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Could remifentanil reduce duration of @
mechanical ventilation in comparison with

other opioids for mechanically ventilated
patients? A systematic review and meta-

analysis
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Abstract

Background: Sedation and analgesia are commonly required to relieve anxiety and pain in mechanically ventilated
patients. Fentanyl and morphine are the most frequently used opioids. Remifentanil is a selective p-opioid receptor
that is metabolized by unspecific esterases and eliminated independently of liver or renal function. Remifentanil has
a rapid onset and offset and a short context-sensitive half-life regardless of the duration of infusion, which may lead
to reductions in weaning and extubation. We aimed to compare the efficacy and safety of remifentanil to that of
other opioids in mechanically ventilated patients.

Methods: We conducted a search to identify relevant randomized controlled studies (RCTs) in the PubMed, Embase,
Cochrane Library and SinoMed databases that had been published up to 31 December 2016. The results were analysed
using weighted mean differences (WMDs) and 95% confidence intervals (Cls).

Results: Twenty-three RCTs with 1905 patients were included. Remifentanil was associated with reductions in the
duration of mechanical ventilation (mean difference -1.46; 95% Cl -2.44 to -0.49), time to extubation after sedation
cessation (mean difference -1.02; 95% Cl -1.59 to -0.46), and ICU-LOS (mean difference -0.10; 95% Cl -0.16 to -0.03). No
significant differences were identified in hospital-LOS (mean difference -0.05; 95% Cl -0.25 to 0.15), costs (mean difference
-709.71: 95% Cl -1590.98 to 171.55; I> 88%), mortality (mean difference -0.64; 95% Cl -1.33 to 0.06; 1 879%) or agitation
(mean difference -0.71; 95% Cl -1.80 to 0.37; 1> 93%).

Conclusions: Remifentanil seems to be associated with reductions in the duration of mechanical ventilation, time to
extubation after cessation of sedation, and ICU-LOS. No significant differences were identified between remifentanil
and other opioids in terms of hospital-LOS, costs, mortality or agitation.
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Background

Pain and anxiety are among the worst experiences for
the critically ill, especially those on mechanical venti-
lation. Mechanically ventilated patients generally require
a combination of analgesia and sedation to improve
compliance with mechanical ventilation, adaption to en-
dotracheal tubes, and pain relief [1]. Propofol and mid-
azolam have been identified as the hypnotic drugs most
commonly used for sedation in the intensive care unit
(ICU), and among sedatives, shorter elimination half-
lives are associated with shorter awakening times, result-
ing in reductions in time to weaning and time to extuba-
tion [2]. Opioids are commonly used in the ICU for
analgesia, and the accumulation of opioid agents may
cause respiratory depression, thus leading to prolonga-
tion of time to weaning and extubation.

Studies have found the most frequently used opioids
to be fentanyl (30-35%), morphine (15-33%), and sufen-
tanil (25—-40%), the specific proportions of which differ
in the results of different surveys, with remifentanil
being less commonly used (10%) [3, 4]. However, the use
of opioids may not be ideal in mechanically ventilated
critically ill patients. The renal metabolism of morphine
results in accumulation of morphine-6-glucuronide in
patients with renal impairment. In addition, common
adverse effects of morphine include histamine release,
pruritus, and constipation [5]. Fentanyl, alfentanil and
sufentanil undergo hepatic metabolism, and continuous
infusion results in accumulation and prolongation of
effect [5]. Those pharmacodynamic and pharmacokinetic
profiles have disadvantages in terms of rapid weaning
and extubation.

Similar to fentanyl, alfentanil, and sufentanil, remifen-
tanil is a potent, selective 4-anilidopiperidine p-opioid
analgesic. However, unlike fentanyl and other opioids,
remifentanil is completely metabolized by unspecific es-
terases in a manner that is independent of liver or renal
function [5, 6]. Since unspecific esterases have been
found to be widely distributed in living human cells,
there are no ICU disease states or types of organ failure
that would lead to reduced breakdown of remifentanil.
The major breakdown product of remifentanil is remi-
fentanil acid (RA), which has a potency of only 1/300 to
1/4600 that of remifentanil, has poor brain penetration
and is unlikely to cause respiratory failure [6, 7]. Remi-
fentanil has a highly predictable onset and offset effect, a
terminal half-life of approximately 10 to 20 minutes, and a
context-sensitive half-life of 3 to 4 minutes [6, 8]. The
unique pharmacokinetics of remifentanil may lead to re-
ductions in time to weaning and extubation and, accord-
ingly, may be associated with reductions in mechanical
ventilation time, length of ICU stay (ICU-LOS), and costs.

Several randomized controlled studies (RCTs) and co-
hort studies have been conducted to compare the
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efficacy and safety of remifentanil with those of other
opioids. Mechanical ventilation time and extubation
time are commonly evaluated indicators. Taking Dahaba
et al’s study [1] as an example, 40 mechanically venti-
lated patients who were assigned an analgesia protocol
involving the administration of either remifentanil or
morphine; these analgesics were initiated at the mini-
mum dose and titrated up to an optimal level of sed-
ation, with midazolam serving as a rescue treatment.
The results of this study showed that remifentanil was
associated with significant reductions in mean duration
of mechanical ventilation and extubation time. The same
outcome measures have been assessed in several RCTs).
The results of a meta-analysis [9] showed that remifenta-
nil was associated with reduced time to extubation after
sedation cessation, but no significant difference was
identified between remifentanil and other opioids in
terms of mechanical ventilation duration. However, an-
other meta-analysis [10] showed that remifentanil was
associated with a significantly reduction in the duration
of mechanical ventilation. The results of a cost-
consequence analysis performed by Al et al. [11] sug-
gested that remifentanil was associated with significantly
decreased ICU costs, whereas the results of Engoren et
al’s study [12] showed that higher opioid and anaes-
thetic costs but lower hospital costs were identified in
remifentanil group relative to the fentanyl group. The re-
sults of these economic analyses were complex. On the
one hand, reductions in ventilation time, ICU-LOS and
length of stay in hospital (hospital-LOS) were associated
with a reduction in overall cost, but shorter-acting an-
aesthetics were more expensive. On the other hand,
morphine withdrawal-associated immunosuppression
and remifentanil discontinuation were identified as inde-
pendent risk factors for ICU-acquired infections, and ex-
cessive analgesia was associated with nosocomial
pneumonia delirium and psychological disorders, which
increases the complexity of the evaluation of remifenta-
nil [13]. Several studies have been conducted since the
meta-analysis was performed in 2009 [10], which showed
that remifentanil was associated with reduced time to
extubation after sedation cessation and indicated the
presence of no significant differences between remifenta-
nil and other opioids in terms of mortality, duration of
mechanical ventilation, ICU-LOS, and risk of agitation.
Therefore, we conducted this study with the intention of
updating these data and re-evaluating the efficacy and
safety of remifentanil in mechanically ventilated patients
relative to the safety and efficacy of other opioids.

Methods

Search strategy and selection criteria

Four electronic databases were searched (PubMed,
Embase, Cochrane Library and SinoMed)) to identify
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studies published from 2001 until December 2016. A
search strategy was developed for PubMed (Additional
file 1: Appendix 1) and the other databases. Our re-
search was limited to RCTs, and no language restriction
was applied. The reference lists of relevant articles were
also reviewed. We contacted the authors of the studies if
additional data were required for the predefined out-
comes. Non-English language articles were translated
before further analysis.

Studies were included if they met the following cri-
teria: (1) the study population consisted of adults (mean
age =18 years old) undergoing mechanical ventilation;
(2) the study design was an RCT; (3) remifentanil or a
remifentanil/sedative combination was used for analgesia
and sedation; and (4) the outcomes included at least one
of the following measures: duration of mechanical venti-
lation, time to extubation after cessation of sedation,
ICU-LOS, hospital-LOS, costs, proportion of patients
with agitation, delirium, nausea/vomiting, or mortality.

Studies in which remifentanil was not compared with
another opioid or another opioid/sedative combination
were excluded. Publications available only in abstract
form or as meeting reports were excluded.

Data extraction and quality assessment

Two reviewers (ZYB and WYH) independently extracted
data from the published sources using a predesigned
data extraction form. The following data were abstracted
from each included study: the study ID, journal, year of
publication, country, setting, centre, mean age, pro-
portion of male subjects, disease severity, disease type,
proportion of post-surgical patients, sample size, com-
parator, inclusion criteria, exclusion criteria, intervention
and outcomes. Two reviewers independently rated the
quality of the RCTs using the Modified Jadad scores
[14], which are determined using a checklist designed to
measure the quality of RCT reporting. The following ele-
ments are evaluated when calculating a Modified Jadad
score: randomization (0-2), concealment of allocation
(0-2), double blinding (0-2), and withdrawals and drop-
outs (0—1). The trials were rated based on what they re-
ported, and the results of the quality assessment are
described in the table describing the characteristics of
included studies (Table 1).

Discordant opinions between the two reviewers were
discussed until consensus was reached. If consensus
could not be reached, a consulting group including two
experts (XXM and DB) resolved the disagreements.

Outcomes and statistical analysis

The primary outcome was duration of mechanical venti-
lation. The primary outcome was analysed in five sub-
groups: analgesia only; analgesia and sedation; and
comparisons of remifentanil with fentanyl, morphine,
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and/or sufentanil. The secondary outcomes included (1)
time to extubation after cessation of sedation; (2) ICU-
LOS; (3) hospital-LOS; (4) costs; (5) mortality; and (6)
agitation. Costs were measured in dollars, and other cur-
rencies converted into dollars according to the 2016 ex-
change rate. The costs were measured as overall costs,
such as ICU or hospital costs. Maximum costs were
preferentially used if a study reported more than one
cost measure.

The pooled effects were analysed using weighted mean
differences (WMDs) and 95% confidence intervals (CIs).
The presence of statistically significant heterogeneity
across trials was quantitatively assessed using the I* sta-
tistic. Inverse variance random-effects models were ap-
plied for the data analysis. Publication bias was evaluated
using funnel plots when at least ten studies were included
in this meta-analysis. A p value less than 0.05 was consi-
dered statistically significant. All statistical analyses were
performed using Review Manager Version 5.3.

Results

Study selection

Overall, 585 potentially relevant articles were identified
using the search strategy. After screening the titles/ab-
stracts of the studies, 49 articles remained and were ob-
tained in full-text form. Twenty-six studies failed to
meet the previously described inclusion criteria; there-
fore, 23 studies were included in this meta-analysis. Of
the included studies, 19 were published in English, two
were published in French, one was published in Chinese,
and one was published in Thai. No relevant unpublished
studies were identified. Figure 1 presents the study selec-
tion process.

Study characteristics and quality

A total of 1905 critically ill adult patients were included
in the studies subjected to meta-analysis. The sample
sizes of the 23 included studies ranged from 20 to 205
participants. Twenty-two studies compared remifentanil
with another one or two opioids, and one study com-
pared remifentanil/propofol with fentanyl/midazolam.
Table 1 summarizes the basic characteristics of the in-
cluded studies.

The results of the study quality assessment showed
that five of the 23 RCTs were of high quality (Modified
Jadad score 4-7), and the other 18 RCTs were of sub-
optimal quality (Modified Jadad score 0—4); these studies
commonly lacked details regarding concealment of allo-
cation and withdrawals and dropouts. Table 2 summa-
rizes the quality of the included RCTs.

Outcomes
The primary outcome, duration of mechanical ventila-
tion, was reported in 18 RCTs. Remifentanil was
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Records identified through
database searching(n=585)

Additional records identified
through other sources(n=9)

Records after duplicates
removed(n=504)

Records excluded

Records screened(n=504) | — (n=472)

Full-text articles assessed for
eligibility(n=32)

Full-text articles
excluded(n=9)

Not comparing
with opioids(n=5)

synthesis

Studies included in quantitative

(meta-analysis)(n=23)

Outcomes
irrelevant(n=4)

included studies

Fig. 1 Flow diagram of the process for identification of the

Table 2 Quality assessment of included RCTs
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associated with a reduction in the duration of me-
chanical ventilation (mean difference -1.46; 95% CI -2.44
to -0.49; I* 89%. Fig. 2a).

As for the secondary outcomes, remifentanil was
associated with reductions in time to extubation after
sedation cessation (mean difference -1.02; 95% CI -1.59
to -0.46; 12 96%. Fig. 3a) and ICU-LOS (mean difference
-0.10; 95% CI -0.16 to -0.03; I* 85%. Fig. 3b). No sig-
nificant differences in hospital-LOS (mean difference
-0.05; 95% CI -0.25 to 0.15; 1> 88%. Additional file 2:
Figure S2a), costs (mean difference -709.71; 95% CI
-1590.98 to 171.55; I* 88%. Additional file 2: Figure S2b),
mortality (mean difference -0.64; 95% CI -1.33 to 0.06; I?
87%. Additional file 2: Figure S2c) and agitation (mean
difference -0.71; 95% CI -1.80 to 0.37; I” 93%. Additional
file 2: Figure S2d) were identified. Table 3 summarizes
the data for and analyses of outcome measures.

As for the subgroup analyses, remifentanil was asso-
ciated with a reduction in mechanical ventilation dur-
ation in the subgroup of studies in which both analgesia
and sedation were administered (mean difference -2.99;
95% CI -5.09 to -0.89; I 84%. Additional file 3: Figure
Sla) and the subgroup of studies in which remifentanil

Study ID Randomization Concealment of Double Withdraws and Modified Jadad Quality
allocation blinding dropouts score assessment
Al et al. [11] 2 0 0 0 2 Low
Rozendaal et al. [16] 2 0 0 0 2 Low
Spies et al. [13] 2 2 2 1 7 High
Liu et al. [20] 2 0 0 0 2 Low
Khanykin et al. [36] 2 0 0 1 3 Low
Bhavsar et al. [21] 2 0 0 0 2 Low
Engoren et al. [12] 2 0 0 0 2 Low
Muellejans et al. [22] 1 0 0 1 2 Low
Muellejans et al. [23] 1 0 1 1 3 Low
Karabinis et al. [24] 1 0 0 0 1 Low
Baillard et al. [25] 2 0 1 0 3 Low
Dahaba et al. [1] 2 2 2 1 7 High
Breen et al. [26] 1 0 0 0 1 Low
Belhadj Amor et al. [27] 2 0 2 0 4 Low
Carrer et al. [28] 1 0 0 0 1 Low
Gerlach et al. [29] 2 2 0 0 4 High
Guggenherger et al. [30] 2 0 0 1 3 Low
Knapik et al. [31] 1 0 0 0 1 Low
Maddali et al. [32] 2 0 0 1 3 Low
Myles et al. [19] 2 0 2 1 5 High
Winterhalter et al. [33] 2 2 2 0 6 High
Bedirli et al. [34] 2 0 0 0 2 Low
Chinachoti et al. [35] 2 0 1 0 3 Low
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Test for overall effect: Z

=2.93 (P = 0.003)

Favours [experimental] Favours [control]

Fig. 2 Primary outcome. Remifentanil was associated with a reduction in duration of mechanical ventilation

remifentanil other opioid Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Breen 2005 94 13.9 57 147.6 159.1 48 0.0% -53.60[-98.75, -8.45] ——
Carrer 2007 17 6 50 18 4 50 6.8% -1.00 [-3.00, 1.00] =
Chinachoti 2002 15.7 9.7 74 14.4 7.5 78 5.4% 1.30[-1.47, 4.07] =
Claudia 2011 136 285 28 162 33.6 32 0.4% -26.00[-41.72, -10.28]
Dahaba 2004 14.1 2.8 20 18 3.3 20 7.0% -3.90 [-5.80, -2.00] -
Gerlach 2002 4.7 5.3 13 7.5 4.3 13 4.0% -2.80[-6.51, 0.91] —
Guggenherger 2006 5.4 1.7 25 6.2 2.3 25 8.5% -0.80[-1.92, 0.32] -1
Karahinis 2004 46.8 29 84 407 341 40 0.6% 6.10 [-6.15, 18.35] —
Karahinis 2004 46.8 29 84 352 295 37 0.7% 11.60[0.25, 22.95]
Knapik 2006 4.2 4.7 20 5.7 3.9 20 5.6% -1.50[-4.18, 1.18] T
Maddali 2006 10.7 4.5 58 108 5.8 59 7.0% -0.10 [-1.98, 1.78] T
Milo 2001 3.9 107 29 278 121 33 9.2% 1.12 [0.55, 1.69] =
Milo 2001 2.9 107 29 475 068 28 9.3% -0.85 [-1.31, -0.39] =
Muellejans 2004 20.6 5.2 40 242 6.9 39 5.5% -3.60 [-6.30, -0.90] ==
Muellejans 2006 18.5 2i5 39 185 2.2 33 8.5% 0.00 [-1.09, 1.09] E
Myles 2002 9.4 5.7 29 209 9.1 55 4.8% -11.50[-14.68, -8.32] et
Rajesh 2016 5.18 053 30 435 066 30 9.4% 0.83 [0.53, 1.13] 4
Rozendaal 2008 93.6 312.7 96 122.4 4108 109 0.0% -28.80([-128.10, 70.50] + >
Wang 2013 73.6 267 30 949 373 30 0.3% -21.30[-37.71, -4.89]
Winterhalter 2008 4 3 20 6.9 3.5 21 6.8% -2.90 [-4.89, -0.91] i
Total (95% CI) 855 800 100.0% -1.46 [-2.44, -0.49] [
Heterogeneity. Tau? = 2.62; Chi® = 170.50, df = 19 (P < 0.00001); I? = 89% _2'0 _io S } }

Test for overall effect: Z = 3.00 (P = 0.003)

Favours [experimental] Favours [control]

Fig. 3 Secondary outcomes. Remifentanil was associated with a reduction in time to extubation after cessation (a) and ICU-LOS (b)

a remifentanil other opioid Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Amor 2007 24.67 16.33 9 48 21.33 10 0.1% -23.33 [-40.32, -6.34] 4—
Baillard 2005 22 54 21 96 72 20 0.0% -74.00[-113.10, -34.90] 4
Boris 2013 3.25 0.63 33 4 066 31 17.8% -0.75 [-1.07, -0.43] L
Dahaba 2004 0.28 0.1 20 122 0.12 20 18.8% -0.94 [-1.01, -0.87] .
Gerlach 2002 4.7 5.3 13 75 431 13 2.1% -2.80[-6.51, 0.91] r
Guggenherger 2006 0.83 0.12 13 083 0.16 13 18.7% 0.00[-0.11, 0.11]
Maddali 2006 4.05 3.66 58 4.08 3.76 59 9.1% -0.03 [-1.37, 1.31] -
Maddali 2006 4.05 3.66 58 7.18 3.83 59 9.0% -3.13 [-4.49, -1.77] -
Muellejans 2004 11 28 77 13 09 75 15.0% -0.20 [-0.86, 0.46] .
Mugllejans 2006 22 43 39 57 66 33 3.7% -3.50 [-6.13, -0.87] —
Winterhalter 2008 4 303 21 696 353 21 5.7% -2.96 [-4.95, -0.97] -
Total (95% CI) 362 354 100.0% -1.02 [-1.59, -0.46] ]
Heterogeneity. Tau? = 0.44; Chi? = 252.40, df = 10 (P < 0.00001); I* = 96% _2'0 _io 120 2=0
Test for overall effect: Z = 3.54 (P = 0.0004) Favours [experimental] Favours [control]
b remifentanil other opioid Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amor 2007 15 13 9 17 11 10 0.0% -2.00[-12.89, 8.89] ¢ g
Baillard 2005 26 185 21 19 115 20 0.0% 7.00[-2.38, 16.38] >
Berdirli 2007 1.7 12 25 21 11 25 0.9% -0.40[-1.04, 0.24] —r
Boris 2013 0.91 0.03 33 0.95 0.02 31 17.7% -0.04 [-0.05, -0.03] L
Breen 2005 7.8 18.7 57 87 197 48 0.0% -0.90[-8.29, 6.49] ¢ >
Carrer 2007 23 238 50 23 25 50 0.4%  0.00[-0.94, 0.94] e
Claudia 2011 23 45 28 26 45 32 0.1% -3.00[-5.28, -0.72]
Dahaba 2004 0.86 0.15 20 1.74 0.36 20 7.7% -0.88[-1.05, -0.71] -
Guggenherger 2006 0.83 0.12 13 0.83 0.16 13 11.7%  0.00[-0.11, 0.11] 1
Maddali 2006 2.5 13 58 26 18 59 1.2% -0.10[-0.67, 0.47] e T
Maddali 2006 25 13 58 26 15 59 1.4% -0.10[-0.61, 0.41] i
Milo 2001 0.78 0.16 29 0.82 0.08 28 15.0% -0.04[-0.11, 0.03]
Muellejans 2004 1.7 168 77 165 169 74 1.3%  0.05[-0.49, 0.59] .
Muellejans 2006 2.1 09 40 2.7 289 39 0.0% -0.60[-9.67, 8.47] ¢ g
Myles 2002 095 0.2 29 095 0.12 24 13.3%  0.00[-0.09, 0.09] 1
Myles 2002 0.96 0.2 29 095 0.22 24 11.3%  0.01[-0.10, 0.12] T
Rajesh 2016 0.84 0.04 30 0.88 0.04 30 17.5% -0.04[-0.06, -0.02] L
Rozendaal 2009 5.9 104 96 2.7 23 60 0.1% 3.20[1.04, 5.36]
Wang 2013 52 15 3¢ 682 21 30 0.5% -1.00[-1.92, -0.08]
Total (95% CI) 732 676 100.0% -0.10[-0.16, -0.03] [
Heterogeneity: Tau? = 0.01; Chi® = 117.75, df = 18 (P < 0.00001); I* = 85% _14 —lb ) } }
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Table 3 Data and analyses of outcome measures
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Outcome Studies Participants Effect estimate Heterogeneity (1%) Measure
Duration of mechanical ventilation (Fig. 1) 18 1655 -1.46 [-2.44] 89% Hour
Subgroup of analgesia only (Additional file 3: Figure S1a) 4 291 0.14 [-0.79] 91% Hour
Subgroup of analgesia and sedation (Additional file 3: Figure S1b) 14 1364 -2.99 [-5.09] 84% Hour
Subgroup of remifentanil comparing with fentanyl 8 624 -3.85 [-7.39] 93% Hour
(Additional file 3: Figure S1¢)

Subgroup of remifentanil comparing with morphine 4 416 -0.98 [-3.81] 74% Hour
(Additional file 3: Figure S1d)

Subgroup of remifentanil comparing with remifentanil 5 233 -0.58 [-1.78] 91% Hour
(Additional file 3: Figure S1e)

Time to extubation after cessation of sedation (Fig. 2) 10 716 -0.68 [-0.74] 96% Hour
ICU-LOS (Fig. 2) 17 1408 -0.04 [-0.05] 85% Day
Hospital-LOS (Additional file 2: Figure S2a) 9 507 -0.05 [-0.25] 88% Day
Costs (Additional file 2: Figure S2b) 4 437 943.54 [-1122.69] 90% Dollar
Mortality (Additional file 2: Fig. S2c) 10 260 -0.64 [-1.33] 87% Person
Agitation (Additional file 2: Fig S2d) 3 184 -0.71 [-1.80] 93% Person
Delirium (Additional file 2: Figure S2e) 4 323 1.01 [0.63] 0 Person

and fentanyl were compared (mean difference -3.85; 95%
CI -7.39 to -0.31; I* 93%. Additional file 3: Figure Slc).
No significant differences were identified in the sub-
group of studies in which only analgesia was adminis-
tered (mean difference 0.14; 95% CI -0.79 to 1.07; I?
91%. Additional file 3: Figure Sla), the subgroup of stud-
ies in which remifentanil and morphine were compared
(mean difference -0.98; 95% CI -3.81 to 1.85; I> 74%.
Additional file 3: Figure S1d), and the subgroup of stud-
ies in which remifentanil and sufentanil were compared
(mean difference -0.58; 95% CI -1.78 to 0.62; I> 91%.
Additional file 3: Figure Sle).

Assessment of publication biases

Biases in the publication of the three outcome measures
(duration of mechanical ventilation, time to extubation
after cessation of sedation, and ICU-LOS) were evalu-
ated using funnel plots. The funnel plots depicted in
Fig. 4 were generally asymmetrical, which indicated the
presence of publication bias. The points representing the
evaluated studies in the three funnel plots were concen-
trated at the top showed that the studies had high preci-
sion and large sample sizes.

Discussion

The results of this meta-analysis suggested that the use
of remifentanil was associated with a reduction in the
duration of mechanical ventilation when compared with
other opioids, findings that were supported by the re-
sults of subgroup of studies in which analgesia and sed-
ation were administered and subgroup of studies in
which remifentanil was compared with fentanyl; how-
ever, the subgroups of studies in which analgesia alone

was administered and studies in which remifentanil was
compared with morphine or sufentanil indicated the
presence of no differences. Remifentanil was associated
with reductions in time to extubation after sedation ces-
sation and ICU-LOS but not reductions in hospital-LOS
or costs.

The finding that remifentanil was found to reduce the
duration of mechanical ventilation, time to extubation
after sedation cessation, and ICU-LOS may be highly re-
lated to the unique pharmacokinetics and pharmaco-
dynamics of remifentanil, namely, its rapid onset and
offset, context-sensitive half-life that is hardly affected by
the duration of infusion, and elimination that is inde-
pendent of liver or renal function [14, 15]. In the sub-
groups, the results of the studies comparing remifentanil
with fentanyl showed a maximal mean difference of
3.85 hours. As a selective p-opioid receptor agonist
[16, 17], remifentanil was similar to fentanyl in potency
but different in pharmacokinetics. This result may indi-
cate that remifentanil may be used as a substitute for
fentanyl in some circumstances, especially in cases in
which patients have developed kidney injuries or in
which intermittent interruption of sedation and anal-
gesia is needed to assess altered mental status. However,
these results should be interpreted with caution for a
few reasons. First, the mean differences between remi-
fentanil and other opioids were only 1.5 hours for mech-
anical ventilation duration, 1 hour for time to extubation
after sedation cessation, and 0.1 day for IC-LOS, which
suggested that only miniscule differences may be identi-
fied in clinical practice. However, the potential benefits
of remifentanil might be more apparent when used in
patients with significant organ failure [6, 14], a
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intervals, respectively. a Funnel plot of duration of mechanical ventilation. b Funnel plot of ICU-LOS. ¢ Funnel plot of time to extubation after ces-
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hypothesis that more studies should explore. Moreover,
neurologic assessment is essential for neurosurgical and
neurotrauma patients; thus, the association between
remifentanil and rapid and predictable awakening may
be more meaningful in these patients, even though the
difference between remifentanil and other opioids were
less than 1 hour [5]. Second, high levels of heterogeneity
were identified for all of the outcomes. There were re-
markable differences across the included RCTs in terms
of type of disease, analgesic agents and sedation proto-
cols. We analysed the outcomes in subgroups classified
by the use of different control groups and sedation pro-
tocols to reduce clinical heterogeneity; however, the stat-
istical homogeneity was still obvious (I* > 70%,
considered as high heterogeneity). In addition, we se-
lected a random-effects model rather than fixed-effects
model to address the observed heterogeneity. Third, the
funnel plots suggested the presence of publication bias
in the three evaluated outcomes, which may be because
the pharmaceutical companies that manufactured remi-
fentanil funded some of the included studies.

Remifentanil was not associated with a reduction of
hospital-LOS, costs, mortality, of agitation, and no dif-
ferences were observed in the subgroups of studies in
which only analgesia was administered and subgroup of
studies in which remifentanil was compared with mor-
phine or sufentanil, which may be because remifentanil
and other opioids are similar in most regards; however,
these results should be interpreted with caution for a
few reasons. First, these outcome measures were
assessed in small samples, and high homogeneity was
observed. The mortality rate was low and not statistically
powered to assess certain clinical outcomes [18]. Second,
the combination of sedatives and analgesics made the es-
timation of the effect of opioids more difficult. More-
over, the sedation protocols and agents differed from
study to study. Third, hospital-LOS and costs may be
mainly affected by the severity of diseases rather than
the selection of analgesia agents. In addition, anaesthetic
costs accounted for only a small fraction of the overall
costs. Costs were highly variable, with 95% CI ranging
from -1590.98 to 171.55 dollars. Only four RCTs in-
cluded assessments of costs [11, 12, 19, 20]. The types of
diseases that patients were affected by in the four studies
varied considerably, and the mean Acute Physiology and
Chronic Health Evaluation II (APACHE II) score varied
from 20.1 to 46, suggesting the presence of large varia-
tions in cost. Further cost-effectiveness studies are
needed to explore the association between analgesic
agents and cost.

The strengths of our meta-analysis include the struc-
tured search strategy, retrieval of all identified studies
and large sample size. Taking the measurement of mech-
anical ventilation duration as an example, we included
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18 RCTs in the comparisons, while the previous meta-
analysis only included four RCTs [9] and we believe that
our results might be more convincing than the results of
the previous meta-analysis due to the inclusion of a lar-
ger sample size of patients.

There are limitations to our meta-analysis. First, the
choice of hypnotic differed widely from one study to an-
other, and the analysis of the effects of hypnotic choice
was, thus, more difficult to perform. Second, both clin-
ical and statistical heterogeneities were high. In addition,
most of the included RCTs (78%) were of suboptimal
quality. Third, we were unable to exclude publication
bias, and negative studies may be missing, potentially
resulting in overestimation of the effect sizes.

Taken together, remifentanil seems to be associated
with reductions in the duration of mechanical ventila-
tion, time to extubation after sedation cessation, and
ICU-LOS. No significant differences were identified be-
tween remifentanil and other opioids in terms of
hospital-LOS, costs, mortality or agitation.

Conclusions

Remifentanil seems to be associated with reductions in
the duration of mechanical ventilation and time to extu-
bation after sedation cessation. Additional studies are
needed to further evaluate the efficacy and safety of
remifentanil and the association between the use of
remifentanil and cost in critically ill patients, especially
patients undergoing long-term mechanical ventilation.
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