Aoki et al. BMC Anesthesiology (2022) 22:323

https://doi.org/10.1186/512871-022-01871-7 BMC An ESth esio | Ogy

RESEARCH Open Access

- : ®
Effects of fentanyl administration il

in mechanically ventilated patients
in the intensive care unit: a systematic review
and meta-analysis

Yoshitaka Aoki'", Hiromi Kato', Naoyuki Fujimura?, Yuji Suzuki', Masaaki Sakuraya® and Matsuyuki Doi'

Abstract

Background: Fentanyl is selected to manage pain in critical care patients on mechanical ventilation in the intensive
care unit (ICU). However, the usefulness of fentanyl compared with other opioids is unknown. This study examined
the evidence for using fentanyl to improve the clinical outcomes of ICU patients, using the Grading of Recommenda-
tions Assessment, Development, and Evaluation (GRADE) system.

Methods: We searched the MEDLINE, Cochrane Central Register of Controlled Trials, and Igaku Chuo Zasshi data-
bases in June 2021. Two independent assessors reviewed studies to identify randomized, controlled trials (RCTs) that
compared the intravenous administration of fentanyl and other opioids in mechanically ventilated patients in the
ICU. The study quality was assessed using the GRADE system and Cochrane methodology. The primary outcome was
mortality. The secondary outcomes were the duration of mechanical ventilation, duration of the ICU stay, incidence
of severe adverse events, and incidence of delirium. We integrated outcome data using a random-effects model and
showed absolute values and certainty of evidence in the GRADE evidence profile.

Results: Seven RCTs met the study inclusion criteria with 534 patients (251 were treated with fentanyl and 283 with
other opioids, including 242 with remifentanil and 41 with morphine). Among 191 participants from 2 RCTs, fentany!
was not associated with mortality (risk ratio [RR], 0.79; 95% confidence interval [Cl], 0.24 to 2.60; low-quality evidence).
Regarding the secondary outcomes, fentanyl did not shorten the duration of mechanical ventilation (mean difference,
0.49 h; 95% Cl,—0.90 to 1.88; moderate-quality evidence) or the duration of the ICU stay (mean difference, 7.04 h; 95%
Cl,—3.27 to 17.35; moderate-quality evidence) compared with other opioids. Fentanyl did not increase the incidence
of severe adverse events (RR, 0.98; 95% Cl, 0.50 to 1.90; low-quality evidence) or delirium (RR, 1.27; 95% Cl, 0.79 to 2.04;
low-quality evidence).

Conclusions: Although fentanyl is a frequently administered opioid in the ICU, patients’ outcomes are not different
between fentanyl use and use of other opioids. However, the GRADE evaluation provides little certainty to support
the results of this systematic review. Therefore, further large RCTs are required to confirm our conclusions.
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Trial registration: PROSPERO, CRD42019130648 (https.//www.crd.york.ac.uk/prospero/display_record.php?Recor

diD=130648).
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Background

Pain management is an important issue for critically ill
adults in the intensive care unit (ICU), and inadequate
pain management may lead to posttraumatic stress
disorder [1] and post-intensive care syndrome [2, 3].
The Pain, Agitation/Sedation, Delirium, Immobility,
and Sleep disruption guidelines recommend a con-
tinuous infusion of opioids for procedural pain man-
agement in critically ill adults [4]. However, the same
opioids (i.e., fentanyl, hydromorphone, morphine, and
remifentanil) have consistently been recommended
since 2013. There has been no systematic review on
the use of opioids for pain management in critically ill
adults [5]. Therefore, the appropriate analgesic drugs
to use remain controversial.

Fentanyl is a potent, selective 4-anilidopiperidine
p-opioid analgesic used for analgesic management
in mechanically ventilated patients in the ICU [6, 7].
Among the other available opioids, morphine has com-
mon adverse effects, such as histamine release, pruri-
tus, and accumulation of morphine-6-glucuronide, in
patients with renal impairment [8]. Additionally, nei-
ther alfentanil nor sufentanil is licensed for use in ICU
patients in many countries [8]. Hydromorphone also
appears to be used for mechanically ventilated patients
in the ICU [9], but few studies have reported its use-
fulness. Moreover, remifentanil has been reported to
slightly shorten the duration of mechanical ventilation,
the time to extubation after ceasing sedation, and the
ICU stay [10]. However, this drug is not commonly
administered in the ICU because of its side effects of
acute tolerance and hyperalgesia [11]. Therefore, fen-
tanyl is a relatively common choice of opioid used in
multinational, randomized, controlled trials (RCTs)
[12] and especially in Japanese ICUs [13]. However, no
systematic review of fentanyl intervention and no evi-
dence of the benefits of fentanyl have been provided
yet.

We hypothesized that fentanyl is associated with
better outcomes than other opioids in mechanically
ventilated adults in the ICU. Therefore, this meta-
analysis evaluated the effects of fentanyl by analyzing
the results of previous RCTs that compared fentanyl
with other opioids and integrated the outcomes on the
basis of the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system.

Materials and methods

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement
[14] and the GRADE system [15]. The study was exempt
from ethics review and did not require written informed
consent. The study was registered with the International
Prospective Register of Systematic Reviews (PROSPERO,
number CRD42019130648). This systematic review was
conducted as part of the revision of the Japanese Clini-
cal Practice Guidelines for Management of Sepsis and
Septic Shock 2020 (J-SSCG 2020). The present study was
initially conducted in 2019 for the J-SSCG 2020, but we
conducted a literature search again in 2021 to avoid dou-
ble submissions.

Search strategy

We electronically searched the MEDLINE (PubMed),
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Igaku Chuo Zasshi (largest database of Japa-
nese medical journals) databases in June 2021. We used
search strategies according to the Cochrane Handbook
for Systematic Reviews of Interventions [16]. Addition-
ally, we searched for ongoing trials in ClinicalTrials.gov
and the World Health Organization International Clini-
cal Trials Platform Search Portal. The following keywords
were used for the search strategy: “acute lung injury,
“critical care,” “multiple organ failure,” “sepsis,” “ventila-
tion, mechanical “fentanyl, “opioid,” and “randomized
controlled trial” (Additional file 1). We also carried out a
manual search of the reference lists of the identified stud-
ies. We limited our search to articles published in Japa-
nese or English.

Study inclusion criteria

We selected RCTs that compared the use of fentanyl
versus other opioids in mechanically ventilated adults
in the ICU. We included mechanically ventilated adults
in the ICU who were intravenously administered anal-
gesia with fentanyl or other opioids. Exclusion criteria
were drugs administered only before ICU admission
(e.g., during surgery), non-intravenous administration
(e.g., intrathecal administration), patients younger than
18 years, crossover design, and articles in languages other
than Japanese and English. The outcomes were selected
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by an independent committee based on a preliminary
assessment of the importance of the outcomes, without
members of the systematic review, following the GRADE
clinical guideline development process. The primary out-
come was mortality, which was defined as the longest
period over which mortality was assessed in each article.
The secondary outcomes were the duration of mechani-
cal ventilation, duration of the ICU stay, incidence of
severe adverse events, and incidence of delirium.

Data collection

The titles and abstracts of all of the extracted stud-
ies were screened independently and assessed by two
authors (H.K., H.F.) according to our inclusion and exclu-
sion criteria. Data elements were extracted to confirm
the study eligibility, study design, patients’ demographics,
performed interventions, outcomes of interest, statisti-
cal methods, and study results. All inconsistencies during
data extraction were resolved by a third author (Y.A.) to
reach a consensus.

Assessment of risk of bias

The qualities of the included studies were assessed inde-
pendently by two authors (H.K., H.F) according to the
Cochrane methodology [16]. In case of disagreement,
the final decision was made by a third author (Y.A.).
The extent of potential bias in the included studies was
assessed using the Cochrane “risk of bias” tool in Rev-
Man 5.4 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). We considered the
following domains: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other biases. We evalu-
ated each methodological quality item as “yes,” “no,” or
“unclear” (owing to no or less clear reporting) for each
eligible study and created a “risk of bias” summary. We
then evaluated the overall validity of each study as a low,
intermediate, or high risk of bias.

Data synthesis and statistical analysis

We carried out the statistical analysis using RevMan
5.4. We used a random-effects model for combined
data where the assumption that the studies estimated
the same underlying treatment effect was reasonable.
Forest plots were constructed to display the results of
the individual studies and pooled estimates of effect.
The pooled dichotomous outcomes are expressed as
the risk ratio (RR) and 95% confidence interval (CI). A
pooled estimate of the treatment effect was calculated
as the mean difference (MD) and 95% CI for continu-
ous variables. Data provided as the median and inter-
quartile range (or range) were converted to the mean
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and standard deviation, where appropriate, to calcu-
late pooled RRs and MDs [17]. The forest plot displays
other types of opioids (remifentanil and morphine) in
the control group as subgroups. In a sensitivity analy-
sis, we excluded studies in which the intervention and
comparison groups differed in co-interventions (e.g.,
sedatives other than opioids). Heterogeneity across
studies was tested using the I? statistic. We investigated
reporting bias (publication bias) using a funnel plot and
visually assessed the funnel plot asymmetry. Finally, we
summarized the results in evidence profiles using the
GRADE approach. An independent peer review com-
mittee reviewed the GRADE evidence profile, and a
third party checked each measurement for validity.

Results

Search results

On 22 June 2021, we identified 730, 620, and 45 stud-
ies from searches of MEDLINE, CENTRAL, and Igaku
Chuo Zasshi, respectively. In addition, as with other
sources, we identified 32 studies from ClinicalTrials.gov
and 6 studies from World Health Organization Interna-
tional Clinical Trials (Additional file 1). Manual search-
ing of the reference lists did not show any additional
publications. Our electronic database search identified
1155 studies, of which 1116 were excluded after apply-
ing the inclusion and exclusion criteria. After reviewing
the full-text articles, a further 21 studies were excluded.
The studies that appeared to meet the inclusion criteria,
but were excluded, are summarized in Additional file 2,
along with the reasons for exclusion. Therefore, seven
studies remained for the systematic review (Fig. 1).

Design and characteristics of included studies

The seven included studies are shown in Table 1
[18-24]. A total of 534 participants were included,
of whom 251 received fentanyl (intervention group)
and 283 received other opioids (242 had remifentanil
and 41 had morphine; control group). Three studies
had two control groups in contrast to the one fenta-
nyl intervention group [19, 20, 23]. Therefore, we used
the larger sample size of the two control groups in this
study. Because this systematic review showed signifi-
cant differences in the characteristics of the patients
and the indications for sedatives and opioids, details
are provided in Additional file 3. Outcomes included
in the meta-analysis are listed in Additional file 4 as
they appear in the respective literature. In the sensitiv-
ity analysis, we excluded two studies in which co-inter-
vention of sedatives differed between the intervention
and comparison groups from the analysis [19, 22].
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Identification of studies via databases and registers
)
Records identified from*: Records removed before
s Databases (n = 1395) screening:
= ® MEDLINE (n =730) Duplicate records removed (n
3 B CENTRAL (n = 620) = 240)
tg B Igaku Chuo Zasshi (n = 45) Records marked as ineligible
g Registers (n = 38) by automation tools (n = 0)
i B Clinical Trials.gov (n = 32) Records rerI\oved for other
® WHO International Clinical Trials (n = 6) reasons (n = 0)
—
\4
)
Records screened L Records excluded**
(n = 1155) (n=1116)
\4
Reports sought for retrieval Reports not retrieved (n = 11)
> (n=139) B Protocol article (n = 11)
s
[
5
z \4
Reports assessed for eligibility .| Reports excluded (n = 21)
(n=28) w m Different study design (n
=2)
B Different intervention /
comparison (n = 19)
—
\4
Studies included in review
(n=7)
Reports of included studies
(n=7)
Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. CENTRAL, Cochrane Central Register of
Controlled Trials; WHO, World Health Organization; MV, mechanical ventilation; ICU, intensive care unit

Effects of interventions

We appraised the certainty of the evidence using the
GRADE approach and summarized the results in evi-
dence profiles (Table 2). We found no clinically signifi-
cant differences in the relative significance and no clinical
differences in absolute values for all outcomes. We judged
the certainty of evidence for mortality as low, the dura-
tion of ventilation and the ICU stay as moderate, and
severe adverse events and delirium as low. The reasons
for downgrading the certainty of evidence are explained
in the footnote to Table 2.

Outcome

A forest plot of all outcomes is shown in Additional file 5.
Two studies were included [19, 20], and the only opioid
used in the control group was remifentanil. Four (4/72)
patients in the fentanyl group and eight (8/119) in the
other opioids group died, which indicated that fentanyl
was not associated with decreased mortality (RR, 0.79;
95% CI, 024 to 2.60). Among the secondary outcomes,

the MD for the duration of mechanical ventilation was
0.49 h (95% CI,—0.90 to 1.88) in 7 RCTs comprising 534
patients. Additionally, the MD for the duration of the
ICU stay was 7.04 h (95% CI,—3.27 to 17.35) in 7 RCTs
comprising 534 patients. With regard to the duration of
mechanical ventilation and the ICU stay, opioids in the
control group were mixed with remifentanil and mor-
phine, but there was no difference in the MD results
following a subgroup analysis according to other opioid
types. The RR of severe adverse events in 4 RCTs com-
prising 428 patients was 0.98 (95% CI, 0.50 to 1.90), and
the RR of delirium was 1.27 (95% CI, 0.79 to 2.04) in 3
RCTs comprising 209 patients. Additional file 6 shows
the sensitivity analysis results, which were similar to
those for the primary analysis.

Risk of bias in included studies
The risk of bias assessments for the included studies are
summarized in Fig. 2. All domains were a “low risk of



Page 5 of 11

(2022) 22:323

Aoki et al. BMC Anesthesiology

SSIUDAD
ISIDAPE DUINSS -
uIW/s1e39 06 > YH +
BHWW 05> dyIN -
SIUDAD 3SIaApE
paie|al-bniq -
SIUDAD ISISAPY +
2b1eyosIp
NDlI—uels bniqg -
abieydsip

NDI — uolegnixy -

(IN 3Y3 ul  ‘uteds
ul ¥ ‘spuepisylsN
Y3 Ul | ‘Aupwiian
ur g ‘wnibjag ul

LUOIRANIXD — yzLol (¥00T Ul pays| pul|g-9|gnNop  $191UI ¥) SI91USD [zl
ssadold uoneqnixg - [EANENWEN |Aupiua4 7 Tl Jayunj e iof AN 751 -gnd) paieis 10N J2IUSD-RN 17 'S9HIUNOD dAl4 HERENVEIETERIN
Wi} BujuBIAA +
wnuiisp
Jo uoneing -«
LUnHieg -
JAe1s
NDI 3Y1 Jo Yibus -
o\W JO uoleing - Y ¢ <10} $10z Asenuer 03 puljg-s|gnop
JAljeriow Aep-gg - [lueIUYILLIDY |Aueiua ¢ pajedpnue AN <o) #10¢ Joquiardas UENIERECT[SIV]IN eulyd [0Z] e N
AUlenoN -
SIUDAS 9SI9APE SNO
-1195 pajejaI-bniQ - (etasny
LSIUIND K1abinsoinau ul | ‘“Auewuian ul
SSIDAPE SNOLIDS Aouablawa 10 aA) 7 'spueiayaN
201eydsip -39 auobispun 9y Ul € ‘wnibjag
NDI 0} UollegnIXg « pey oym syuaped ul € ‘uleds ul ¢
ssadoud uopegnixy - (1Auey 10 ‘Ainfur Jo 3nsul ‘939319 U sjeyd
SN 1USWleal] paseq -U3j) JUsWieas} |ed160j0INaU (#00Z Ul pays|| |9qej-uado -soy ) adoing
UO W1 UBIPIIA » -|luRIURJIWIRY paseq-dnoudAy ¢ 2I9A3S 91Ny 191  -gnd) paieis 10N 191U NN Ul'SaLIuUNod XIS [61] | 13 sluigeley
BEEIEENEN VS
uondUNYsAp uebiQ -
ob1eydsip
D] O} W} US| -
2OWI AN UBSIA -
2brSOp 9AI1BPIS
pue sdisabjeuy - uswibal nDIay Ul
sia1oweled wejozepiu uswibal wejoz UOJ1BPaS pUR AN 8007 ey 01 |age|-uado
DIWBUAPOWSH « -JluR URHWIRY -eplw-|Aueius 7z bBuninbai syusneq € /007 Joquaidas ‘I9)u2-3|bUIS Aasn| EIRERERTLED)
swe paziwopuel
Apms suonpuod sjuaned jo
sawodnQ suostiedwod SUOIUAAIRU| Jo 'ON Sjusned Jaquinu |eyo] pouad Apnig bumag A13uno> sioyny

SolpNis poapn|dUl JO Soiislisldeley) | ojqelL



Page 6 of 11

(2022) 22:323

Aoki et al. BMC Anesthesiology

Apnas siy1 ul siskjeue-e1aW ay) Ul PapN|dUI SSWOINQ ,

91e4 B3 YH ‘2inssaid |eudlie UBSI\ Ji/jy ‘HUN [ed16.ns JelpIedlsod SDd ‘Bunyelb ssedAq A1ayie £1eu010) DY) ‘HUN 318D SAISUSIU| ()] ‘UOIIR[IFUSA [BIIURYIDIN AN

LN -

Keys jeydsoy

9y Jo uoneinq
Ae1S

NDI 3Ya Jo uoneing -
SN Jo uoneing -
21025 e|sabjeue
1061€1 3Y1 paule1qo
oym syuaned

Jo uonJodold -

51502
[eSIPaW 133JIp N +
Aeys jendsoy

oY1 4o y1bua -
Ae1S

NDI dY31 o Ly1buaT -
auwn asuodsal 1Sl «
Juonegnixe
o1aWi] -

S1SOD ||eI9AQ)
£201eYdSIP D)
3q!B113 01 NDI 3y
Ul [BALUE WO SWI] »
uonegnixs

o1 DI =yt Ul

|eALIIE WOJ) sWIl] «
LUNUIRQA -

21USAS SSIaApe
SNOLIDS AUY -

JU2AS 9SIoAPe >C< .

[IUBIUJIUIDY

|ojodoid
pue aujydiop

|ojodoid

UM Uonepas pue
eisabjeur paseq
CIISCENVES

[Auelua

|ojodoid
pue [Aueiua4

|Auey
-Uaj/ulejozepiw
UM UO1epas
paseq-d11oudAy

4 Y ¢ <IOf AN

K19buns dejpied
€ AR Pa|NPaYDS

4 Y ¢l <IOf AN

800¢ aunf

09 015007 JoquiaaQ

el

08

(LLOZ Ul pays||
-gnd) paieis 10N

(900¢ Ut pays|
-gnd) pai1e1s 10N

pung-signop
'I9}UDD-OM |

pul|g-19AI95qO
UENIERECT[SIV]IN

|9gej-uado
Ia1ua-9|buIg

Auewlan

$9115 pAUN

Auewlan

[¥7] e 1o saids

4N =REREA6}

tad

{ERENVEETERIN]

sawodlnQ

suospedwo)

SUOIJUDAIU|

swe
Apnis suonipuod
Jo 'oN Sjusned

paziwopuel
sjuaned jo
Jaquinu [e3o

pouad Apnig

bumeas

Anuno>

sioyiny

(penunuod) | 3|qeL



Page 7 of 11

(2022) 22:323

Aoki et al. BMC Anesthesiology

JuaWBPN( 104 PJOYSDIYI 3Y} SEM UDIYM ‘Gz’ | 03 0L pauueds |D 956 Y} pue 3zis uolewojul [ew3do Sy} 393W JoU pIp 3| 3SNed3q [9A3] dUO AQ PaPeIBUMOP SBM JUSWISSISSe 3Y |

selq Jo st ybiy ayy 01

Buimo [an3] auo Aq papesbumop pue A|1es pajeuluuia) sem (s3nsal |[e Jo 3YBIam %z 67) ApNis s;je 19 saids pue ‘sdnoib [013u0d pue UOIIUSAISIUI 3Y) Ul SBAIIRPSS JUBISYIP PASN (s} Nsai [[e J0 1yBIam %6'87) ‘[B 12 SUBBIIRNIN

%£6 Sem A11Ua601R1RY 104 | dSNdD] |3A3] dUO Aq papesbumop sem apeib ay] ,

%E£6 sem A11auab0I313Y 104 ;| SsNed3q [9A3] 3UO Aq papeibumop sem apelb ay| o

Juswbpn( 1o} ploysaiyl ay1 sem Yaiym ‘sz'L 01 §/°0 pauueds D %S6 24l pue zis uolew.ojul [ewndo ayl 199w 10U pIp 11 35nedaq S|9A3| 0M1 A papeIBUuMOp SeM JUBWSSSSSe 3Y]

11UN 31D SAISUIIU| )] ‘DIUBIBPIP UBSN GJN ‘O11R1 YSIY HY ‘[BAIDIUI 9dUSPYUOD D

A@\_OE
(S 0} JIoma)
/[ wioy)
MO 000L (Y0C016L0) (%€7T0) (9€'87) sjewn
AVOLLIYD OO@@ 19d aiow 09 LT L HY colL/ec 901/0¢ SUON 5 SNOULS SNOLISS 10N SNOLISS 10N p SNOLISS psziopuey ¢
wnuieq
(210w
€G 01 Joma}
6¢ Wwoj)
MO 000L (061 ©1050) (965°2) sjewn
AVOLLIYD OO@@ 19d 1omay | 86°04Y (%6'S) SST/SL c/L/EL SUON , SNOUSS AISp SNOLISS JON SNOLSSION  SNOUSSION  paziwopuey %
SJUDAD 9SI9APE 919A9S
(12ybiy
SELLO)
19MO| £T°€)
J1V4IA0OW 1aybiy Sjel
IVOILIED O@@@ 0L AN - €8¢ Rerd SUON SNOLISS 10N SNOI3S JON 5 SNOLSS  SNOLRS 10N paziwopuey /
Aeis NDJ ay3 jo uoneing
(ayb1y 88’1
01 JaMO| 6°0)
31vY3A0OW 1aybuy S
AVOILIYD O@@@ 60 AN - €3¢ 15C QUON SNoLas JO0N SNO1ISS JON qSNOLSS  SNOLLS 10N paziwiopuey /
UOI3e[I3UdA |edlueydaw jo uoljeing
(210w
801 01 Jomay
LG woy)
MO 0001 43d  (09'C 01 +70) sjewn
WL OO 19may 1 6044  (%L9)6LL/8  (%99) L/ SUON SNOLBS AISA  SNOLISS JON SNOLS 10N SNOUSSION  PazIWopuey 4
Ayjevow
(12 %S6) (12 %S6) spioido suonelspisuod ubisap salpns
ainjosqy EVIEN] 1#PY10 [Auejuag Y10 uoispaidwy ssaudalipu]  Adudlsisuodu|  seiq Jo ysiy Apnis Jo‘oN
aduepodw|  Aureyrsd 10943 sjudaned jo ‘oN juawissasse Ljuieyd)

sa|yoid 9oUSPIAT T 3|qel



Aoki et al. BMC Anesthesiology (2022) 22:323

Page 8 of 11

Random sequence generation (selection bias)

Selective reporting (reporting bias)
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. Incomplete outcome data (attrition bias)

~
~)

-~

Karabinis et al. (ref. 19)

-~

Liu et al. (ref. 20)

Muellejans et al. (ref. 21) [ (?

-~

Muellejans et al. (ref. 22) [ (?

@ 2|

Oliver et al. (ref. 23)
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g X)
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?2 |12

Fig. 2 Risk of bias summary. Green circles indicate a low risk of bias, yellow circles indicate an unclear risk, and red circles indicate a high risk

bias” in one study [20], but the remaining studies lacked
clarity in several domains.

Assessment of reporting bias
We were unable to create a forest plot because fewer than
10 studies were included.

Discussion

This meta-analysis aimed to investigate the effects of fen-
tanyl administration in mechanically ventilated patients
in the ICU using the GRADE system. We found that
fentanyl was not associated with a decrease in mortality,
duration of mechanical ventilation, duration of the ICU

stay, incidence of serious adverse events, or incidence of
delirium compared with other opioids. The results were
also robust in the sensitivity analysis. However, the most
common opioid that was compared with fentanyl was
remifentanil. Additionally, the GRADE certainty rating of
the results was rated as moderate to low, suggesting that
the evidence was inadequate, and the results could thus
not be confirmed.

To the best of our knowledge, this is the first meta-
analysis to examine the effectiveness of fentanyl admin-
istration for mechanically ventilated patients in the ICU.
Fentanyl is an opioid used for pain relief in mechanically
ventilated ICU patients worldwide [6, 7, 12]. Fentanyl
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is a synthetic opioid with a good profile, but undergoes
hepatic metabolism, and thus accumulates in tissues fol-
lowing continuous infusion, resulting in prolonged drug
effects [25]. The Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep disruption guidelines state that all
opioids are equally effective [4]. However, recent reports
have indicated differences in postoperative complications
among opioids used for postoperative patient-controlled
analgesia [26], differences in the rates of maintenance of
light sedation in the ICU [27], and differences in opioid-
withdrawal syndrome in the ICU [28]. Another impor-
tant finding of this study is that remifentanil was usually
compared with fentanyl in the ICU, and no RCTs com-
pared fentanyl with alfentanil, sufentanil, or hydromor-
phone. Therefore, the optimal opioid for use in the ICU is
controversial, and further research is required.

The current analysis showed no difference in mor-
tality between fentanyl and other opioids. In contrast,
however, a recent propensity score-matched cohort
study that compared fentanyl and morphine as analge-
sics in patients with acute respiratory distress syndrome
reported a lower mortality with fentanyl [29]. The pre-
sent meta-analysis showed no significant difference in
the duration of mechanical ventilation or the ICU stay
between patients treated with fentanyl or other opioids.
These results remained similar even after subgroup and
sensitivity analyses, which showed no difference between
fentanyl and remifentanil. This result is in contrast to a
systematic review that showed a slight reduction in the
duration of mechanical ventilation and the ICU stay
between patients treated with remifentanil and those
treated with other opioids [10]. There were no differ-
ences in severe complications between the fentanyl and
other opioid groups in this study. Although some stud-
ies have reported adverse effects of fentanyl in patients
in the community [30], there have been few reports of
severe complications in the ICU [19, 21, 31]. There was
no difference in the rate of delirium between the fenta-
nyl and other opioid groups in our analysis. However, in a
relatively small cross-sectional study, fentanyl treatment
did not increase the incidence of delirium, but was asso-
ciated with subsyndromal delirium (defined as a score of
between 1 and 3 on the Intensive Care Delirium Screen-
ing Checklist) [32]. This inconsistency among studies
may be due to the small number of RCTs that compared
fentanyl with other opioids, the small sample size, and
different patients’ backgrounds and interventions/
controls.

Following this systematic review, the independent
panel committee of the J-SSCG 2020 decided against
issuing a recommendation addressing this clinical
question. Fentanyl is currently the only opioid that can
be legally administered in Japanese ICUs. The panel
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committee decided that the results of this review, which
did not support the use of fentanyl, might confuse the
clinical practice of sepsis management. Because inad-
equate analgesia is associated with a worse progno-
sis [1-3], the choice of opioids for patients in the ICU
remains an important issue for future consideration.
This study had several limitations. First, this system-
atic review was conducted as part of the Japanese sepsis
guidelines, and experts outside the systematic review
team determined the outcomes. Therefore, although
opioids in the ICU are sometimes discussed in terms
of cost, it was not chosen as an outcome for this study
because the cost was judged not to be a critical out-
come in the ventilatory management of critically ill
patients. Second, the number of included studies was
relatively small and the sample size was small. There-
fore, a subgroup analysis and sensitivity analysis were
conducted, but the robustness of this meta-analysis
may be debatable. Third, the dosing protocols of the
opioids administered in each study varied, which may
have affected the results of this analysis. Therefore,
we carefully reviewed the dosing protocols for seda-
tives and opioids (Additional file 3). The effects of opi-
oids may also vary depending on the patient’s liver
and kidney function. However, protocols that adjust
drug doses using patients’ assessment scores, such as
the Richmond Agitation Sedation Scale, may reduce
the differences in drug types. Fourth, the comparison
of fentanyl with other opioids was in the short term
within hospitalization or 28 days, and no long-term
(e.g.,>6 months) comparison has been performed.
Opioids may be associated with medium- and long-
term outcomes, such as post-intensive care syndrome
and chronic pain, but no studies have evaluated these
outcomes. Fifth, the present study was initially con-
ducted in 2019 for the J-SSCG 2020, but was re-per-
formed with a more recent literature search in 2021.
Therefore, there are slight differences from the PROS-
PERO registration. An example of these differences is
that alfentanil and sufentanil, which are unavailable in
Japan, were excluded from the PROSPERO registration
in 2019. However, we did not exclude alfentanil and
sufentanil from the second search in 2021. A second lit-
erature search may have increased the generalizability
of the study results. Finally, assessing the certainty of
the evidence is subjective, and some researchers may
not agree with our assessment. However, the present
study was conducted following the methodology of the
J-SSCG 2020, which included independent validation of
search formulas, an external audit of systematic review
work, and a peer review of the GRADE evidence pro-
file by an independent committee. Despite these limita-
tions, we believe that our results, which were obtained
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using the appropriate procedures and evaluated with
the GRADE approach, have important implications for
clinicians.

In conclusion, the present study used the GRADE
system to examine the effect of fentanyl on mechani-
cally ventilated patients in the ICU. We did not find any
significant difference in patients’ outcomes between the
use of fentanyl and other opioids. However, remifenta-
nil was usually the only opioid compared with fentanyl,
and the GRADE certainty ratings were generally low,
indicating a lack of evidence in this area.
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