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Airway reactions and emergence times in general
laryngeal mask airway anaesthesia

A meta-analysis

Ana Stevanovic, Rolf Rossaint, Harald G. Fritz, Gebhard Froeba, Joern Heine,
Friedrich K. Puehringer, Peter H. Tonner and Mark Coburn

BACKGROUND Desflurane’s short emergence time sup-
ports fast track anaesthesia. Data on the rate of upper airway
complications and emergence time when desflurane is used
with laryngeal mask airway (LMA) are controversial and
limited.

OBJECTIVES To compare recovery time variables and the
rates of upper airway adverse events in patients with an LMA
undergoing general surgery with desflurane, sevoflurane,
isoflurane or propofol anaesthesia.

DESIGN A systematic review and meta-analysis of random-
ised controlled trials (RCTs).

DATA SOURCES A systematic search for eligible RCTs in
Embase (Elsevier) and in PubMed (National Library of Medi-
cine) databases up to September 20183.

ELIGIBILITY CRITERIA RCTs investigating the rates of
cough overall, cough at emergence, laryngospasm, time to
eye opening, time to removal of the LMA, time to respond to
command and time to state date of birth in patients with an
LMA, during emergence from desflurane, sevoflurane, iso-
flurane or propofol anaesthesia.

RESULTS Thirteen RCTs were included and analysed. We
found a strong interstudy variability. There was no difference

in the rates of upper airway events between desflurane and
sevoflurane or between desflurane and a control group
consisting of all the other anaesthetics combined. Compar-
ing desflurane (n=284) with all other anaesthetic groups
(n=313), the risk ratio [95% confidence interval (95% CI)]
was 1.12 (0.63 to 2.02, P=0.70). Cough at emergence was
only measured in patients receiving desflurane (n = 148) and
sevoflurane (n=146): the risk ratio (95% CI) was 1.49 (0.55
to 4.02, P=0.43). Laryngospasm was rare and there was no
significant difference in its incidence when desflurane
(n=262) was compared with all other anaesthetics com-
bined (n=289; risk ratio 1.03; 95% Cl 0.33 to 3.20,
P=0.96). The times of all emergence variables were signifi-
cantly faster in the desflurane group than in all other groups.

CONCLUSION When using an LMA, upper airway adverse
reactions in association with desflurane anaesthesia were no
different from those noted with sevoflurane, isoflurane or
propofol anaesthesia. Emergence from general anaesthesia
with desflurane is significantly faster than all the other anaes-
thetics. Due to interstudy variations and the small size of the
trials, further large-scale, multicentre studies are required to
confirm or refute the results of this meta-analysis.
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Introduction

Background

The low blood gas solubility coefficient of desflurane
supports fast track general anaesthesia, even in obese
patients." In comparison to an endotracheal tube
(ETT), a laryngeal mask airway (LMA) reduces post-
operative airway-connected complications during general
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anaesthesia.”> However, desflurane has alrway irritant
properties, and there is controversy as to whether these
are worse than or similar to those of other volatile anaes-
thetics (sevoflurane, isoflurane) or to a propofol-based
anaesthetic." Trials comparing the risk of intraoperative
upper airway complications (e.g. coughing, laryngospasm)
between desflurane and other common anaesthetics are
limited. Recently, de Oliveira ez /> published a meta-
analysis comparing upper airway adverse events, and con-
cluded that there was a lack of evidence that desflurane
caused a greater incidence of upper airway adverse events
than sevoflurane. In that meta-analysis,” there were no data
regarding recovery times.

Objectives

We compared desflurane with other commonly used
anaesthetics in this meta-analysis of randomised con-
trolled clinical trial (RC'T) data from patients undergoing
general anaesthesia with the aid of an LMA. Our
primary endpoints were the rate of upper airway com-
plications: cough overall; cough at emergence and lar-
yngospasm total. Secondary endpoints were related to
the speed of emergence from anaesthesia: time to open
eyes (TOE); time to respond to command (TRC); time
to remove LMA (TLR); and time to state date of birth
(TSB).

Materials and methods

Protocol

Before commencing this meta-analysis, all authors agreed
the inclusion and exclusion criteria. The manuscript was
prepared in accordance with the PRISMA guidelines.”
The protocol was not published.

Eligibility criteria

We included only RCTs with patients at least
18 years of age undergoing general anaesthesia with
an LMA following an intravenous induction. These
trials compared desflurane-maintained anaesthesia with

Table 1 Anaesthetic agents and outcomes of the included trials

Ashworth De Oliveira
and Jr
Smith '°

Anaesthetic agent

Dolk Eshima

Gupta
et al.® etal' etal" etal'®

Des [n] 30 40 34 63 25 43
Sev [n] - 40 34 64 - 41
Iso [n] 30 - - - 25 -
Prop [n] 30 - 34 - - -
Outcome studied
CO Yes Yes - Yes - -
CE = Yes = = - Yes
LS Yes Yes - Yes - Yes
TOE Yes - - - Yes -
TLR Yes - Yes - Yes -
TRC Yes - - Yes - -
TSB Yes - Yes - Yes -

Lema
et al.®

anaesthesia maintained by propofol, or sevoflurane or
isoflurane. These RCT's had to present data for at least
one of our prespecified outcome variables: cough overall,
cough at emergence, laryngospasm total, TOE, TRC,
TLR and TSB. Publications in all languages were
included in the search. Non-English publications were
translated into English (TransPerfect Translations Inter-
national, Chicago, USA).

Systematic search

The following databases were used to identify potential
RCT's: PubMed (National Library of Medicine, 1946 to
September 2013) and Embase (Elsevier, 1947 to
September 2013). The search words used were a com-
bination of desflurane, sevoflurane, isoflurane, propofol,
laryngeal masks. Full details of the search criteria can be
obtained from the authors.

The references listed in those studies meeting the screen-
ing criteria were searched for further relevant RC'Tss.

Study selection and data collection

In the first step, the two investigators (M.C., A.S.)
screened the titles independently and removed studies
that did not meet the prespecified screening criteria, or
were duplicate studies. According to a predefined data
extraction sheet, the remaining articles were screened on
the basis of the abstract. Potentially eligible trials were
analysed in detail on the basis of their full text. Disagree-
ments were discussed between the two primary investi-
gators. In the event of persistent disagreement, an
additional author would be involved in the discussion
until consensus was achieved. One Spanish trial was
translated into English before the inclusion.” One author
was contacted to provide us with their results regarding
the variables TOE and TRC in mean and standard
deviation values. The formula developed by Hozo
et al” was used to calculate the mean and standard
deviations for TOE in one publication.”®

Naidu-

Mahmoud McKay McKay McKay Sjosvird Saros White
et al® etal' etal' etal'® etal etal'™ etal®
31 31 55 60 25 35 65
29 33 55 60 25 35 65
Yes - Yes - - - Yes
= = = = = = Yes
Yes - Yes - - - -
Yes = = = Yes = Yes
- - - - - Yes -

- Yes Yes Yes - Yes Yes
- - - - Yes - -

CE, cough at emergence; CO, cough overall; Des, desflurane; Iso, isoflurane; LS, laryngospasm; Prop, propofol; Sev, sevoflurane; TLR, time to remove LMA; TOE, time to
open eyes; TRC, time to respond to command; TSB, time to state the date of birth; Yes, outcome studied; — outcome not studied.
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Data extraction

We extracted the data summarised in Table 177111318
and in the supplemental digital content (SDC, http://
links.lww.com/EJA/A58) 1 to 8 from the identified pub-
lications. Only values of our prespecified primary and
secondary endpoints, presented either as counts of
events, or as means and standard deviation, were used
for our analysis.

Assessment of risk of bias

Using the Cochrane Collaboration’s tool for assessing risk
of bias (http://handbook.cochrane.org/chapter_8/table_8_
5_a_the_cochrane_collaborations_tool_for_assessing.htm),
two authors (M.C., A.S.) evaluated each trial indepen-
dently (see SDC 8, http://links.Iww.com/EJA/ASS).

Statistics

These meta-analyses were performed with RevMan 5.2.
We considered a clinical and methodological heterogen-
eity of the included trials and therefore a random-effects
model was used. The percentage of interstudy variation
was acquired by /% Values more than 50% were con-
sidered as moderately heterogeneous. Risk ratio and 95%
confidence intervals (95% CIs) were calculated for the
occurrence of the dichotomous outcome variables cough
overall, cough at emergence and laryngospasm total; the
continuous outcomes (TOE, TRC, TLR, TSB) were
calculated by weighted mean differences (WMDs) of
the mean values and standard deviations in minutes. P
values less than 0.05 were assumed as statistically sig-
nificant. We performed subgroup analyses of trials by
comparing desflurane to sevoflurane only. If at least 10
trials were identified, then to determine publication bias
we planned to create funnel plots and to use Egger’s test.

Results

Our primary search strategy identified 2090 publications.
Only 14 trials met our inclusion criteria, reporting at least
on one of our endpoint variables.”**~'? One trial, com-
paring desflurane with sevoflurane, investigating the rate
of coughs, was excluded, as the number of coughs was not
accessible from the data.'* We could not include the data
(TOE and TRCQ) of De Oliveira ¢7 /. in our analysis, as
we did not receive an answer regarding their mean and
standard deviation values. The flowchart (Fig. 1) illus-
trates the search and exclusion strategy, leaving 13 RCT's
for analysis.”®*1113-19 Ap overview of the selected
trials, the anaesthetic agents used and measured outcome
variables is summarised in Table 1.

Participants

In total, 1143 patients were included in the 13 trials.
The number of patients per group did not differ signifi-
cantly (Table 1). The patient characteristics are shown in
SDC 1, http://links.lww.com/EJA/AS58 and discussed in
detail in the SDC 2, http://links.lww.com/EJA/ASS.
Patient baseline characteristics showed a high interstudy
variability.
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Study protocols

The protocols of the trials showed many differences
that led to considerable heterogeneity. Examples are
the use/nonuse of midazolam, lidocaine, opioids, nitrous
oxide, local and regional anaesthesia, as well as different
ventilation modes and anaesthetic concentrations (SDC
3 to 7, htep://links.lww.com/EJA/A5S).

It is important to note that the primary endpoint in some
trials was not one of our primary endpoints, and so those
trials were not powered to detect significant differences
for our variables. The primary endpoints on which the
studies were powered are summarised in Table 2.

Risk of bias

The results of the risk of bias assessment are summarised
in Table 3. Only two trials described the random
sequence generation and the allocation concealment.”®
Three trials reported the random sequence generation,
but failed to report the allocation concealment.”!™!”
There was a high risk of performance bias regarding
the blinding of patients and personnel in all the trials.
Detection bias showed a high risk in four trials, as the
outcome assessor was not blinded.”>~'>? In one trial,
only the assessment of the intraoperative events (e.g.
cough overall) was not blinded and consequently there
was a high risk of detection bias for respiratory compli-
cations.'® There was a low risk of attrition bias across all
trials with complete reporting of outcome data and losses
to follow-up. The selective reporting bias was unclear in
all trials, as we did not assess the original study protocol.

The following factors are particularly important for
interpretation of the study results. The concentration
of the anaesthetics was not controlled in the trials.
The administration of midazolam and opioids at induc-
tion, and the repeat administration of opioids during
anaesthesia were not strictly predefined in five proto-
cols. > 11718 With respect to other potential biases, we
noted a high risk in three trials.'®'™” In two of these, it
was not known who received midazolam and fentanyl at
induction.'™'” McKay ez /.'” included only smokers, and
the groups differed significantly with regard to smoking:
the patients in the desflurane group had been exposed
to significantly more pack years than the sevoflurane
group. In the third trial, significantly more patients in
the sevoflurane group received regional anaesthesia and
orthopaedic surgery than in the desflurane group.'”

Effects of interventions primary outcomes: upper airway
complications

Cough overall

Occurrence of cough at anaesthesia induction, during
surgery and during the recovery phase was subsumed
under cough overall.**% 1617 There was no significant
difference in cough overall between desflurane (7 =284)
and the control group (#=313) consisting of propofol,
sevoflurane and isoflurane anaesthetics combined [risk


http://links.lww.com/EJA/A58
http://links.lww.com/EJA/A58
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Fig. 1
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title (n = 2090)
— _| *Ineligible study design (n = 1464)
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o v (<18 years, animal trials) (n = 164)
'QE) Records screened on basis of
o title (n = 462)
a . | Records excluded as
v * Incorrect intervention (n=319)
Records screened on basis of
title and abstract (n = 143)
.| Records excluded as
4 « Incorrect intervention and
> H H H —
£ Full-text articles assessed for remaining duplicates (n= 129)
2 eligibility
= (n=14)
> Full -text articles excluded as
* Outcome data for analysis not
applicable (n=1)
— Studies included in qualitative
synthesis
(n=13)
e
: !
el
=}
©
5 Studies included in quantitative synthesis
(meta-analysis)
(n=13)

Flowchart. PRISMA flow diagram showing literature results.

ratio (95% CI) 1.12 (0.63 to 2.02), P=0.70]. The hetero-
geneity with /=31 was low to moderate, as previously
described by Higgins ez a/*° (Fig. 2a). In a subgroup

Table 2 Original primary endpoints of the included trials

Trial Originally described primary endpoint

Ashworth and Smith '® Not known
De Oliveira Jr et al.® Eye opening

Dolk et al.' Time to state the name and birth
Eshima et al."’ Airway irritation
Gupta et al."® Postoperative recovery

Lema et al.® Event rate of cough
Mahmoud et al.® Efficacy of the anaesthetics

McKay et al."® Recovery of airway reflexes
McKay et al.'” Airway responses in smokers
McKay et al.'® Time to respond to command in obese patients

Naidu-Sj6svird et al.'®

Saros et al.'®
White et al.®

Recovery characteristics

Emergence time

Resuming normal activities on the first postoperative
day

analysis of trials comparing only desflurane (#» =254) with
sevoflurane (7 =253), we found a similar effect [risk ratio
(95% CI) 1.12 (0.56 to 2.22), P=0.75] and a moderate
heterogeneity with /2 =44% (Fig. 2a).

In a further nonprespecified subgroup analysis of cough
overall, we excluded the trial of Ashworth and Smith!®
because of high risk of detect9ion bias. The remaining
trials, with a low risk of detection bias, compared only
desflurane and sevoflurane. The analysis of these studies
with a low risk detection bias produced the same results
to those of the prespecified subgroup analysis of desflur-
ane vs. sevoflurane (Fig. 2a).

Cough at emergence

Three clinical trials assessed cough in the recovery
phase.>®? They compared only desflurane (z = 148) and
sevoflurane (7 = 146). There was no statistically significant

Eur J Anaesthesiol 2015; 32:106-116
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Table 3 Risk of bias

Random Blinding of
sequence Allocation patients
generation concealment and personnel
(selection (selection (performance
[JED)) [JED) [JED))
Ashworth and Smith '® ? ? +
De Oliveira Jr et al.® - — +
Dolk et al."* ? ? +
Eshima et al."’ = ? +
Gupta et al."® ? ? +
Lema et al.® — =F
Mahmoud et al.® ? — +
McKay et al."® ? ? -+
McKay et al.'” — ? +
McKay et al.'® ? ? +
Naidu-Sjosvird et al.'® ? ? +
Saros et al.'® ? - =
White et al.® — ? +

Blinding of Blinding of
outcome outcome
assessment assessment Selective
(detection bias) (detection bias) Incomplete reporting
respiratory recovery outcome data (Reporting Other
complications parameters (attrition bias) bias) bias
+ — ? —
_ _ _ ? _
N.A. + — ? -
- — — ? +
N.A. + — ? —
- N.A. — ? —
N.A. — — ? —
- — — ? +
- — - ? +
N.A. — — ? —
N.A. + — ?
= =F = ? -
_ _ _ ? _

N.A., not applicable. +, high risk; —, low risk; ?, risk not known.

difference [risk ratio (95% CI) 1.49 (0.55 t0 4.02), P = 0.43],
with a moderate heterogeneity I =48% (Fig. 2b).

Laryngospasm
There was no significant difference in the occurrence of
laryngospasm in the six trials reporting this variable. The

Fig. 2

risk ratio (95% CI) was 1.03 (0.33 to 3.20; P =0.96) when
the combined anaesthetics (propofol, sevoflurane, isoflur-
ane) (7=289) were compared with desflurane (z=262)
(Fig. 3).>¢8111617 T two of these trials, no laryngospasm
was noted.'"'” None of the cases of laryngospasm had any
untoward outcome. The heterogeneity was low with

(a) Favours (Desflurane) Control
Study or subgroup Events

Total Events Total WeightM-H, Random, 95% CI Year

Risk Ratio Risk Ratio

M-H, Random, 95% CI

CO: Desflurane vs. other groups

Ashworth et al,'® 30 4 60 10.4%
Subtotal (95% CI) 30 60 10.4%
Total events 4
Heterogeneity. Not apphcab e
Test for overall effect: Z=0.00 (P = 1.00)

CO: Desflurane vs. sevoflurane
Mahmoud et a/.® 5 31 2 29 11.2%
Eshimaetal," 2 63 2 64 7.9%
McKay et al.'” 5 55 9 55 20.5%
White et al.’ 21 65 10 65 32.2%
De Oliveira Jr. ef al.b 4 40 740 17.7%
Subtotal (95% CI) 254 253 89.6%

Total events 30 )
Heterogeneity. Tau? = 0.26; Ch| =7.15, df =4 (P =0.13); I = 4
Test for overall effect: Z=0.32 (P = 0.75)

Total (95% CI) 284

Total events 39 34
Heterogeneity. Tau? = 0.16; Chi? = 7.22, df =5 (P = 0.20); /? =
Test for overall effect: Z=0.39 (P = 0.70)

313 100.0%
3

1000
1.00[0

-

9, 5.15] 1998
.19, 5.15

2.34[0.49, 11.13] 2001

1.02[0.15,6.99] 2003 S
0.56 [0.20, 1.55] 2006 e
2.10[1.07, 4.10] 2009 -
0.57[0.18, 180] 2013 e
1.12 [0.56, 2.22] >

4%

1.12[0.63, 2.02]

Y

001 0.1 1 10 100

1%

Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.90); /> = 0% Favours [Desflurane] Favours [Control]

(b) Desflurane Sevoflurane Risk Ratio Risk Ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClYear M-H, Random, 95% CI
White et al,’ 10 65 4 65 37.3% 2.50[0.83, 7.57] 2009 T
Lemaetal. 9 43 4 41 37.6% 2.15[0.72, 6.43] 2010 -
De Oliveiradr.etal’ 2 40 5 40 25.2% 0.40[0.08, 1.94] 2013 ——
Total (95% CI) 148 146  100.0% 1.49[0.55, 4.02]
Total events 21 .

L 1
T T
0.01 0.1 1 10 100

Favours [Desflurane] Favours [Sevoflurane]

Heterogeneity. Tau? = 0.37; Chi? = 3. 86 df =2(P=0.15); > = 48%
Test for overall effect: Z=0.78 (P = 0.43)

Occurrence of cough overall (CO) and cough at emergence (CE). (a) CO: Summary risk ratios (RR) for each subgroup shown as subtotals.
Summary risk ratios (RR) for desflurane vs. all other agents shown as total. RR for individual studies =square on Forrest plot, with 95% CI of
difference, solid line. Diamonds, pooled estimate and uncertainty for the combined effect. (b) CE: Summary risk ratios (RR) calculated with random
effects method. RR for individual studies, square on Forrest plot, with 95% Cl of difference, solid line. Diamonds, pooled estimate and uncertainty for
the combined effect.
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Fig. 3

Desflurane Control Risk ratio Risk Ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
LS: Desflurane vs. other groups
Ashworth et al,'® 2 30 5 60 51.4% 0.80 [0.16, 3 88] 1998
Subtotal (95% ClI) 30 60 51.4% 0.80[0.16, 3.88
Total events 2 5
Heterogeneity. Not applicable
Test for overall effect: Z=0.28 (P = 0.78)
LS: Desflurane vs. sevoflurane
Mahmoud et al.? 0 31 1 29  12.8% 0.31[0.01.7.68] 2001
Eshima et al." 0 63 0 64 Not estimable 2003
McKay et al."” 0 55 0 55 Not estimable 2006
Lema et al.® 1 43 0 41 127% 2.86[0.12, 68.35] 2010
De Oliveira Jr. et al.® 2 40 1 40 23.0% 2.00[0.19,21.18] 2013 _—
Subtotal (95% CI) 232 229  48.6% 1.35[0.27, 6.83]
Total events 3 2
Heterogeneity. Tau? = 0.00; Chi® = 1.15, df = 2 (P = 0.56); /> = 0%
Test for overall effect: Z=10.36 (P =0.72)

Total (95% CI) 262 289
Total events 5 7
Heterogeneity. Tau? = 0.00; Chi? = 1.35, df = 3 (P = 0.72); /> = 0%
Test for overall effect: Z =0.05 (P = 0.96)

100.0%

Test for subgroup differences: Chi? = 0.20, df = 1 (P = 0.65); /> = 0%

1.03[0.33, 3.20]

0.01 0.1
Favours [Desflurane] Favours [Control]

The occurrence of laryngospasm: desflurane vs. other groups and desflurane vs. sevoflurane. Summary risk ratios (RR) calculated with random
effects method for each subgroup shown as subtotals. Summary risk ratios (RR) calculated with random effects method for desflurane vs. all other
agents shown as total. RR for individual studies, square on Forrest plot, with 95% ClI of difference, solid line. Larger sized square and thicker 95% CI
line, larger sample size. Diamonds, pooled estimate and uncertainty for the combined effect.

FF=0. The subgroup analysis for laryngospasm total
when desflurane (7 =232) as compared with sevoflurane
(n=229) showed a similar result [risk ratio (95% CI) 1.35
(0.27 t0 6.83, P=0.72)] (Fig. 3).>¢%11:17

Secondary outcomes: recovery times

Time to open eyes

In the overall analysis of all anaesthetic agents (propofol,
sevoflurane, isoflurane) (7 = 204) vs. desflurane (» =176),
we found a significantly shorter TOE in the desflurane
group [WMD (95% CI) of -2.60 (-4.02 to —1.17) min
P <0.001]**151019 with high heterogeneity, I*=87%
(Fig. 4a). The subgroup analysis of desflurane (» =121)
vs. sevoflurane (7 =119) showed a similar effect [WMD
(95% CI) of 3.8 (4.6 to 3.0) min (P < 0.001)], with minimal
heterogeneity (Fig. 4a).>*!”

Time to remove laryngeal mask airway

The time to removal of the LMA was shorter in the des-
flurane group (7 =124) than all other anaesthetics com-
bined (propofol, sevoflurane, isoflurane) (» = 188), WMD
(95% CI) -1.11 (=1.71 to -0.52)min (P<0.01).">7"°
Heterogeneity was moderate with /2=63% (Fig. 4b).
Analysing only trials that compared desflurane with sevo-
flurane produced a similar result, with low heterogeneity
(Fig. 4b).!>1*

Time to respond to command

We found a significantly shorter TRC in the desflurane
group (7=2339) vs. all other agents combined (propofol,
sevoflurane, isoflurane) (2 =372), WMD (95% CI) —1.84

(=2.38 to —1.31) min (P < 0.001), with a low heterogen-
eity (> =40%) (Fig. 52). 0711131618 he subgroup
analysis of desflurane vs. sevoflurane revealed the same
outcome (P <0.001) (Fig. 5a).97 11131718

Time to state the date of birth

Four studies determined the time from discontinuing
the anaesthetic agent until that patient was able to state
their date of birth."*''” With a high heterogeneity
(I*=86%), TSB was much faster in the desflurane group
(n=114) than all other anaesthetic agents combined
(propofol, sevoflurane, isoflurane) (»=178), WMD
95% CI) -1.92 (-3.09 to -0.75)min (P <0.001)
(Fig. 5b). When desflurane (#=42) was compared with
sevoflurane (2 =59) T'SB shorter, WMD (95% CI) -2.5
(=6.7 to 1.7) min, this was not statistically significant:

P=0.24 (Fig. 5b)."*'” Heterogeneity was high: /=93.

Discussion

There are only a few RCT's comparing desflurane with
other commonly used anaesthetics (sevoflurane, propofol,
isoflurane) in patients undergoing general anaesthesia
with an LMA. We were unable to identify a significant
difference in the occurrence of upper airway adverse
events (cough overall, cough at emergence and laryngos-
pasm total) between desflurane and the other three
anaesthetics. For the outcome variable cough at emer-
gence, only trials comparing desflurane with sevoflurane
were available for analysis. With regard to cough overall
and laryngospasm total, our results are the same as those
of the recently published meta-analysis by De Oliveira

Eur J Anaesthesiol 2015; 32:106-116
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Fig. 4
(a) Desflurane Control Mean difference Risk Ratio
Study or subgroup Mean SD Total Mean SD Total Weight |V Random,95% Cl Year 1V, Random, 95% CI
TOE: Desflurane vs. other groups
Gupta et al.’® 43 17 25 55 2 25  21.2% -1.20 [-2.23,0.17] 1996 ——
Ashworth et al.® 44 1.4 30 54 2.7 60 22.0% -1.00 [1.85,0.15] 1998 ——|
Subtotal (95% CI) 55 85 43.2% -1.08 [1.73,-0.43] 3
Heterogeneity. Tau? = 0.00; Chi® = 0.09, df =1 (P = 0.77); /> = 0%
Test for overall effect: Z =3.24 (P =0.001)
TOE: Desflurane vs. sevoflurane
Naidu-sjosvard et al."® 84 36 25 124 35 25 16.4% -4.00 [-5.97,-2.03] 1998 I —
Mahmoud et al.? 28 1.8 31 7 23 29 21.1% -4.20 [-5.25,-3.15] 2001 —=—
White et al.? 5 3 65 8 5 65 19.3% -3.00 [-4.42,-1.58] 2009 —
Subtotal (95% CI) 121 119 56.8% -3.81 [-4.59,-3.03] S
Heterogeneity. Tau? = 0.00; Chi® = 1.82, df = 2 (P = 0.40); /2 = 0%
Test for overall effect: Z = 9.63 (P < 0.000001)
Total (95% ClI) 176 204 100.0% -2.60 [-4.02,-1.17] - 2
Heterogeneity. Tau? = 2.22; Chi® = 29.71, df = 4 (P < 0.00001); /*> = 87% L o ’5 5 t 10’
Test for overall effect: Z = 3.57 (P = 0.0004) — A
Test for subgroup differences: Chi2 = 27.80, df = 1 (P < 0.00001); /2 = 96.4% Favours [Desflurane] Favours [Control]
(b) Desflurane Control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV Random,95% Cl Year 1V, Random, 95% CI
TLR: Desflurane vs. other groups

Guptaet al.’s 44 1.7 25 5.6 2 25 16.4% -1.20 [-2.23,-0.17] 1996 ——

Ashworth et al.'® 44 15 30 52 26 60 19.6% -0.80 [-1.65,-0.05] 1998 —

Dolk et al." 27 038 17 47 1.9 34 21.6% —2.00 [-2.74,-1.26] 2002 -

Subtotal (95% ClI) 72 19  57.7% -1.37 [-2.12,-0.61] L 2

Heterogeneity. Tau? = 0.25; Chi? = 4.56, df = 2 (P = 0.10); /2 = 56%
Test for overall effect: Z = 2.54 (P = 0.0004)

TLR: Desflurane vs. other groups

Dolk et al.* 27 08 17 32 141 34 25.9%
Saros et al.’3 4.1 2 35 53 24 35  16.4%
Subtotal (95% ClI) 52 69  42.3%
Heterogeneity. Tau? = 0.07; Chi? = 1.39, df = 1 (P = 0.24); /? = 28%

Test for overall effect: Z=2.21 (P = 0.03)

Total (95% Cl) 124 188 100.0%

Heterogeneity. Tau? = 0.28; Chi® = 10.86, df = 4 (P = 0.03); /? = 63%
Test for overall effect: Z = 3.67 (P = 0.0002)

Test for subgroup differences: Chi? = 1.76, df = 1 (P = 0.18); /> = 43.2.4%

-0.50 [-1.03,-0.03] 2002 -
-1.20 [-2.23,-0.17] 2006 ——
—0.70 [-1.33,-1.08] L 2

-1.11 [-1.71,-0.52] L

-10 -5 0 5 10
Favours [Desflurane] Favours [Control]

Forrest plot time to open eyes (TOE) and time to remove LMA (TLR). Summary mean difference calculated with random effects method for each
subgroup shown as subtotals. Summary mean difference calculated with random effects method for desflurane vs. all other agents shown as total.
Mean difference for individual studies, square on Forrest plot, with 95% CI of difference, solid line. Diamonds, pooled estimate and uncertainty for the

combined effect. Time is represented in minutes. (a) TOE. (b) TLR.

et al.> However, for cough at emergence, our result is
different. De Oliveira e a/.> found a higher rate of cough
at emergence in the desflurane group. This different
result is possibly due to different trials being analysed.
With respect to cough at emergence, the data analysed by
De Oliveira ¢z al.* came from only three trials. In the
current meta-analysis, we included five trials. In addition,
we excluded one of the trials,'? included by De Oliveira
et al.,® as we were unable to extract the relevant data. In
that study,'® which seemed to have the most cough at
emergence events, after insertion of the LMA, the
inspired volatile concentration was rapidly increased to
2 MAC (minimal alveolar concentration) for all patients as
a challenge, rather than on clinical need as in the other
studies. Inclusion of this study'? could have led to bias in
the analysis by De Oliveira ez @/.* In agreement with
Macario ez al,*' the emergence times in our study were
faster in patients anaesthetized with desflurane.

Eur J Anaesthesiol 2015; 32:106-116

Patients’ characteristics

Use of an LMA instead of tracheal intubation leads to a
significantly better haemodynamic stability at anaesthesia
induction and during the emergence, which is of particular
interest in some American Society of Anaesthesiologists
(ASA) III patients. As most of the patients in the trials we
analysed were ASA I to 11, it remains unclear whether the
findings would also apply to ASA III patients. Further
RCTs are needed to answer this question.

The proportion of smokers differed between the trials.
Cigarette smokers have greater airway irritability and in
connection with this an increased risk of intraoperative
adverse upper airway events.”> All participants in one
trial'” were smokers, but those results!” were similar to
the other trials that contained only a small percentage of
smokers. Indeed, despite significantly more heavy smo-
kers in the desflurane group, a difference in cough overall
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Fig. 5

(@) Desflurane Control

Mean difference Risk Ratio

Study or subgroup Mean SD Total Mean SD Total Weight IV Random,95% Cl Year 1V, Random, 95% CI
TRC: Desflurane vs. other groups
Ashworth et al.16 51 1.5 30 63 27 60 185% -1.20[-2.07,-0.33] 1998 —-—
Subtotal (95% CI) 30 60 18.5% -1.20[-2.07,-0.33] <
Heterogeneity. Not applicable
Test for overall effect: Z =271 (P = 0.007)
TRC: Desflurane vs. sevoflurane
Eshima et al.!! 49 34 63 6.7 338 64 12.1% -1.80[-3.05,-0.55] 2003 ——
McKay et al.10 34 1.9 31 53 3.1 33  12.1% -1.90[-3.15,-0.65] 2005 —
McKay et al.'? 4.7 2.8 55 59 26 55 15.8% -1.20[-2.21,-0.19] 2006 ——
Saros et al.’® 6.4 26 3% 79 22 35 13.8% -1.50[-2.63,-0.37] 2006 ——
White ef al.® 6 2 65 9 4 65 14.5% -3.00[-4.09,-1.91] 2009 ——
McKay et al.' 4 19 60 6.6 4.2 60 13.3% -2.60[-3.77,-1.43] 2010 ——
Subtotal (95% ClI) 309 312 81.5% -1.99[-2.56,-1.42] ¢
Heterogeneity. Tau? = 0.17; Chi®> = 7.55, df = 5 (P = 0.18); /> = 34%
Test for overall effect: Z =6.80 (P < 0.00001)
Total (95% Cl) 339 372 100.0% -1.84[-2.38,-1.31] *

Heterogeneity. Tau? = 0.21; Chi? = 9.97, df =6 (P = 0.13); /2 = 40%

Test for overall effect: Z=6.77 (P < 0.00001)

Test for subgroup differences: Chi? = 2.21, df = 1 (P = 0.14); /> = 54.8%
(b)

Desflurane Control

-10 -5 0 10
Favours [Desflurane] Favours [Control]

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV Random,95% Cl Year 1V, Random, 95% CI
TSB: Desflurane vs. other groups

Gupta et al.’® 5 1.7 25 6 2 25  20.8% -1.00[-2.03,-0.03] 1996 -

Ashworth et al.'s 54 13 30 69 3 60 21.7% -1.50[-2.39,-0.61] 1998 -

Dolk et al." 3.4 1 17 6.4 2.6 34 21.0% -3.00[-2.99,-2.01] 2002 -

Subtotal (95% ClI) 72 19  63.6% -1.83[-2.98,-0.69] L 4

Heterogeneity. Tau? = 0.78; Chi? = 8.34, df = 2 (P =0.02); /? = 76%

Test for overall effect: Z =3.14 (P = 0.002)
TSB: Desflurane vs. other groups

Naidu-sjosvard et al."? 8.8 4.1 25 136 3.8 25  13.3% -4.80[-6.99, -2.61] 1998 E—

Dolk et al." 3.4 1 17 39 1.2 34 23.2% —0.50 [-1.12, -0.12] 2002 —

Subtotal (95% ClI) 42 59  36.4% -2.52[-6.72,-1.69] —_—

Heterogeneity. Tau? = 8.57; Chi® = 13.68, df = 1 (P = 0.0002); /> = 93%

Test for overall effect: Z=1.17 (P 0.24)

Total (95% Cl) 114 178 100.0% -1.92[-3.09,-0.75] &>

Heterogeneity. Tau? = 1.44; Chi? = 27.78, df = 4 (P < 0.0001); /*> = 86% } } } ]

Test for overall effect: Z=3.21 (P =0.001)
Test for subgroup differences: Chi? = 0.09, df = 1 (P = 0.76); /> = 0%

-10 -5 0 10
Favours [Desflurane] Favours [Control]

Forrest plot time to respond to command (TRC) and time to state the date of birth (TSB). Summary mean difference calculated with random effects
method for each subgroup shown as subtotals. Summary mean difference calculated with random effects method for desflurane vs. all other agents
shown as total. Mean difference for individual studies, square on Forrest plot, with 95% CI of difference, solid line. Diamonds, pooled estimate and
uncertainty for the combined effect. Time is represented in minutes. (a) TRC. (b) TSB.

and laryngospasm total was not detected between the
desflurane and sevoflurane group.17 Larger trials includ-
ing more patients who smoke are required to verify these
findings.

Two trials included only women.®® We cannot exclude a
potential sex-specific influence on the observed variables
in those two trials.??

Additional drugs

Additional drugs given before anaesthesia induction or
during anaesthesia probably have an important impact on
the observed airway events.

Lidocaine is commonly used before anaesthesia induc-
tion for the suppression of propofol injection pain.?* The

benefits of intravenous (i.v.) lidocaine on the suppression
of upper airway reflexes or on a reduction in the dose of
anaesthetic required at induction are controversial.?®
Avoiding i.v lidocaine at induction did not result in a
higher rate of laryngospasm total or cough overall (includ-
ing cough at induction).

The administration of midazolam before induction of
anaesthesia not only appears to reduce the required pro-
pofol dose but also creates better conditions for LMA
insertion, reducing undesirable airway responses.?*?’
The use of preoperative midazolam differed significantly
between the trials. Two trials avoided midazolam.”'®
One reported a much higher rate of cough overall in the
desflurane group than sevolfurane,’ but the other found no

Eur J Anaesthesiol 2015; 32:106-116
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difference in cough overall between desflurane and either
isoflurane or propofol.'® In a trial that observed a signifi-
cantly higher rate of both cough after induction and cough
atemergence in the desflurane group, only a small amount
of midazolam was used.” It thus remains unclear whether
the use of midazolam contributes to a reduction in adverse
airway events.

Propofol is known to depress upper airway reflexes.”®

The induction doses used differed significantly, and in
some studies, we were unable to determine the propofol
dose used for induction. In some trials, additional pro-
pofol administered during maintenance anaesthesia was
permitted.

Administration of opioids before anaesthesia may influ-
ence the occurrence of upper airway reactions. Opioids,
also used as antitussives, are known to suppress the
central cough reflex.”” Pretreatment with fentanyl a
few minutes before induction significantly reduces the
rate of cough and laryngospasm during desflurane anaes-
thesia®®*! as well as reducing the propofol requirement
for anaesthesia induction.>> A combination of both, mid-
azolam and opioid, resulted in fewer adverse responses to
LMA insertion.?” One trial reported differences in the
occurrence of cough dependent on the opioid. Compared
with fentanyl, alfentanil administration before anaesthe-
sia induction led to a much lower rate of cough and
laryngospasm at induction.® Furthermore the opioid
dose also influenced cough occurring after propofol and
insertion of LMA.***>

Although we found no significant difference regarding
cough overall, one trial did report a manifestly higher rate
of cough overall.” Of note, in this study,” they used
neither an opioid nor midazolam pretreatment. Due to
different protocols, the opioid dose and the time of
administration differed significantly between the trials.
In some cases, it is not known how many patients
received an opioid. In addition, opioid given before
termination of anaesthesia reduces cough at emergence
and thus also cough overall.*®

Independent of any direct central suppression on airway
reflexes by opioids, airway irritability due to the pain from
the operation site should be kept in mind. We cannot
exclude an influence on cough overall by additional
analgesia: regional anaesthesia,'” local anaesthetic wound
infiltration at the beginning and the end of the operation,’
and the intra-articular injection of lidocaine (50 mg)
combined with fentanyl (50 wg).'*

Ventilation mode

The influence of ventilation mode on upper airway
reactions in patients with an LMA has not yet been
finally determined. It was shown that airway events
(including cough at emergence) were comparable
between pressure-controlled ventilation and spontaneous
breathing.®” Lema ¢ al> observed significantly more
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cough at both the onset and end of anaesthesia in the
desflurane group: the combination of desflurane with
controlled ventilation could contribute to this finding.
Further studies are needed to evaluate this aspect.

Anaesthetic concentration

For the volatile agents, some trials reported average end-
tidal MAC values, some reported average end-tidal con-
centrations, some reported inspired percentages or MAC
values and some did not report any of these. Thus, it was
not possible to compare the dose of the volatile agent
across the trials. Moreover, it was not possible to relate
the doses of propofol in the intravenous anaesthetic
techniques'*'® with inhalational volatile anaesthesia.
Another complicating factor was the inconsistent use of
N,0. N,O is known to reduce the MAC values of volatile
anaesthetics.”® Depending on patient age and N,O con-
centration, a reduction in the required desflurane con-
centration of more than 50% is possible.*”** As there
were large variations both in the use of N,O and in the
patients’ ages, it is important to interpret the reported
MAC values and the absolute anaesthetic concentrations
with some care. Higher MAC values of volatile agents are
required if N,O is not used and it is known that more than
1 MAC desflurane leads to a higher pulmonary resist-
ance*' and more adverse events such as coughing.*?

In three studies comparing desflurane with sevoflurane,
without N,O, the outcomes were contradictory.>*? Lema
et al® reported a significantly higher rate of cough at
emergence and White ¢z a/.° reported a higher rate of
cough overall in the desflurane group: the end-tidal MAC
in these studies was 1.0 and 0.8, respectively. On the
contrary, de Oliveira e# al. using 1 MAC anaesthesia,
observed no difference in cough overall and cough at
emergence. When N,O was used, then the end-tidal
desflurane concentrations were lower, and there were
no significant differences in adverse respiratory events
between desflurane and sevoflurane.'®'” A causal
relationship between the use of higher MAC concen-
trations of desflurane and higher rates of cough at emer-
gence and cough overall cannot be excluded.

With regard to the inter-study age differences, it should be
noted that MAC is age dependent: a lower anaesthetic
concentration will deliver 1 MAC anaesthesia in patients
over 40 years old compared with patients younger than
30 years.

Another consideration is the speed with which a particu-
lar depth of anaesthesia was achieved. Rapid increase of
desflurane concentration leads not only to a rise in
inspiratory resistance and more frequent adverse airway
events but also to transient increases in heart rate and
blood pressure.! In general, there was little information
on how quickly desflurane anaesthesia was established in
the various studies, so we cannot exclude rapid increases
in desflurane concentration at the beginning of anaes-
thesia, or as an airway challenge,'* as a factor in the
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incidence of coughing or laryngeal spasm. That rapid
increases in desflurane may have an impact on cough
rates is supported by the study of Lema ez a/> These
authors,” who observed one of the higher cough rates,
administered desflurane with gas flow rates and concen-
trations predicted by the Gas-Man simulation pro-
gramme, with the aim of attaining 1 MAC effect site
concentration by 8 min. This resulted in 18% desflurane
being administered in a 41min~" gas flow as soon as the
LMA was in place.

Kind of surgery

The procedures differed significantly between the trials
(SDC 5, http://links.lww.com/EJA/A58). Only Lema
et al” studied patients undergoing ear, nose and throat
surgery. Due to the close proximity of the LMA and the
operation site, mechanical stimulation of upper airway
reflexes leading to a higher incidence of cough may
explain the high rate of cough at emergence in both
groups in this trial compared to the other two trials.*’

We found a substantial difference in the duration of
surgery and anaesthesia among the trials and five studies
did not report these durations.®'*'*17!® Two trials had a
very short procedure time,*' and it is likely that the
propofol used for induction of anaesthesia had a greater
effect on the observed outcome variables than would be
the case in studies with a longer procedure time. Thus,
we are unable to determine how anaesthesia duration
might impact on the outcomes.

Early recovery

In agreement with previous investigations,”’ we found a
substantially faster recovery after desflurane anaesthesia
than all other investigated anaesthetic agents (sevoflur-
ane, isoflurane, propofol). All four recovery variables
(TOE, TLR, TRC, TSB) showed the same overall result.
Faster recovery was even found in obese patients, and
after increasing anaesthesia duration.'® Only one trial
failed to show an advantage of desflurane over any other
anaesthetic."® The reason for this finding remains
unclear. One possibility is the short duration of anaes-
thesia, approximately 24 min. However, other studies
with a similar'* or shorter (18 min)® duration found the
times to TLR,' TSB'" and TOE® were significantly
shorter in the desflurane group.

Potential biases and limitations

As we were unable to select at least 10 trials, we did not
perform a funnel plot analysis to assess reporting bias
across the trials. Publication bias favours trials with
positive results* and we were unable to identify any
trials with negative results that had not been published.*
We assumed an unclear risk for selective reporting within
the trials, as we did not access and analyse the original
study protocols. How outcomes were assessed may have
varied between trials, as this was not clearly reported in

the trials. In addition, we were unable to analyse possible
differences in the frequency or severity of the outcomes
(cough overall, cough at emergence and laryngospasm
total). The variations within study protocols made direct
comparisons complicated, and we found a very high
heterogeneity in some of our analyses. It is important
to note a significantly high risk of detection bias in five
trials (Table 3)."*7'%!” The main limitation of this meta-
analysis is the small number of participants for many
outcomes. As we did not perform Trial Sequential
Analysis, we cannot exclude a random error due to a
possible inadequate power of our meta-analysis. Accord-
ingly, our results have to be seen within their limits.

Conclusion

In this meta-analysis, the data were insufficient to establish
a difference in upper airway adverse events between the
groups. A faster recovery in the desflurane group was
observed, but how this small time advantage would trans-
late into routine clinical practice is debatable. Due to the
dissimilarities in the study protocols, our findings have to
be seen within the limitations of the data; thus, additional
large RCT's, which clearly define outcome variables and
their method of assessment, are indicated.
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