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Abstract

Background and Aims: Cardiac surgical procedures unavoidably produce myocardial cell injury. This study
was plannedto compare myocardial protective effect of sevoflurane versus propofol in terms of comparing the
plasma cardiac troponin-I (cTnl) and creatine kinase isozyme (CK-MB) level as the primary markers of
myocardial cell injury in patients undergoing heart valve replacement surgery.

Material and Methods: This hospital based Prospective, Randomized, Interventional study included 70 eligible
cases of age 30-65 years divided equally into two groups. In group A Sevoflurane and in group B, Propofol was
used for maintaining anaesthesia. Cardiac Troponin I, CK MB were determined before induction, 3hours,6
hours after aortic unclamping, 24hrs and 48hours after surgery. As secondary objective hemodynamic
parameters were also recorded at different intervals.

Results: Cardiac Troponin I and CK MB levels were lower in sevoflurane group at all time intervals after aortic
unclamping with statistically significant lower values at 3hr and 6hr of aortic unclamping compared to propofol
group. Hemodynamic parameters, Automatic heartbeat recovery, Mechanical ventilation duration and ICU stay
duration in both groups were comparable.

Conclusion: Administration of sevoflurane during cardiac surgery can produce better myocardial protection in
comparison of intravenous infusion of propofol.

Keywords: Volatile anaesthetics, Total Intravenous anaesthetics, Heart Valve Replacement Surgery,

Hemodynamics.
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Introduction

Myocardial cell injury is an inevitable consequence
of cardiac surgical procedures.[1] It can increase
the length of ICU stay, hospital stay and mortality
rate due to postoperative complications like
myocardial infarction (MI), low cardiac output
syndrome (LCOS) etc.[2] The most effective cardio
protective strategy to lessen cell death and ischemia
reperfusion injury is ischemic conditioning.[3]

It can be non-pharmacological or pharmacological
preconditioning. Various Inhalational and
intravenous anaesthetic agents have been tested to
see if they can prevent cardiac ischemia reperfusion
injury [4] but most of these studies were conducted
in coronary bypass graft surgery.

The most widely used biomarker for myocardial
injury is cardiac troponin I (cTnl) and CKMB.
Although surgical procedure itself such as heart
valve replacement implicates direct myocardial

injury and the leak of cTnl and CK-MB, a lower
level of c¢Tnl or CK-MB with a particular
anaesthetic agent may show its usefulness in
myocardial protection.[5,6]

In this study, cardioprotective effects of anaesthesia
with intravenous propofol or inhaled sevoflurane
were compared in patients undergoing heart valve
replacement surgery with cardiopulmonary bypass.

It was hypothesized that in comparison to TIVA
with propofol, an inhalational anaesthetic approach
employing sevoflurane would have a more
pronounced cardioprotective effect.

Methods

This prospective, randomized control study was
planned with the aim to compare the effect of using
sevoflurane based anaesthesia with that of propofol
based anaesthesia technique on the release of
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cardiac biomarkers after mitral valve replacement
for mitral stenosis. Study was approved by our
institutional ethics committee and registered under
CTRI (CTR1/2023/07/055858).The written
informed consent was obtained from 70 patients
scheduled for heart valve replacement surgery. All
patients were aged between 30 and 65 years and in
New York Heart Association classification II-III.
Consecutive patients scheduled for mitral valve
replacement surgery were randomized by the sealed
envelope technique and assigned to sevoflurane
group (n= 35) comprising of patients who received
sevoflurane anaesthesia or propofol group (n=35)
who were subjected to propofol-based TIVA during
the entire operative procedure, respectively.

Exclusion  criteria  included  uncontrolled
hypertensive disease, coronary artery disease,
diabetes, chronic obstructive pulmonary disease,
pre-existing renal dysfunction and those with
contraindications for using propofol.

Patients were given Tablet alprazolam 0.5mg last
night before surgery. In the operating room, all
patients were routinely monitored for the
electrocardiogram, pulseoxygen saturation, end-
tidal carbon dioxide, invasive radial arterial
pressure, central venous pressure and bispectral
index (BIS). In both groups, patients were pre
medicated with Inj. midazolam 0.05 mg/kg and
fentanyl

4ug/kg. Patients were induced with Inj. etomidate
0.3 mg/kg and Inj. rocuronium 0.9 mg/kg to
facilitate tracheal intubation. Anaesthesia was
maintained with Inj. midazolam 0.01mg/kg, Inj.
fentanyl lpg/kg, Inj. vecuronium 0.01mg/kg.
Besides this, anaesthesia was maintained with
sevoflurane (1- 5%) in the sevoflurane group and
IV propofol ( 75 -150pg/kg/min) in the propofol
group during the entire operative procedure to keep
BIS value 40-60.Mechanical ventilation was
controlled using 100% oxygen with a tidal volume
of 6-8 ml/kg.A normal end tidal carbon dioxide
pressure (35-45 mmHg) was obtained by adjusted
the respiratory frequency at 12—16 breaths/min.

CPB procedure and surgical techniques were
standardized under moderate hypothermia(28-32C).
In CPB, DEL NIDO cardioplegic solution was
prepared. Perfusion pressure was maintained by 50-
70mm Hg by continuous non pulsatile blood flow
@2-2.5litre/min/m2 during CPB.
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All patients were weaned off from CPB. Inj.
Dobutamine, Inj. Epinephrine or Inj. Nor
epinephrine was used if required.

Data collection

Hemodynamic parameters (HR, MAP, CVP) were
noted at, just before start of surgery (TO0), before
start of CPB (Pre CPB) (T1), 15 minutes after end
of CPB (T2) and at the end of surgery(T3). Blood
sample was collected before induction (TO),
3hours(T1), 6hours(T2) after aortic unclamping,
24hours(T3) and48hours(T4) after surgery for
Troponin I and CKMB. All patients after surgery
were continuously supported by mechanical
ventilation in cardiac ICU post operatively. Patients
were extubated in ICU when they fulfilled the
extubation criteria as per Institutional protocol.

The primary objective was the changes of cTnl and
CK-MB values from the beginning of anaesthesia
to 48 hours after operation. Secondary objectives
included the, short-term clinical outcomes (ratio of
automatic heart beat recovery, time of mechanical
ventilation, length of ICU/hospital stay, awareness
during surgery) and complications if any.

Data analysis

All statistical analysis of data collected was
performed using Epi info version 7.2.1.0 statistical
software. Categorical variables were summarised as
frequency and percentage and were analysed using
Chi square test. Continuous variables were
summarised as mean and standard deviation and
were analysed using independent sample t test. A p
value<0.05 was taken as statistically significant.

Results

The study included a total of 70 patients
undergoing mitral valve replacement surgery with
cardiopulmonary bypass. We compared the effects
of Sevoflurane and Propofol on various clinical
outcomes in patients undergoing cardiac surgery.
The mean ages of the patients, gender distribution,
weight, CPB time, aortic clamp time and duration
of surgery was comparable between both
groups.(Table 1).

The ratio of automatic heart beat recovery is greater
in sevoflurane group but it was not statistical
significant. The length of ICU stay, hospital stay,
duration of post operative mechanical ventilation
and mortality were found comparable to propofol
group. (Table 2)

Table 1: Patient Characteristics

Parameter Sevoflurane Group (n=35) Propofol Group (n=35) p value
Age (years) 452 +13.25 46.4 +13.19 0.705
Weight (kg) 50.37+£6.71 49.46 = 7.69 0.598
Sex (Male/Female) 16/19 22/13 0.23
ASA class 1I-111 II-111
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Duration of surgery(min) 211.17+£24.13 210.11£17.79 0.835
CPB time (min) 132.29 +20.64 133.29 £ 15.53 0.82
Aortic clamp time (min) 126.11 +£20.13 127.4+15.14 0.764
Table 2: Intra operative and postoperative Data
Sevoflurane Group | Propofol Group p value

Ratio of automatic heartbeat recovery (%) 22.8 20.0 0.771
Incidence of intraoperative awareness (%) 0 0
Duration of mechanical ventilation time 8.89 +2.63 891+2.34 0.962
ICU stay (hours) 91.2+11.97 94.11 £ 11.08 0.294
Hospital stay (days) 843+1.24 8.94+1.26 0.090
Mortality 1 2 0.607

Table 3: Comparison of ¢ Trop I (mcg/L) levels and CK MB (U/L) levels between study groups
Time GroupA (Sevoflurane | Group B (Propofol P value
cTrop I Group) Group)
Before induction (T0) 0.01 0.01 -
After 3hrs of aortic unclamping (T1) | 1.26 +0.31 1.53+0.5 0.010(S)
After 6hrs of aortic unclamping (T2) | 1.098 +0.28 1.32+0.44 0.012(S)
After 24 hrs of surgery (T3) 0.58 £0.21 0.66 £ 0.32 0.233
After 48 hrs of surgery (T4) 0.26 +0.13 0.33+0.24 0.103
CK-MB
Before induction (T0) 16.78 + 5.64 18.31 £6.33 0.289
After 3hrs of aortic unclamping (T1) | 68.89 + 16.54 82.37+19.22 0.002(S)
After 6hrs of aortic unclamping (T2) | 53.42 +10.87 71.73+19.62 0.001(S)
After 24 hrs of surgery (T3) 38.75 +10.36 43.61 £11.85 0.072
After 48 hrs of surgery (T4) 26.95+7.49 29.81+£9.26 0.16

When assessing cardiac biomarkers, we found that
cardiac Troponin I increased in both the groups
during and after surgery but the values were lower
in sevoflurane group in comparison to Propofol
group at all time intervals with statistically
significantly lower values at 3 hours post-aortic
unclamping (1.26 + 0.31 pgm/L) in sevoflurane
group in comparison to (1.53 + 0.50 pugm/L, p =
0.010) in propofol group. This trend continued at
the 6-hour mark, with levels of 1.098 + 0.28 pgm/L

for Sevoflurane and 1.32 + 0.44 pgm/L for
Propofol (p = 0.012)(Table2). Similar trend was
seen in CK-MB levels with significantly lower
levels in the Sevoflurane group at 3 hours (68.89 +
16.54 ng/L vs. 82.37 £ 19.22 pg/L, p = 0.002) and
6 hours (53.42 = 10.87 pg/L vs. 71.73 £ 19.62
pg/L, p = 0.001) post-aortic unclamping.(Table3).
Hemodynamic parameters - heart rate, mean
arterial pressure (MAP) were comparable in both
the groups at all measured time points. (Figure 1)

Comparison of PR and MAP between study groups
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Figure 1: Comparison of heart rate, mean arterial pressure (MAP) between study groups
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In our study, 22.8% of patients in the Sevoflurane
group and 20% in the Propofol group achieved
automatic heart beat recovery. The difference was
not statistically significant (p = 0.742), indicating
that both anaesthetic agents have comparable
effects on post-surgical cardiac rhythm recovery
following cardiac surgery.

Importantly, intraoperative awareness was not
reported in any patients from either group. The
mortality rate was low, with 2.9% in the
Sevoflurane group and 5.7% in the Propofol group
(p =0.607).

Postoperatively, the mean duration of mechanical
ventilation was 8.89 + 2.63 hours for the
Sevoflurane group and 8.91 + 2.34 hours for the
Propofol group (p = 0.962). Similarly, the ICU stay
averaged 91.2 £ 11.97 hours for Sevoflurane and
94.11 £ 11.08 hours for Propofol (p = 0.294),
indicating no significant differences in recovery
times.

Discussion

The current study provides valuable insights into
the cardioprotective effects of sevoflurane
compared to propofol during heart valve
replacement surgery. Our findings demonstrate that
sevoflurane, as an inhalational anaesthetic, is
associated with significantly lower levels of cardiac
troponin I (cTnl) and creatine kinase-MB (CK-MB)
at early postoperative intervals (3 and 6 hours post-
aortic unclamping) compared to propofol. This
supports the hypothesis that sevoflurane offers
enhanced myocardial protection during cardiac
surgeries  involving cardiopulmonary bypass
(CPB).Two peaks of cTnT release occur following
myocardial injury: an early peak that occurs 3-5
hours after cell injury and a late peak that occurs 5
days later.[7] In our study also the levels were high
at 3 and 6 hours and then decreased. We could not
appreciated second peak as we took sample only till
48 hours. In studies by Yang et al(l)and
Crombheecke et al [8], they found significant lower
value of cTnl and CK-MB levels in sevoflurane
group post-surgery till 48 hours and 24 hours
respectively. Some studies, such as those by
Bignami et al [5], Landoni et al [9] and Kapoor
Poonam et al [10] found no significant difference in
postoperative troponin and CK MB levels , the
variability may be attributed to differences in
surgical procedures, patient populations, and timing
of biomarker measurement. Myocardial cell injury
is a common complication of cardiac surgery,
largely resulting from ischemia-reperfusion injury,
CPB, and surgical trauma. cTnl and CK-MB are
recognized as sensitive markers for myocardial
injury. Sevoflurane attenuates cellular calcium
excess to decrease reperfusion injury by
Modulation of G protein coupled receptors,
intracellular signaling pathways, gene expression,
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potassium channels, mitochondrial activity.[9,11]
Propofol has a cardioprotective effect through their
antioxidant properties, which reduce oxidative
myocardial injury caused by reactive oxygen
species production.[12,,13,14]

Intraoperative hemodynamic parameters (heart rate,
mean arterial pressure, and central venous pressure)
were comparable between the two groups,
suggesting that both anaesthetic techniques provide
adequate hemodynamic stability during surgery.
This is consistent with previous studies (Bignami et
al [6]; Hert et al [15] which report no significant
differences in hemodynamic responses to
sevoflurane and propofol. Maintaining a stable
hemodynamic profile is critical in cardiac
surgeries, and our findings affirm that sevoflurane
does not compromise hemodynamic stability.

The postoperative mechanical ventilation duration,
ICU stay and length of hospital stay were
comparable between both groups. Similar to our
study, Bignami E et al [6] in their study also
observed no significant difference
inpostoperativemechanicalventilationdurationinsev
ofluranegroupcompared to TIVA group. Jiao Xue
et al [16] found that length of hospital stay and
duration of ICU stay were also comparable
between both groups.

None of the patients in our study experienced
intraoperative  awareness, regardless of the
anaesthetic used. This finding underscores the
effectiveness of maintaining an appropriate depth
of anaesthesia, as measured by the Bispectral Index
(BIS). Similar outcomes were reported by Yang et
al [1] and Mehmet Yilmaz et al [17], reinforcing
the safety of both anaesthetic regimens concerning
intraoperative awareness.

There are some limitations in our study. The
anaesthesiologists were not blinded to the
anaesthetic method employed in each group.
Secondly, the sample size was not very big.
Thirdly, our current study done in valve
replacement surgeries, did not create a clinically
significant good outcome to the same extent as
found in CABG surgeries. This could be because
non-CABG cases experience less myocardial
ischemia or injury, or because sevoflurane or
propofol provided effective myocardial protection.
This trial did not include a third arm to examine
synergy between sevoflurane and propofol, nor
were the dose dependant effects of propofol and
sevoflurane . Further multi-center clinical research
is necessary to determine whether sevoflurane or
propofol has a cardioprotective impact in patients
undergoing multi-valve replacement.

Conclusion

Volatile sevoflurane and intravenous propofol
anaesthesia are wused routinely during cardiac

International Journal of Current Pharmaceutical Review and Research

957



International Journal of Current Pharmaceutical Review and Research

surgery and are thought to provide -cardio
protection. Patients receiving sevoflurane for heart
valve replacement surgery under CPB had
significantly lower postoperative release of cTnl or
CK-MB than patients receiving propofol for the
same procedure. Our findings suggest the
administration of inhaled sevoflurane throughout
the entire procedure can produce more significant
myocardial protection.
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