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ABSTRACT

Objective: Intravenous non-volatile anaesthetics like propofol are commonly used
in cardiac surgeries across several countries. Volatile anaesthetics like isoflurane may
help in protecting the myocardium and minimize ischaemia-reperfusion injury.
Hence, we did this review to compare the cardioprotective effect of isoflurane and
propofol among patients undergoing coronary artery bypass grafting (CABG).
Methods: We conducted a search in the databases Medical Literature Analysis and
Retrieval System Online (or MEDLINE), Embase, PubMed Central®, ScienceDirect,
Google Scholar, and Cochrane Library from inception until April 2021. We carried
out a meta-analysis with random-effects model and reported pooled risk ratio (RR)
or standardized mean difference (SMD) with 95% confidence interval (Cl) depending
on the type of outcome.

Abbreviations, Acronyms & Symbols

CABG = Coronary artery bypass grafting

cl = Confidence interval

EIC = Elective isolated coronary artery bypass grafting
| =Isoflurane

ICU = Intensive care unit

MI = Myocardial infarction

NR = Not reported

P = Propofol

RCTs  =Randomized controlled trials

RoB2 = Cochrane risk-of-bias tool for randomized controlled trials
RR = Risk ratio

SD = Standard deviation
SE = Standard error
SMD = Standardized mean difference
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Results: We analysed 13 studies including 808 participants. Aimost all were low-quality
studies. For cardiac index, the pooled SMD was 0.14 (95% CI: -0.22 to 0.50); for cardiac
troponin |, pooled SMD was 0.10 (95% Cl:-0.28 to 0.48). For mortality, the RR was 3.00 (95%
Cl:0.32 to 2843); for M, pooled RR was 1.58 (95% CI: 0.59 to 4.20); and for inotropic drug
use, pooled RR was 1.04 (95% Cl: 0.90 to 1.21). For length of intensive care unit stay, the
pooled SMD was 0.13 (95% Cl:-0.29 to 0.55), while pooled SMD for mechanical ventilation
time was -0.02 (95% Cl: -0.54 to 0.51).

Conclusion: Isoflurane did not have significant cardioprotective effect compared to
propofol following CABG. Hence, the anaesthetists need to check some viable alternatives
to manage these patients and reduce the rate of postoperative complications.
Keywords: Cardiac Surgery. Isoflurane. Meta-Analysis. Propofol. Troponin I.

INTRODUCTION

Management of coronary artery disease patients has undergone
several recent advances, especially the surgical treatment, due
to newer and innovative techniques and anaesthetic protocols
in the coronary artery bypass grafting (CABG). Despite these
advances, myocardial damage during the surgery still remains as
an inevitable threat™. Myocardial ischaemia-reperfusion injury is
one complication that commonly occurs during and after CABG.
It leads to serious and marked myocardial dysfunction, probably
causing myocardial infarction (MI) and hospitalization for a
prolonged period of timel®,

Pharmacological management has become an attractive concept
over the years to protect the myocardium and prevent these
types of serious injuries. Volatile anaesthetics like isoflurane may
help in protecting the myocardium and minimize the ischaemia-
reperfusion injury or might have a preconditioning (treatment
before an ischaemic event) effect on the myocardium. Such
cardioprotective effects have been demonstrated in both human
and animal models®”. The mechanism of action of isoflurane for
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myocardial protection and preconditioning has been studied
extensively over the years. The possible theories proposed were
the opening of mitochondrial potassium adenosine triphosphate
channels®, increase in mitochondrial reactive oxygen species®,
and translocation or activation of the tyrosine kinases, protein
kinase C, and p38 mitogen-activated protein kinasel™. These
supposedly act by decreasing the mitochondrial and cytosolic
calcium loadings. Isoflurane can also suppress the neutrophils
activation and neutrophil-endothelium interaction that is
responsible for the myocardial dysfunction™'.

Intravenous non-volatile anaesthetics like propofol are commonly
used in cardiac surgeries across several countries. However,
several trials have explored the use of isoflurane and compared
various endpoints or surrogate markers with the propofol for
their role on myocardial protection during cardiac surgeriest’> ™,
Nonetheless, most of these studies have been underpowered to
determine a significant cardioprotective effect with respect to all
the outcomes. Hence, we did this systematic review and meta-
analysis of randomized controlled trials (RCTs) comparing the
cardioprotective role of isoflurane with propofol during CABG.

METHODS
Eligibility Criteria
Study Design

We have included only RCTs (parallel arm individual randomized
or cluster RCTs) for the review. Full-text articles or abstracts were
included while the unpublished literature was excluded.

Participants

We have included the studies conducted in patients undergoing
CABG.

Intervention

Studies that directly compared the effectiveness of isoflurane
against propofol as the anaesthetic to perform CABG were
included.

Outcome Measures

Mortality

Ml

Postoperative cardiac index

Cardiac troponin |

Inotropic drug use

Mechanical ventilation time

Length of intensive care unit (ICU) stay

Wehaveincluded the studies reporting any of the abovementioned
outcomes in both the arms.

Search Strategy
Acomprehensive, systematic, and extensive search was conducted

in electronic databases such as Medical Literature Analysis and
Retrieval System Online (or MEDLINE), Embase, PubMed Central®,
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ScienceDirect, Google Scholar, and Cochrane Library. We selected
the terms required for the search during the protocol stage itself.
We used both the medical subject headings (or MeSH) and free-text
words while performing the search in these databases. The terms
used in our search strategy were as follows: “Isoflurane’, “Propofol’,
“Volatile  Anaesthetics’, “Non-volatile anaesthetics’, “Cardiac
Surgery’, “Myocardial Infarction’, “Randomized Controlled Trials’,
“Coronary Artery Bypass Grafting’, “Coronary Artery Disease’, and
“Cardioprotective Effect” The set of keywords and their synonyms
were used for search using appropriate truncations, wildcards, and
proximity searching. Search also was conducted for key concepts
using corresponding subject headings in each database. The final
search was carried out by combining the individual search results
using appropriate Boolean operators ("OR”and "AND"). The search
was narrowed down using the available filters on type of studies.
We restricted the search from inception of the databases to April
2021 and published in English language only. Bibliographies of the
retrieved articles are also hand-searched to identify any articles
missed during the database search.

Study Selection Process

This process has involved three stages:

Step 1: Two independent investigators have performed primary
screening of title, abstract, and keywords by executing the
literature search. Full-text articles were retrieved for the studies
shortlisted based on the eligibility criteria.

Step 2: Full-text articles of these retrieved studies were screened
by the same two investigators and assessed against the eligibility
criteria of the review. Studies that satisfied all the eligibility criteria
with respect to design, participants, exposure, and outcome were
included.

Step 3: Disagreements during the screening process between
the investigators were resolved and final consensus on inclusion
of studies was reached with the help of another investigator.
Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (or PRISMA) flowchart was used to clearly represent the
screening and selection process (Figure 1).

Data Collection Process and Management

Data was extracted manually from the included studies using a
structured data extraction form, developed and pilot tested during
the protocol stage itself. Data extracted using the form were as
follows: general information about the article such as author and
year of publication; information related to methods section such
as study design, setting, sample size, randomization details, study
participants, inclusion & exclusion criteria, outcome assessment
method, and quality-related information; and information related
to outcome. Data was entered by the investigator and the entry
was double-checked by secondary investigators for correct entry.

Risk of Bias Assessment

Primary and secondary authors were assigned the responsibility to
evaluate the risk of bias amongst the final included studies. Cochrane
risk-of-bias tool for randomized controlled trials (RoB 2)!'® was used to
assess the bias risk under the following domains:
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Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-Analyses (or PRISMA) flowchart.

Domain 1: Bias risk arising from the process of randomization.
Domain 2: Bias risk due to deviation from the intended intervention.
Domain 3: Bias risk arising due to missing data on outcomes.
Domain 4: Bias risk in the measurement of outcome.

Domain 5: Bias risk in the selection of reported result.

Based on the rating obtained from these domains, each study
was classified as having “low bias risk’, “high bias risk’, and “some
concerns”on the quality of evidence.

Statistical Analysis

Meta-analysis was executed using the software STATA version
14.2 (StataCorp, CollegeStation, Texas, United States of America).
For the dichotomous outcomes such as mortality, MI, and
inotropic drug use, number of events and participants in each
group were entered to obtain the pooled effect estimate in
terms of odds ratio and visually represented through forest plot.
For continuous outcomes such as cardiac index/output, cardiac
troponin |, mechanical ventilation time, and length of hospital
stay, mean, standard deviation, and total sample size were
obtained for both groups. The pooled effect was interpreted in

terms of mean difference or standardized mean difference (SMD)
with 95% confidence interval (Cl). We used the random effects
model with inverse variance method to calculate the weightage
of individual studies™. Evidence of between-study variance
due to heterogeneity was assessed through chi-squared test of
heterogeneity and I2 statistics to quantify the inconsistency. We
also performed sensitivity analysis to assess the robustness of
results by removing the studies one by one and checking for any
significant variation in the results. Publication bias was assessed
using funnel plot and statistically inferred using Egger’s test.

RESULTS
Study Selection Process

We found 820 records through the systematic literature search
and deemed 58 of those studies relevant for full-text retrieval. We
also retrieved full-texts for two articles obtained through manual
searching of the bibliographies in the retrieved studies. During
the second screening stage, 13 studies with 808 participants met

the eligibility criteria and were included in the analysis (Figure 1)
[12-15,18-26]
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Characteristics of Studies Included

Characteristics of the studies are described in Table 1. All the studies
were RCTs. Most of the studies were conducted in European
countries such as lIreland, Germany, and United Kingdom,
followed by Asian countries such as China and India. In total, 808
participants were found in the included studies with sample size
ranging from 20 to 236. The mean age of the study participants
has ranged from 53 to 68 years. All the studies had participants
undergoing elective isolated CABG. In total, 11 studies had
reported on mechanical ventilation time, eight studies each have
reported on cardiac index and M, seven studies have reported on
mortality, cardiac troponin, and length of ICU stay, and six studies
have reported on inotropic drug use.

Risk of Bias Assessment

Table 2 shows the risk of bias across various domains as per the
RoB 2 tool results. We found that all the studies had low risk or
some concerns over the randomization process. With respect to
the other domains, 10 studies had high risk or some concerns over
the deviation of the intended intervention domain, eight studies
had high risk or some concerns over the missing outcome data
domain, seven studies had high risk of bias over the measurement
of outcome domain, and only three studies had high risk of some
concerns over the selection of reporting results. Overall, 11 out of
13 studies had high risk of bias, and the other two studies had
some concerns.

Cardioprotective Efficacy of Isoflurane and Propofol Among
Patients Undergoing Cardiac Surgery

Cardiac Index

In total, eight studies have reported on the effect of isoflurane
and propofol on cardiac index of patients undergoing CABG. The
pooled SMD was found to be 0.14 (95% Cl: -0.22 to 0.50), and
this difference was not statistically significant (P=0.43) (Figure 2).
There was significant heterogeneity among the included studies
reporting this outcome (1>=73%, P<0.001).

Cardiac Troponin |

In total, seven studies have reported on the effect of isoflurane and
propofol on cardiac troponin | of patients undergoing CABG. The
pooled SMD was found to be 0.10 (95% Cl:-0.28 to 0.48), indicating
that there was no significant difference in cardiac troponin |
between patients receiving isoflurane and propofol during CABG
(P=0.60) (Figure 3). There was significant heterogeneity among
the included studies reporting this functional outcome (>=66%,
P=0.008).

Mortality

Though seven studies have reported on the mortality rate, only one
study had deaths in both isoflurane and propofol groups. The risk
ratio (RR) was 3.00 (95% Cl: 0.32 to 28.43) (Figure 4). Assessment of
heterogeneity was not applicable as only one study had reported
deaths in both groups and the rest of the studies showed zero
death in both groups.

Braz J Cardiovasc Surg 2024,39(3):e20210424

mi

In total, eight studies have reported on the effect of isoflurane
and propofol on the rate of Ml following CABG. The pooled RR
was 1.58 (95% Cl: 0.59 to 4.20) (Figure 5). This indicates that the
patients undergoing CABG under the influence of isoflurane
have 1.58 times higher risk of having Ml when compared to those
undergoing CABG under the influence of propofol exposure.
However, this association was not statistically significant (P=0.36).
We found no heterogeneity between the studies reporting the M
rate (1’=0%, P=0.75).

Inotropic Drug Use

In total, six studies have reported on the effect of isoflurane and
propofol on the rate of inotropic drug use following CABG. The
pooled RR was 1.04 (95% CI: 0.90 to 1.21), indicating no significant
difference in terms of inotropic drug use between the two groups
(Figure 6). We found no heterogeneity between the studies
reporting this outcome (1>=0%, P=0.80).

Length of ICU Stay

In total, seven studies have reported on the effect of isoflurane
and propofol on length of ICU stay of patients undergoing CABG.
The pooled SMD was found to be 0.13 (95% Cl: -0.29 to 0.55),
indicating that there was no significant difference in length of ICU
stay between patients receiving isoflurane and propofol during
CABG (P=0.54) (Figure 7). There was substantial heterogeneity
among the included studies reporting this functional outcome
(1’=81%, P<0.001).

Mechanical Ventilation Time

In total, 11 studies have reported on the effect of isoflurane
and propofol on time under mechanical ventilation of patients
undergoing CABG. The pooled SMD was found to be -0.02 (95%
Cl:-0.54 t0 0.51), indicating that there was no significant difference
in mechanical ventilation time between patients receiving
isoflurane and propofol during CABG (P=0.95) (Figure 8). There was
significant heterogeneity among the included studies reporting
this functional outcome (1>=90%, P<0.001).

Additional Analysis

Since only the outcome on mechanical ventilation time had
enough number of studies to assess the publication bias (>
10 studies), we have visually inspected the funnel plot only for
this outcome and found it to be asymmetrical (Figure 9). It was
further confirmed by significant Egger’s test (P=0.03). Sensitivity
analysis has showed that there was no significant variation in the
magnitude or direction of any of the outcomes, indicating lack of
influence of a single study on the overall pooled estimate.

DISCUSSION

We did this review to update regarding the cardioprotective
efficacy and safety of isoflurane compared to propofol among
patients undergoing CABG. We have found 13 studies matching
the eligibility of our review, conducted mostly in European and
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Table 1. Characteristics of the included studies (N=13).
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Study n° First author Country Stu.dy Sample size | Type of | Aortic cross- Mean age Outcomes assessed
and year design (lvs. P) surgery clamping (years)
. |=25 Cardiac index, length
1 e - RCT EIC NR NR of ICU stay, mechanical
al., 2002 P=25 o
ventilation time
In-hospital mortality,
Engorenet | United States =35 MI, length of ICU stay,
2 al,, 1998 of America Her He NR ol mechanical ventilation
p=35 time
Cardiac index, cardiac
troponin, in-hospital
Flier et al,, I=41 mortality, Ml, inotropic
3 2010 Netherlands RCT EIC 53 67 ey ——
ICU stay, mechanical
P=43 ventilation time
Cardiac index, cardiac
o troponin, in-hospital
Huang et al, = mortality, MI, inotropic
4 2011 ezl = 2 NR ol drug use, length of
ICU stay, mechanical
P=30 ventilation time
_ Cardiac troponin
[=20 .
5 el o i [ran RCT EIC 41 NR mechanical ventilation
al, 2012 )
pP=20 time
Cardiac troponin, MI,
Kendall et al,, United I=10 1=58.1 inotropic drug use,
6 2004 Kingdom RCT FIc NR mechanical ventilation
P=10 P=68.1 time
Kottenberg I=19 Cardiac troponin,
/ etal, 2011 Germany RCT P=19 FIc 72 ©5 in-hospital mortality
Cardiac index, in-hospital
=118 mortality, MI, inotropic
8 Parker etal, Australia RCT EIC NR 66 drug use, length of
2004 .
ICU stay, mechanical
P=118 ventilation time
illi =31
9 Hillies =izl Ireland RCT EIC NR 60 Cardiac index
1994 p=33
Sorbara et =15 Cardiac index,
10 Italy RCT EIC 67 60 mechanical ventilation
al, 1995 P=15 .
time
Cardiac index, in-hospital
=20 =53 . " :
. Tempe et al,, India RCT EIC NR mortality, MI, motrgpm
2011 drug use, mechanical
P=20 P=54 ventilation time
Cardiac index, cardiac
Xia et al =18 troponin, MI, inotropic
12 ! China RCT EIC 84 64 drug use, length of
2006 .
ICU stay, mechanical
P=18 ventilation time
Cardiac index, cardiac
- =20 troponin, in-hospital
13 Uelil Glel Turkey RCT EIC 2 68 mortality, MI, length of
2009 .
ICU stay, mechanical
P=20 ventilation time

ElC=elective isolated coronary artery bypass grafting; I=isoflurane; ICU=intensive care unit; Ml=myocardial infarction; NR=not reported;
P=propofol; RCT=randomized controlled trial
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Table 2. Risk of bias assessment (N=13).
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Author and | Randomization Deylatlon Missing Measurement L2 S T
Study n° from intended the reported Overall
year process . . outcome data | of the outcome
intervention results
El-Shobaki et ) ) . .
1 al, 2002 Low High Low High High High
2 Engo1rgg8et al, Low Some concerns High High High High
3 Aleretal, Low Some concerns Low Low Low some
2010 concerns
4 Huazngj] ?t al, Some concerns High Low Low Low High
Imantalab et g ;
5 Al 2012 Some concerns | Some concerns High Low Low High
Kendall et al,, ) . :
6 2004 Low High High Low Low High
7 Ko:fnztéﬁr? et Low High Some concerns High Low High
Parkeret al,, ) ) : .
8 2004 Low Low High High High High
9 Ph|||1||gsgit al. Low Some concerns High High Low High
10 SBeEIR Gl Low High Low Low Low High
1995
1 einfp el Some concerns Low Low Low Low SIS
2011 concerns
12 Xia et al,, 2006 Low Low High High Low High
Yildrim et al,, ) . . .
13 Some concerns High High High Low High
2009
Isoflurane Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
El-Shobaki 2002 23 0486 25 24 04 25 127% -0.19[-0.75, 0.26] —
Huang 2011 27 0z an 26 045 0 13.3% 0.26 [-0.24,0.77] T
Parker 2004 59 14 118 56 14 118 166% 0.21[-0.04, 0.47] I
Fhillips 1994 21 07 H 21 0.4 33 13.6% 0.00[-0.49, 0.49] T
Sorbara 13495 334 07 18 327 04 15 10.6% 012 [-0.60, 0.84] — T
Tempe 2011 28 081 20 26 0.5 20 11.7% 0.29[-0.33, 0.81] -
Hia 2006 23 01 18 24 01 18 10.8% -0.98 [1.67,-0.28] -
ildrirm 2008 27 037 0 212 04 20 10.7% 148077, 218] —
Total (95% CI) 277 279 100.0% 0.14 [-0.22, 0.50] ?
Heterogeneity: Tau?=019; Chi*= 26.02, df=7 (P =0.0004);, F=73% 52 |1 0 % é

Testfor overall effect Z=0T79{F =043 Isaflurane  Propofal

Fig. 2 - Forest plot showing differences in cardiac index between isoflurane and propofol groups. Cl=confidence interval; SD=standard deviation.
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Isoflurane Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
Flier 2010 272 117 41 264 0494 43 17.5% 0.07 [-0.35, 0.50] B e
Huang 2011 137 04 30 1441 07 a0 15.8% -0.68 117, -013] —_—
Imantalab 2012 4 549 20 a6 a1 200 141% -0.28 091, 0.34] e
kendall 2004 184 28 10 105 0 10 10.2% 0.26 063, 1.13] I B —
kottenherg 2011 834 262 18 3715 3758 19 13.8% 0.04 [-0.60, 0.67] N —
Hia 2006 438 26 18 B6.3 Ty 3B 14T% 0.80[0.21,1.39] I —
rildrirm 2008 068 0.0A 20 0AR4 007 20 13.49% 0.60[-0.03,1.24] —
Total (95% CI) 158 178 100.0% 0.10[-0.28, 0.48]

Heterogeneity: Tau*=0.17; Chif=17.40, df= 6 (P = 0.008); = 66%

Testfor overall effect: £2=0.52 (P = 0.60)

Fig. 3 - Forest plot showing differences in cardiac troponin between isoflurane and propofol groups. Cl=confidence interval: SD=standard deviation.
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Isoflurane Propofol Risk Ratio Risk Ratio

Study or Subgroup  BEvents Total Bvents Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Engaoren 1998 I} 3h il 34 Mot estimahble
Flier 2010 I} 41 il 43 Mot estimahle
Huang 2011 0 30 a an Mot estimahble
kottenberg 2011 0 33 1] ] Mot estimable
Parker 2004 3 118 1 118 100.0% 3.00[0.32,28.43) .
Tempe 2011 0 20 i 20 Mot estimable
Yildrirn 2009 0 20 i 20 Mot estimable
Total (95% CI) 297 305 100.0%  3.00[0.32, 28.43] —ee i ——
Tatal events 3 1

. . I I | |
Heterogeneity: Mot applicable 'III.IZI1 IZIH 1'III 1EIEI'

Test for overall effect: £= 096 (P =0.34)

Favours isoflurane  Favours propofal

Fig. 4 - Forest plot showing differences in mortality between isoflurane and propofol groups. Cl=confidence interval.

Isoflurane Propofol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Engoren 1998 0 34 1 34 86% 0.33[0.01,7.91] ¢
Flier 2010 4 41 2 43 356% 210[0.41,10.84] L
Huang 2011 2 30 2 30 26.8% 1.00[0.15, 6.64] i
kendall 2004 2 10 0 10 11.3% .00 ([0.27, 9262 - +
Parker 2004 2 118 1 118 168% 200([018, 21.76] =
Tempe 2011 1] 20 1] 20 Mot estimahle
Hia 2006 0 18 0 18 Mot estimakle
Yildrirm 2009 0 20 0 20 Mot estimakle
Total (95% CIy 292 294 100.0% 1.58 [0.59, 4.20] e o
Total events 10 4]
A Sl A o
: : : Isoflurane  Propofol

Fig. 5 - Forest plot showing differences in myocardial infarction between isoflurane and propofol groups. Cl=confidence interval.
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Isoflurane Propofol Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Bvents Total Weight I, Random, 95% CI I, Random, 95% CI
Flier 2010 a 4 T 43 2.6% 1.20[0.48, 3.01]
Huang 2011 26 a0 28 a0 48.2% 1.04 [0.84, 1.29]
Kendall 2004 1 10 1] 1m0 0.2% 3.00[0.14, 65.90] .J_
Parker 2004 a6 118 a8 18 31.3% 0.97[0.74, 1.26]
Termpe 2011 15 20 14 20 149% 1.07[0.73,1.87] -
Hia 2006 g 18 5 18 2.8% 1.80[0.745, 4.32] T
Total (95% CI) 237 239 100.0% 1.04 [0.90, 1.21] L
Total events 1148 1049
Heterogeneity: Tau®= 0.00; Chi®= 2,37, di= 5 (P = 0.60); F= 0% =D 01 D=1 1=D 1DD=

Testfor owerall effect: £= 056 (F = 0.58) Isoflurane  Propofol

Fig. 6 - Forest plot showing differences in inotropic drug use between isoflurane and propofol groups. Cl=confidence interval.

Isoflurane Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
El-Shobaki 2002 33 fi 25 XM 4 2 126% 1.74 [1.08, 2.40] e —
Engoren 1998 21 ] a5 23 4 35 14.9% -0.26 [-0.73, 0.21] — 1
Flier 2010 18 3.3 41 19 2.7 43 15.4% -0.28[-0.71,0.149] T
Huang 2011 348 58 o 325 73 N 14.4% 0.34 017, 0.85] N
FParker 2004 2 37 18 237 18 172% 0.00[-0.26, 0.26] I
Wia 2006 16 a8 18 448 7 18 126% -0.26 [-0.92, 0.40] .
Yildrim 2004 19 A2 20 M A2 MNo130% -019[-081,0.43] i
Total (95% CI) 287 289 100.0% 0.13[-0.29, 0.55] ?-

Heterogeneity: Tau®= 0.25; Chi*=32.04, df= 6 (P = 0.0001}, F=81%
Test for overall effect £=0.61 (F = 0.54)

-2 -1 0 1
|soflurane  Propofol

a4

Fig. 7 - Forest plot showing differences in length of intensive care unit stay between isoflurane and propofol groups. Cl=confidence interval;
SD=standard deviation.

Isoflurane Propofol Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
El-Shohaki 2002 106 5.4 25 T2 a1 24 9.3% Q70013 1.27] I
Engoren 1898 388 202 35 449 2452 34 9.6% -026[-0.73, 0.21] I
Flier 2010 A 2496 1 a 267 43 9.8% 0.00[-0.43, 0.43] -
Huang 2011 131 64 30 128 54 3n 9.5% 0.04a[-0.46, 0.56) b
Imantalab 2012 241,25 383 20 18525 288 20 2.1% 2.67 [1.80, 3.54] —
kendall 2004 9 28 10 6.6 31 10 8.1% 010078 087 I —
Parker 2004 TEY 234 118 1mMma 35 118 10.2% -0.95 [-1.22,-0.68] =
Sorbara 19495 89 18 15 91 22 14 8.7% -010[-0.81, 062 I —
Tempe 2011 194 36 20 20 16 20 9.1% -0.21 [-0.83, 0.41] T
¥ia 2006 9 42 18 a7 64 18 9.0% 0.0a[-0.60,071] b —
Yildrim 2008 36 04 20 18 07 20 2.6% -1.93 F2.70,-1.17] —
Total (95% CI) 352 354 100.0% -0.02 [-0.54, 0.51] *

Heterogenaity: Tau®= 0.68; Chi= 101.85, df= 10 (P < 0.00001); F= 80%

Testfor overall effect Z= 0.06 (P = 0.95) 4 -2 o 2 4

Isoflurane  Propofol

Fig. 8 - Forest plot showing differences in mechanical ventilation time between isoflurane and propofol groups. Cl=confidence interval; SD=standard
deviation.
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Fig. 9 - Funnel plot for assessing publication bias. SE=standard error;

SMD=standardized mean difference.

Asian countries. All the studies were RCTs and of lower quality as
per RoB 2 tool.

This meta-analysis has provided several results having important
clinical implications. In the patients undergoing CABG, isoflurane
and propofol had similar mortality rate. This result was in line with
the previous meta-analysis conducted in the heterogeneous
anaesthetic and surgical settings®®=%. The reason for no difference
in mortality could be the poor statistical power of this outcome,
as the short-term or in-hospital mortality is a rare event. In fact,
the RR, when calculable, were based on small number of events
and higher variability. Such results indicate the need for a greater
number of trials to clearly dissect the impact of isoflurane and
propofol on mortality rates.

We also found that the isoflurane was ineffective in reducing
the postoperative cardiac index, cardiac troponin release, Ml
incidence, need for inotropic drugs, length of ICU stay, and
mechanical ventilation time. The findings were in line with
previous reviews®3% which also found isoflurane to be ineffective
compared to propofol in reducing any of the cardiac and
postoperative outcomes. However, other volatile anaesthetics like
desflurane and sevoflurane were found to cause lesser cardiac
depression and preserve the cardiac function compared to
propofol,indicating the fact that these volatile anaesthetics (except
isoflurane) act as a better alternative with better cardioprotective
effect®”. However, the type of surgery, study era, and the aortic
cross-clamping time have been found to influence the effect of
volatile anaesthetics on major cardiac surrogate endpoints such
as cardiac index and cardiac troponin release®?.

Previous reviews have shown that a cardioprotective effect was
favoured by the volatile anaesthetics in patients undergoing
isolated CABG and shorter aortic cross-clamping timesi2%2%,
However, due to the multiple connections between these
variables, multiple subgroup analysis cannot be performed owing
to the limitation in the number of studies in each subgroup and
cannot find the role in influencing the isoflurane effect on these
endpoints. This further reiterates the importance of having a
greater number of trials to comprehensively look at the various
aspects of cardioprotective effect of isoflurane compared to
propofol.

Braz J Cardiovasc Surg 2024;39(3):e20210424

Although the results in our meta-analysis and the previous meta-
analytic researches have never showed any beneficial effect of
propofol compared to isoflurane or any volatile anaesthetics, some
cardioprotective mechanisms have been found in the isolated
organs and cells with propofol'=34, Probably, the cardioprotective
effect of propofol might be overwhelmed in vivo by the volatile
anaesthetic effect.

Our review has certain strengths. The major strength is the
rigorous literature search and methodology followed to provide
reliable estimates. We included only RCTs conducted in patients
undergoing CABG, making the evidence generated for all the
outcomes more reliable compared to previous meta-analysis
(which also included observational studies). We also performed
a comprehensive search of evidence and included studies up to
2021 to make us reach the best possible evidence on the current
level of cardioprotective efficacy of both the anaesthetic groups
on this topic.

Limitations

Despite these strengths, our meta-analysis has some limitations.
Our results should be interpreted with caution and inferred
accordingly, considering the difference in methods and quality
across the included studies. In our analysis, we found significant
between-study variability (significant chi-squared test for
heterogeneity and 12 statistics) for all the continuous outcomes
such as cardiac index, cardiac troponin release, mechanical
ventilation time, and length of hospital stay. Reason for such
high heterogeneity can be attributed to the methodological
differences between the included studies such as study design,
setting, sample size, type of surgery, and cross-clamping time,
and difference in definitions of the outcomes like MI. However,
we could not explore these reasons given the limitation in the
number of studies to perform additional subgroup analysis or
meta-regression. In addition, we found significant publication bias
in our review with respect to outcome on mechanical ventilation
time, which can limit the credibility of the evidence. In addition, we
could not assess the publication bias for the other outcomes due
to limitation in the number of studies. We also found that some
trials had used total intravenous anaesthetics for induction and
for shorter period of anaesthesia maintenance in the isoflurane
arm, which might have attenuated the effect obtained in our
review=7,

Future research should focus on conducting a large scale RCT
among the high-risk patients having homogeneous surgical and
anaesthesiologic protocols, needed to evaluate the impact of
isoflurane alone with the propofol alone. Future RCTs should also
strive towards disclosing conclusively the short-term and long-
term cardioprotective effects of these drugs following CABG.

CONCLUSION

To conclude, isoflurane did not have significant cardioprotective
effect compared to propofol following CABG. Hence, the
anaesthetists need to check some viable alternatives to manage
these patients and reduce the rate of postoperative complications.
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