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Abstract N\

Background and aims: To identify the efficacy and safety of remifentanil when compared with other opioids in adult critically ill
patients.

Methods: \We searched for studies in the Cochrane Library, MEDLINE, and EMBASE that had been published up to May 31st,
2019. Randomized clinical trials using remifentanil comparing with other opioids for analgesia were included. Two reviewers
independently applied eligibility criteria, assessed quality, and extracted data. Duration of mechanical ventilation was the primary
outcome, and secondary outcomes included weaning time, intensive care unit (ICU), length of stay (LOS), hospital LOS, mortality,
side effects, and costs.

Results: Fifteen studies with 1233 patients were included. Remifentanil was associated with a significant reduction in the duration of
mechanical ventilation in the adult ICU patients when compared with other opioids (P=.01). Remifentanil also reduced the weaning
time (P=.02) and the ICU LOS when compared with other opioids (P=.01). There was no difference in the hospital LOS (P=.15), side
effects (P=.39), and mortality (P=.79) between remifentanil and other opioids, what’s more, remifentanil increased the costs of
anesthesia (P < .001) but did not increase cost of hospitalization (P=.30) when comparing with other opioids.

Conclusions: Remifentanil reduced the duration of mechanical ventilation, weaning time, and ICU LOS when compared with other
opioids in adult critically ill patients. Higher quality RCTs are necessary to prove our findings.

PROSPERO registration number: CRD42016041438.

Abbreviations: Cl = confidence interval, GRADE = Grading of Recommendations, Assessment, Development, and Evaluation,
ICU = intensive care unit, IV = inverse variance, LOS = length of stay, M-H = Mantel-Haenszel, RR = risk ratio, SMD = standard mean

differences.
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1. Introduction

Pain is very common among patients admitted to an intensive care
unit (ICU) whether at rest or during standard care procedures.!
Analgesia is often required for ICU patients to relieve pain, improve
comfort, reduce stress, and facilitate procedures. Currently,
opioids, such as morphine, fentanyl, sufentanil, and remifentanil,
are commonly used for pain management in the ICU.*! However,
the accumulation of opioids leads to numerous side effects, such as
nausea, vomiting, ileus, hemodynamic instability, respiratory
depression, and prolongs the duration of mechanical ventilation
and ICU length of stay (LOS).*!

Remifentanil, a 4-anilidopiperidine derivative of fentanyl, is an
ultra-short-acting p-opioid receptor agonist. It has a rapid onset
of action (1minute) and a rapid offset of action following
discontinuation (3-10minutes) irrespective of the duration of
infusion. Its property of organ-independent metabolism makes
the pharmacokinetics of remifentanil unaffected by the renal and
live dysfunction which is very common in critically ill patients.'*!
Therefore, we hypothesized that remifentanil could be a better
analgesic than other opioids in critically ill patients.

The results of an early meta-analysis showed that remifentanil
was associated with reduced weaning time, but not associated
with a reduction in mechanical ventilation duration, ICU LOS, or
mortality. Furthermore, in this meta-analysis, remifentanil was
not only compared with other opioid, but also with sedative
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agent.’! Another recent meta-analysis found that remifentanil as
compared with other opioids was associated with decreased
duration of mechanical ventilation, time to extubation, and the
length of ICU stay. However, the subjects of this meta-analysis
were patients under the treatment of mechanical ventilation and
included many post-surgery patients. In 5 of their included
studies, remifentanil and other opioids were only used during the
operation (not used in the ICU), and some of them were carried
out in the anesthesia recovery room, not the ICU.[®! Therefore,
this meta-analysis may not represent the value of remifentanil in
critically ill ICU patients. On the other hand, recent studies
indicated that remifentanil as compared with other opioids was
associated with a higher incidence of side effects, such as opioid-
induced hyperalgesia.[”®!

Therefore, we conducted this systematic review and meta-
analysis to identify the efficacy and safety of remifentanil when
compared with other opioids in adult critically ill patients.

2. Study aim

We aim to assess the effects of remifentanil on the duration of
mechanical ventilation, weaning time, ICU LOS, hospital LOS,
cost, and mortality in critically ill patients; and aim to assess the
side effects of remifentanil as well.

3. Method

This study is a review and meta-analysis. So ethical approval is
not necessary.

This systematic review is performed in accordance with the
methods recommended in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guideline.”! We regis-
tered this systematic review and meta-analysis on PROSPERO
international prospective register of systematic reviews (https:/
www.crd.york.ac.uk/prospero/) on February 11, 2018, the
registration number CRD42016041438.

3.1. Search strategy

We searched 3 electronic databases including Cochrane Library,
MEDLINE, and EMBASE databases for reports of studies that
included databases from their inception to May 31th, 2019. Our
search strategy used appropriate medical subject headings and
keywords. The search strategy is in the appendix (see Supplement
Content, which illustrates the search strategy, http:/links.lww.
com/MD2/A477). We also manually checked clinical trials.gov
and the references of the relevant studies to identify other
potentially trials or unpublished reports. Two reviewers (SY and
HZ) completed the research of this systematic review indepen-
dently. A consensus of all the authors was made to resolve the
inconsistency of the literature review.

3.2. Study selection
Eligible studies were those that matched the following criteria:

1. Type of study: randomized controlled trial;

2. Human study;

3. Population: adult patients (age>18years) admitted to the
ICU;

4. Intervention: remifentanil used for analgesia management;

5. Predefined outcomes: duration of mechanical ventilation,
weaning time (from the beginning to the end of the mechanical
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ventilation weaning procedure), ICU LOS, hospital LOS, side
effects (nausea/vomiting, hemodynamic instability, and deliri-
um), mortality, and costs.

The study with the most recent publication date was included
in the review if there were more than 1 eligible trial from 1 team
with the same subjects.

Studies that met any of the following criteria were excluded
from the analysis: a study not set in an ICU (remifentanil was not
administrated in ICU); a study that remifentanil was compared
with non-opioid drugs; a study was in neither English nor
Chinese language.

The primary outcome was the duration of mechanical
ventilation. The second outcomes were weaning time, ICU
LOS, hospital LOS, side effects (nausea/vomiting, hemodynamic
instability, and delirium), mortality, and costs.

3.3. Data extraction

Two reviewers (SY and HZ) reviewed the titles, abstracts, and all
full-text articles according to a standard data extraction form
independently. We resolved disagreements through discussion
with a third author (HW). The data extracted in the analysis were
as follows: the study ID (combined the first author’s name with
publication year), country, selected population, size, site,
intervention, and outcome. We also checked the additional files
and contacted the authors for more details if necessary.

3.4. Quality assessment and publication bias

Two reviewers independently explored the quality of selected
RCTs using the Cochrane Collaboration Risk of Bias tool by
RevMan 5.3 software.l'® This tool considers 7 different
domains: adequacy of sequence generation, allocation sequence
concealment, blinding of participants and caregivers, blinding for
outcome assessment, incomplete outcome data, selective outcome
reporting, and the presence of other potential sources of bias not
accounted for in the other 6 domains. Each domain was
categorized as low, unclear, or high risk of bias. Two reviewers
(SY and HZ) made judgments independently. In cases of
disagreement, a resolution was first attempted by discussion
and then by consulting a third author (HW) for arbitration.

We assessed the possibility of publication bias by using funnel
plots which were implemented in RevMan 5.3 software
(Cochrane Library, London, UK). We also used egger’s
regression test to measure funnel plot asymmetry using Stata
12.0 software (StataCorp LP, Texas).l'!]

3.5. Grading the quality of the evidence

We used the methodology of the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) Working
Group to assess the quality of the evidence for all the outcomes by
Stata 12.0 software. This tool included 4 domains: risk of bias,
inconsistency, indirection imprecision, and publication bias. The
quality of evidence was classified as very low, low, medium, and high.

3.6. Statistical analysis

We used RevMan 5.3 software (Cochrane Library, London, UK)
to perform the statistical analysis. We analyzed pooled effects by
calculating risk ratio (RR) with 95% confidence intervals (95 %
CI) for dichotomous variables and standard mean differences
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(SMD) with 95% CI for continuous variables. Mantel-Haenszel
(M-H) and inverse variance (IV) methods were applied for
dichotomous variables and continuous variables, respectively.
We assess the heterogeneity of the trials using the I? statistic as
implemented in RevMan5.3 software. I” values of 25% to 50%
indicated low, 50% to 75% indicated moderate, and >75%
indicated high heterogeneity. Heterogeneity was significant when
I*>50% and P < .1. The analyses were performed using random-
effects models.'"?! The results were expressed using P values. A P
values less than .05 was considered statistically significant.

4. Results

4.1. Study identification and selection

Our search strategy identified 13,897 relevant citations, while
13,892 from electronic selection and 5 from other references. We
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assessed 11,176 articles after the removal of duplicates. We
screened titles and abstracts to identify potentially eligible studies
and retrieved 41 manuscripts for full-text review. Twenty-six of
those studies were excluded: 4 studies were not in English or
Chinese,*>7' 12 did not include the relevant outcomes for
systematic review, 78! § were not set in the ICU,/**733! 3 studies
using remifentanil versus non-opioid for sedation,**¢! and 2
studies are not RCTs.37>38 In total, 15 studies’®*=>3! were eligible
and included in this systemic review, which ultimately included
1233 subjects. A Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flow diagram of the selection of
studies is shown in Figure 1.

4.1.1. Characteristics of included studies. The characteristics
of individual studies included in this systematic review are
presented in Table 1. We included 15 RCTs in this review. The
other opioids compared with remifentanil included: 3 studies

Records identified through database searching
(Cochrane Library, Embase, Ovid Medline)
(n=13897)

Additional records identified through other sources
(bibliographies of RCTs, meta-analyses, systematic
reviews)

(n=5)

Records afier duplicates removed

(n=11176)

Records screened

(n=11176)

Full text articles assessed for
cligibility (n=41)

Studies included in quantitative synthesis
(n=15)

Records excluded based on title and abstract review

(n=11135)

Full-text articles excluded:

®  Not English or Chinese (n=4)
Not include our outcomes (n=12)
Not in ICU (n=5)

Not compared with opioids (n=3)
Not RCT (n=2)

(n=15)

Studies included in quantitative synthesis (meta-analysis)

Figure 1. Flow chart showing the selection of studies in this meta-analysis.
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Main characteristics of the 17 studies included in the systemic review and meta-analysis.
Intervention Outcomes
Remifentanil Control Intubation Weaning ICU Hospital Side
Study ID Size Patients Setting group group time time LOS LOS effects Mortality Costs
Bhavsar 2016 60  Post-cardiac surgery CICU Remifentanil Sufentanil Yes NR Yes NR NR NR NR
Breen 2005 105  Other post-surgery  ICU Remifentanil Morphine or fentanyl NR NR NR  NR Yes Yes NR
Carrer 2007 100  Other post-surgery  ICU Remifentanil Morphine Yes NR Yes NR Yes NR NR
Dahaba 2004 40  Other post-surgery  ICU Remifentanil Morphine Yes NR Yes NR Yes NR NR
Engoren 2001a 62  Post-cardiac surgery ICU Remifentanil Fentanyl Yes NR Yes Yes NR NR Yes
Engoren 2001b 57 Post-cardiac surgery ICU Remifentanil Sufentanil yes NR Yes yes NR NR Yes
Guggenberger 2006 50  Post-cardiac surgery SICU Remifentanil Sufentanil Yes NR Yes  Yes NR NR NR
Karabinis 2004a 69  Other post-surgery  ICU Remifentanil Fentanyl Yes Yes NR  NR NR NR NR
Karabinis 2004b 75  Other post-surgery  ICU Remifentanil Morphine Yes Yes NR  NR NR NR NR
Khanykin 2013 64  Post-cardiac surgery ICU Remifentanil Fentanyl Yes NR Yes  Yes NR NR NR
Lee 2014 96 Medical critically ICU Remifentanil Morphine Yes Yes Yes NR NR Yes NR
ill patients
Liu 2013 60  Other post-surgery  ICU Remifentanil Fentanyl Yes NR Yes NR Yes NR Yes
Liu 2017 70 Medical critically ICU Remifentanil+  Fentanyl Yes Yes Yes NR NR Yes NR
ill patients midazolam

Maddail 2006 117 Post-cardiac surgery PCSU Remifentanil Fentanyl Yes NR Yes NR NR NR NR
Muellejans 2004 152  Post-cardiac surgery 1CU Remifentanil Fentanyl NR Yes Yes NR Yes NR NR
Muellejans 2006 72 Post-cardiac surgery ICU Remifentanil Fentanyl Yes Yes Yes NR Yes NR NR
Spies 2011 60  Medical critically ICU Remifentanil Fentanyl Yes NR Yes  Yes YES NR NR

ill patient

CICU =cardiac intensive care unit; ICU=intensive care unit; LOS=Ilength of stay; NR=not reported; PCSU = post-cardiac surgical unit; SICU=surgical intensive care unit.

with sufentanil,?**>** 10 studies with fentany], [#0:43:43-46:48-53]
and § studies with morphine.***>%>%"1 The population of
included studies consisted of surgical patients (including post-
cardiac surgeryl?*#3#446:50-521 4nd other surgical patients**~
42:45.481) and medical critically ill patients admitted to the
ICU.#74%331 Eour studies were multi-center,[*®*>4751 and the
other studies were single-center. Two studies were performed
in multi-countries,*>'" 1 in America,”*¥ 1 in Austria,[*?! 2
in Denmark,®?*! 2 in China,***! 1 in Korea,*”! 3 in
Germany,**°>%31 1 in Greece,*! 1 in Italy,*"! and 1 in
Oman.B%

4.2. Risk of bias assessment

For all RCTs included in this meta-analysis, most of the domains
were evaluated as having low risk of bias (allocation sequence
concealment, blinding for outcome assessment, incomplete
outcome data, and selective outcome reporting of domains).
The results of the study quality assessment were summarized in
Figure 2.

Funnel plots were visually inspected and did not demonstrate
evidence of publication bias in the duration of mechanical
ventilation (see Supplement Content, which illustrates funnel
plots of the duration of mechanical ventilation, http:/links.lww.
com/MD2/A474) and the ICU LOS (see Supplement Content,
which illustrates funnel plots of the ICU LOS, http:/links.lww.
com/MD2/A473). The Egger regression test showed that the tests
of asymmetry were not significant for main endpoints, including:
the duration of mechanical ventilation (1=-1.56; 95% CI —8.81
to 1.41; P=.14); weaning time (t=—0.35; 95% CI —9.01 to 7.00;
P=.745); ICU LOS (t=—1.75; 95% CI —9.71 to 1.06; P=.11);
side effects: nausea/vomiting (¢=0.49; 95% CI —2.29 to 3.12;
P=.657), hypotension (¢1=1.69; 95% CI —2.41 to 5.54;
P=.233), and dysrhythmia (¢t=-0.15; 95% CI —5.447 to
5.07; P=.892); mortality (¢=1.03; 95% CI —14.47 to 17.01;

P=.49). However, the test of hospital LOS was asymmetry (t=—
4.38; 95% CI —36.41 to —5.78; P=.02) (see Supplement
Content, which illustrates Egger regression test of the hospital
LOS, http://links.lww.com/MD2/A472).

4.2.1. Primary outcome

4.2.1.1. Duration of mechanical ventilation. Sixteen studies
focus on mechanical ventilation time; they all showed that
remifentanil significantly reduced the duration of mechanical
ventilation. Fourteen of them were included in the meta-
analysis.?*%52531 One study was excluded because of the
impossibility of data extraction.*! Pooled analysis of 13
studies?? 179932331 showed that remifentanil was associated
with a significant reduction in the duration of mechanical
ventilation when compared with other opioids (SMD —0.23;
95% CI —0.41 to —0.06; P=.01; IV random; heterogeneity I*=
50%, P=.01) (Fig. 3).

4.2.2. Second outcomes

4.2.2.1. Weaning time. Five studies that recruited
487 subjects observed weaning time. Remifentanil was associated
with a significantly shorter time when compared with the other
opioids (SMD —0.21; 95% CI —0.40 to —0.03; P=.02; IV
random; heterogeneity *=11%, P=.34) (see Supplement
Content, which illustrates remifentanil decrease the weaning
time, http:/links.lww.com/MD2/A479).

[45,47,49,51,52]

4.2.2.2. ICU length of stay. Fourteen studies!>*~***¢=531 op-
served the ICU LOS. Thirteen studies>**1=#446=531 that recruited
1034 patients were included in the meta-analysis. Breen’s study
was excluded because of the impossibility of data extraction.!*"!
Remifentanil was associated with a reduction in the ICU LOS
when compared with the other opioids (SMD —0.33; 95% CI
—0.60 to —0.07; P=.01; IV random; heterogeneity I>=77%,
P<.01) (Fig. 4).
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Figure 2. Methodological quality trials using the Cochrane risk of bias tool. Symbols show low risk of bias (+), unclear risk of bias (?), or high risk of bias (—). Overall

risk of bias using the Cochrane risk of bias tool.

4.2.2.3. Hospital LOS. Four studies!*>***¢531 that recruited 264
patients found that there was no significant difference in the
hospital LOS between remifentanil and other opioids (SMD
—0.31;95% CI —0.74 to 0.12; P=.15; IV random; heterogeneity
I*=70%, P=.009) (see Supplement Content, which illustrates no
difference in the hospital LOS, http:/links.lww.com/MD2/
A475).

4.2.2.4. Side effects. Seven studies (589 patients) observed the
side effects and showed that there was no significant difference
between remifentanil and other opioids (RR 1.16; 95% CI 0.83—

1.63; P=.750; M-H random; heterogeneity I*=0%, P=.390)
(see Supplement Content, which illustrates no difference in the
side effects, http:/links.lww.com/MD2/A478). Subgroup analy-
ses were similar: 5 studies (457 patients)*0*248511 gpserved
nausea/vomiting (RR 1.01; 95% CI 0.58-1.76; P=.69;
M-H random; heterogeneity I?’=0%, P=.96); 4 studies (324
patients)*>*8-51:521 phserved hemodynamic instability: hypoten-
sion (RR 1.85; 95% CI 0.87-3.92; P=.11; M-H random;
heterogeneity I*=0%, P=.41), and dysrhythmia (RR 1.43; 95%
CI 0.55-3.73; P=.47; M-H random; heterogeneity 1>=0%,
P=.71); 2 studies (132 patients)*>*3! observed delirium (RR

Remifentanil Control
dy O M lea d e 3 el
Bhavsar 2016 518 1.56 30 435 1.93 30 6.3%
Carrer 2007 17 B 50 18 4 50 81%
Dahaba 2004 141 28 20 181 34 20 4.4%
Engoren 2001a 39 32 29 278 3.54 33 64%
Engoren 2001b 39 | 29 475 2 28 B5.2%
Guggenberger 2006 5.4 1.7 25 6.2 23 25 57%
karahinis 2004a 2483 72.37 47 24.08 307 22 b64%
Karahinis 2004b 2483 7237 47 37.04 5956 28 B5.9%
Khanykin 2013 325 1.85 33 4 1.98 ki 6.5%
Lee 2014 283 208 49 535 1,493 47  B.O0%
Liu 2013 736 26.7 30 949 373 30 6.2%
Liu 2017 102 B65.93 a5 128 13828 35 EO%
Maddali 2006 10.78 4.55 60 10.89 585 B0 B7%
Muellejans 2006 207 5.2 39 242 T 33 69%
Spies 2011 136 837 28 162 97.78 32 B3%
Total (95% CI) 551 504 100.0%

Heterogeneity. Tau®= 0.06; Chi*= 27.96, df= 14 (P = 0.01), F= 50%
Testfor overall effect Z= 258 (P=0.010)

Std. Mean Difference
IV, Random. 95% CI
0.47 [-0.05, 0.98)
-0.19[-0.59, 0.20]
-1.26 [-1.94,-0.57)
0.33[-0.18,0.83)
-0.31 [[0.84,0.21]
-0.39[-0.95,0.17)
0.01 [-0.48,0.52)
-0.18 [-0.65, 0.29]
-0.39 [-0.88,0.11)
-0.24 [-0.64, 0.186)
-0.65[1.17,-0.13)
-0.22 [-0.69, 0.25)
-0.02 [-0.38, 0.34]
-0.57 [-1.04,-0.10)
-0.28 [-0.79, 0.23)

Std. Mean Difference
IV. Random, 95%Cl

i WM u

-0.23 [-0.41, -0.06]

!
T
-1 1
Favours [remifentanil] Favours [control]

[CE S

-2

o

Figure 3. Forest plot comparing the duration of mechanical ventilation (h) between remifentanil and other opioids. Cl: confidence interval; IV: inverse variance.
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Dahaba 2004 07 37 20 M7 86 20 4.3% -3.11 [-4.06,-2.16]
Engoren 20013 215 819 29 188 1156 3 T 0.25[-0.25,0.75) I i
Engoren 2001b 215 219 29 198 822 28 T7.0% 0.21 [[0.31,0.73] i
Guggenberger 2006 20 3 25 20 4 25 67% 0.00 [-0.55, 0.55) o
Khanykin 2013 2 21 33 23 1.48 Ehl 7.1% -0.52 1.02,-0.02) e
Lee 2014 4224 3312 49 4128 2544 47 78% 0.03[-0.37,0.43] G
Liu 2013 1259 371 30 1508 509 30 7.0% -0.55 [-1.07,-0.04) e
Liu 2017 144 8889 35 169 14222 35 73% -0.20 [-0.67,0.27) -,
Maddali 2006 60 312 60 62 432 B0 8.1% -0.05 [-0.41,0.31) o
Muellejans 2004 206 52 242 6.9 75 B83% -0.59 [-0.91,-0.26) pos. <
Muellejans 2006 464 2189 39 647 293 3 1.3% -0.71[1.19,-0.23) - oy
Spies 2011 552 320 28 624 320 32 7.0% -0.22-0.73,0.29) —_—
Total (95% CI) 534 529 100.0% -0.33 [-0.60, -0.07] L 4
Heterogeneity, Tau®= 0.19; Chi*= 57.44, df= 13 (P < 0.00001); F= 77% 4 2 5 2 4

Test for overall effect: Z= 2.46 (P = 0.01)

Favours [remifentanil] Favours [control]

Figure 4. Forest plot comparing the ICU length of stay (h) between remifentanil and other opioids. Cl=confidence interval; IV=inverse variance.

0.93; 95% CI 0.47-1.81; P=.82; M-H random; heterogeneity
P=15%, P=.28).

4.2.2.5. Mortality. Three studies!***”*’! observed mortality.
Pool analysis showed that there was no difference between
remifentanil and other opioids (RR 0.92; 95% CI 0.51-1.66;
P=.79; M-H random; heterogeneity I’=0%, P=.82) (see
Supplement Content, which illustrates no difference in the
mortality, http:/links.lww.com/MD2/A476).

4.2.2.6. Costs. Two studies observed the costs.[*>*8! Liu et al
observed 60 patients after tumor operation showed that
remifentanil increased the cost of ICU than fentanyl."*8! Engoren
et al"*3! compared remifentanil with fentanyl and sufentanil for
90 patients undergoing cardiac surgery. They found that
remifentanil increased the costs of anesthesia (P<.001) but
did not increase costs of hospital (P=.3) when comparing with
other opioids.

4.3. GRADE quality evidence

The GRADE quality evidence was assessed with GRAD Epro
software, and the results were as follows: for comparison of
remifentanil with other opioids, the quality of evidence on the
duration of mechanical ventilation was thought to be moderate;
the quality of evidence on the duration of mechanical ventilation
and weaning time were thought to be moderate; the ICU LOS, the
incidence of side effects (nausea/vomiting, hypotension, dys-
rhythmia, and delirium), and mortality were thought to be low;
the hospital LOS was thought to be very low (Table 2). The main
reason for these results was that the heterogeneity was high (I* >
50%). Other reasons for the demotion of the studies included:
other types of bias (referred to as commercial interference), the
lack of blinding, inconsistency, and imprecision.

5. Discussion

The main finding of our systematic review and meta-analysis
was that remifentanil significantly reduced the duration of
mechanical ventilation when compared with other opioids in
adult critically ill patients. We also found the following:

remifentanil significantly reduced the weaning time and ICU
LOS; there was no significant difference in the hospital LOS,
side effects, and mortality between remifentanil and other
opioids.

Remifentanil is a fentanyl relative u-receptor agonist, and it is
mainly combined with «-1-acid glycoprotein, which reaches
rapidly blood-brain balance in 1 minute resulting in rapid onset
and offset. In addition, remifentanil is different from other
fentanyl analogues because it is hydrolyzed by nonspecific
esterase in plasma and tissues, which is independent of liver and
kidney.[*=® Therefore, it is easy to explain why remifentanil could
reduce the duration of mechanical ventilation, the weaning time,
and the ICU LOS in comparison with other opioids in critically ill
patients which usually have a prolonged use of opioid and with
organ dysfunction. Our meta-analysis included both surgical
patients and medical patients, which may well represent the adult
critically ill patients. For another, remifentanil was all used in the
ICU in our included RCTs. These were partially different from
another meta-analysis: they mainly included short-term post-
surgery patients; some of their included studies were carried out
during the operation and in the anesthesia recovery room, not the
ICcu.l®!

Our meta-analysis found that there were no significant
differences in hospital LOS and mortality between remifentanil
and other opioids. However, we only included 3 to 4 studies for
hospital LOS and mortality. These results were similar to the
other 2 meta-analyses.*’! Hospital LOS and mortality are
affected by many reasons which mainly may be the severity of
diseases rather than the selection of analgesic therapy.

We also found that there was no significant difference in side
effects between remifentanil and other opioids. The results were
similar in the subgroup analyses of nauseous/vomiting, hypoten-
sion, dysrhythmia, and delirium. But these results were all
assessed in small samples. And all the included studies did not
observe the opioid-induced hyperalgesia which is the most unique
side effect of remifentanil when compared with other opioids.
Opioid-induced hyperalgesia has been well illustrated in the post-
operative patients'”>8! and also should be paid more attention in
the future studies of remifentanil in critically ill patients.

In our review, only 2 studies observed the costs. One found
remifentanil increase cost of anesthesia while did not increase cost
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Quality of evidence of the studies that compared remifentanil with other opioids that were included in the meta-analysis, according to
Grades of Recommendation, Assessment, Development, and Evaluation (GRADE).

Certainty assessment

No. of patients

Study design Risk Other

Outcome (No. of study) of bias Inconsistency Indirectness Imprecision consideration Events Placebo Effect (95%Cl) Certainty
Ventilation time RCT (15) Serious’_‘ Serious Not serious ~ Not serious ~ None 551 504 SMD —0.23 (—0.41 to —0.06) @@@O MODERATE
ICU LOS RCT (14) Serious” Serious” Not serious ~ Not serious ~ None 534 529 SMD —0.33 (—0.60 to —0.07) @@GD LOW
Hospital LOS RCT (5) Very serious®  Serious Not serious ~ Not serious ~ None 144 149 SMD —0.31 (0.74-0.12) @CD:ED VERY LOW
Weaning time RCT (6) Serious® Not serious Not serious ~ Not serious ~ None 294 240 SMD —0.21 (—0.4 to —0.03) @@@O MODERATE
Mortality RCT (3) Serious!! Not serious Not serious  Serious" None 19/141 19/130  RR 0.92 (0.51-1.66) @@GD Low
Nauseous/vomiting  RCT (5) Serious" Not serious Not serious  Serious” None 24/234 22/223  RR 1.01 (0.58-1.76) @@GD LOW
Hypotension RCT (4) Serious” Not serious Not serious ~ Serious” None 20/166 9/158  RR 1.85 (0.87-3.92) @ap D) Low
Dysrhythmia RCT (4) Serious’ Not serious Not serious  Serious” None 10/146  6/131 RR 1.43 (0.55-3.73) @ep ) Low
Delirium RCT (2) Serious** Not serious Not serious  Serious None 15/67  16/65 RR 0.93 (0.47-1.81) @@@D LOW

Cl=confidence interval; ICU=intensive care unit; LOS=length of stay; No.=number; RCT =randomized controlled trial; RR=risk ratio; SMD = standardized mean difference.
Nearly a third of studies’ selection bias is high risk or unclear; almost two-third of studies’ blinding of participants and caregivers and blinding for outcome assessment are high risk or unclear.

P> 50%.

*One study’s allocation sequence concealment is unclear; 4 studies’ blinding of participants and caregivers and blinding for outcome assessment are high risk, and one is unclear.
S Half of studies’ selection bias are high risk; two-third of studies’ blinding of participants and caregivers and blinding for outcome assessment are high risk.
I'Two studies’ adequacy of allocation sequence concealment is high risk and 1 study’s sequence generation is high risk. Three studies’ blinding of participants and caregivers and blinding for outcome assessment

are high risk.
Y Insufficient sample size.

# One study’s sequence generation is unclear and 1 is high risk, 3 studies’ adequacy of allocation sequence concealment is high risk, and 1 is unclear. Three studies’ blinding of participants and caregivers and

blinding for outcome assessment are high risk.

™ One study’s sequence generation is unclear, 1 study’s adequacy of allocation sequence concealment is high risk, and 2 are unclear. One study’s blinding of participants and caregivers and blinding for outcome

assessment is high risk.

T One study’s sequence generation is unclear, 2 studies’ adequacy of allocation sequence concealment is high risk, and 1 is unclear. Two studies’ blinding of participants and caregivers and blinding for outcome

assessment are high risk.

* One study’s adequacy of allocation sequence concealment is unclear. One study’s blinding of participants and caregivers and blinding for outcome assessment is high risk.

of hospital,'** another found that remifentanil increase cost of
ICU.M8! Remifentanil has unique pharmacokinetics and phar-
macodynamics profiles but is expensive when compared to other
traditional opioids such as morphine and fentanyl. When we
apply this analgesic, we must consider its cost, especially in the
anesthesia procedure and ICU. Many studies!*>*+*331 showed
that remifentanil decrease mechanical ventilation time and
hospital LOS. Further studies are needed to explore the cost-
effectiveness of different analgesics.
There were several limitations in our meta-analysis:

1) the studies of this meta-analysis were small size, but the quality
of each study was high;

2) the population of included studies was heterogeneous, and
consisted of surgical and medical patients;

3) the type of the other opioids for the included studies were
heterogeneous, which included morphine, fentanyl, and
sufentanil;

4) the heterogeneities were high in some of the analyses, such as
ICU LOS, and hospital LOS.

However, we analyzed the outcomes in subgroups classified by
surgical and medical patients to reduce clinical heterogeneity. We
also selected a random-effects model rather than a fixed-effects
model to address the observed heterogeneity. Therefore, large,
well-designed randomized controlled trials are necessary for the
future.

6. Conclusions

In conclusion, remifentanil reduced the duration of mechanical
ventilation, weaning time, and ICU LOS when compared with
other opioids in adult critically ill patients. Large-scale random-

ized controlled trials are necessary to confirm our findings and to
further evaluate the safety and cost of remifentanil in critically ill
patients.

Author contributions

Shuguang Yang helped conceive the idea for the meta-analysis,

search the literature, collect the data, perform the statistical

analysis, create the figures/tables, and draft the manuscript.

Huiying Zhao helped conceive the idea for the meta-analysis,

design the study, participate in the literature search, collect the

data, interpret the results, and draft the manuscript. Huixia

Wang helped search the literature, analyze the data, create the

figures, and revise the manuscript. Hua Zhang helped perform

the statistical analysis and revise the manuscript. Youzhong An

helped design the study and revise the statistical analysis and the

manuscript. All authors read and approved the final manuscript

for publication.

Conceptualization: Huiying Zhao.

Data curation: Shuguang Yang.

Formal analysis: Shuguang Yang, Huixia Wang.

Methodology: Hua Zhang.

Project administration: Shuguang Yang, Huiying Zhao, Youz-
hong An.

Resources: Shuguang Yang.

Software: Shuguang Yang.

Supervision: Huiying Zhao, Huixia Wang, Hua Zhang,
Youzhong An.

Validation: Shuguang Yang.

Visualization: Youzhong An.

Writing — original draft: Shuguang Yang.

Writing — review & editing: Shuguang Yang.


http://www.md-journal.com

Yang et al. Medicine (2021) 100:38

References

[1] Chanques G, Sebbane M, Barbotte E, Viel E, Eledjam JJ, Jaber S. A
prospective study of pain at rest: incidence and characteristics of an
unrecognized symptom in surgical and trauma versus medical intensive
care unit patients. Anesthesiology 2007;107:858-60.

[2] Puntillo KA, Max A, Timsit JF, et al. Determinants of procedural pain
intensity in the intensive care unit: the Europain® study. Am J Respir Crit
Care Med 2014;189:39-47.

[3] Vincent J-L, Shehabi Y, Walsh TS, et al. Comfort and patient-centred
care without excessive sedation: the eCASH concept. Intensive Care Med
2016;42:962-71.

[4] Battershill AJ, Keating GM. Remifentanil: a review of its analgesic and
sedative use in the intensive care unit. Drugs 2006;66:365-85.

[5] Tan JA, Ho KM. Use of remifentanil as a sedative agent in critically ill
adult patients: a meta-analysis. Anaesthesia 2009;64:1342-52.

[6] Zhu Y, Wang Y, Du B, Xi X. Could remifentanil reduce duration of
mechanical ventilation in comparison with other opioids for mechani-
cally ventilated patients? A systematic review and meta-analysis. Crit
Care 2017;21:206.

[7] Santonocito C, Noto A, Crimi C, Sanfilippo F. Remifentanil-induced
postoperative hyperalgesia: current perspectives on mechanisms and
therapeutic strategies. Local Reg Anesth 2018;11:15-23.

[8] Yu EH, Tran DH, Lam SW, Irwin MG. Remifentanil tolerance and
hyperalgesia: short-term gain, long-term pain? Anaesthesia 2016;71:
1347-62.

[9] Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for a
Systematic Review and Meta-analysis of individual participant data: the
PRISMA-IPD statement PRISMA extension for individual patient data.
JAMA 2015;313:1657-65.

[10] Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BM]J 2011;343:

[11] Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BM]J 1997;315:629-34.

[12] Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BM]J 2003;327:557-60.

[13] Wilhelm W, Dorscheid E, Schlaich N, Niederprum P, Deller D. The use of
remifentanil in critically ill patients. Clinical findings and early
experience. Anaesthesist 1999;48:625-9.

[14] Belhadj Amor M, Ouezini R, Lamine K, Barakette M, Labbéne I, Ferjani
M. Daily interruption of sedation in intensive care unit patients with
renal impairment: remifentanil-midazolam compared to fentanyl-mid-
azolam. Annales francaises d’anesthesie ET de reanimation 2007;
26:1041-4.

[15] Gardellin M, Durand M, Maitrasse B, et al. Continuous infusion of
remifentanil and target-controlled infusion of propofol for coronary
surgery in elderly patients: comparison with continuous infusion of
remifentanil and propofol]. Annales Francaises d Anesthesie et de
Reanimation 2004;23:966-72.

[16] Baillard C, Cohen Y, Le Toumelin P, et al. Remifentanil-midazolam
compared to sufentanil-midazolam for ICU long-term sedation. Annales
Francaises d Anesthesie et de Reanimation 2005;24:480-6.

[17] Al M], Hakkaart L, Tan SS, Bakker J. Cost-consequence analysis of
remifentanil-based analgo-sedation vs. conventional analgesia and
sedation for patients on mechanical ventilation in the Netherlands. Crit
Care (London, England) 2010;14:R195.

[18] Howie MB, Michelsen LG, Hug CC]Jr, et al. Comparison of three
remifentanil dose-finding regimens for coronary artery surgery. ]
Cardiothorac Vasc Anesth 2003;17:51-9.

[19] Park G, Lane M, Rogers S, Bassett P. A comparison of hypnotic and
analgesic based sedation in a general intensive care unit. Br J Anaesth
2007;98:76-82.

[20] Muller L, Chanques G, Bourgaux C, et al. Impact of the use of propofol
remifentanil goal-directed sedation adapted by nurses on the time to
extubation in mechanically ventilated ICU patients: the experience of a
French ICU. Annales Francaises d’Anesthesie et de Reanimation
2008;27:481.e481-8.

[21] Engelhard K, Reeker W, Kochs E, Werner C. Effect of remifentanil on
intracranial pressure and cerebral blood flow velocity in patients with
head trauma. Acta Anaesthesiol Scand 2004;48:396-9.

[22] Le Guen M, Liu N, Bourgeois E, et al. Automated sedation outperforms
manual administration of propofol and remifentanil in critically ill
patients with deep sedation: a randomized phase II trial. Intensive Care

Med 2013;39:454-62.

Medicine

[23] Costa R, Navalesi P, Cammarota G, et al. Remifentanil effects on
respiratory drive and timing during pressure support ventilation and
neurally adjusted ventilatory assist. Respir Physiol Neurobiol 2017;
244:10-6.

Krishnan K, Elliot SC, Berridge JC, Mallick A. Remifentanil patient-

controlled analgesia following cardiac surgery. Acta Anaesthesiol Scand

2005;49:876-9.

Soltész S, Biedler A, Silomon M, Schopflin I, Molter GP. Recovery after

remifentanil and sufentanil for analgesia and sedation of mechanically

ventilated patients after trauma or major surgery. Br ] Anaesth
2001;86:763-8.

Cavaliere F, Antonelli M, Arcangeli A, et al. A low-dose remifentanil

infusion is well tolerated for sedation in mechanically ventilated,

critically-ill patients. Can ] Anaesth 2002;49:1088-94.

[27] Quintard H, Pavlakovic I, Mantz J, et al. Adjunctive remifentanil
infusion in deeply sedated and paralyzed ICU patients during fiberoptic
bronchoscopy procedure: a prospective, randomized, controlled study.
Ann Intensive Care 2012;2:29.

[28] de Hoogd S, Ahlers S, van Dongen EPA, et al. Randomized controlled
trial on the influence of intraoperative remifentanil versus fentanyl on
acute and chronic pain after cardiac surgery. Pain Pract 2018;18:443-51.

[29] Cunha Leal P, Kimiko Sakata R, Salomao R, Jun Sadatsune E, Machado
Issy A. Assessment of the effect of ketamine in combination with
remifentanil on postoperative pain. Rev Bras Anestesiol 2013;63:178-82.

[30] Hu C, Yu H, Ye M, Shen X. Sevoflurane in combination with
remifentanil for tracheal extubation after otologic surgery. Am ] Health
Syst Pharm 2014;71:1108-11.

[31] Schuttler J, Albrecht S, Breivik H, et al. A comparison of remifentanil and

alfentanil in patients undergoing major abdominal surgery. Anaesthesia

1997;52:307-17.

Park SK, Cho EJ. A randomized controlled trial of two different

interventions for the prevention of postoperative nausea and vomiting:

total intravenous anaesthesia using propofol and remifentanil versus
prophylactic palonosetron with inhalational anaesthesia using sevoflur-
ane-nitrous oxide. J Int Med Res 2011;39:1808-15.

[33] Ryu JH, Kim JH, Park KS, Do SH. Remifentanil-propofol versus
fentanyl-propofol for monitored anesthesia care during hysteroscopy. J
Clin Anesth 2008;20:328-32.

[34] Jie L, Dan L, Youzhong A, Yi F. The influence of the sedation based on

remifentanil analgesia on the occurrence of delirium in critically ill

patients. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2015;27:845-9.

Rozendaal FW, Spronk PE, Snellen FF, et al. Remifentanil-propofol

analgo-sedation shortens duration of ventilation and length of ICU stay

Compared to a conventional regimen: a centre randomised, cross-over,

open-label study in the Netherlands. Intensive Care Med 2009;35:291-8.

Kim SY, Yang SY, Na SW, Jo YY, Koh SO. Low-dose remifentanil

infusion during ventilator weaning and tracheal extubation in

postoperative intensive care unit patients sedated with propofol-
remifentanil: a randomised clinical trial. Anaesth Intensive Care
2012;40:656-62.

Futier E, Chanques G, Cayot Constantin S, et al. Influence of opioid

choice on mechanical ventilation duration and ICU length of stay.

Minerva Anestesiol 2012;78:46-53.

[38] Reddy P, Feret BM, Kulicki L, Donahue S, Quercia RA. Cost analysis of

fentanyl and remifentanil in coronary artery bypass graft surgery without

cardiopulmonary bypass. J Clin Pharm Therap 2002;27:127-32.

Bhavsar R, Ryhammer PK, Greisen ], Rasmussen LA, Jakobsen CJ.

Remifentanil compared with sufentanil does not enhance fast-track

possibilities in cardiac surgery — a randomized study. J Cardiothorac

Vasc Anesth 2016;30:1212-20.

[40] Breen D, Karabinis A, Malbrain M, et al. Decreased duration of

mechanical ventilation when comparing analgesia-based sedation using

remifentanil with standard hypnotic-based sedation for up to 10days in
intensive care unit patients: a randomised trial. Crit Care (London,

England) 2005;9:R200-10.

Carrer S, Bocchi A, Candini M, Donega L, Tartari S. Short term analgesia

based sedation in the Intensive Care Unit: morphine vs remifentanil +

morphine. Minerva Anestesiol 2007;73:327-32.

Dahaba AA, Grabner T, Rehak PH, List WF, Metzler H. Remifentanil

versus morphine analgesia and sedation for mechanically ventilated

critically ill patients: a randomized double blind study. Anesthesiology
2004;101:640-6.

Engoren M, Luther G, Fenn-Buderer N. A comparison of fentanyl,

sufentanil, and remifentanil for fast-track cardiac anesthesia. Anesth

Analg 2001;93:859-64.

[24

[25

126

[32

[35

136

137

139

[41

[42

[43



Yang et al. Medicine (2021) 100:38

[44] Guggenberger H, Schroeder TH, Vonthein R, Dieterich HJ, Shernan SK,
Eltzschig HK. Remifentanil or sufentanil for coronary surgery:
comparison of postoperative respiratory impairment. Eur ] Anaesthesiol
2006;23:832-40.

Karabinis A, Mandragos K, Stergiopoulos S, et al. Safety and efficacy of

analgesia-based sedation with remifentanil versus standard hypnotic-

based regimens in intensive care unit patients with brain injuries: a

randomised, controlled trial. Crit Care (London, England) 2004;8:

R268-80.

Khanykin B, Siddigi R, Jensen PF, Bigler DR, Atroshchenko GV.

Comparison of remifentanil and low-dose fentanyl for fast-track cardiac

anesthesia: a prospective randomized study. Heart Surg Forum 2013;16:

E324-8.

[47] Lee JM, Lee SH, Kwak SH, et al. Comparison of morphine and
remifentanil on the duration of weaning from mechanical ventilation.
Korean ] Crit Care Med 2014;29:281-7.

[48] Liu KB, Wang DH, Ma Y, Xia R. Remifentanil for analgesia and sedation
in mechanically ventilated patients in intensive care unit. Zhonghua Wei
Zhong Bing Ji Jiu Yi Xue 2013;25:167-70.

[45

[46

www.md-journal.com

[49] Liu D, Lyu J, Zhao H, An Y. The influence of analgesic-based sedation
protocols on delirium and outcomes in critically ill patients: a
randomized controlled trial. PLoS One 2017;12:¢0184310.

Maddali MM, Kurian E, Fahr J. Extubation time, hemodynamic
stability, and postoperative pain control in patients undergoing coronary
artery bypass surgery: an evaluation of fentanyl, remifentanil, and
nonsteroidal antiinflammatory drugs with propofol for perioperative and
postoperative management. ] Clin Anesth 2006;18:605-10.
Muellejans B, Lopez A, Cross MH, Bonome C, Morrison L, Kirkham AJ.
Remifentanil versus fentanyl for analgesia based sedation to provide
patient comfort in the intensive care unit: a randomized, double-blind
controlled trial. Crit Care (London, England) 2004;8:R1-1.
Muellejans B, Matthey T, Scholpp J, Schill M. Sedation in the intensive
care unit with remifentanil/propofol versus midazolam/fentanyl: a
randomised, open-label, pharmacoeconomic trial. Crit Care 2006;10:
RI1.

Spies C, Macguill M, Heymann A, et al. A prospective, randomized,
double-blind, multicenter study comparing remifentanil with fentanyl in
mechanically ventilated patients. Intensive Care Med 2011;37:469-76.

[50

[51

[52

=
=


http://www.md-journal.com

	Comparison between remifentanil and other opioids in adult critically ill patients
	1 Introduction
	2 Study aim
	3 Method
	3.1 Search strategy
	3.2 Study selection
	3.3 Data extraction
	3.4 Quality assessment and publication bias
	3.5 Grading the quality of the evidence
	3.6 Statistical analysis

	4 Results
	4.1 Study identification and selection
	4.1.1 Characteristics of included studies

	4.2 Risk of bias assessment
	4.2.1 Primary outcome
	4.2.1.1 Duration of mechanical ventilation

	4.2.2 Second outcomes
	4.2.2.1 Weaning time
	4.2.2.2 ICU length of stay
	4.2.2.3 Hospital LOS
	4.2.2.4 Side effects
	4.2.2.5 Mortality
	4.2.2.6 Costs


	4.3 GRADE quality evidence

	5 Discussion
	6 Conclusions
	Author contributions
	References


