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Study objective: To compare the use of inhalation versus intravenous anaesthesia for adults undergoing on-pump
or off-pump coronary artery bypass grafting.
Design: A systematic review.
Setting: A hospital-affiliated university.
Measurements: The following databases were searched: the Cochrane Central Register of Controlled Trials (CEN-
TRAL 2016, Issue 10), MEDLINE, EMBASE, and LILACS (from inception to October 2016). We used the GRADE ap-
proach to rate overall certainty of the evidence.
Results: In total we included 58 studies with a total of 6105 participants. Themethodological quality was difficult
to assess as it was poorly reported in 35 included studies (three or more domains were rated as unclear risk of
bias). Two trials of sevoflurane showed a statistically significant reduction in deathwithin 180 to 365 days of sur-
gery (on-pump) (RR 4.10, 95% CI 1.42 to 11.79; p= 0.009; I2 = not applicable; high quality of evidence). There
was also a statistically significant difference favouring sevoflurane compared to propofol on both inotropic (RR
2.11, 95% CI 1.53 to 2.90; p b 0.00001; I2 = 0%) and vasoconstrictor support needed (RR 1.51, 95% CI 1.04 to
2.22; p = 0.03; I2 = 0%) after coronary artery bypass grafting on-pump. Two trials of sevoflurane (MD −0.22,
95% CI −0.41 to −0.03; p = 0.02; I2 = 0%) and two further trials of desflurane (MD −0.33, 95% CI −0.45 to
−0.20; p b 0.00001; I2 = 82%) showed a statistically significant difference on cardiac index during and after cor-
onary artery bypass grafting on-pump, respectively.
Conclusions: There is high quality evidence that sevoflurane reduces deathwithin 180 to 365 days of surgery and,
inotropic and vasoconstrictor support compared to propofol for patients undergoing coronary artery bypass
grafting. There is also some evidence showing that the cardiac index is minimally influenced by administration
of sevoflurane and desflurane compared to propofol.
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1. Introduction

Inhalation anaesthetics such as isoflurane, desflurane and sevoflurane
have been shown to depress myocardial contractility in animal and
human studies [1], and their haemodynamic effects have been observed
in humanswith orwithout heart disease [2]. There is also evidence to sug-
gest that inhalational anaesthetics may have cardioprotective properties
[3]. Two reviews of theMEDLINE and Science Citation Indexdatabases, re-
spectively, reported that sevoflurane and desflurane reduce biomarker of
cardiac injury in the postoperative period and that sevoflurane improves
long-term outcomes [4,5]. Furthermore, a systematic review comparing
inhalational with intravenous anaesthesia for coronary artery bypass
grafting surgery found that the use of volatile agents was associated
with lower serum troponin I concentrations (indicating a potential reduc-
tion in cardiac injury) and also a reduced length of hospital stay [6].

Several experimental studies using a variety of protocols have shown
that anaesthetic agents protect against ischemia and reperfusion injury
[7–10]. Several groups have reported that inhalational anaesthetics confer
organ protection through this mechanism, and it has been proposed that
there are similarities between pharmacological preconditioning afforded
by halogenated anaesthetics and ischemic preconditioning [11].

The outcomeof this review is expected to yield information to help cli-
nicians decide the anaesthetic plan thatmaybenefit public health at large.
As the extent of cardioprotection is influenced by the choice of anaesthet-
ic agent, identifying the best approach for patients undergoing on-pump
or off-pump coronary artery bypass grafting reduces complications and
costs. Therefore, we verified the efficacy and safety of intravenous versus
inhalation anaesthesia in decreasing mortality and morbidity for adults
undergoing on-pump or off-pump coronary artery bypass grafting.
2. Materials and methods

The Cochrane Handbook for Intervention Reviews [12] guided our
choice of methods. This systematic review of the literature on interven-
tional studieswas conducted in accordancewith the PRISMA (Preferred
Reposting Items for Systematic Reviews and Meta-analysis) statement
[13].
2.1. Eligibility criteria

We considered all RCTs evaluating inhalation anaesthesia (e.g.
sevoflurane, isoflurane, desflurane, enflurane) compared to intravenous
anaesthesia (e.g. propofol, fentanyl) in adults (aged 18 years old and
above) undergoing on-pump or off-pump coronary artery bypass
grafting, regardless of gender. We excluded participants having valve
surgery and those who had central neuraxial blockade.

Eligible studies reported one ormore of the following: a) deathwithin
24h of surgery; b) deathwithin 30 days of surgery; c) deathwithin 180 to
365 days of surgery; d) renal insufficiency from the date of randomiza-
tion, measured by neutrophil gelatinase-associated lipocalin (NGAL),
‘Risk, Injury, Failure, Loss, End-stage’ kidney disease (RIFLE), creatinine,
cistatin or other; e) cardiac depression measured by haemodynamic var-
iables and/or by vasoactive drugs (e.g., noradrenaline) or inotropic (e.g.,
dopamine, adrenaline); f) intraoperative awareness (as subsequently re-
ported by the participant); g) length of stay in both hospital and intensive
care unit and; h) adverse postoperative outcomes such as:

• pneumonia, defined as an acute or chronic disease marked by inflam-
mation of the lungs determined by clinical examination or x-ray, or
both;

• stroke, defined as a sudden loss of brain functionmeasured bymagnetic
resonance imaging (MRI) or computed tomography (CT);

• acute renal failure, defined as the inability of the kidneys to excrete
waste measured by the RIFLE classification [14] or Acute kidney injury
Network (AKIN) criteria [15] or other biomarkers such as NGAL, inter-
leukin 18 and kidney injury molecule-1;

• arrhythmia, defined as any abnormality in the rhythmof the heartmea-
sured by electrocardiogram or echocardiography;

• nausea and vomiting measured by frequency and severity;
• pain measured by any validated tool such as the visual analogue scale
(VAS);

• brain injury measured by the cerebral performance category (CPC) or
other equivalent validated scales;

• heart failure, defined as the inability of the heart to pump blood, mea-
sured by clinical signs, X-ray, electrocardiogram or echocardiography;

• myocardial infarction, defined as sudden chest pain, shortness of breath,



Table 1
Search strategy.

1 CENTRAL search strategy

#1 MeSH descriptor: [Myocardial Revascularization] explode all trees
#2 (myocard* near revascular*) or Internal Mammary Artery Implantation
#3 #1 or #2
#4 MeSH descriptor: [Anesthesia, Inhalation] explode all trees
#5 MeSH descriptor: [Anesthesia, Intravenous] explode all trees
#6 MeSH descriptor: [Isoflurane] explode all trees
#7 MeSH descriptor: [Propofol] explode all trees
#8 MeSH descriptor: [Hydrocarbons, Fluorinated] explode all trees
#9 MeSH descriptor: [Halothane] explode all trees
#10 isoflurane or sevoflurane or sevorane or halothane or ftorotan* or narcotan or
ultane or 1,1,1-trifluoro-2-chloro-2-bromoethane or fluothan* or enfluran* or
etran or ethrane or enlirane or enfran or propofol* or 2,6?diisopropylphenol or
disoprofol or diprivan or ici?35?868 or recofol or aquafol
#11 (an?esth* near (insufflation or inhalation or intravenous)):ti,ab
#12 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11
#13 #3 and #12

2 Search strategy for MEDLINE (OvidSP)

1 exp. Myocardial Revascularization/ or (myocard* adj4 revascular*).af. or Internal
Mammary Artery Implantation.mp.

2 exp. Anesthesia, Inhalation/ or exp. Anesthesia, Intravenous/ or exp. Isoflurane/
or exp. Propofol/ or Hydrocarbons, Fluorinated/ or Halothane/ or (isoflurane or
sevoflurane or sevorane or halothane or ftorotan* or narcotan or ultane or
1,1,1-trifluoro-2-chloro-2-bromoethane or fluothan* or enfluran* or etran or
ethrane or enlirane or enfran or propofol* or 2,6?diisopropylphenol or disoprofol
or diprivan or ici?35?868 or recofol or aquafol).mp. or (an?esth* adj3 (insufflation
or inhalation or intravenous)).ti,ab.
3 1 and 2
4 ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or
placebo.ab. or drug therapy.fs. or randomly.ab. or trial.ab. or groups.ab.) not
(animals not (humans and animals)).sh.
5 3 and 4

3 Embase (Ovid SP) search strategy

1. exp. heart muscle revascularization/ or (myocard* adj4 revascular*).af. or
Internal Mammary Artery Implantation.mp.

2. exp. inhalation anesthesia/ or exp. intravenous anesthesia/ or exp. isoflurane/ or
exp. propofol/ or exp. fluorinated hydrocarbon/ or exp. halothane/ or (isoflurane or
sevoflurane or sevorane or halothane or ftorotan* or narcotan or ultane or
1,1,1-trifluoro-2-chloro-2-bromoethane or fluothan* or enfluran* or etran or
ethrane or enlirane or enfran or propofol* or 2,6?diisopropylphenol or disoprofol
or diprivan or ici?35?868 or recofol or aquafol).mp. or (an?esth* adj3 (insufflation
or inhalation or intravenous)).mp.
3. 1 and 2
4. (randomized-controlled-trial/ or randomization/ or controlled-study/ or
multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-trial/ or
double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or
multicenter* or factorial* or placebo* or volunteer*).mp. or ((singl* or doubl* or
trebl* or tripl*) adj3 (blind* or mask*)).ti,ab. or (latin adj square).mp.) not
(animals not (humans and animals)).sh.5. 3 and 4

4 LILACS (BIREME) search strategy

((myocard$ and revascular$) or (Internal Mammary Artery Implantation)) and
(isoflurane or sevoflurane or sevorane or halothane or ftorotan$ or narcotan or
ultane or 1,1,1-trifluoro-2-chloro-2-bromoethane or fluothan$ or enfluran$ or
etran or ethrane or enlirane or enfran or propofol$ or 2,6-diisopropylphenol or
disoprofol or diprivan or ici-35?868 or recofol or aquafol or (an?esth$ and
(insufflation or inhalation or intravenous)))
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nausea and anxiety, determined by electrocardiogram, echocardiogra-
phy, and various blood markers such as creatine kinase-MB and tropo-
nin;

• blood transfusion, defined as the need to receive blood products and de-
termined by volume administered by body weight.

Systematic reviews of eligible RCTs were included for the identifica-
tion of eligible studies through a review of reference lists. Animal stud-
ies, case reports and narrative review articles were excluded.

2.2. Data source and searches

The search was performed in the following electronic databases: the
Cochrane Central Register of Controlled Trials (CENTRAL Issue 10 2016),
MEDLINE (OvidSP, 1966 toOctober 2016), Embase (OvidSP, 1980 toOcto-
ber 2016), LILACS (BIREME interface, 1982 to October 2016), and ongoing
trials databases such as http://www.controlled-trials.com/and http://
clinicaltrials.gov. The databases were searched for available published
and unpublished studies from inception through to October 27, 2016.

The search was conducted using multiple combinations of the fol-
lowing key words: “Myocardial Revascularization”, “Inhalation Anaes-
thesia”, and “Intravenous Anaesthesia” (Table 1). No restrictions were
placed on language, year of publication or publication status.

In addition, amanual search of the reference lists of potential prima-
ry studies was conducted, and several major anesthesiology journals
were hand-searched for additional eligible studies.

2.3. Selection of studies

Using pre-standardized screening forms and protocols, teams of two
reviewers independently screened all titles and abstracts identified by
the literature search, obtained full-text articles of all potentially eligible
studies, and evaluated these studies for eligibility. Reviewers resolved
disagreement through discussion, with third party adjudication if
necessary.

2.4. Data extraction and risk of bias assessment

Three pairs of reviewers independently extracted the following data
using a pre-standardized data extraction form: characteristics of the
study design; participants; interventions; outcomes event rates and fol-
low-up. Authors of eligible studieswere contacted by reviewers to iden-
tify missing data and confirm data accuracy of eligible studies.

Reviewers independently assessed risk of bias by using the risk of
bias approach for Cochrane reviews [16]. We used the following five
separate criteria: adequacy of sequence generation, allocation sequence
concealment, blinding, incomplete outcome data, selective outcome
reporting. For incomplete outcome data, we considered loss to follow-
up of b10% and a difference of b5% in missing data between interven-
tion and control groups as low risk of bias.

2.5. Certainty of evidence

The reviewers used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology to rate certainty
of evidence for each outcome as high, moderate, low, or very low [17].
Detailed GRADE guidancewas used to assess overall risk of bias [18], im-
precision [19], inconsistency [20], indirectness [21] and publication bias
[22], and results were summarized in an evidence profile.

2.6. Data synthesis and statistical analysis

We calculated pooled risk ratios (RRs) for dichotomous outcomes
andmean difference (MD) for continuous variables, with both the asso-
ciated 95% CIs using random-effects models with the Mantel-Haenszel
statistical method. We addressed variability in results across studies
by using I2 statistic and the P value obtained from the Cochran chi
square test. Our primary analyses were based on eligible patients who
had reported outcomes for each study (complete case analysis).

To perform the meta-analysis we considered the last follow-up of
each following variable: during coronary artery bypass grafting, and
after-coronary artery bypass grafting. For example, if a study reported
haemodynamic data on the beginning of ischaemia and at 15 min
after ischaemia,we chose the latter period to plot studies on the variable
during-coronary artery bypass grafting. Furthermore, studies that men-
tioned a variable as during cardiopulmonary bypass and did not specify
if it was during coronary artery bypass grafting, were also considered as
during coronary artery bypass grafting.

http://www.controlled-trials.com/and
http://clinicaltrials.gov
http://clinicaltrials.gov


Fig. 1. PRISMA diagram of included studies.
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We performed subgroup analyses according to the different
methods: different type of inhalation anaesthetics (e.g. isoflurane,
sevoflurane, desflurane); different type of intravenous anaesthetics
(e.g. propofol); different haemodynamic variables to measure cardiac
depression; different echocardiographic parameters to measure myo-
cardial infarction; lenght of stay (hospital versus intensive care unit);
on-pump versus off-pump; inotropic versus vasoconstrictive support
nedded; and perioperative versus postoperative period.

We planned to perform separate analyses for comorbidities (diabe-
tes, hypertension, endocrinopathies, etc.) and age (≥18 to 60 years old
versus N60 years old; and we also planned to assess publication bias
through visual inspection of funnel plots for outcomes addressed in 10
or more studies; however, the information from the included studies
was insufficient for performance of any of these analyses. We used Re-
view Manager (RevMan) (version 5.3; Nordic Cochrane Centre,
Cochrane) for all analyses [23].

3. Results

3.1. Search results

We identified a total of 1407 (after removing duplicates) citations
from the database searches. After screening by title, and then by abstract,
we obtained full-text copies for 75 citations that were potentially eligible
for inclusion in the review. Of those 17 did not fulfil our eligibility criteria
and were excluded. We therefore included 58 studies [9,24–26,27–80]
with a total of 6105 randomized and 6073 analysed participants in this
review. No additional eligible studies were identified based on hand-
searching of major anaesthesia journals or manual review of reference
lists of relevant primary studies and systematic reviews (Fig. 1).

3.2. Characteristics of included studies

All of the 58 included studies were reported as RCTs. Sample sizes
ranged from 18 [55], to 868 [56] participants.

The trials took place in a variety of settings:

• Eight trials took place in North America [30,38,40,42,43,46,60,62].
• Thirty-two trials in Europe [9,24–26,28,29,32–34,36,37,39,41,45,50,
52–57,59,61,64–66,68,69,70,72,74,78].

• Three trials in Turkey (Euro-Asian country) [27,35,48].
• Three trials in Australia [63,67,75].
• One trial in South America [79].
• One trial in Japan [49], one in Korea [51]; three in India [73,76,77]; two
in Taiwan [31,58]; and one trial in China [47].

• Three trials did not specifywhere the studywas conducted [44,71,80].

All except ten of the trials included both male and female partici-
pants. Of those ten trials, seven did not report the gender of the partic-
ipants [25,36,49,64,65,68,70]. The remaining three trials [47,48,59]
included only male patients.

All trials included adults only. Sixteen trials included participants
under 60 years of age [27,35,41,42,44,50,52,55,65,68,70,73,74,77–79].
Five trials did not report the age of the participants [27,28,49,61,64].
Of the remaining trials, the mean age of the participants in each group
trials ranged from 48.9 years to 76 years, with an average mean age
for the groups of 63.7 years (range 50.0 to 75.0 years) (Table 2).

All trials reporting follow-up durations followed up the participants
beyond the end of the treatment period. The duration of post-treatment
follow-up ranged from 15 min post-surgery [45], to a follow-up dura-
tion of one year in four studies [34,39,54,56]. Fifteen trials did not report
treatment and follow-up duration [25,27,28,31,36,37,48,49,51,55,60,63,
64,67,75,79].

Various anaesthetics agentswere used in the different trials. 44 stud-
ies used propofol [9,24–26,27–33,35,37–39,41,42,44,45,47–57,59,60,63,
64,67,69,71,72,74,75–78,80]; sevoflurane in 25 studies [9,24,28,29,32,
33–35,37,40,45,47,49,51,54–57,59,64,67,72,73,75,76]; desflurane in
nine trials [25–27,33,34,43,68,71,76]; isoflurane 23 trials [31,35,36,38,
39,41,44,48,50,52,53,58,64,65,67,69,70,73–75,77,79,80]; enflurane in
seven studies [30,42,60,62,63,70,78]; halothane in two trials [70,79];
sufentanil in three trials [37,43,62]; TIVA in six studies [26,34,40,56,73,
76]; midazolam in six trials [36,37,44,52,62,70]; and, in one trial each,
thiopental [60]; flunitrazepam [41]; and thiopentone and diazepam
and fentanyl and droperidol and pancuronium [65].

Fifteen trials reported the primary outcomes of death [24,26,34,38,
39,42,44,54,56,57,60,65,71,75,79].

Renal insufficiency was reported in only two trials [75,79]. Cardiac
depression was reported in 29 studies [9,24,26,29,31–33,35,38,40–42,
44,45,50,52,54,56,57,59,60,62,63,68–71,74,79]. Eleven trials reported



Table 2
GRADE evidence profile for RCTs: Sevoflurane versus propofol in critical care units and university hospitals in Europe, a university in Chile, and a tertiary referral hospital in Australia.

Outcomes Illustrative comparative
risks* (95% CI)

Relative effect
(95% CI)

No of
participants
(studies)

Quality of
the evidence
(GRADE)

Comments

Risk with
sevoflurane

Risk with propofol

Death within 24 h of surgery NR NR NR NR NR No included studies reported
on this outcome.

Death within 30 days of surgery (on-pump and
off-pump)

8 per 1000 8 more per 1000
(7 fewer to 118
more)

1.00 (0.06, 15.80) 556 (2 studies) ⊕⊕⊝⊝
lowa–d

Baseline risk estimates come
from control arm of the Story
2001 study.

Death within 180 to 365 days of surgery (on-pump) 30 per 1000 93 more per 1000
(13 more to 324
more)

4.10 (1.42, 11.79) 597 (2 studies) ⊕⊕⊕⊕
highd–f

Baseline risk estimates come
from control arm of the De
Hert 2009 study.

Renal insufficiency (haemofiltration for those with
creatinine increases N44 μm) (on-pump)

follow-up: not reported

100 per 1000 23 fewer per 1000
(92 fewer to 665
more)

0.77 (0.08, 7.65) 63 (2 studies) ⊕⊕⊝⊝
lowa,c,d,g

Baseline risk estimates come
from control arm of the Story
2001 study.

Length of stay in the intensive care unit (on-pump)
follow-up: 12 h after the arrival in the intensive
care unit

MD 1080.00
(612.10, 1547.90)

320 (1 study) ⊕⊕⊕⊕
highd–f

Adverse postoperative outcome - myocardial
infarction (on-pump)

follow-up: 12 h after the arrival in the intensive
care unit (Lorsomradee 2006) and, one year (De
Hert 2009)

23 per 1000 24 more (5 fewer to
100 more)

2.04 (0.78, 5.33) 597 (2 studies) ⊕⊕⊕⊝

moderatec–e

Baseline risk estimates come
from control arm of the De
Hert 2009 study.

*Thebasis for the assumed risk (e.g. themedian control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk Ratio; NR: Not reported.
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

a There was no serious limitation related to inconsistency (not applicable), and indirectness.
b There was serious limitation related to risk of bias (allocation concealment in the Orriach 2013 study).
c There was serious limitation related to imprecision as 95% CI for absolute effects include clinically important benefit and no benefit.
d Publication bias was undetectable.
e There was no serious limitation related to risk of bias, inconsistency (not applicable), and indirectness.
f There was no serious limitation related to imprecision as 95% CI for absolute effects include only clinically important benefit favouring the use of sevoflurane.
g There was serious limitation related to risk of bias (allocation concealment in the Urzua 1996 study).
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on either length of hospital or intensive care unit stay [31,44,47,51,54,
56–58,60,63,79].

Nineteen trials reported on adverse postoperative outcomes [24,26,
29,32–34,38,39,69,42,50,51,57,59,60,62,63,71,79]. Only four trials [30,
42,68,79] reported on intraoperative awareness.

3.3. Risk of bias in individual studies

Fig. 2 describes the risk of bias assessment for the RCTs. The overall
methodological quality of the included studies was about evenly split
between those in which the classification was unclear and those in
which the studies were categorised as low risk of bias. Allocation con-
cealment was a major risk of bias limitation in three trials [28,45,66]
and blinding of participants and personnel and outcome assessors in
eight [30,35,36,37,53,61,63,70].

3.4. Effectiveness of interventions

3.4.1. Meta-analysis comparing sevoflurane versus propofol

3.4.1.1. Death within 180 to 365 days of surgery. Results from two RCTs
[34,57] suggested a statistically significantly reduction with the use of
sevoflurane compared to propofol in death within 180 to 365 days of
surgery during on-pump (RR 4.10, 95% CI 1.42 to 11.79; p = 0.009; I2

= not applicable; participants = 597) (Fig. 3). The quality of evidence
was rated high for this outcome (Table 2).

3.4.1.2. Cardiac depression measured by haemodynamic variables. Based
on 82 participants reported from two RCTs [29,45] there was a statisti-
cally significant difference favouring the use of sevoflurane compared
to propofol on cardiac index (L/min−1) (MD −0.22, 95% CI −0.41 to
−0.03; p = 0.02; I2 = 0%; participants = 82) during coronary artery
bypass grafting off-pump (Fig. 4). However, there was no statistically
significant difference between sevoflurane and propofol on central ve-
nous pressure (mmHg) (MD 0.76, 95% CI -0.04 to 1.55; p = 0.06; I2 =
0%; participants = 82) neither on mean arterial pressure (mmHg)
(MD 1.71, 95% CI −1.03 to 4.44; p = 0.22; I2 = 0%; participants =
82) (Fig. 4).

3.4.1.3. Cardiac depression measured by vasoactive drugs. Based on 350
participants reported from two RCTs [40,57], there was a statistically
significant difference favouring sevoflurane compared to propofol on
both inotropic support needed (RR 2.11, 95% CI 1.53 to 2.90; p b

0.00001; I2 = 0%; participants = 350) and vasoconstrictor support
needed (RR 1.51, 95% CI 1.04 to 2.22; p = 0.03; I2 = 0%; participants
= 350) after coronary artery bypass grafting on-pump (Fig. 5).

3.4.1.4. Adverse postoperative outcome - myocardial infarction measured
by echocardiographic parameters. Myocardial infarction measured by
echocardiographic parameters after coronary artery bypass on-pump
was reported in two trials (442 participants) [32,33]. Based on 50partic-
ipants, there was a statistically significant difference favouring
sevoflurane compared to propofol on peak left ventricular pressure
(mmHg) (MD −7.47, 95% CI −11.67 to −3.27; p = 0.0005; I2 = 0%;
participants = 50) (Fig. 6).

3.4.1.5. Length of stay in intensive care unit. One study reported on length
of stay in intensive care unit on the subgroup off-pump [51]. Based on 94
participants, there was no statistically significant difference between
sevoflurane and propofol (MD 22.00, 95% CI −581.27 to 625.27; p =
0.94; I2 = 0%; participants = 94) (Appendix Fig. 1). Based on 320 partic-
ipants, the pooled result for length of stay demonstrated that there was



Fig. 2. Risk of bias in individual studies.
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evidence of a reduction in length of stay in intensive care unitwith the use
of sevofluranewhen compared to propofol (MD1080.00, 95% CI 612.10 to
1547.90; p b 0.00001; I2 = 0%; participants = 320) (Appendix Fig. 1).

3.4.2. Meta-analysis comparing isoflurane versus propofol
Death within 180–365 days was studied in four trials (450 partici-

pants) [38,39,44,75], and all participants werewithin the on-pump sub-
group. There were three events of death in the propofol group, and no
events in the isoflurane group. The pooled result for death within
180–365 days, using the random-effect model, demonstrated that
there was no evidence of a reduction in death with the use of either
isoflurane or propofol (RR 3.84, 95% CI 0.43 to 34.22; p = 0.23; I2 =
0%; participants = 450) (Fig. 7). The quality of evidence was moderate
for this outcome. We downgraded the quality of evidence from high to
moderate because of serious imprecision (Table 3).

3.4.3. Meta-analysis comparing desflurane versus propofol
Two studies reported on cardiac index (L/min−1) [33,71]. Based on

208 participants, there was a significant difference favouring desflurane
compared to propofol (MD−0.33, 95% CI−0.45 to−0.20; p b 0.00001;
I2 = 82%; participants = 208) after coronary artery bypass grafting on-
pump (Fig. 8). However, there was no statistically significant difference
between desflurane and propofol related to mean pulmonary artery
pressure (mm Hg) (MD 0.00, 95% CI −1.32 to 1.32; p = 1.00; I2 =
0%; participants = 208) (Fig. 8). The overall meta-analysis showed
also a significant difference favouring desflurane compared to propofol
(MD−0.32, 95% CI−0.45 to−0.20; p b 0.00001; I2=49%; participants
= 208) (Fig. 8) (Table 4).

3.4.4. Meta-analysis comparing enflurane versus propofol
Death within 30 days of surgery was reported in two trials [42,60].

There were no deaths in the propofol group, and one event in the
enflurane group. The pooled result for this outcome demonstrated that
there was no evidence of a reduction in death within 30 days with the
use of either enflurane or propofol (RR 0.35, 95% CI 0.01 to 8.11; partici-
pants = 94; p= 0.51; I2 = 0%; 94 participants) (Appendix Fig. 2).

The included studies do not address all of the objectives of the re-
view because many of them did not report data in a usable way or did
not measure the primary outcomes. For the other variables studied
such as renal insufficiency, adverse postoperative outcome (e.g. stroke)
and biochemical biomarkers of myocardial damage (e.g., troponin) we
believe that there was no statistically significance difference regarding
inhalation and intravenous anaesthetics.

4. Discussion

4.1. Summary of main results

To the best of our knowledge, this is the first systematic review to
synthesise all available data from randomized controlled trials relating
to the efficacy of inhalation versus intravenous anaesthesia for adults
undergoing on-pump or off-pump coronary artery bypass grafting.
The results of the review suggest that sevoflurane shows promise in cor-
onary artery bypass grafting. We set out to identify the best clinical ev-
idence available to answer our question, and performed an extensive
search with careful quality assessment, and therefore we found some
conclusions from the trials that were included.

The methodological descriptions reported inadequate methods of
randomization and allocation concealment, and there were limitations
to the blinding. Further, the majority of the included trials did not ad-
dress the same outcomes and for this reason the pooling of datawas sel-
dom possible. The small number of trials, and the sometimes low
methodological quality, meant that our intended sensitivity analyses
were not possible.

The main findings of this review is that, although we had included a
reasonable number of included studies (58 trials) that evaluated the



Fig. 3. Meta-analysis of death within 180 to 365 days of surgery comparing sevoflurane versus propofol.

Fig. 4.Meta-analysis of cardiac depression measured by haemodynamic variables during coronary artery bypass grafting off-pump comparing sevoflurane versus propofol.
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effect of inhalation versus intravenous anaesthesia in decreasing mor-
tality andmorbidity for patients undergoing on-pump or off-pump cor-
onary artery bypass grafting, we found some evidence suggesting the
use of sevoflurane compared to propofol in the reduction of deathwith-
in 180 to 365 days and inotropic and vasoconstrictor support. Also,
there was some evidence showing that the cardiac index is minimally
influenced by administration of sevoflurane and desflurane compared
to propofol.

Inhalation anaesthetics present a lower cost compared to intrave-
nous aesthetics and very few risks that can be recommend to the clinical
practice. A study [38] evaluated the drug costs of sevoflurane and
Fig. 5. Meta-analysis of cardiac depression measured by vasoactive drugs after coro
propofol in which the former one showed less than twice the price of
propofol with a mean cost of US$ 58.08 versus US$ 129.91, respectively.

4.2. Overall completeness and applicability of evidence

The main limitation of our findings is that although we have in-
cluded 58 studies, the heterogeneity related to the clinical outcomes
was high to allow that all included studies was plotted into the same
meta-analysis; also some of the included studies poorly described
the outcomes of interest, and therefore the evidence was insufficient
to allow firm conclusions to be drawn for many of our outcome
nary artery bypass grafting on-pump comparing sevoflurane versus propofol.



Fig. 6. Meta-analysis of adverse postoperative outcome - myocardial infarction measured by echocardiographic parameters after coronary artery bypass grafting on-pump comparing
sevoflurane versus propofol.

Fig. 7.Meta-analysis of death within 180 to 365 days of surgery comparing isoflurane versus propofol.
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measures, particularly as these studies did not report on many of our
clinical outcomes, including renal insufficiency and adverse effects.

We were unable to perform two of our 10 planned subgroup analy-
ses: comorbidities (diabetes, hypertension, endocrinopathies, etc.), and
age (≥18 to 60 years old versus N60 years old). Wewere unable to per-
form sensitivity analysis by risk of bias or to determine the effect of in-
complete outcome data because of insufficient data. Furthermore, we
Table 3
GRADE evidence profile for RCTs: Isoflurane versus propofol in an university-affiliated, tertiary c

Outcomes Illustrative comparative
risks* (95% CI)

Risk with
isoflurane

Risk with propofol

Death within 24 h of surgery NR NR

Death within 30 days of surgery NR NR

Death within 180 to 365 days of surgery
(on-pump)

0 per 1000 0 per 1000
(0 to 0)

Renal insufficiency (haemofiltration for those
with creatinine increases N44 μm)

NR NR

Length of stay in the intensive care unit
(on-pump)

follow-up: 24 h after cardiopulmonary bypass
Adverse postoperative outcome - myocardial
infarction (off- and on-pump)

follow-up: until discharge

off-pump:
200 per 1000
on-pump: 97
per 1000

off-pump: 160 fewer
(198 fewer to 540 more
on-pump: 51 fewer (88
fewer to 141 more)

*Thebasis for the assumed risk (e.g. themedian control group risk across studies) is provided in
risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Co
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effe
Moderate quality: Further research is likely to have an important impact on our confidence in
Low quality: Further research is very likely to have an important impact on our confidence in
Very low quality: We are very uncertain about the estimate.

a There was no serious limitation related to risk of bias, inconsistency (I2 = 0%), and indirec
b There was serious limitation related to imprecision as 95% CI for absolute effects include c
c Publication bias was undetectable.
d There was no serious limitation related to risk of bias, inconsistency (I2 = 22%), and indire
e There was no serious limitation related to risk of bias, inconsistency (I2 = not applicable),
were unable to detect publication bias as there was no meta-analysis
with at least 10 included studies.

Even though this review suggests a slightly higher quality of the cor-
onary artery bypass graftingwith sevoflurane compared to propofol, re-
sults may lack clinical significance because of the small difference.
Studies compared propofol with isoflurane (23 studies), sevoflurane
(25 studies), desflurane (nine studies), and enflurane (seven studies).
are community hospitals in US, Australia and Europe.

Relative effect
(95% CI)

No of
participants
(studies)

Quality of the
evidence
(GRADE)

Comments

NR NR NR None included studies reported
on this outcome.

NR NR NR None included studies reported
on this outcome.

3.84
(0.43, 34.22)

450
(4 studies)

⊕⊕⊕⊝
moderatea–c

Baseline risk estimates come
from control arm of the Flier
2010 study.

NR NR NR None included studies
reported on this outcome.

MD −0.96
(−3.70, 1.78)

110 (2 studies) ⊕⊕⊕⊝
moderateb–d

)
off-pump: 0.20
(0.01, 3.70)
on-pump: 0.48
(0.09, 2.46)

off-pump: 20
(1 study)
on-pump: 84
(1 study)

⊕⊕⊕⊝
moderateb,c,e

Baseline risk estimates come
from control arm of the
Kendall 2004 for off-pump
and Flier 2010 for on-pump
studies.

footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed
nfidence interval; RR: Risk Ratio; NR: Not reported.

ct.
the estimate of effect and may change the estimate.
the estimate of effect and is likely to change the estimate.

tness.
linically important benefit and no benefit.

ctness.
and indirectness.



Fig. 8. Meta-analysis of cardiac depression measured by haemodynamic variables after coronary artery bypass grafting on-pump comparing desflurane versus propofol.
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However, the majority of them failed to adequately report their results
to allow a meta-analysis.
4.3. Quality of the evidence

We selected randomized studies for our review, and many of these
studies did not report details of randomization, allocation concealment,
blinding, and dropouts. The methodological quality was difficult to as-
sess as it was poorly reported in 35 included studies (three or more do-
mains rated as unclear risk of bias) (Fig. 2). The availability of outcome
data was limited and trials involving inhalation and intravenous anaes-
thesia were small regarding sample size, excepted by five studies (N300
patients). Thus the results must be interpreted with caution. Methodo-
logical aspects of ten studies had a high risk of introducing bias: inade-
quate blinding of outcome assessment [30,35–37,53,63,70]; inadequate
blinding of participants and personnel [30,35–37,70,71]; and poor allo-
cation concealment [66,79]. The included studies did not have homoge-
neous interventions and outcomes, which consequently affects the
meta-analysis.
Table 4
GRADE evidence profile for RCTs: Desflurane versus propofol in critical care in Australia, and uni

Outcomes Illustrative comparative
risks* (95% CI)

Risk with
desflurane

Risk with propofol

Death within 24 h of surgery NR NR

Death within 30 days of surgery NR NR

Death within 180 to 365 days of surgery
(on-pump)

65 per 1000 52 more per 1000
(9 fewer to 180 more)

Renal insufficiency (haemofiltration for those
with creatinine increases N44 um)

NR NR

Length of stay in the intensive care unit NR NR

Adverse postoperative outcome - myocardial
infarction (on-pump)

follow-up: perioperative

22 per 1000 33 more
(7 fewer to 182 more)

*Thebasis for the assumed risk (e.g. themedian control group risk across studies) is provided in f
risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Co
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effe
Moderate quality: Further research is likely to have an important impact on our confidence in
Low quality: Further research is very likely to have an important impact on our confidence in t
Very low quality: We are very uncertain about the estimate.

a There was no serious limitation related to risk of bias, inconsistency (I2 = 0%), and indirec
b There was serious limitation related to imprecision as 95% CI for absolute effects include c
c Publication bias was undetectable.
d There was no serious limitation related to risk of bias, inconsistency (I2 = not applicable),
Overall themethodological quality of the included studieswas about
evenly split between those in which the classification was unclear and
those in which the studies were categorised as low risk of bias. The
main limiting factors that accounted for a decrease in quality among
outcomes were risk of bias and imprecision of results. Although there
was only two included studies in the meta-analysis for death within
180 to 365 days of surgery comparing sevoflurane and propofol, we
did not downgrade the quality of evidence, as there was no serious lim-
itation related to risk of bias in these studies, inconsistency, imprecision,
and indirectness. Subgroup analyses did not provide a convincing expla-
nation for observed variation between the results of the studies. Al-
though we judged studies to be at varying risks of bias overall, the
evidence for our main outcomes is drawn from studies at uncertain
risk of bias.

4.4. Potential biases in the review process

In an attempt tominimize bias, we followed the guidelines provided
in the Cochran e Handbook for Systematic Reviews of Interventions.
However, our findings and interpretations are limited by the quality
versity hospitals in Italy.

Relative effect
(95% CI)

No of
participants
(studies)

Quality of the
evidence
(GRADE)

Comments

NR NR NR None included studies reported
on this outcome.

NR NR NR None included studies reported
on this outcome.

1.81 (0.86, 3.77) 612 (3 studies) ⊕⊕⊕⊝
moderatea–c

Baseline risk estimates come
from control arm of the De Hert
2009 study.

NR NR NR None included studies reported
on this outcome.

NR NR NR None included studies reported
on this outcome.

2.52 (0.68, 9.30) 282 (1 study) ⊕⊕⊕⊝
moderateb–d

Baseline risk estimates come
from control arm of the De Hert
2009 study.

ootnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed
nfidence interval; RR: Risk Ratio; NR: Not reported.

ct.
the estimate of effect and may change the estimate.
he estimate of effect and is likely to change the estimate.

tness.
linically important benefit and no benefit.

and indirectness.
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and quantity of the available evidence on the effects of inhalation versus
intravenous anaesthesia on death within 24 h of surgery, intraoperative
awareness, length of hospital stay and, some adverse postoperative out-
comes such as pneumonia, stroke, acute renal failure and, nausea and
vomiting and pain. We assessed the risk of bias of the included trials
by using the published data, which ultimately may not reflect the
truth, and can lead to publication bias. Also, althoughwe did not restrict
our search to English language, publication bias due to language may
have occurred as we are still awaiting translation from three non-En-
glish potential papers [81–83]. However, publication bias could not be
answered, as there was insufficient number of studies to allow this in-
spection through a funnel plot. Furthermore, we did survey study au-
thors to obtain additional information but only a few responded and
provided further information. This would reflect on any conclusions
drawn from this review.

We were also aware that we pooled very heterogeneous trials in
terms of treatment regimens and subgroup analysis by type of out-
comes. However, all the included studies have similar surgical profile
patients.

4.5. Implications for practice

In conducting this review we have attempted to answer the follow-
ing clinical questions:

• Is sevoflurane better than propofol?

High-quality evidence suggests that sevoflurane is more effective
than propofol in decreasing the rates of death within 180 to 365 days
of surgery for patients undergoing on-pump coronary artery bypass
grafting. Also, some evidence suggests that sevoflurane is more effica-
cious thanpropofol on both inotropic and vasoconstrictor support need-
ed; and that the cardiac index isminimally influenced by administration
of sevoflurane compared to propofol. Low-quality evidence indicates no
difference in the efficacy between sevoflurane and propofol in decreas-
ing both the rates of death within 30 days of surgery and renal insuffi-
ciency for patients undergoing on-pump and off-pump coronary
artery bypass grafting.

• Is isoflurane better than propofol?

Moderate-quality evidence indicates no difference in the efficacy be-
tween propofol and isoflurane in decreasing the rates of death within
180 to 365 days of surgery for patients undergoing on-pump coronary
artery bypass grafting.

• Is desflurane better than propofol?

Moderate-quality evidence indicates no difference in the efficacy be-
tween propofol and desflurane in decreasing the rates of death within
180 to 365 days of surgery for patients undergoing on-pump coronary
artery bypass grafting. However, some evidence suggests that the cardi-
ac index is minimally influenced by administration of desflurane com-
pared to propofol.

• Is enflurane better than propofol?

Moderate-quality evidence indicates no difference in the efficacy be-
tween propofol and enflurane in decreasing the rates of death within
30days of surgery for patients undergoing on-pumpcoronary artery by-
pass grafting.

4.6. Implications for research

This review highlights the urgent need to conduct well-designed tri-
als in this field. It is important that future trials should be adequately
powered and should measure the following:
• Standardized outcome measures such as death; renal insufficiency;
cardiac depression; and intraoperative awareness;

• Head-to-head comparisons of different types of inhaled anaesthetics;
• Cost-effectiveness of inhaled compared to intravenous anaesthetics;
• Adverse effects data such as pneumonia, brain injury and heart failure.
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