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Anesthesia, spinal; Introduction: Spinal infusions of either fentanyl or sufentanil have been reported in interna-
Fentanyl; tional reports, articles, and scientific events worldwide. This study aimed to determine whether
Sufentanil; intrathecal fentanyl or sufentanil offers safety in mortality and perioperative adverse events.
Safety; Methods: MEDLINE (via PubMed), EMBASE, CENTRAL (Cochrane library databases), gray litera-
Drug-related side ture, hand-searching, and clinicaltrials.gov were systematically searched. Randomized con-
effects and adverse trolled trials with no language, data, or status restrictions were included, comparing the
reactions effectiveness and safety of adding spinal lipophilic opioid to local anesthetics (LAs). Data were

pooled using the random-effects models or fixed-effect models based on heterogeneity.

Results: The initial search retrieved 4469 records; 3241 records were eligible, and 3152 articles
were excluded after reading titles and abstracts, with a high agreement rate (98.6%). After read-
ing the full texts, 76 articles remained. Spinal fentanyl and sufentanil significantly reduced post-
operative pain and opioid consumption, increased analgesia and pruritus. Fentanyl, but not
sufentanil, significantly reduced both postoperative nausea and vomiting, and postoperative

* Corresponding author.
E-mail: neubermf@gmail.com (N.M. Fonseca).

https://doi.org/10.1016/j.bjane.2021.10.010
0104-0014/© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjane.2021.10.010&domain=pdf
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0001-7201-7408
http://orcid.org/0000-0003-3428-0664
http://orcid.org/0000-0003-3428-0664
http://orcid.org/0000-0003-3428-0664
http://orcid.org/0000-0003-3428-0664
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9466-6537
http://orcid.org/0000-0002-9469-9291
http://orcid.org/0000-0002-9469-9291
http://orcid.org/0000-0002-9469-9291
http://orcid.org/0000-0002-9469-9291
mailto:neubermf@gmail.com
https://doi.org/10.1016/j.bjane.2021.10.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bjane.2021.10.010

Brazilian Journal of Anesthesiology 2023;73(2): 198—216

shivering; compared to LAs alone. The analyzed studies did not report any case of in-hospital
mortality related to spinal lipophilic opioids. The rate of respiratory depression was 0.7% and
0.8% when spinal fentanyl or sufentanil was added and when it was not, respectively. Episodes of
respiratory depression were rare, uneventful, occurred intraoperatively, and were easily

manageable.

Conclusion: There is moderate to high quality certainty that there is evidence regarding the
safety and effectiveness of adding lipophilic opioids to LAs in spinal anesthesia.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

Anesthesiologists have been using the spinal route for fenta-
nyl and sufentanil for many years. However, these drugs
have not been approved either by the United States Food
and Drug Administration (FDA) or the National Health Sur-
veillance Agency of Brazil (Anvisa) for this goal. In FDA’s
labels, only intravenous or intramuscular routes are pre-
dicted for fentanyl citrate ampoules and intravenous or epi-
dural routes for sufentanil. Anvisa approved both fentanyl
and sufentanil for the epidural route, but there is no recom-
mendation regarding their use in spinal anesthesia. The
recent emergence of electronic health records in Brazil
turned this practice evident to the local pharmacovigilance
committee, because electronic prescriptions had shown that
anesthesiologists prescribed and injected fentanyl or sufen-
tanil in subarachnoid space. Later, it also became evident to
Anvisa, because such a committee notified the agency about
this fact, which raised concerns due to the lack of prediction
of the spinal route in fentanyl’s or sufentanil’s label. The
Brazilian Society of Anesthesiology (SBA) was asked for solid
evidence about the safety and effectiveness of intrathecal
(IT) fentanyl and sufentanil, and an expert team was formed
to investigate it.

The concerns of Anvisa are relevant as specialists know
that both sufentanil and fentanyl can produce respiratory
depression' by reducing the responsiveness of the brainstem
respiratory centers and causing increases in carbon dioxide
tension.?> Intravenous routes produce dose-dependent respi-
ratory depression. Only a few case reports of respiratory
depression after spinal infusion of fentanyl or sufentanil were
found. However, doses described in these cases are now con-
sidered overdoses for the analgesic effects in daily practice
and guidelines, which changed after some dose-response
studies. There is lack of good evidence for the incidence of
respiratory depression related to the addition of low doses of
those opioids to spinal anesthesia due to its rarity.

Potential respiratory depression, as a single argument,
should not be a reason to abandon spinal fentanyl or sufenta-
nil since Anvisa has also approved morphine for spinal route
use. Morphine can produce even more respiratory depression
than lipophilic opioids due to its higher cephalad spread, but
its safety has been better documented. Therefore, benefits
and risks should be balanced to make a sound decision for its
clinical use. Indeed, even two systematic reviews with
meta-analysis could not provide evidence of a significant
increase in the incidence of respiratory depression when the
IT morphine dose was lower than 0.3 mg.*° For cesarean
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delivery under spinal anesthesia, a systematic review com-
paring morphine in low doses (50—100 wg) to morphine in
higher doses (> 100—250 ug) did not detect any case of
respiratory depression regardless of the dose used.®

In one study, the addition of opioids, either hydrophilic or
lipophilic, to local anesthetics (LAs) in spinal anesthesia pro-
longed postoperative analgesia, decreased postoperative
pain intensity, and reduced the number of patients requiring
postoperative rescue analgesia.” However, opioid-based
anesthesia can increase the rates of postoperative complica-
tions other than respiratory depression and hypoxemia, such
as hyperalgesia, nausea and vomiting, pruritus, ileus, consti-
pation, urinary retention, tolerance by desensitization, diz-
ziness, and drowsiness. All risks and benefits must be known,
balanced, and individualized.

This systematic review and meta-analysis aimed to deter-
mine whether IT fentanyl or sufentanil offers safety in terms
of mortality or perioperative adverse events. It is hypothe-
sized that the addition of fentanyl or sufentanil to spinal
anesthesia can enhance recovery after surgery, with modest
side effects during the postoperative period.

Objectives

To perform a systematic review and meta-analysis of the evi-
dence related to the addition of fentanyl or sufentanil to spi-
nal anesthesia and subsequent respiratory depression,
postanesthesia care unit (PACU) length of stay, risk of need-
ing additional analgesics, and other secondary outcomes.

Methods

The systematic review was conducted by a team of content
specialists (NMF, JPJP, LMTAA, and GMNG) and method spe-
cialists (GMNG and RAO). The recommendation methods of
the Cochrane Handbook for Systematic Reviews of Interven-
tions® were followed, and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses’ guidelines were
complied with.

Protocol and registration

All authors actively participated in the study plan phase. The
authors included a search in the COMET database with no core
outcome set suitable for use prior to the study plan. After the
planning phase, the protocol was registered on the PROSPERO
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database (CRD42020219474) (https://www.crd.york.ac.uk/
prospero/display_record.php?RecordiD=219474).

Eligibility criteria

Study design

Only randomized controlled trials (RCTs) were included in
this study. No language, publication status, or year of publi-
cation restrictions were made.

Participants/population
Participants were adult patients who received spinal anes-
thesia for surgery.

Interventions
Addition of spinal fentanyl or sufentanil to LAs, regardless of
the dose used.

Control

LA (including lidocaine, bupivacaine, or levobupivacaine)
alone or combined with saline solution for spinal anesthesia
was used.

Outcomes

No set recommendation of outcomes was found. We included
death (present or absent), PACU length of stay (in minutes),
postoperative pain (assessed by visual analog scale), respira-
tory depression (present or absent), urinary retention (pres-
ent or absent), pruritus (present or absent), postoperative
nausea and vomiting (PONV), nausea alone (present or
absent), vomiting alone (present or absent), need for addi-
tional analgesia (present or absent), time to first rescue
analgesia (in minutes), and shivering (present or absent) as
the most important outcomes, considering clinical rele-
vance. We initially included data for outcome definitions
and time points, for example: worst and resting pain, 12 h
and 24 h PONV.

Exclusion criteria

The following were excluded in this study: (1) indirect com-
parisons, (2) pediatric patients, (3) addition of general anes-
thesia, (4) combined/different regional anesthesia, and (5)
other LAs besides lidocaine, bupivacaine, or levobupiva-
caine.

When a study met the eligibility criteria but included a
group with drugs other than fentanyl/sufentanil, the study
was included, and this particular group (which used other
drugs) was excluded from the comparison.

Information sources and search

The team developed the search strategy, and one author
(RAO) ran it on 2020/11/17. The search included MEDLINE,
CENTRAL, and EMBASE databases using the MeSH terms
“"Injections, Spinal” OR "Anesthesia Epidural” OR "Anesthesia
Spinal” AND "fentanyl” OR "sufentanil” OR "Piperidines” OR
"Bupivacaine” OR "Levobupivacaine” OR "Lidocaine” OR
"Anesthetics, Local” (see search strategy for PUBMED). A
search was done for ongoing studies on the clinicaltrials.gov
database, and for gray literature on the opengray.eu data-
base. The authors also searched reference lists from
included studies and looked for specialists’ knowledge of
any publication of the title.
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Study selection

The output of all included databases was exported to files
that were imported to a research software (Rayyan QCRI).
Two reviewers (JPJP and LMTAA) used the software blinded
to other choices to select included studies and to exclude
duplicates. Discordances were solved by a third reviewer
(NMF).

Data items

From the full text of each included trial, characteristics of
the randomization, the sample size for each group, group
characteristics (drugs and doses), presence of any exclusion
criteria, clinical features including demographics (age and
gender), type of surgery, and outcomes measured were
extracted.

Data collection and analysis

One author (GMNG) developed software to collect data in a
web app (https://www.appsheet.com/start/83632bce-4cf4-
42c5-8136-1f783bb8747d#appName=SpinalopioidsSRDatacol
lector-443302&page=detail&table=Article&row=Chandra%
3A%202008). Two authors (GMNG and NMF) pilot tested it
using ten random articles and refined the software before all
authors used it. Four authors (NMF, LMTAA, JPJP, and GMNG)
filled the structured web app forms asynchronously, and then,
the data was exported to a spreadsheet file. The relational
database helped the authors to check for similar outcome
measures. One author (NMF) checked the exported data con-
sistency by manually verifying studies’ data.

Risk of bias in individual studies

Two reviewers (NMF and RAO) independently evaluated the
methodological quality of the studies. The “risk of bias tool”
from the Cochrane Handbook for Systematic Reviews of
Interventions version 5.4 was used to assess the risk of bias
of the included studies in terms of the assessment criteria.®
Each of the seven domains of bias was rated as follows: low
risk of bias, if the study met the quality criteria; unclear risk
of bias, if one or more of the quality criteria were only par-
tially completed or imprecise; or high risk of bias, if one or
more of the criteria were not met or not included. Disagree-
ments were resolved by discussing them with the team. Rea-
sons for judgment are described.

For every study with at least one domain classified as
unclear, the corresponding author of the respective study
was contacted by two reviewers (JPJP and LMTAA) through
electronic correspondence. The content of the correspon-
dence was a standard letter pointing out the method's issues
that raised concern about the risk of bias and giving the
authors the opportunity to clarify them.

Summary measures

Planned methods of analysis

Data were analyzed using the Revman 5.4 package. Mean
difference (MD) for continuous outcomes with 95% confi-
dence intervals (Cls) was used. Dichotomous outcomes were
expressed as RR with 95% CI. A test for heterogeneity was
conducted. A value of 1> more significant than 50% was
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assumed to indicate substantial heterogeneity, and poten-
tial sources of heterogeneity were investigated. If signifi-
cant heterogeneity occurred (I > 50% or p < 0.05), a
random-effect model was used to calculate the pooled
MD or RR. Publication/reporting biases were investigated
using funnel plots when possible (more than ten studies
included).

Assessment of methodological quality

Confidence in the estimated effect assessment was carried
out using Grading of Recommendations, Assessment, Devel-
opment, and Evaluations (GRADE).°

Supplemental files

The detailed description of the additional analyses, includ-
ing data and statistical calculations, can be found in the
Appendix Supplementary materials.

Results

Study selection

A total of 4469 records were retrieved from the initial data-
base search. After removing duplicate articles, 3241 records
were eligible. After a simple reading of the titles and
abstracts, with a high agreement rate (only 46 conflicts),
3152 studies were excluded. The authors considered 89 full-
text studies for eligibility.

The authors excluded 13 studies due to a lack of pertinent
study design. Non-RCTs, systematic reviews, studies with
inappropriate comparator intervention, studies with no con-
trol group, and studies with combination specifics were
excluded (supplementary material contains the reasons for
exclusion). Finally, 76 RCTs were included for qualitative
and quantitative analyses. The selection process is shown in
a flowchart (Fig. 1).

Study characteristics

The essential characteristics of the included studies are
listed in Table 1. The 76 included studies consisted of 4734
patients (control group: 1970 patients in 76 studies; fentanyl
group: 1895 patients in 60 studies''™®%; and sufentanil
group: 869 patients in 26 studies'?2!:24:26,29,31,43,48,49,64,69
~83), There were ten studies investigating the effect of both
fentanyl and sufentanil. '2-21:2426,29,31,43,48,49,84

Characteristics and reasons for exclusion of studies were

described in Supplementary Table 1.

Methodological quality of included studies

The risk of bias is summarized in Supplementary Figures 1
and 2. Most of the included RCTs were found to have a low to
unclear risk of bias. Low or unclear random sequence genera-
tion methods were considered. No study described the alloca-
tion concealment method, and it was deemed as an unclear
risk. The blinding of participants and personnel, outcome
assessment, and outcome data provided detailed information
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and were judged as low risk. Moreover, some studies had
selective reporting bias, and some studies had incomplete
outcome data. Reasons for judgment are described in
Supplementary Table 2.

Effect estimates for outcomes

In case of dropouts or loss of follow-up, intention-to-treat
analysis was used, considering the worst-case scenario. It
was deemed that if an intervention worked in the worst sce-
nario, it would probably do it in the best one.

Primary outcomes

Rescue analgesia up to 24 h

Nineteen studies provided data on rescue analgesia up to
the first postoperative day. Seventeen studies involving 995
patients, provided data for comparing the use of IT fentanyl
versus LA, and three studies, involving 130 patients, com-
pared the use of IT sufentanil.

Compared with LAs, spinal coadministration of both fen-
tanyl or sufentanil decreased patients' need for rescue anal-
gesia. The RR was 0.29 (0.21-0.38); 95% ClI for fentanyl and
0.71 (0.39—-1.30); 95% Cl for sufentanyl (Fig. 2).

Based on the analysis, the pooled RR estimate was 0.32
(0.25—-0.42) with a 95% CI. The heterogeneity test between
subgroups was as follows: Chi? = 7.36; I = 86.4% (Fig. 2).

Four studies used different opioid doses between inter-
vention and control groups.'%2%:3%47 Therefore, a sensitivity
analysis was performed to investigate different possible
doses affecting effect direction. Even in this case, there is
no change in effect direction (Supplementary Fig 1).

A funnel plot was made, aiming to look for publication
bias. There was no asymmetry.

The time to first rescue analgesia was longer for both IT
fentanyl compared to LA alone (Mean difference: 120.3
minutes [81.72 to 158.35]; 95% Cl) and for IT sufentanil com-
pared to LA alone (Mean difference: 142.82 minutes [105.06
to 180.52]; 95% Cl) (Supplementary Fig 2).

PACU length of stay

Only three studies, all using fentanyl, and totaling 241
patients, provided data on PACU length of stay. Criteria for
discharge from the PACU varied among studies, but all of
them included stable vital signs and complete resolution of
the motor block.

Data from two out of three studies were included. All
studies demonstrated longer PACU time with IT fentanyl.
There was a significant difference in the PACU length of
stay (RR = 3.95 [1.27-6.63]; 95% Cl; Fig. 3) for those
given IT fentanyl compared to those who were adminis-
tered a LA alone.

The evidence was judged as low certainty due to con-
cerns related to blending®’ and attrition bias*® since one
study did not describe primary and secondary outcomes
before developing the survey. We downgraded the certainty
by one level. There is a wide Cl. We downgraded the cer-
tainty by another level.

The studies used equal doses of LA in both the interven-
tion and control groups. A funnel plot analysis was not
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Records identified through Additional records identified through
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g - MEDLINE =1.271
S - EMBASE = 2.627 - Handsearching = 34
.S - Clinicaltrials.gov = 52
EE - Cochrane = 485
c - Gray literature = 0
Q
- l l
~—
Total records identified
(n=4469)
)
| Records excluded (n = 1.228)
oo »| - duplicated studies
< '
o
o Records after duplicates removed Records excluded (n = 3.152,
8 (n=3241) some studies have more than
one reason for exclusion)
- wrong publication type - 1681
- wrong study design - 1591
- wrong technique - 837
- wrong control group - 495
»| -wrongdrug - 477
- epidural - 453
- wrong technique - 257
- wrong outcome - 107
= - wrong population - 60
= v - retrospective - 32
-'ng - wrong study duration - 5
= Full-text articles assessed for - background article - 1
! eligibility
(n=89) Records excluded (n = 13)
| - wrong comparison (n = 8)
»| - wrong intervention (n =2)
l - wrong population (n = 1)
- . - - tudy desi =1
) Studies included in qualitative Wrong siudy design (n=1)
) - inappropriate comparator
svnthesis (n = 76) intervention (n = 1)
o)
()
-c l
=
=
- Studies included in meta-
analysis (n = 76)
~—

Figure 1 Flow diagram.

performed since there were less than ten studies included in Secondary outcomes

the meta-analysis.

Respiratory depression

Most studies defined respiratory depression as respiratory
rate < 8—10 and Sp02 < 90%, and three studies detected this

In-hospital mortality

None of the studies described any in-hospital death, and no
perioperative deaths were described in the 76 included
RCTs. None of the specialists asked could report any death
related to the use of intrathecal opioids. The specialists
from the team did not know any case report associated with
this outcome using these spinal lipophilic opioids.

outcome. 959,63 Twenty eight studies!"»12:16,17,20,27,29,36,39,45
—47,49,52-56,59,67,69,73,75,77,79,80,85 reported respiratory depres-
sion and could be joined in a meta-analysis (Fig. 4). The
studies reported a total of 14 cases of respiratory depres-
sion — 7 out of 941 patients who received spinal fentanyl
or sufentanil and 7 out of 815 patients who received LAs.
All instances of respiratory depression were uneventful
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Table 1

01

02

03

04

05

06

07

08

09

20

21

22

23

24

25

26

27

28

Abdollahpour
etal. 2015
Acharya et al.
2019

Agrawal et al.
2016

Akan et al. 2013

Asokumar et al.
1998

Atallah et al.
2003

Atallah et al.
2006

Attri et al. 2015

Ayd:n et al. 2011
Bang et al. 2012

Ben-David et al.
1997

Ben-David et al.
2000

Bidikar et al. 2017

Biswas et al. 2002
Braga et al. 2003
Braga et al. 2012

Chandra et al.
2008

Chilvers et al.
1997

Cowan et al. 2002

Dahlgren et al.
1997

Demiraran et al.
2006

Derakhshan et al.
2018

Desai et al. 2019

Doger et al. 2014

Donadoni et al.
1987
Farzi et al. 2017

Gauchan et al.
2014
Girgin et al. 2008

Cesarean section
Cesarean section
Cesarean section
TURP

Labor analgesia
Transurethral Cysto-
scopic Surgery
Percutaneous
nephrolitotomy
Infraumbilical
surgeries
Arthroscopic knee
surgery

Cesarean section
Arthroscopic knee
surgery

Surgery repair of hip
fracture

Cesarean section
Cesarean section
Cesarean section
Cesarean section
Cesarean section
Gynecological
laparoscopy
Cesarean section
Cesarean section
Cesarean section
Lower limb surgery
Femur surgery
TURP

Urological procedures
Cesarean Section

Cesarean Section

Inguinal herniorrhaphy

Basic characteristics of trails included.

60

NS

64

83

25

40

32

39

20

35

31

50

60

40

4

NS

4

60

40

80

48

60

63

50

80

100

28

21

92

70

Iran

Nepal

India
Turkey
United States of
America
Egypt
Egypt

India
Turkey
South Korea
Israel

Israel

India

India

Brazil
Brazil

India
Canada
United Kingdom
Sweden
Turkey

Iran

India
Nigeria
Belgium
Iran

Nepal

Turkey

25
30
20
20
19
40
54 (ITT)
50
25
35
25
10
30
20
20
24
20
21
25
20
25
30
30
20
20 (ITT)
33 (ITT)
35

20 (ITT)

25
30

20

20/20

2

40

54 (ITT)
50

25

35/35

25

10

30

20
20/20/20
24

20/20
21/21

25
20/20/20
25/25/25
30

30

20

20 (ITT)
33(ITT)/33
(TT)

35

20 (ITT)

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.25%
Bupivacaine
0.1%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levoupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 1%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Levoupiva-
caine 0.5%

7.5

20

13.75

12.5

12.5

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.25%
Bupivacaine
0.1%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levoupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 1%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Levoupiva-
caine 0.5%

12,5

12.5
7.5/7.5

2.5

7.5

7.5
20
13.75
12.5

12.5

7.5

7.5

75

12.5

Sufentanil
Fentanyl
Fentanyl
Fentanyl/
Sufentanil
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Sufentanil
Sufentanil
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Sufentanil
Sufentanil
Fentanyl/
Sufentanil
Fentanyl
Fentanyl
Fentanyl/
Sufentanyl
Sufentanil
Sufentanil
Fentanyl
Sufentanil
Sufentanil
Fentanyl/
Sufentanil

Fentanyl

Fentanyl

1.5

12.5

25

25/2.5

25

20

10

25

2.5

2.5/5

20

12.5

12.5

2.5/5/

25/5
10/25
20

F10/
$2.5/S5
1.5/2.5/
5

5

25

25/2.5

20

25
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29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

45

46

47

48

49

50

51

52

53

54

(Continued)

Gupta et al. 2013
Gurbet et al. 2008

Hakkim et al.
2015

Hassani et al.
2014
Hoda et al. 2007

Hunt et al. 1989

Jain et al. 2004

Kararmaz et al.
2003
Kaur et al. 2011

Kezri et al. 2014

Korhonen et al.
2003

Kuberan et al.
2018

Kuusniemi et al.
2000

Lauretti et al.
1998

Lee et al. 2005

Lee et al. 2009
Lee et al. 2011

Mahajan et al.
2005

Makwana et al.
2014

Martin et al. 1999

Martyr et al. 2001

Neeta et al. 2015

Ngiam et al. 1998

Olofsson et al.
2004

Ozyilkan et al.
2013

Palmer et al. 1995

Urological procedures
Anorrectal surgery
Lower abdomen, uro-
logical, and lower
extremities

Lower Extremity
Surgery

Hip fracture surgery

Cesarean section

Cesarean section
TURP

Urological procedures
Cesarean section
Knee arthroscopy
Cesarean section
Urological procedures
Abdominal
hysterectomy
Urological procedures
Lower extremity
surgery

Cesarean section
Cesarean section
Abdominal
hysterectomy

Oocyte retrieval
procedures

Hip fractures
Urologic, Gynecologic,
Orthopedics and gen-
eral surgery

Cesarean section

Hip fractures

Cesarean section

Cesarean section

66

24

55

67

NS

40

55

47

35

NS

NS

NS

24

45

23

NS

55

45

60

51

36

45

50

NS

72

24

60

78

33

NS

60

NS

93

28

India
Turkey

India

Iran
Pakistain

United States of
America

India
Turkey
India
Iran
Finland
India
Finland
Brazil
Hong Kong
Korea
Korea
India
India
EUA
Australia

India

Singapore
Sweden
Turkey

EUA

30
20 (ITT)

50

30

30

20

30

30

50 (ITT)
18 (ITT)
20

10

25
20/20
24

12

30

40

25 (ITT)

20

20 (ITT)
25
31

14

30/30
20 (ITT)

50

30/30
30/30

6/8/7/7/6/
7/5

15/15
20

30

30

50 (ITT)
18 (ITT)
20/20/20
10/10/10
25

20

24/24

12

30

38

23 (ITT)

20/20

20/20 (ITT)
25

31/31

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine
1,5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%

7.5

7.5

12.5

10/5

6.5-12

7.5

45

12.5

2.24+0.2
mL
80

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine
1,5%
Bupivacaine
0.5%
Bupivacaine
0.5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Levobupiva-
caine 0.5%

7.5

2.5

12.5

15

8/6

7.5-11

7.5

7.5

10

10/7.5/7.5

15

6.5-12

7.5

15

45

7.5

7.5

7.5

2.2+0.2mL

80

Fentanyl/
Sufentanil
Fentanyl

Sufentanil
Fentanyl/
Sufentanil

Fentanyl

Fentanyl

Fentanyl
Fentanyl
Sufentanil
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl/
Sufentanil
Fentanyl
Fentanyl
Fentanyl
Fentanyl

Fentanyl/
Sufentanil

Fentanyl/
Sufentanil
Sufentanil

Fentanyl/
Sufentanil
Fentanyl

25/10

25

25/2.5
20/20
2.5/5/
6.25/
12.5/
25/
37.5/50
10/20
25

10

25

10

15
25/25/
25
25/10/
25

15

10
20/2.5
20

25

10

20

25/5

15/10

10/2,5

15

9 ‘W'D ‘©295u04 "W'N
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Table 1

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

7

72

73

74

75

76

(Continued)

Rajbhandari et al.
2020

Randalls et al.
1991

Sadegh et al.
2012

Seewal et al. 2007

Sertoz et al. 2014
Seyhan et al. 2006
Shahriari et al.
2007

Shende et al.
1998

Shim et al. 2018
Singh et al. 1995
Sung et al. 2013
Techanivate et al.
2004

Tyagi et al. 2013
Unal et al. 2012
Venkata et al.
2015

Vyas et al. 2010
Wang et al. 2019
Walsh et al. 2003

Waxler et al. 2004

Weigl et al. 2016

Yi-chun et al.
2006
Zohar et al. 2007

Emergency
appendectomy
Cesarean section
Cesarean section
Inguinal hernia repair
Knee arthroscopy
Cesarean section
Cesarean section
Cesarean section
Anorectasl surgery
Genitourinary surgery
Inguinal hernia repair
Appendectomy
Cesarean section
Knee arthroscopy
Cesarean section
Cesarean section
Total Hip Arthroplasty
TURP

Rectal ambulatory
surgery

Cesarean section
TURP

Transurethral
procedures

52

60

33

35

43

68

NS

55

30

37

90

100

68

48

80

26

45

40

40

45

NS

90

25

50

60

Nepal
UK
Iran
UK
Turkey
Turkey
Iran
UK
Korea
USA
Korea
Thailand
India
Turkey
India
India
China
Ireland

USA

Poland
China

Israel

33 (ITT)
15
20
20
40
2
38 (ITT)
20
30
15
25
30
33 (ITT)
15 (ITT)

21

30(ITT)
30

25

30/30/30
12/12/12
40
12/12/12/12
29

15/15

20

20

40

21

36

20

30/30

15 (ITT)/15
(ITT)

25

30

32(ITT)

15 (ITT)

28

30 (ITT)
30/30

25/25/25

Hyperbaric
lidocaine
1,5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Hyperbaric
lidocaine
1,5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

12.5

12.5

80

12.5

13.5

Hyperbaric
lidocaine
1,5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Lidocaine 5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%
Hyperbaric
lidocaine 5%

Bupivacaine
0.5%
Bupivacaine
0.5%
Bupivacaine
0.5%

15/15/15

12.5

12.5

11/11/11/11

80

12.5

13.5

20

10/10

4/3

50

7.5-15

7.5/7.5

5/4/3

Fentanyl
Fentanyl
Fentanyl
Fentanyl
Sufentanil
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Fentanyl
Sufentanil
Fentanyl
Fentanyl

Sufentanil

Fentanyl
Sufentanil

Fentanyl

10/20/
30

10

25
10/20/
30/50
2,5

10/20

20
12,5/25
25/25

25

20
25

10

25
5/7,5

20/20/
20
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N.M. Fonseca, G.M. Guimaraes, J.P. Pontes et al.

opioid local anesthetic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 fentanyl
Acharya 2019 (1) 6 30 12 30 6.2% 0.50[0.22, 1.16] ——
Agrawal 2016 (2) 0 20 3 20 1.8% 0.14[0.01, 2.60] —
Akan 2013 (3) 9 20 11 20 5.7%  0.82[0.44, 1.53]) —y—
Atallah 2003 {4) 4 40 12 40 6.2%  0.33[0.12, 0.95] —
Atallah 2006 (5) 5 54 14 54 7.3% 0.36[0.14, 0.92] ——
Ben-David 1997 (6) 0 25 0 25 Not estimable
Biswas 2002 (7) 2 20 18 20 9.3% 0.11[0.03, 0.42]
Girgin 2008 (8) 2 19 9 19 4.7%  0.22[0.06, 0.90] e}
Curbet 2008 (9) 2 18 7 17 3.7% 0.27[0.06, 1.12] —_—
Kezri 2014 (10) 2 30 3 30 1.6% 0.67[0.12, 3.71) ——
Mahajan 2005 (11) 2 12 8 12 4.2%  0.25[0.07, 0.94] —_—
Martyr 2001 (12) 1 20 2 20 1.0% 0.50[0.05, 5.08] ———
Ngiam 2003 (13) 0 20 3 20 1.8% 0.14[0.01, 2.60] —
Sadegh 2012 (14) 1 40 14 40 7.3%  0.07[0.01, 0.52] s
Sung 2013 (15) 9 36 18 36 9.3% 0.50[0.26, 0.96] —
Techanivate 2004 (16) 0 20 7 20 3.9%  0.07 [0.00, 1.09] —_—
Tyagi 2013 (17) 1 30 25 30 13.0% 0.04[0.01, 0.28]
Walsh 2003 (18) 1 14 0 14 0.3% 3.00[0.13, 67.91) —
Weigl 2016 (19) 1 30 7 30 3.6% 0.14[0.02, 1.09]
Subtotal (95% CI) 498 497 90.9% 0.29 [0.21, 0.38] ¢
Total events 48 173
Heterogeneity. Chi? = 28.98, df = 17 (P = 0.03); I> = 41%
Test for overall effect: Z = 8.69 (P < 0.00001)
1.1.2 sufentanil
Akan 2013 (20) 3 20 3 20 4.7% 1.00[0.50, 1.98] ——
Aydin 2011 (21) 3 25 S 25 2.6% 0.60[0.16, 2.25] —
Ngiam 2003 (22) 0 20 3 20 1.8% 0.14[0.01, 2.60] —
Subtotal (95% CI) 65 65 9.1% 0.71 [0.39, 1.30] <>
Total events 12 17
Heterogeneity. Chi? = 2.18, df = 2 (P = 0.34); I? = 8%
Test for overall effect: Z = 1.10 (P = 0.27)
Total (95% CI) 563 562 100.0% 0.32 [0.25, 0.42] L 2

Total events 60 180
Heterogeneity. Chi? = 37.68, df = 20 (P = 0.010); I? = 47%
Test for overall effect: Z = 8.68 (P < 0.00001)

Test for subgroup differences: Chi? = 7.36, df = 1 (P = 0.007), I* = 86.
Footnotes

(1) Has saline in the plain. Used fentanyl 12,5 ug

(2) Has saline in the plain. Used fentanyl 12,5 ug

(3) Has saline in control. Used fentanyl 25 pg

(4) Has saline in control. Used fentanyl 20 pg

(5) Total Spinal infused volume differs. Used fentanyl 10 ug

(6) Has saline in control. Used fentanyl 10 ug

(7) Has saline in control. Used fentanyl 12.5 ug

(8) LA doses vary. Used fentanyl 12,5 ug

(9) LA doses vary. Used fentanyl 12,5 ug

(10) Has saline in control. Used fentanyl 12,5 pg

(11) Has saline in control. Used fentanyl 20 pg

(12) Has saline in control and LA doses vary. Used fentanyl 20 ug
(13) Used fentanyl 15 pg

(14) Has saline in control. Used fentanyl 25 ug

(15) Total Spinal infused volume differs. Used fentanyl 10 ug
(16) Has saline in control. Used fentanyl 20 ug

(17) Total Spinal infused volume differs. Used fentanyl 12,5 pg
(18) Used fentanyl 25 ug

(19) Used fentanyl 25 ug

(20) Has saline in control. Used sufentanil 2.5 pg

(21) Has saline in control , LA doses vary.Used sufentanil 2.5mcg
(22) Used sufentanil 10 ug

0.1 1 10
opioid local anesthetic

I

500

0.002
4%

Figure 2 Meta-analysis of the rescue analgesia up to 24h. (1.1.1) Rescue analgesia of patients received fentanyl vs local anesthetic

alone, fixed-effect model was used. (1.1.2) Rescue analgesia of pat
model was used.

and easily manageable, and all events happened intrao-
peratively. No study reported late respiratory depression
(postoperatively).

We did not perform a sensitivity analysis because
there were many no-event studies, and those that
described rare events of respiratory depression used the
same dose of LAs in both intervention and control
groups.
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ients received sufentanil vs local anesthetic alone, fixed- effect

Confidence in the estimated effect was judged to be of
moderate quality due to imprecision (low number of events
with a wide Cl). We downgraded it by one level.

Urinary retention

Ten studies consisting of 689 patients (control group: 328
patients; fentanyl group: 307 patients; sufentanil group: 54
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opioid local anesthetic Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.4.1 Fentanyl
Chilvers 1997 (1) 85 106 42 75 94 21 0.3% 10.00 [-41.42, 61.42]
Korhonen 2003 (2) 36 91.4859 S50 55 158.3403 S50  0.3% -19.00[-69.69, 31.69]
Martin 1999 (3) 158 S 38 154 7 40 99.4% 4.00[1.31, 6.69] ’
Subtotal (95% CI) 130 111 100.0% 3.95 [1.27, 6.63]

Heterogeneity. Chi? = 0.84, df = 2 (P = 0.66); I’ = 0%
Test for overall effect: Z = 2.89 (P = 0.004)

Total (95% CI) 130 111 100.0% 3.95 [1.27, 6.63] (2
Heterogeneity. Chi? = 0.84, df = 2 (P = 0.66); I = 0% t } t t
Test for overall effect: 2 = 2.89 (P = 0.004) O bl asihs
Test for subgroup differences: Not applicable

Footnotes

(1) Has saline in control. Used fentanyl 10 pg and 25ug

(2) LA doses vary. Used fentanyl 10 ug

(3) Total Spinal infused volume differs. Used fentanyl 10 ug

Figure 3  Meta-analysis of the length to discharge from the PACU (measured in minutes). (1.4.1) Rescue analgesia of the length to
discharge from the PACU received fentanyl vs local anesthetic alone, fixed- effect model was used. PACU, post-anesthesia care unit.

anesthetic Risk Ratio Risk Ratio
or Events Total ECvents  Total M-, Random, 95% C1 M-H Random, 95% C1

Acharys 2019 (1) o 30 o 30 Not estirmabie

Agrwesl 2016 @) o 20 o 20 Not estirnabie

A 2013 (0 o 20 ° 20 Not estirmabie

A 20135 (&) o 0 o S0 Not estirnabie

Siswas 2002 ) ° 20 ° 20 Not estirnable

Cawchan 2014 (6 o 3% ° 35 Not estirnabie

Cugna 2033 (M o 30 o 30 Not estirmable

Kezn 2014 (B) o 30 o 30 Not estimable

Faussiermi 2000 (9 o 20 ] 20 Not estirmabie

Makwana 2014 (100 o 30 o 30 Not estirmable

Martn 1999 (10 o 38 o 40 Not estirmable

Marnyr 2001 (A o 20 ] 22 Not estimable

Oxyian 2013 A3 1 31 3 31 58w 0331004 303] _—
Fandais 1591 (146 0 12 0 12 Not estimable

Sagegh 2012 (1% o 40 o 40 Not estimable

Seewal 2007 (16) o 24 o 12 Not estimable

Sharran 2007 AN o 20 o 20 Not estimable

Shmn 2018 18y o 40 o 40 Not estimable

Singh 1995 (19 o 21 o 22 Not estimable

Tyagi 2013 QO 3 (2 o 30 146x 3561019, 6672]

Weigl 2016 21 1 30 1 30 169% 100 1007, 15 26]

Subtotal (95% CD 621 584 S7A% 084 019, 3.71)

Total everns s 4

Hetercgenenty Tau' « 000 O = 164, 0T « 2 (P = O 44 F = OX
Testfor owveralieffect 2 = 023 (P = OB

1.12.2 sufentanil

Apan 2013 @2) o 20 0 20 Not estimable

#raga 2003 @3 o €0 o 20 Not estimabie

Demiraran 2006 24) o 7S 0 2s Not estimadle

Ooger 2014 2%5) o 20 o 20 NOt esTimabe

Cugra 2013 26) o 30 0 30 Not estienable

Haur 2031 27 o 30 o 30 NOt esTimabe

Otelsson 2004 28 o 25 0 2s Not estienabie

Oxysan 2013 Q% 2 31 3 31 aéx 0671012.372) e
Senez 2014 GO) o 29 0 30 Not estienabe

Subtotal (95% CO 320 231 a26% 067 [0.12, 3.72) | —co——
Totw everns 2 3

HENTOQENEy NOT ACEACADN

Test for overall flect 2 = 0 46 (P = O 64)

Total (95% C0 941 815 100.0% 076 [0.25, 2.34)

Tota everns , r:' 7 "

ratereQenenty Tau' « 000, C « 168 MNP e06q Felx

Tt 10 Overall e1act 2 = 0 47 (F = O €4) ool b&‘nnnu!w 10 100

Tost for SUDGroup afferernces Chf « 004, o =« 1 P =« 084 I =« OX

Egotnotes

(1) Used fercanyt 12,509

(2) Has saline In control. Used ferzanyt 12,5u9

(3) Mas saline in controd , LA doses vary, and fertany! 25 w9
(4) Has saline in conerol. Used fersanyt 25 pg

(5) Has saline in control. Used fermanyt 12,5 pg

(6) LA doses vary. Used fercanyt 20 pg

(7) LA doses vary. Used fersanyt 25 pg

(10) Has saline in conrol. Used fermanyt 25 pg

(11) Tocal Spinal infused volume difers. Used festany! 10 pg

(12) Has saline in control |, LA doses vary, and festany! 20 wg

(13) Has saline in conerol. Used fersany® 10 pg

(14) Has saline in conerol. Used fermany 10 pg

(15) Has saline in control. Used fenmanyt 25 ug

(16) Has saline in conrol. Used fermany® 10 and 20 pg

(17) Mas saline in control. Used ferzanyt 20 pg

(18) Has saline in control. Used fermany 1S pg

(19) Has saline in conrol. Used fermanyt 25 pg

(20) Total Spinal infused volume difers. Used festanyt 12.5 and 2% pp
(21) Mas saline in conmrol. Used fertany 25 ug

(22) Has saline in control , LA doses vary, and sufentand 2.5 ug
(23) Total Spinal infused volume difers. Used sufentand 2.5 9o, S wg. and 7.5 9
(24) Mas saline In corerol. Used sufentand 1.5 pg. 2.5 9o and S ug
(25) LA doses vary. Used sufentand S pg

(26) LA dones vary. Used sufentand 10 pg

(27) LA dones vary. Used sufentand 10 pg

(25) Mas saline in control , LA doses vary, and used sufentand § pg
(29) Has saline in control. Used sufentand 2.5 pg

(30) Total Spinal infused volume ders. Used sufentand 2.5 pg

Figure 4  Meta-analysis of respiratory depression events (number of patients) up to 24 h. (1.12.1) Patients who received fentanyl vs
local anesthetic alone with respiratory depression up to 24 h; random-effect model was used. (1.12.2) Patients who received sufenta-
nil vs local anesthetic alone with respiratory depression up to 24 h; random-effect model was used.
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N.M. Fonseca, G.M. Guimaraes, J.P. Pontes et al.

opioid local anesthetic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.10.1 Fentanyl
Attri 2015 (1) 3 50 0 50 1.3% 7.00[0.37, 132.10) —_—t*
Ben-Dawid 1997 (2) 0 25 0 25 Not estimable
Korhonen 2003 (3) 0 50 2 50 6.7% 0.20[0.01, 4.06) &¥———————1—
Martin 1999 (4) 0 38 0 40 Not estimable
Seewal 2007 (5) S 48 2 12 8.6% 0.63 [0.14, 2.84) e m—
Shim 2018 (6) 19 40 19 40 51.1% 1.00 [0.63, 1.59]
Sung 2013 (7) 3 36 7 36 18.8% 0.86 [0.32, 2.30]
Techanivate 2004 (8) 2 20 1 20 2.7% 2.00[0.20, 20.33)
Subtotal (95% CI) 307 273 89.3% 0.99 [0.67, 1.47]
Total events 35 31
Heterogeneity: ChiZ = 3.58, df = 5 (P = 0.61); I* = 0%
Test for overall effect: Z = 0.03 (P = 0.98)
1.10.2 Sufentanil
Aydin 2011 (9) 2 25 3 25 8.1% 0.67[0.12, 3.65] —
Sertoz 2014 (10) 3 29 1 30 2.6% 3.10[0.34, 28.15) —
Subtotal (95% CI) 54 55 10.7% 1.27 [0.36, 4.47] o=
Total events 5 4
Heterogeneity: Chi? = 1.18, df = 1 (P = 0.28); I = 15%
Test for overall effect: Z = 0.37 (P = 0.71)
Total (95% CI) 361 328 100.0% 1.02 [0.70, 1.49]
Total events 40 35
Heterogeneity: Chi? = 4.85, df = 7 (P = 0.68); I> = 0% :001 0:1 T 1:0 100:

Test for overall effect: Z = 0.12 (P = 0.90)

Test for subgroup differences: Chi? = 0.13, df = 1 (P = 0.72), I = 0%

Footnotes

(1) Has saline in control. Used fentanyl 25 ug

(2) Has saline in control. Used fentanyl 10 ug

(3) LA doses vary. Used fentanyl 10 pg

(4) Total Spinal infused volume differs. Used fentanyl 10 ug

(5) Has saline in control. Used fentanyl 10, 15, 30 and 40 ug
(6) Has saline in control. Used fentanyl 15 pg

(7) Total Spinal infused volume differs. Used fentanyl 10 ug

(8) Has saline in control. Used fentanyl 20 pg

(9) Has saline in control and LA doses vary. Used sufentanil 2,5 ug
(10) Total Spinal infused volume differs. Used sufentanil 2,5 ug

Figure 5

opiod local anesthetics

Meta-analysis of the number of patients with urinary retention up to 24 h. (1.10.1) Patients who received fentanyl vs local

anesthetic alone with urinary retention up to 24 h; fixed-effect model was used. (1.10.2) Patients who received sufentanil vs local
anesthetic alone with urinary retention up to 24 h; fixed-effect model was used.

patients) provided data from participants with urinary
retention up to 24 hours after anesthesia. There was no sig-
nificant difference in urinary retention (RR = 1.02 [0.70
—1.49]; 95% Cl; Fig. 5) between intervention and control
groups. There were no significant subgroup differences
between fentanyl or sufentanil vs. LAs (Chi? = 0.13; 17 = 0%).

We used fentanyl for judgment of the confidence in the
estimated effect. It was deemed as high certainty of the evi-
dence considering the high number of patients, low risk of
bias, and consistency among studies.

A funnel plot analysis was performed, and no publication
bias was observed.

One study included different LA doses between interven-
tion and control groups.®” A sensitivity analysis was made,

and there was no change in the effect direction
(Supplementary Fig 3).
PONV

The number of PONV episodes up to 24 hours postoperatively
was explored (number of participants who needed rescue
antiemetic). Ten studies provided data on the occurrence of
antiemetic treatment after coadministration of fentanyl with
an LA (Fig. 6). The authors reported 27/279 in the fentanyl
group and 39/238 in LAs (RR = 0.52 [0.34 to 0.78]; 95% Cl).

The evidence was deemed as having high certainty qual-
ity considering the low risk of bias, the number of included
studies and patients, and the consistency in the estimated
effect between studies.

As there were ten included studies for the meta-analysis, a
funnel plot analysis was performed, and no significant publi-
cation bias was evidenced. Three studies used different doses

of LAs.'23%:6% A sensitivity analysis was made, and no differ-
ence in the effect direction occurred (Supplementary Fig 4).

Eighteen studies, including 991 patients, provided data
on vomiting episodes after fentanyl (15/495) vs. LA (35/496)
administration. Eleven studies, including 667 patients, spec-
ified data on vomiting episodes induced by sufentanil (9/
376) vs. LAs (13/291). Fentanyl decreased the risk of vomit-
ing compared to the LA group (RR = 0.45 [0.26—0.77]; 95%
Cl) (Supplementary Fig 5).

Twenty-eight studies, including 1404 patients, delivered
data on nausea episodes after fentanyl (84/722) vs. LA (98/
682) administration (RR = 0.84 [0.65—1.08]; 95% ClI), with no
statistical difference (Supplementary Fig 6).

The detailed description of both nausea and vomiting as a
composite outcome, including data and statistical analysis,
can be found in the Supplementary material.

Pruritus

Fifty-four studies offered data on the incidence of pruritus
up to the first postoperative day. Thirty-eight studies speci-
fied data comparing the use of fentanyl vs. LAs alone, and
sixteen studies comparing the use of IT sufentanil with a LA.
The studies containing 2684 patients (LAs: 1320 patients;
fentanyl group: 968 patients; sufentanil group: 504 patients)
specified participants’ data.

There was a significant difference (RR = 6.33 [4.38—9.16];
95% Cl; Fig. 8) between administration of LAs alone and giv-
ing fentanyl. For the sufentanil group, an increase in pruri-
tus events also occurred (RR = 5.10 [3.39-7.68]; 95% CI;
Fig. 7).

As there were concerns over the risk of bias related to
blinding, imbalances between groups, description of loss of
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opioid local anesthetic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.1 Fentanyl
Akan 2013 (1) 1 20 2 20 4.4%  0.50[0.05, 5.08] e E—
Biswas 2002 (2) 1 20 8 20 17.8% 0.13[0.02, 0.91) —_—
Hoda 2007 (3) 0 20 0 40 Not estimable
Jain 2004 (4) 6 30 11 15 32.6% 0.27 [0.13, 0.59] ——
Lauretti 1998 (5) 6 10 6 10 13.3% 1.00[0.49, 2.05] ——
Seewal 2007 (6) 3 48 2 12 7.1%  0.38(0.07, 2.00] —_—
Shim 2018 (7) 0 40 1 40 3.3%  0.33[0.01, 7.95]
Sung 2013 (8) 8 36 6 36 13.3% 1.33[0.51, 3.46) —
Weigl 2016 (9) 2 30 3 20 8.0% 0.44[0.08, 2.43] —_—T
Zohar 2007 (10) 0 25 [} 25 Not estimable
Subtotal (95% CI) 279 238 100.0% 0.52 [0.34, 0.78] L 2
Total events 27 39
Heterogeneity. Chi? = 11.86, df = 7 (P = 0.11); I’ = 41%
Test for overall effect: Z = 3.16 (P = 0.002)
1.9.2 Sufentanil
Akan 2013 (11) 1 20 2 20 100.0%  0.50 [0.05, 5.08] 1—
Subtotal (95% CI) 20 20 100.0% 0.50 [0.05, 5.08]
Total events 1 2
Heterogeneity. Not applicable
Test for overall effect: Z = 0.59 (P = 0.56)

001 01 10 100

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.98), I? = 0% opioid local anesthetic

Footnotes

(1) Has saline in control. Used fentanyl 25 ug

(2) Has saline in control. Used fentanyl 12,5 ug

(3) LA doses vary. Used fentanyl 20 ug

(4) Has saline in control. Used fentanyl 10 and 20 ug

(5) Has saline in control. Used fentanyl 25 pg

(6) Has saline in control. Used fentanyl 20 ug

(7) Has saline in control. Used fentanyl 15 ug

(8) Total Spinal infused volume differs. Used fentanyl 10 ug
(9) Has saline in control. Used fentanyl 25 pg

(10) Total Spinal infused volume differs and LA doses vary. Used fentanyl 20 ug

(11) Has saline in control. Used sufentanil 2,5 pg

Figure 6

Meta-analysis of the number of PONV episodes during the 24 hours following surgical procedure. (1.9.1) Patients with

PONV episodes during the 24 hours following surgical procedure received fentanyl vs local anesthetic alone, fixed- effect model was
used; (1.9.2) Patients with PONV episodes during the 24 hours following surgical procedure received sufentanil vs local anesthetic
alone, fixed- effect model was used. PONV, postoperative nausea and vomiting.

follow-up, and poor description of primary and secondary
outcomes, the quality of the evidence was downgraded by
one level. The evidence was deemed as moderate certainty.

Eleven studies used different LAs doses between
groups. '%28,3%,37739,41,43,47,79,86 A sensitivity analysis was
made, and no difference in effect direction was noted. A
funnel plot was tested, and no asymmetry occurred.

Shivering

Fifteen studies on patients who were given fentanyl
reported postoperative shivering up to 24 hours after anes-
thesia, with 25/385 and 44/369 patients in the experimental
and control groups, respectively (Fig. 8). The rate was signif-
icantly lower in the opioid than in the LAs group (RR = 0.5
[0.32—-0.79]; 95% Cl). Ten studies in which the intervention
was sufentanil reported no statistical differences, with 41/
291 and 52/291 patients, in the opioid and LAs groups,
respectively. The experimental and control groups showed
no statistically significant differences (RR = 0.80, 95% CI 0.57
to 1.13).

A funnel plot analysis was performed with no detection of
publication bias. Four studies used different LA doses
between groups.”3%41:4* A sensitivity analysis was done,
and no statistically significant difference between groups
was noted (for fentanyl: RR = 0.68, 95% ClI 0.39 to 1.19)
(Supplementary Fig 8).

No study was judged as high risk for selection or used dif-
ferent doses of medication between intervention and con-
trol groups. Therefore, a sensitivity analysis was not carried
out.

Discussion

Lipophilic opioids, including fentanyl and sufentanil, have an
excellent pharmacological profile for spinal anesthesia, par-
ticularly when compared to hydrophilic opioids. Fentanyl
and sufentanil have a faster onset, a shorter duration of
action, and a lower rostral spread to the 4™ ventricle, lower-
ing the risk of ventilatory depression. They are highly ion-
ized, lipophilic pu-receptor agonists. When dispensed
intrathecally, the non-ionized component is rapidly shifted
into the spinal cord.?”

The main finding of this systematic review was that local
IT anesthetic combined with fentanyl or sufentanil pro-
longed time to first postoperative analgesic administration
and created a clinically relevant reduction in postoperative
pain with no increase in serious adverse events. The analysis
showed that patients receiving spinal fentanyl or sufentanil
had a significantly increased analgesia duration of at least
2 hours when compared to LAs, being greater with spinal
sufentanil. Moreover, spinal opioids were a protective factor
for the need for rescue analgesia. These results confirmed
an increase of analgesia quality when adding spinal lipophilic
opioids to local anesthetics and are in line with previous
investigations.® /%8

Postoperative pain remains a significant problem in
most surgical patients who spend their immediate post-
operative period in the PACU, where unsatisfactory pain
management delays recovery. The analysis evidenced
increased duration and effectiveness of analgesia, and a
reduction in the PACU length of stay was hypothesized.
However, the results of this study suggest that coadminis-
tration of spinal fentanyl with LAs could increase PACU
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opioid local anesthetic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
2.6.1 Fentanyl
Agrawal 2016 (1) 6 20 0 20 1.6% 13.00[0.78, 216.39] s
Akan 2013 (2) 2 20 0 20 16% 5.00 [0.26, 98.00] R —
Asokumar 1998 (3) 1 22 1 19 3.4% 0.86 [0.06, 12.89] A
Attri 2015 (4) 4 50 0 50  16% 9.00[0.50, 162.89] -
Ben-David 1997 (5) 15 25 0 25 16% 31.00[1.96, 491.36] _
Biswas 2002 (6) 3 20 0 20 16% 7.00[0.38, 127.32) ——
Chandra 2008 (7) 7 20 0 20 1.6% 15.00 [0.91, 246.20) —
Cowan 2002 (8) 6 25 7 25 222%  0.86[0.34,219) ——
Farzi 2017 (9) 5 20 0 20 1.6% 11.00[0.65, 186.62] S BEn——
Girgin 2008 (10) 6 19 0 19 16% 13.00[0.78, 215.69] —
Gupta 2013 (11) 1 30 0 30 16%  3.00[0.13,70.83] —
Gurbet 2008 (12) 8 18 1 17 3.3% 7.56 [1.05, 54.20] —
Hassani 2014 (13) 2 30 0 30 1.6% 5.00 [0.25, 99.95] —
Hunt 1989 (14) 15 26 1 9 47% 5.19(0.79,33.92] —
Jain 2004 (15) 10 30 0 15 2.1% 10.84 [0.68, 173.34] 4+
Kararmaz 2003 (16) s 20 0 20 1.6% 11.00 [0.65, 186.62) e ———
Kezri 2014 (17) 1 30 0 30 16% 3.00[0.13, 70.83) —_—
Korhonen 2003 (18) 36 50 2 50 6.3% 18.00[4.58, 70.76] N —
Kuberan 2018 (19) 4 15 0 15 16% 9.00[0.53, 153.79] | e
Kuusniemi 2000 (20) 6 20 0 20 1.6% 13.00[0.78, 216.39] —
Lee 2005 (21) 025 0 25 Not estimable
Lee 2011 (22) 10 24 2 24 63%  5.00[1.22, 20.46] —_—
Mahajan 2005 (23) 4 12 0 12 16% 9.00[0.54, 150.81) -
Makwana 2014 (24) 4 30 0 20 16% 9.00[051, 160.17) —_—
Martin 1999 (25) o 38 0 40 Not estimable
Martyr 2001 (26) o 20 0 22 Not estimable
Neeta 2015 (27) 0 20 0 20 Not estimable
Ngiam 2003 (28) s 20 0 20 16% 11.00(0.65, 186.62] -
O2wilkan 2013 (29) 8 31 0 31 1.6% 17.00[1.02, 282.30] e——
Palmer 1995 (30) 114 4 14 12.7%  0.25[0.03, 1.97] —_—
Randalls 1991 31) 112 0 12 16%  3.00(0.13, 67.06]
Sadegh 2012 (32) o 40 0 40 Not estimable
Seewal 2007 (33) 20 48 0 12 2.5% 10.88[0.70, 168.12) T+
Shahriari 2007 (34) o 20 0 20 Not estimahble
Shende 1998 (35) 3 20 0 20 16% 7.00[0.38, 127.32) I
Shim 2018 (36) 2 40 0 40 16% 5.00[0.25, 100.97) —_—t Y
Walsh 2002 (37) 6 14 0 14 16% 13.00[0.80, 210.81] —
Weigl 2016 (38) 3 30 0 30 1.6% 7.00[0.38, 129.93] —_
Subtotal (95% CI) 968 900 100.0% 6.33 [4.38, 9.16] <
Total events 210 18
Heterogeneity: Chi? = 36.18, df = 31 (P = 0.24); 7 = 14%
Test for overall effect: Z = .79 (P < 0.00001)
2.6.2 Sufentanil
Akan 2013 (39) 3 20 0 20 2.0% 7.00[0.38, 127.32) S
Aydin 2011 (40) 2 25 0 25 2.0% 5.00 [0.25, 99.16] —
Bang 2012 (41) 36 70 12 35 64.8% 1.50(0.90, 2.50] =
Chandra 2008 (42) 7 20 0 20 2.0% 15.00 [0.91, 246.20] |
Demiraran 2006 (43) 15 75 0 25 3.0% 10.61(0.66, 171.07] ——
Doger 2014 (44) 3 20 0 20 2.0% 7.00[0.38, 127.32) —_—
Donadoni 1987 (45) 120 0 20 2.0%  3.00[0.13, 69.52] —_—
Farzi 2017 (46) 0 20 0 20 Not estimable
Gupta 2013 (47) 4 30 0 30 2.0% 9.00(051, 160.17] —_
Hakkim 2015 (48) 15 50 0 50 2.0% 31.00[1.91, 504.35] —"
Hassani 2014 (49) 6 30 0 30 2.0% 13.00 [0.76, 220.96] T—
Kaur 2011 (50) 18 30 0 30 2.0% 37.00(2.33,587.26] —_—
Lee 2011 (51) g 23 2 24 7.9%  4.17(0.99, 17.62) e
Neeta 2015 (52) 1 20 0 20 2.0% 3.00[0.13, 69.52) Sp—
Ngiam 2003 (53) ;4 20 0 20 2.0% 15.00 [0.91, 246.20]
0zyilkan 2013 (54) 13 31 0 31 2.0% 27.00 [1.68, 435.13)
Subtotal (95% CI) 504 420 100.0% 5.10 [3.39, 7.68] >
Total events 139 14
Heterogeneity. Chi? = 29.29, df = 14 (P = 0.010); P = 52%
Test for overall effect: Z = 7.81 (P < 0.00001)

0.01 10 100

0.1 : §
N N local anesthetics  opioid
Test for subgroup differences: Chi* = 0.59, df = 1 (P = 0.44), I* = 0%

Footnotes

(1) Has saline in control. Used fentanyl 12,5 pg

(2) Has saline in control. Used fentanyl 25 pg

(3) Has saline in control. Used fentanyl 25 ug

(4) Has saline in control. Used fentanyl 25 ug

(5) Has saline in control. Used fentanyl 10 ug

(6) Has saline in control. Used fentanyl 12,5 pg

(7) Has saline in control. Used fentanyl 25 ug

(8) Has saline in control. Used fentanyl 25 ug

(9) Has saline in control. Used fentanyl 25 g

(10) LA doses vary. Used fentanyl 25 ug

(11) LA doses vary. Used fentanyl 25 ug

(12) LA doses vary. Used fentanyl 25 ug

(13) Has saline in control. Used fentanyl 25 ug

(14) Total Spinal infused volume differs and LA doses vary. Used fentanyl 5 ug
(15) Has saline in control. Used fentanyl 10 ug

(16) LA doses vary. Used fentanyl 25 ug

(17) Has saline in control. Used fentanyl 25 ug

(18) LA doses vary. Used fentanyl 10 ug

(19) LA doses vary. Used fentanyl 15 ug

(20) Has saline in control. Used fentanyl 25 pg

(21) LA doses vary. Used fentanyl 15 ug

(22) Total Spinal infused volume differs and LA doses vary. Used fentanyl 20 ug
(23) Has saline in control. Used fentanyl 20 pg

(24) Has saline in control. Used fentanyl 25 pg

(25) Total Spinal infused volume differs. Used fentanyl 10 pg

(26) Has saline in control and LA doses vary. Used fentanyl 10 ug
(27) Has saline in control. Used fentanyl 25 pg

(28) Used fentanyl 15 pg

(29) Has saline in control. Used fentanyl 10 pg

(30) Has saline in control. Used fentanyl 15 ug

(31) Has saline in control. Used fentanyl 10 ug

(32) Has saline in control. Used fentanyl 25 ug

(33) Has saline in control. Used fentanyl 10 pg, 20 g, 30 ug and 40 ug
(34) Has saline in control. Used fentanyl 15 g

(35) Has saline in control. Used fentanyl 15 ug

(36) Has saline in control. Used fentanyl 15 pg

(37) Used fentanyl 25 ug

(38) Has saline in control. Used fentanyl 25 pg

(39) Has saline in control. Used sufentanil 2,5 ug

(40) Has saline in control and LA doses vary. Used sufentanil 2,5 ug
(41) Total Spinal infused volume differs and LA doses vary. Used sufentanil 2,5 pg and 5 pg
(42) Has saline in control. Used sufentanil 5 pg

(43) Has saline in control. Used sufentanil 1,5 pg, 2,5 ug and 5 ug
(44) LA doses vary. Used sufentanil 5 pg

(45) Has saline in control. Used sufentanil 7,5 ug

(46) Has saline in control. Used sufentanil 2,5 ug

(47) LA doses vary. Used sufentanil 10 ug

(48) Total Spinal infused volume differs. Used sufentanil 10 ug

(49) Has saline in control. Used sufentanil 2,5 ug

(50) LA doses vary. Used sufentanil 10 g

(51) Total Spinal infused volume differs and LA doses vary. Used sufentanil 2,5 ug
(52) Has saline in control. Used sufentanil 5 pg

(53) Used sufentanil 10 ug

(54) Has saline in control. Used sufentanil 2,5 ug

Figure 7  Meta-analysis of the pruritus episodes during the 24 hours following surgical procedure. (1.7.1) Patients with pruritus epi-
sodes during the 24 hours following surgical procedure received fentanyl vs local anesthetic alone, fixed- effect model was used;
(1.7.2) Patients with pruritus episodes during the 24 hours following surgical procedure received sufentanil vs local anesthetic alone,
fixed- effect model was used.
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opioid local anesthetic Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.7.1 Fentanyl
Acharya 2019 (1) 0 320 Q 30 Mot estimahble
Agrawal 2016 (2] 1 20 6 20 12.1% 0.17 [0.02, 1.26] -
Biswas 2002 (3) 1 20 2 20 4.0% 0.50 [0.05, 5.08]
Chandra 2008 {4) 2 20 Q 20 1.0% 5.00[0.26, 98.00]
Farzi 2017 (5) 3 31 Q 31 1.0% 7.00[0.38, 120.10] +
Hunt 19839 (6) 2] 26 2 4 9.0% 1.04[0.26, 2.01] —
Korhonen 2003 (7) 0 50 & 50 13.2% Q.08 [0.00, 1.23] 4
Kuushiemi 2000 (8) 1 20 4 20 8.1% 0.25 [0.03, 2.05] —_—
Lee 2005 {9) 0 25 E3 25 7.1% 0.14 [0.01, 2.63]
Lee 2011 (1) 4 24 g 24 16.2% 0.50[0.17, 1.44] ——
Meeta 2015 (11) 0 20 [ 20 132.2% 0.08 [0.00, 1.28] +
Ozvilkan 2013 (12) 3 31 4] 31 1.0% 7.00[0.28, 120.10] +
Palmer 1945 (13) 4] 14 2 14 5.1% 0.20[0.01, 3.82]
Singh 1995 (14) 0o 21 2 22 4.9% 0.21[0.01, 4.11]
Wang 2019 {15) 1 33 2 33 4.0% 0.50[0.05, 5.25]
Subtotal (95% CI) 385 369 100.0% 0.50 [0.32, 0.79] B
Total events 25 44

Heterogeneity, Chi® = 16.70, df = 13 (P = 0.213; I° = 22%
Test for owverall effect: 2 = 2.99 (P = 0.003)

2.7.2 Sufentanil

Apbdaollahpour 2015 (16) 12 25 10 2% 18.3% 1.20[0.64, 2.25] —1—
Bang 2012 {17) 5 35 12 35 22.0% 0.42 [0.16, 1.08] ——
Bang 2012 {18) ] 3B 12 35 22.0% 0.75[0.36, 1.55] ——
Chandra 2008 (19) 2 20 Q 20 0.9% 5.00[0.26, 98.00]

Doger 2014 (20 0 20 Q 20 Mot estimahle

Farzi 2017 {2 1) 5 3l 0 21 0.9% 11.00[0.62, 190.79] +
Hakkim 2015 (22) 0 50 4 50 8.3% 0.11[0.01, 2.01] +

Lee 2011 {232 7 24 g8 24 14.7% 0,88 [0.28, 2.03] ——
Meeta 2015 24) o] 20 & 200 11.9% 0.08 [0.00, 1.28] +

Ozyilkan 2013 (25) 1 31 4] 31 0.9% 3.00[0.13, 70.92]

Subtotal (95% CI) 291 291 100.0% 0.80 [0.57, 1.13] e
Total events 41 52

Heterngeneity, Chi? = 12.37, df = 8 (P = 0.10; I? = 40%
Test for overall effect: 2 = 1.28 (P = 0.20)

1
0.01 01 1 10 100
opioid local anesthetic

Test for subgroup differences: Chi? = 2.60, df = 1 (P = 0.11), I = 61.5%
Footnotes

(1) used fentanyl 12,5 ug
(2) used fentanyl 12,5 ug
(3) used fentanyl 12,5 ug
(4) used fentanyl 25 ug

(5) used fentanyl 25 ug

(6) used fentanyl 5 pg

(7) used fentanyl 25 pg

(8) used fentanyl 25 pg

(9) used fentanyl 15 g
(10) used fentanyl 20 pug
(11) used fentanyl 25 ug
(12) used fentanyl 10 pug
(13) used fentanyl 15 pg
(14) used fentanyl 25 pg
(15) used fentanyl 20 ug
(16) used sufentanil 1,25 ug
(17) used sufentanil 5 pg
(18) used sufentanil 2,5 pg
(19) used sufentanil 5 ug
(20) used sufentanil 5 pg
(21) used sufentanil 2,5 pg
(22) used sufentanil 10 yg
(23) used sufentanil 2,5 pg
(24) used sufentanil 5 pg
(25) used sufentanil 2,5 ug

Figure 8  Meta-analysis of the shivering episodes during the 24 hours following a surgical procedure. (1.8.1) Patients with shivering
attacks during the 24 hours following surgical procedure received Fentanyl vs. local anesthetic alone, fixed-effect model was used;
(1.8.2) Patients with shivering episodes during the 24 hours following surgical procedure Sufentanil vs. local anesthetic alone, fixed-
effect model was used.
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length of stay. This finding is limited due to the number
of studies included (only three studies).

The 76 included RCTs did not mention mortality as an out-
come. Despite the increasing baseline patient risks and com-
plexity of surgeries, as anesthesia safety has improved over
the past decades and perioperative mortality declined, such
a low mortality rate could be expected. Maybe mortality
was mitigated because it became mandatory to monitor
patients during surgery and in a PACU postoperatively, and
complications such as respiratory depression were detected
and managed earlier.®’ Clinical trials evidenced the mini-
mum effective doses of anesthetics for many situations, and
lower doses are associated with lower incidence of adverse
effects. Therefore, no case of death was detected in this
review, including 4734 research participants, aiming at the
safety confidence for this outcome.

The definition of opioid-induced respiratory depression
has always been controversial.”® Respiratory depression is
one of the most dreaded complications associated with opi-
oid administration. When using lipophilic opioids, it gener-
ally occurs within the first 30 minutes and has never been
described after 2 hours of IT fentanyl or sufentanil.”’ Among
included studies, there were no differences in the rates of
respiratory depression between intervention and control
groups. The reported events occurred intraoperatively and
were detected by a drop in SpO,. Also, all cases were
uneventful, because those studies reported mild respiratory
events that were easily manageable with nasal O, addition.
As a limitation, the authors’ definition described for respira-
tory depression is not a unique condition that could reduce
Sp0,. Many other common complications might do it as well,
such as hypotension, shivering, and hypothermia. So,
related events should have been described every time an
author would describe respiratory depression to avoid con-
founding factors. Furthermore, a recent consensus guide-
line”> from the Society for Obstetric Anesthesia and
Perinatology recommends that longer monitoring for respira-
tory depression is needed when spinal morphine is used,
since morphine hydrophilic nature causes a longer half-life
than fentanyl and sufentanil.

PONV is a common side effect when using systemic
opioids, and its use in the perioperative setting is considered
an independent risk factor for this complication.”® Spinal
morphine increases the incidence of PONV.*’ However,
unlike common clinician beliefs, spinal lipophilic opioids
may reduce nausea and vomiting.®” Indeed, a recent system-
atic review showed that spinal fentanyl reduced intraopera-
tive nausea and vomiting by 59% when compared to LAs
alone after cesarean section,® which is in line with the find-
ings of our review. Fentanyl decreased the incidence of
PONV and vomiting alone. There were few included studies
and patients for spinal sufentanil, so there is a need for
more studies to answer this question. However, analyzing
vomiting, IT sufentanil resulted in lower incidence (2.4% vs.
4.4%) despite not statistically significant. A systematic
review of cesarean section showed that spinal sufentanil did
not affect nausea incidence, and it can even decrease its
incidence when excluding a more heterogeneous study in
their analysis leading to an RR = 0.58, 95% Cl 0.40 to 0.85.%
The reasons for the reduction of nausea and vomiting with
spinal lipophilic opioid could be explained by two effects: 1)
inhibition of visceral pain impulses, which may trigger
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nausea and vomiting and 2) reduction of supplemental intra-
operative and postoperative analgesia request with paren-
teral opioids. Our findings ensure safety for this outcome
when using lipophilic IT opioids.

Urinary retention is a critical side effect of IT opioid
administration. The mechanism responsible for urinary
retention is not entirely defined. Opioids may exert their
effects on either the supraspinal or the spinal level cancel-
ing the coordination between detrusor and sphincter func-
tion.”* However, the present review did not confirm an
increased risk of urinary retention with spinal fentanyl or
sufentanil. Spinal LAs may delay the return of bladder func-
tion beyond the resolution of sensory anesthesia and might
lead to distention of the bladder beyond its standard func-
tioning capacity. Therefore, urinary retention could not be
attributed to opioid administration.

The incidence of pruritus after the administration of IT
opioids was 199/934 (21%) patients for fentanyl and 132/434
(30%) patients for sufentanil. These findings are in line with
a previous systematic review that showed a nearly six-fold
increase in pruritus incidence when using spinal fentanyl.®
Additionally, when spinal sufentanil was used, the incidence
of pruritus could be as high as 33% with an RR of 7.63 when
compared to that when LAs alone were used in cesarean sec-
tion.”® Although the exact mechanism of spinal-opioid-
induced pruritus is not well known, the activation of u
receptors at the spinal level is recognized as the trigger for
itching.”®> Even though pruritus may be uncomfortable and
sometimes severe enough to be distressing, the benefits for
reducing pain, analgesia rescue, and reducing PONV might
outweigh the disadvantage of the opioid side effect. More-
over, due to the higher liposolubility of fentanyl and sufenta-
nil, the induced pruritus is short-lived.

Sufentanil was not effective in decreasing shivering rates
despite a statistical tendency. The finding could be attrib-
uted to the small number of included and patients’ studies.
A previous systematic review® on IT and epidural sufentanil
had similar results, and the authors postulated that the low
dose range of IT and epidural sufentanil used (1.5—20 ug)
might not be effective in decreasing shivering. The same
previous systematic review which evaluated the effects of
lipophilic opioids in preventing or reducing shivering after
spinal anesthesia reported fentanyl to be more effective
than sufentanil. One randomized trial has shown a 30%
reduction in shivering by adding spinal sufentanil, but it was
excluded from this review because it also included mor-
phine®® as a co-intervention (confounding factor). The pres-
ent review found a reduction in shivering rates when using
fentanyl. Fentanyl, like sufentanil, is a highly ionized, lipo-
philic u-receptor agonist, and when it is administered intra-
thecally, the non-ionized component is rapidly transferred
into the spinal cord. It is known that intravenous fentanyl
reduces fever, but epidural fentanyl does not.’” Increases in
core temperature could be partially explained by the her-
metic effect of the low doses of fentanyl used in spinal anes-
thesia.”® Also, intrathecally administered LAs block thermal
regulation by blocking the sympathetic pathways and by
causing vasodilation, and the addition of lipophilic opioids is
associated with a reduction in LAs doses, which can help mit-
igate the loss of thermoregulation. Another hypothesis is
that the reduction of shivering attributable to fentanyl
added to the subarachnoid space is related to a direct effect
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on the thermoregulation center and in afferent thermal
inputs at the spinal cord.

After performing this study, the risk—benefit ratio was
found to be unbalanced in relation to the benefits. The
risks for serious complications now are quite low, and the
benefits are high for clinical outcomes. The spinal route
is advised for fentanyl and sufentanil, but the lower rec-
ommended doses and monitoring protocols should be con-
sidered.

The data obtained demonstrate the safety and effective-
ness of lipophilic opioids for IT route. The authors hope that
this review can guide stakeholders and specialists to make
decisions for clinical practice.

Limitations

The trials involved used various combinations of IT LAs and
opioids. The LAs used included bupivacaine, levobupiva-
caine, or lidocaine, and the opioids used had different doses
of fentanyl or sufentanil. This is a possible source of clinical
heterogeneity. Fortunately, most of the studies evaluated
the combination between bupivacaine and different doses
of fentanyl or sufentanil, which had similar clinical effects,
ensuring that the trials could be pooled. We performed a
sensitivity analysis and did not find any difference in effect
direction.

The number of trials and the number of patients
recruited in some trials were relatively small, which
increased the possibility of random chance and overesti-
mated the beneficial effects. However, pooled data confirm
consistency in results.

Some of the endpoints measured in original studies had dif-
ferent definitions. The authors are aware that the limitations
of the selected studies were known by the systematic review
that included them. For example, many definitions of respira-
tory depression are described, some associated with low risk
while others to a high risk for respiratory arrest. This might
hamper the reliability of the final pooled results.

There is a relationship between IT opioid analgesia and
side effects, mainly pruritus. The lowest dose of IT lipophilic
opioids that will provide adequate analgesia with the least
side effects should be analyzed. This dose—response analysis
was not an objective of this study. Most IT opioid dose
—response studies have been managed in the obstetric popu-
lation (REF). There are few dose—response studies in the
non-obstetric population. Further studies are necessary to
determine the effective dose of fentanyl or sufentanil co-
administered with a LA.

Most of the studies used fentanyl as the intervention.
Therefore, the review will better reflect the effect of fenta-
nyl.

Only three studies considered PACU length of stay a rele-
vant outcome and described it in the paper. A low level of
confidence in the estimated effect for this outcome should
not be judged as a risk for safety reasons since this is not a
clinical outcome. Instead, this outcome is relevant for deter-
mining personnel to work in a scenario using IT lipophilic
opioids.

Considerable heterogeneity among studies was found in
some analyses (e.g., time to rescue analgesia). Possible
causes were investigated while considering different
patients included in the studies, affecting this outcome.
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Strengths

The review detected a large number of studies (76), includ-
ing 4734 patients.

A rigid methodology was used to analyze the estimated
effects, including only RCTs, evaluating the risk of bias,
investigating causes of heterogeneity among studies, per-
forming subgroup analysis, and performing sensitivity analy-
sis. A broad search of the literature was made, including
EMBASE, CENTRAL (Cochrane), PubMed, handsearching, clin-
icaltrials.gov, and gray literature.

There were more research participants from the fenta-
nyl group. Therefore, the results of the review imply high
confidence in the effect of fentanyl compared to that for
LAs.

Studies with higher doses than those considered reason-
able and safe for clinical use by the specialists were
included. Even these higher doses of the drugs were not able
to cause serious adverse events. These facts strengthened
the confidence for safety purposes. We included different
surgical procedures, which increases external validity of the
review, mainly for the surgeries analyzed.

When possible (more than ten studies included in a meta-
analysis), we performed a funnel plot analysis, and we did
not find any indication of publication bias.

We made a summary of findings table using GRADE to
evaluate the confidence in the estimated effects. Were
described in Supplementary Table 2. We found moderate to
high confidence in the estimated effects, which strength-
ened the certainty in the findings. We are confident that we
are near the real effect of the intervention for fentanyl use.

Conclusion

There is high confidence that the addition of spinal fentanyl
to LAs produced a clinically relevant reduction in postopera-
tive pain and analgesic consumption. Moreover, fentanyl
reduced both PONV and postoperative shivering more when
compared to LAs. Opioid use increased the relative risk of
postoperative pruritus in the opioid group. The studies ana-
lyzed did not report any case of in-hospital mortality related
to spinal lipophilic opioids. Furthermore, respiratory depres-
sion episodes were rare, uneventful, occurred intraopera-
tively, and they were easily manageable. In summary, there
is moderate to high quality certainty that there is evidence
regarding the safety and effectiveness of adding lipophilic
opioids to LAs in spinal anesthesia.
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