
24-48 hours and is independent of left and right
ventricular filling pressures (15). Because of that,
along with other usual hemodynamic parame-
ters, we used acceleration, a parameter which is
in good correlation with contractility, but is in-
dependent of filling pressure (15). Due to the
preload of theheart, which was similar between
the groups, the acceleration improvement might
result from less myocardial dysfunction and bet-
ter recovery of contractility.

Guarracino et al (9), in the first multicenter
randomized controlled study, used another vol-
atile anesthetic, desflurane, in estimating the
biomarker of myocardial injury, troponin I.
He demonstrated a cardioprotective effect and
shorter length of stay in.the‘intensive care unit
and hospital; compared with the control group
in which intravenous anesthetic wasadministrat-
ed. DeHert et al (8) inalarge number of patients
tried to.confirm the hypothesis that cardiopro-
tective effect of sevoflurane in patients with cor-
onary artery disease depended on the duration
of its administration. Sevoflurane was adminis-
trated before ischemia, after ischemia, and during
whole procedure. Following the biomarkers for
myocardial damage, the authors concluded that
the cardioprotective effects of sevoflurane were
clinically most apparent when it was adminis-
trated throughout the operation. According to
these results, and in contrast to the protocol of
De Hert, in which sevoflurane was administrat-
ed after sternotomy, we wanted to prolong sevo-
flurane administration. In order to prolong the
administration, our protocol started its admin-
istration during induction. This enabled us to
manage sevoflurane during the unstable period
of anesthesia.




Some authors did not find a cardioprotective
effect of sevoflurane. Law-Koune et al (11) in a
small number of patients undergoing off-pump
coronary artery bypass grafting surgery did not
confirm a cardioprotective effect of sevoflurane.
Sevoflurane administration was adjusted accord-
ing to the values of the bispectral index to be-
tween 40 and 60, which resulted in relatively low
administrated end-tidal sevoflurane concentra-
tions. These low concentrations could explain the
results in his study. Kendall et al (16) reported
that troponin T concentration were not signifi-
cantly different in patients randomly allocated to
receive propofol and isoflurane or isoflurane and

high thoracic epidural analgesia.
Off-pump coronary artery bypass-~grafting

procedure is a clinical model for a controlled
short-lastingand completely reversible cardiac
ischemia in humans. As the ischemic period is
limited, a sublethal ischemic stress is applied to
the myocardial cells at risk, which is usually not
sufficient to provoke sustained cell damage (17).
Therefore, a marked increase in biochemical
markers of myocardial cell damage cannot be ex-
pected in most cases and, therefore, was not mea-
sured in our study.

Bein et al (18) analyzed myocardial func-
tion with echocardiography, myocardial perfor-
mance index, and with early aerial filling veloc-
ity ratio, which were significantly altered in the
group of patients who received propofol anesthe-
sia. In patients that received sevoflurane, there
were no changes in the parameters, such as bio-
markers troponin I and myocardial fraction of
the creatine kinase (CK-MB). Interestingly, even
though echocardiography demonstrated better
myocardial function in the sevoflurane group,
the final values of the parameters showed poor
myocardial function relative to their initial val-
ues. This is opposite to our findings in which ac-
celeration values in the last measurement were
significantly higher than at baseline in the sevo-
flurane group. Furthermore, in contrast to results
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of Bein, we did not have greater necessity for the
use of vasopressors in the sevoflurane group.

This study has some limitations. It included
a relatively small number of patients. As patients
with preoperative ejection fraction less than 40%
were excluded, the results are not applicable to
this subgroup of patients. Further studies will
have to evaluate the impact of sevoflurane-medi-
ated cardioprotection in patients with lower pre-
operative ejection fractions. This particular group
of patients most frequently requires administra-
tion of inotropes, which additionally attenuate
any positive influence of cardioprotection. Be-
cause coronary artery-discase and myocardial in-
farction occur with increased frequencies among
diabetic patients, cardioprotection of the diabet-
ic myocardium may differ considerably from car-
dioprotection of non-diabetic myocardium. In
this study, cardioprotective effect of sevoflurane
was observed while administrating the same dose
of 1 MAC to all patients. Because cardioprotec-
tive effect of sevoflurane may depend on MAC,
our results cannot be extrapolated+to different
sevoflurane concentrations (19).

Our protocol followed.the early cardioprotec-
tive effect of sevoflurane, which-is'more impor-
tant for the perioperative period. We did not fol-
low-possible later cardioprotective effects, which
are more important in the immediate postopera-
tive stage.

Further studies should be conducted to bring
additional explanations about mechanisms of
cardioprotective effect of volatile anesthetics.
These explanations will improve the quality of
administration and choice of anesthetic. They
will have to investigate the effect of inhalation-
al anesthetics on cardioprotection with regards
to patients’ outcome, primarily on perioperative
morbidity and mortality. There is an increasing
number of patients with coronary artery disease
who will be undergoing general surgery. Pre-
vious studies have shown that sevoflurane can
have protective properties against ischemic inju-
ry even in that group of patients with coronary
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artery disease who will undergo non-cardiac sur-

gery. Investigation of the cardioprotective effect

of sevoflurane in this group of patients could be

of clinical importance. Just as protection against

ischemia is possible for the myocardium during

surgery, a new COI‘]CCpt to ensure perioperative

protection of other organs is emerging.

In conclusion, by measuring acceleration and

cardiac index, we proved early cardioprotective

effect in the sevoflurane group.
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