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Background: Myocardial ischemic damage is reduced by vola-
tile anaesthetics in patients undergoing low-risk coronary artery
bypass graft surgery; few and discordant results exist in other
settings. We therefore performed a randomised controlled trial
(sevoflurane vs. propofol) to compare cardiac troponin release in
patients with coronary disease undergoing mitral surgery.
Methods: Patients with coronary artery disease undergoing
mitral surgery were randomly allocated to receive either sevo-
flurane (50 patients) or propofol (50 patients) as main hypnotic.
The primary endpoint of the study was peak post-operative
cardiac troponin release defined as the maximum value among
the post-operative values measured at intensive care unit arrival,
4 h later, on the first and second post-operative day.
Results: There was no significant difference in post-operative
peak troponin release, the median (25th–75th percentiles) values
being 14.9 (10.1–22.1) ng/ml and 14.5 (8.8–17.6) ng/ml in the
sevoflurane and propofol groups, respectively (P = 0.4). Fentanyl

administration was different between the two groups: 1347 �

447 mg in patients receiving sevoflurane and 1670 � 469 mg in
those receiving propofol, P = 0.002. The 1-year follow-up identi-
fied two patients who died in the propofol group (one myocar-
dial infarction and one low cardiac output syndrome) and one
in the sevoflurane group (myocardial infarction).
Conclusion: In this study, patients with coronary artery
disease undergoing mitral surgery did not benefit from the
cardioprotective properties of halogenated anaesthetics.
Sevoflurane anaesthesia was not associated to lower cardiac
troponin release when compared with propofol anaesthesia.
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Cardiac damage following cardiac surgery
could lead to post-operative depression of

myocardial performance with a consequent pro-
longed hospital stay and an increased perioperative
morbidity and mortality rate. Myocardial injury and
subsequent patient outcomes can be modified by
anaesthetic strategies. Volatile anaesthetics, com-
monly used to induce and maintain hypnosis, anal-
gesia, amnesia, and muscle relaxation, improve
post-ischemic recovery at the cellular level in iso-
lated hearts, in animals, and in clinical studies.1–3

Meta-analyses4–6 of randomised studies had dis-
cordant results when addressing clinically relevant
outcomes after cardiac surgery performed with or
without volatile agents.

Cardiac troponin I (cTnI) is the most popular
biomarker for myocardial damage, with nearly total
myocardial tissue specificity and extreme sensitiv-
ity, reflecting a very small amount of myocardial

necrosis, and it predicts short- and long-term out-
comes after cardiac and non-cardiac surgery. The
magnitude of myocardial injury directly correlates
with the extent of cTnI elevation.7

Even if an increasing number of reviews8,9 and
clinical studies showed the cardioprotective effects
of volatile anaesthetics in patients undergoing
coronary artery bypass graft (CABG) surgery with
cardiopulmonary bypass (CPB)10–13 or on the beating
heart,14–16 few and discordant results exist in valvu-
lar surgery.17,18

Recent guidelines suggested the use of volatile
agents in haemodynamically stable patients under-
going non-cardiac surgery who are at risk for peri-
operative myocardial infarction,19 even if no data
exist in this setting20 except an experience in stenting
procedures.21

Jakobsen et al.22 retrospectively studied 10,535
patients undergoing single (non-combined) cardiac
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surgical procedures and showed that in haemody-
namically unstable patients (undergoing urgent
CABG), there was a reduction in mortality with total
intravenous anaesthesia (TIVA) (8.19% in the pro-
pofol group vs. 16.23% in the sevoflurane group,
P = 0.031).

No randomised trial exists on the effects of vola-
tile agents in patient with coronary artery disease
undergoing mitral surgery. We therefore performed
a randomised controlled study (sevoflurane vs. pro-
pofol) to investigate whether the cardioprotective
properties of volatile agents are confirmed in these
patients and could contribute to reduce peak cardiac
troponin release defined as the maximum value
among the post-operative values measured at inten-
sive care unit (ICU) arrival, 4 h later, on the first and
second post-operative day.

Methods
This prospective, randomised, single-blind, control-
led study was carried out according to Declaration
of Helsinki principles. The ethical committee
approved the study, and written informed consent
was obtained from each patient.

Consecutive patients with coronary artery
disease, scheduled for elective mitral valve surgery
at a university hospital, were randomly assigned to
receive sevoflurane as the main anaesthetic agent or
a propofol-based TIVA. This paper is written follow-
ing the http://www.consort-statement.org check
list.

All subjects with coronary artery disease planned
for mitral valve surgery under general anaesthesia
were eligible if they were over 18 years of age,
signed the written informed consent, and had at
least one coronary vessel with a stenosis > 50% at the
coronary angiogram. Patients were excluded in the
case of previous unusual response to an anaesthetic,
use of sulfonylurea, theophylline, or allopurinol,
elevated pre-operative cTnI.

During anaesthesia induction, each patient
received an intravenous bolus of propofol (1–2 mg/
kg), fentanyl (5–10 mg/kg), and rocuronium
(0.1 mg/kg). Patient monitoring included invasive
radial artery blood pressure measurement, continu-
ous electrocardiographic leads II, and V5 with ST
segment monitoring, pulse oximetry, central venous
pressure, capnometry, and urine output.

Patients in the volatile anaesthetics group
received sevoflurane (Sevorane, Abbott, Queenbor-
ough, UK) 0.5 to 2.0 end-tidal minimum alveolar
concentration, equal to 1% to 4%, before CPB

starting immediately after intubation and again
after CPB; this anaesthetic has known beneficial
effects on post-ischemic mechanical and coronary
function.23,24

Patients in the TIVA group received 2–3 mg ¥ kg–1

¥ h–1 propofol (Diprivan, Astra Zeneca, Brussels,
Belgium) via target-controlled infusion since this
drug represents the standard hypnotic drug during
CPB in most cardiac anaesthesia units but has no
known pharmacologic pre-conditioning effects.

During CBP, all patients received propofol on
top of an opioid (fentanyl)-based anaesthesia. All
patients received an intra-operative infusion of
tranexamic acid; no aprotinin was administered. All
patients underwent mitral valve surgery using a
median sternotomy approach.

Pre-operative history, laboratory results, and elec-
trocardiogram were obtained. Demographics and
clinical characteristics were collected as described
in Table 1 together with transoesophageal echo-
cardiography data (collected at least 1 day before
surgery).

All pre-operative medications were continued
until the day of surgery except aspirin (stopped
1 week before surgery) and angiotensin-converting
enzyme inhibitors (withdrawn on hospital admis-
sion, generally 1 day before surgery). Pre-operative
beta blockers were continued post-operatively if
permitted by heart rate, blood pressure, and cardiac
index evaluation. No other drugs were continued
routinely or given for cardiac protection. All patients
were pre-medicated with diazepam, 0.1 mg/kg
orally, morphine, 0.1 mg/kg, and scopolamine
0.25 mg intramuscularly, and received standard
monitoring.

CPB was conducted at moderate hypothermia
(32–34°C). Myocardial protection during aortic
cross-clamping was obtained by antegrade and/or
retrograde cold blood cardioplegia. Activated clot-
ting time was maintained greater than 480 s for CPB;
the effect of heparin (starting dose 300 U/kg) was
reversed with protamine sulphate in a 1 : 1 ratio. If
the target mean arterial pressure of 65 mmHg was
not achieved with volume loading to a central
venous pressure of 10 cm H2O after weaning from
CPB, an infusion of dopamine (initial dose 5 mg/kg/
min) was started.

Following surgery, patients were transferred to
the ICU, sedated with propofol for 4 h and weaned
from the ventilator as soon as they were haemody-
namically stable with no major bleeding, and with
normothermia, an adequate level of consciousness,
and a proper pain control had been achieved.
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Weaning from catecholamine infusion was guided
by standard haemodynamic criteria. Post-operative
pain relief was provided to all patients by boluses
of intravenous morphine. Blood pressure (systolic,
mean, and diastolic), heart rate, and central venous
pressure were recorded at seven time points: before
induction of anaesthesia, before and after CPB, at
ICU arrival, and at 4, 8, and 12 h later. Neurologic
events were classified into type I (focal injury,
stupor, or coma at discharge) and type II (deterio-
ration in intellectual function, memory deficit, or
seizures).

Myocardial infarction was defined as suggested
by the recent consensus conference for the univer-
sal definition of myocardial infarction:25 biomarker
values more than five times the 99th percentile of

the normal reference range during the first 72 h
following surgery, when associated with the
appearance of new pathological Q wave or new left
bundle branch block, or angiographically docu-
mented new graft or native coronary artery occlu-
sion, or imaging evidence of new loss of viable
myocardium. New Q waves were defined as the
appearance of a Q wave �40 ms in at least two
adjacent leads or as the loss of R wave amplitude
in pre-cordial leads.

Criteria for hospital discharge were haemody-
namic and cardiac rhythm stability, the presence
of clean and dry incisions, an afebrile condition,
normal bowel movement, and independent ambu-
lation and feeding. Follow-up was performed at
30 days and at 6 months after the operation.

Table 1

Baseline demographic and clinical characteristics of 100 patients receiving either volatile anaesthetics (50 patients) or total intravenous
anaesthesia (TIVA) (50 patients) to prevent perioperative myocardial damage.

Variables Volatile anaesthetics
(n = 50) (%)

TIVA (n = 50) (%)

Age (in years) 67 � 8.1 66 � 8.2
Female sex 13 (26) 11 (22)
Height 167 � 8.7 168 � 8.9
Weight (in kg) 69 � 11.3 69 � 12.6
Body mass index (in kg/m2) 24.9 � 4.1 24.2 � 3.4
New York Heart Association

II 29 (58) 35 (70)
III 21 (42) 14 (28)
IV 0 (0) 1 (2)

Euroscore 7.5 � 2.9 7.1 � 2.8
Euroscore predicted mortality, % 7.1 (4.5–14.0) 6.9 (3.7–12.3)
Chronic Obstructive Pulmonary disease 2 (4) 3 (6)
Diabetes 5 (10) 1 (2)
Hypertension 28 (56) 29 (58)
Severe vasculopathy 12 (24) 6 (12)
Anamnestic stroke 3 (6) 0 (0)
Previous cardiac surgery 4 (8) 5 (10)
Previous acute myocardial infarction 11 (22) 16 (32)
Chronic atrial fibrillation 9 (18) 6 (12)
Paroxysmal atrial fibrillation 5 (10) 8 (16)
Medicaments

Angiotensin-converting enzyme inhibitors 28 (56) 26 (52)
Beta blockers 20 (40) 19 (38)
Calcium antagonists 6 (12) 6 (12)
Diuretics 28 (56) 27 (54)
Statins 9 (18) 3 (6)
Digoxin 3 (6) 4 (8)
Nitroglycerin 8 (16) 4 (8)

Transoesophageal echocardiography data
Ejection Fraction 54.4 � 12.5 55.9 � 13.3
End-diastolic diameter (in mm) 56.5 � 8.8 57.0 � 8.7
End-diastolic volume (in ml) 125.9 � 42.0 132.1 � 56.2
End-systolic diameter (in mm) 36.2 � 6.2 35.4 � 8.8
End-systolic volume (in ml) 52.2 � 30 48.2 � 28.5
Pulmonary artery pressure (in mmHg) 46.7 � 17.5 40.5 � 10.1
Intra-ventricular septum (in mm) 12.4 � 1.7 12 � 1.9

Mitral insufficiency 50 (50) 50 (50)
Mitral stenosis 5 (10) 1 (2)
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The primary endpoint of the study was a reduc-
tion in post-operative cTnI release peak defined as
the maximum value among the post-operative
values measured at ICU arrival, 4 h later, on the first
and second post-operative day. Data were collected
by trained observers who did not participate in
patient care and who were blinded to the anaes-
thetic regimen used. Medical treatment and
decision-making in the ICU and in the ward were
performed by physicians who were blinded to the
anaesthetic regimen used. Caregivers were inter-
viewed daily for the occurrence of post-operative
adverse events and a telephone interview at 1 and
12 months after surgery was carried out.

cTnI, which has nearly absolute myocardial
tissue specificity, as well as high sensitivity, thereby
reflecting even microscopic zones of myocardial
necrosis, was used as a biomarker. Blood was col-
lected in plastic tubes with clot activator (Becton
Dickinson Vacutainer Systems, Franklin Lakes, NJ,
USA) and was centrifuged (2500 g for 15 min) before
analysis. cTnI was assayed with AIA 1800 (Tosoh
Corporation, Tokyo, Japan) according to the manu-
facturer’s instructions. This method is a one-step
enzyme immunoassay based on the sandwich prin-
ciple. Sensitivity of the assay is 0.04 ng/ml.

Statistical analysis
Sample size calculation was based on a two-sided
alpha error of 0.05 and 80% power. On the basis of a
previous report17 investigating cTnI release after
mitral valve surgery, we anticipated a mean post-
operative peak cTnI release of 30 � 10 ng/ml in the
TIVA group and assumed a 6 ng/ml reduction in
peak cTnI concentration after treatment with vola-
tile anaesthetics to be clinically relevant. We calcu-
lated that we would need a sample size of 45
patients per group. However, we planned to ran-
domly select 100 patients in order to take into
account possible protocol deviations. All 100
patients were analysed according to the intention to
treat principle beginning immediately after ran-
domisation. Our sample size calculation followed
the suggestions of the consensus conference:25 the
analysis of the actual distribution of myocardial
damage observed (peak value of a biomarker) is
more appropriate than the analysis of the simple
presence or absence of events.

The details of the randomisation, created by a
computer-generated list, were contained in a set
of sealed, opaque envelopes that were opened at
the beginning of anaesthesia. All study personnel
(including those involved in cTnI measurement) and

participants were blinded to treatment assignment
for the duration of the study, except the anaesthe-
siologists who were not involved in data collection,
data entry, or data analysis. Data were stored elec-
tronically and analysed with Epi Info 2002 software
(Centre for Disease Control, Atlanta, GA, USA) and
SAS software, version 8 (SAS Institute, Cary, NC,
USA). All data analyses were carried out according to
a pre-established analysis plan. Dichotomous data
were compared by using two-tailed c2 test with the
Yates correction or Fisher’s exact test when appro-
priate. Continuous measures, including the primary
outcome (cTnI), were compared by Mann–Whitney
U-test. Two-sided significance tests were used
throughout. Data are presented as median (25th–75th
percentiles) or as mean � standard deviation, if not
otherwise indicated.

Results
Between June 2006 and August 2008, 100 consecu-
tive consenting patients were randomly assigned
to receive either sevoflurane (50 patients) or TIVA
(50 patients) (Fig. 1). The baseline demographic
and clinical characteristics of the two groups are

Assessed for eligibility (n=189) 

Excluded (n = 89) 
Not meeting inclusion criteria (n=71) 
Refused to participate (n = 18)

Randomised (n = 100) 

Allocated to intervention 
(n = 50) 
   Received allocated  
   intervention (n = 50) 
   Did not receive allocated 
   intervention (n = 0) 

Allocated to intervention 
(n = 50) 
   Received allocated  
   intervention (n = 50) 
   Did not receive allocated 
   intervention (n = 0) 

Lost follow-up (n = 0) 
Discontinued intervention  
(n = 0) 

Lost follow-up (n = 0) 
Discontinued intervention  
(n = 0) 

Analysed (n = 50) 
  Excluded from analysis 
  (n = 0) 

Analysed (n = 50) 
  Excluded from analysis 
  (n = 0) 

Fig. 1. Flow diagram.
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summarised in Table 1. Heart rate, central venous
pressure, blood pressure (systolic, mean, and
diastolic), temperature, and arterial blood results
were similar in the two groups in all the seven time
points (data not shown). Two included patients
scheduled for mitral surgery never had this surgery
performed. This change was due to a perioperative
decision to avoid mitral surgery in these patients.
Data of these two patients were analysed according
to the intention to treat principle.

All patients had detectable cTnI after mitral valve
surgery, with no significant reduction of myocardial
damage in patients receiving sevoflurane as docu-
mented by a post-operative median (interquartile)
peak cTnI release of 14.9 (10.1–22.1) ng/ml com-
pared with that of patients receiving propofol, 14.5
(8.8–17.6) ng/dl (P = 0.4) (Fig. 2). Figure 3 shows

cTnI levels at different points in time. Troponin
release at ICU arrival, 4 h later, and on the first and
the second post-operative day showed no statistically
significant differences at any time point (Fig. 3).

Post-randomisation data and clinical outcomes
are reported in Table 2 and show no statistically
significant difference between groups with the
exception of fentanyl administration that was
slightly less (1347 + 447 mg) in patients receiving
sevoflurane anaesthetics when compared with those
receiving propofol (1670 + 469 mg), P = 0.002.

Three patients (3%) died, two in the propofol
group and one in the sevoflurane group. Causes of
death were represented by acute myocardial infarc-
tion (one in each group) and refractory low cardiac
output syndrome (one patient in propofol group).
These patients died in the hospital. No further death
was observed at the 1-year follow-up.

Discussion
This study represents the first randomised study
(sevoflurane vs. propofol) in patients with coronary
disease undergoing mitral surgery. No cardiopro-
tective effect of volatile anaesthetics was found in
this population in terms of post-operative peak cTnI
release.

The mechanisms underlying the benefits of
halogenated anaesthetics are not completely clear.
These effects could be, in part, explained by a
mechanism similar to ischemic pre-conditioning but
not requiring ischemia.26 Volatile agents seem to
be able to trigger an acute cardioprotective memory
effect called anaesthetic or pharmacologic pre-
conditioning. These drugs seem to have also a post-
conditioning effect that may contribute to protection
when administered after the onset of ischemia.

An increasing number of studies showed protec-
tive effects by halogenated anaesthetics in low-risk
patients undergoing CABG with CPB10–13 or on the
beating heart,14–16 and a meta-analysis of 22 included
trials that randomised 1922 patients (904 to TIVA
and 1018 receiving desflurane or sevoflurane in
their anaesthesia plan) suggested, for the first time,
a reduction in the risk of myocardial infarction
[24/979 (2.4%) in the volatile anaesthetics group vs.
45/874 (5.1%) in the control arm, P = 0.008] and of
all-cause mortality [4/977 (0.4%) vs. 14/872 (1.6%),
P = 0.002], confirming that the use of volatile anaes-
thetics was associated with a significant reduction
in cardiac troponin I release peak (weighted mean
differences –2.35 ng/dl (–3.09, –1.60), P = 0.00001)
with all 15 studies reporting cardiac biomarker data

Fig. 2. Median (25th–75th percentiles) post-operative troponin I
peak (maximum value between the post-operative values measured
at ICU arrival, 4 h later, on the first and second post-operative day)
in patients receiving sevoflurane and in those receiving TIVA.
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Fig. 3. Median (25th–75th percentiles) of troponin release at ICU
arrival, 4 h later and on first and second post-operative day in
patients receiving either volatile anaesthetics or TIVA. Pod, post-
operative day.
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showing at least a trend toward a reduction in
cardiac troponin release in the volatile agents
group.

The most recent meta-analysis on this topic
(sevoflurane vs. propofol) in cardiac surgery in-
cluded 13 studies and 696 patients with no differ-
ence in post-operative mechanical ventilation time,
inotropic support, mortality, myocardial infarction,
and atrial fibrillation between the two groups, and
benefits were limited to higher post-bypass cardiac

index, lower troponin I level, lower incidence of
myocardial ischemia, shorter ICU, and hospital
length of stay in the sevoflurane group.27

No evidence exists on the beneficial effects of high-
risk patients, those who are supposed to benefit most
from drug pre-conditioning. Interestingly, Jakobsen
et al.22 showed that in high-risk patients undergoing
urgent CABG, there is a reduction in mortality with
propofol (8.19% in the propofol group vs. 16.23% in
the sevoflurane group, P = 0.031).

Table 2

Intra- and post-operative data of patients who received either volatile anaesthetics (50 patients) or total intravenous anaesthesia (TIVA)
(50 patients) to prevent myocardial damage for mitral valve surgery with concomitant coronary artery disease.

Variables Volatile anaesthetics
(n = 50) (%)

TIVA (n = 50)
(%)

P value

Surgery
Mitral surgery 48 (96) 50 (100) 0.2

Replacement 18 (36) 16 (32) 0.8
Repair 30 (60) 34 (68) 0.5

Coronary artery bypass graft 37 (74) 40 (80) 0.6
Number of grafts 1 (1–2) 1 (1–2) 0.2

Intra-operative data
Cardiopulmonary bypass time (in minutes) 104 � 21 97 � 27 0.2
Aortic cross-clamp (in minutes) 82 � 17 77 � 24 0.3
Fentanyl (in mg) 1347 � 447 1670 � 469 0.002
Electrical cardioversion, number of patients 16 (32) 24 (48) 0.2
Intra-operative inotropes 25 (50) 29 (58) 0.5
Left ventricular dysfunction 7 (14) 5 (12) 0.8
Right ventricular dysfunction 4 (8) 4 (8) 0.6
Intra-aortic balloon pump 12 (24) 9 (18) 0.6

Pre-cardiopulmonary bypass 7 (14) 4 (8) 0.3
After cardiopulmonary bypass 2 (4) 1 (2) 0.6
In the intensive care unit (ICU) 3 (6) 4 (8) 0.7

Post-operative data
Use of inotropic agents 33 (66) 38 (76) 0.3

Dopamine 5 mg/kg/min 10 (20) 18 (36) 0.08
Epinephrine 26 (52) 25 (50) 0.8
Norepinephrine 7 (14) 5 (10) 0.5
Enoximone 18 (36) 11 (22) 0.12

Q wave myocardial infarction 3 (6) 3 (6) 0.7
Haematocrit (ICU arrival) (37 � 4.5) (36 � 4.0) 0.2
Haematocrit (ICU discharge) (33 � 5.2) (33 � 4.7) 0.8
Transfusion of blood products, number of patients 12 (24) 13 (26) 0.9
Red blood cell units in patients who received transfusion,

median [25th and 75th percentiles]
3 [2–6] 2 [1–4] 0.3

Serum creatinine, mg/dl median [25th and 75th percentiles]
pre-operative 0.94 [0.79–1.11] 0.96 [0.86–1.07] 0.6
ICU arrival 0.85 [0.70–1.02] 0.91 [0.76–1.03] 0.5
Day I 1.11 [0.87–1.36] 1.10 [0.90–1.45] 0.6
Day II 1.10 [0.90–1.44] 1.13 [0.88–1.37] 0.8
Peak value 1.22 [0.98–1.38] 1.23 [1.00–1.58] 0.8

Renal replacement therapy 2 (4) 2 (4) 0.7
Pneumonia or sepsis 3 (6) 2 (4) 0.5
New onset atrial fibrillation 15 (30) 8 (16) 0.2
Neurological event type I or II 2 (4) 2 (4) 0.7
Mechanical ventilation, hours median [25th and 75th percentiles] 20.5 [12–61.5] 16.5 [12–24] 0.3
ICU stay, days median [25th and 75th percentiles] 3 [1–5] 3 [1–4] 0.3
Length of hospitalisation, days median [25th and 75th percentiles] 8 [6–15] 7 [6–11] 0.5
Tracheostomy 1 (2) 1 (2) 0.7
Death at 30 days 1 (2) 2 (4) 0.5
Death at 1 year 1 (2) 2 (4) 0.5
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More interestingly, recent guidelines19 suggested
the use of volatile agents in patients undergoing
non-cardiac surgery at risk for perioperative myo-
cardial infarction but only in those who are haemo-
dynamically stable.

The beneficial effects of volatile agents in low-risk
patients undergoing cardiac surgery has been con-
firmed by two recent papers.

A meta-regression by Bignami et al.28 showed that
the duration of volatile agents administration bore
an inverse correlation with risk-adjusted mortality
ratio; the lowest mortality was found in the centres
that used them throughout the operation. De Hert
et al.10 showed that sevoflurane administration
throughout CABG surgery reduces post-operative
troponin release when compared with TIVA or vola-
tile anaesthetics administered only before or after
CPB. In the present study, sevoflurane was not
administered during CPB, thus losing potential
beneficial effects deriving from sevoflurane admin-
istration throughout the procedure. Although
the standard definition of pharmacologic pre-
conditioning concerns the use of a drug before
the onset of ischemic stimulus, it has already been
suggested10 that volatile anaesthetics are effective
before ischemia and during reperfusion, with
additive effects.

In a recent multi-centre study by De Hert et al.,11

the authors randomised 414 patients undergoing
CABG with CPB to receive a TIVA regimen vs. an
inhalational one based on desflurane or sevoflurane.
They did not find differences in post-operative tro-
ponin release between the two groups but hospital
length of stay was reduced in halogenated treated
patients. Notably, 1-year mortality was 12.3% in the
TIVA group, 3.3% in the sevoflurane group, and
6.7% in the desflurane group. A comparison of mor-
tality curves showed a different pattern between
groups (P = 0.034). This was the first multi-centre
randomised trial to suggest a reduction of mortality
in halogenated treated patients. However, this study
was underpowered for such an important outcome.

Volatile agents are among the few pharmacologi-
cal agents that might reduce mortality in cardiac
surgery as recently stated by an international con-
sensus conference on this topic.29,30

As for other myocardial protection techniques,
the difficulty to translate the experimental results
into clinical practice needs clarification.31–33

Experimental studies were mainly conducted in
healthy young male animals, subjected to a similar
sustained ischemic time, and anaesthetised with
a standardised anaesthetic protocol. Contrary to

experimental studies, the clinical setting is charac-
terised by many confounding variables that may
interfere:34 the most important of them being the
surgeon skills, length of myocardial ischaemia,
anatomy of the coronary arteries, interaction with
other medications with a direct or in direct effect
on myocardial protection, and type of cardioplegia.
Aging also has a negative impact on the efficacy of
pre-conditioning, possibly through mitochondrial
dysfunction.35 Female gender confers cardioprotec-
tion against ischaemia-reperfusion injury, in part
by oestrogen-induced nitric oxide production.36

Hyperglycemia and diabetes can abrogate the pre-
conditioning phenomenon, while insulin induces
both pre- and post-conditioning.37,38 Concomitant
perioperative medication can moreover mix up the
message: protection can be enhance by opioids,
sildenafil, statins, nitroglycerin, or flumazenil, while
some other agents can reverse the cardioprotec-
tion such as sulfonylurea drugs, theophylline, or
midazolam.34,39

Furthermore, there is still no evidence of cardiac
protection by volatile agents when administered in
the ICU following CABG.40

Limitations
Propofol was used as hypnotic in both groups as in
other clinical studies. We can not rule out that ROS
scavenger properties of propofol may have inter-
fered with our results. Cardiac troponin values
could have peaked at different time points, and a
more frequent sampling could have showed differ-
ent results. Furthermore, we acknowledge that the
population was heterogeneous, including different
surgeries, and that the expected 20% reduction in a
marker with a relatively great variation was perhaps
too optimistic. It is worth noticing that the propofol
group received a higher dose of fentanyl and that
opioids have beneficial properties in the field of
cardiac surgery: nonetheless, both groups received
middle doses of opioids as routinely performed in
modern cardiac anaesthesia. It should also be noted
that we allowed a wide range of sevoflurane doses
while previous studies used fixed doses of volatile
agents.

In summary, in this randomised controlled study,
it was shown that sevoflurane administered in the
pre and post-CPB period does not protect against
myocardial damage as documented by cTnI peak
release in patients with coronary disease undergo-
ing mitral valve surgery when compared with a
propofol-based TIVA.
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