
Vol.:(0123456789)1 3

Journal of Anesthesia (2021) 35:911–927 
https://doi.org/10.1007/s00540-021-02980-2

REVIEW ARTICLE

Effects of intrathecal opioids on cesarean section: a systematic review 
and Bayesian network meta‑analysis of randomized controlled trials

Hiroyuki Seki1,2   · Toshiya Shiga3 · Takahiro Mihara4,5 · Hiroshi Hoshijima6 · Yuki Hosokawa7 · Shunsuke Hyuga8 · 
Tomoe Fujita8 · Kyotaro Koshika1 · Reina Okada1 · Hitomi Kurose9 · Satoshi Ideno10 · Takashi Ouchi1

Received: 22 December 2020 / Accepted: 23 July 2021 / Published online: 2 August 2021 
© Japanese Society of Anesthesiologists 2021

Abstract
Purpose: We aimed to compare the beneficial and harmful effects of opioids used as adjuncts to local anesthetics in patients 
undergoing cesarean section under spinal anesthesia. Methods: We searched electronic databases and ClinicalTrials.gov from 
their inception until March, 2021 without language restrictions. The primary outcome was the complete analgesia duration 
(Time to VAS > 0). Data were synthesized using the Bayesian random-effects model. Evidence confidence was evaluated 
using the Confidence In Network Meta-Analysis. Results: We identified 66 placebo-controlled randomized controlled trials 
(RCTs) comprising 4400 patients undergoing elective cesarean section. Compared with the placebo, intrathecal opioids 
(fentanyl, sufentanil, and morphine) significantly prolonged the analgesia duration by 96, 96, and 190 min, respectively 
(mean difference). Despite morphine ranking first, opioid efficacy was similar; the results were inconsistent with respect 
to other analgesic outcomes. Except for diamorphine, all opioids were associated with significant increases in the pruritus 
incidence. Sufentanil and morphine were associated with increases in the respiratory depression incidence. Conclusions: 
We confirmed that intrathecal opioids benefit postoperative analgesia. Although morphine seems to be the most appropriate 
agent, some results were inconsistent, and the evidence confidence was often moderate or low, especially for adverse out-
comes. Well-designed RCTs with an evidence-based approach are imperative for determining the most appropriate opioid 
for cesarean sections.
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Introduction

Over the last decades, the cesarean section rate has stead-
ily increased worldwide, with more than 35% in 2016 in 
the United States itself [1]. This increase has been accom-
panied by an increased use of neuraxial anesthesia, with 
single-shot spinal anesthesia being most commonly used 
for elective cesarean section, irrespective of the country 
[1–5].

Besides local anesthetics, opioids have often been 
administered in the subarachnoid space [6, 7]. Intrathe-
cal opioids can improve intraoperative anesthesia quality 
and prolong postoperative analgesia [8]. Conversely, they 
can cause undesirable effects, including nausea, vomiting, 
pruritus, and respiratory depression [9–11]. Opioid effects 
depend on the dose administered and opioid physicochem-
ical properties, particularly lipid solubility. Lipophilic opi-
oids have more rapid onset and shorter duration of action 
than hydrophilic opioids, whereas hydrophilic opioids may 
provide longer analgesia duration but have greater risks of 
late respiratory depression [12–14]. Various opioids have 
been used as adjuncts to local anesthetics, but their com-
parative effectiveness remains unknown.

This Bayesian network meta-analysis aimed to com-
pare the beneficial and harmful effects of opioids used as 
adjuncts to local anesthetics in patients undergoing cesar-
ean section under spinal anesthesia.

Methods

This study was conducted based on the preferred report-
ing items systematic reviews and meta-analysis (PRISMA) 
guidelines, Cochrane methodology, and the PRISMA exten-
sion statement for reporting network meta-analysis [15–17]. 
The protocol was pre-registered on the international pro-
spective register of systematic reviews (CRD42018108364).

Search strategy

Two independent researchers (H.K. and H.S.) searched the 
electronic databases, including PubMed, Cochrane Cen-
tral Register of clinical trials, EMBASE, and Web of Sci-
ence, up to Nov 30, 2018, with no language restrictions, 
which was later updated (Mar 01, 2021). The full PubMed 
search strategy is described in the Electronic Supplemen-
tary Material (Supplementary Text S1). We also checked 
ClinicalTrials.gov for ongoing and unpublished clinical 
trials. Reference lists of all identified studies and those of 
previous meta-analyses on similar topics were checked.

Study selection

This meta-analysis focused on patients undergoing elective 
cesarean section under spinal anesthesia. Only randomized 
controlled trials (RCTs) comparing combinations of intrath-
ecal local anesthetics and opioids or combinations of opioids 
to intrathecal local anesthetics (intervention arm) and pla-
cebo or local anesthetics alone (comparison arm) for spinal 
anesthesia in elective cesarean section were included. We 
excluded trials with no comparison or intervention arms; 
trials in which patients received epidural anesthesia, periph-
eral nerve blocks, or continuous wound infiltration of local 
anesthetics; and trials that included non-elective cesarean 
section. Conference abstracts, reviews, letters, retrospective 
or case reports/series, and trials with no relevant outcomes 
were also excluded. Opioids included here were morphine, 
diamorphine, hydromorphone, fentanyl, sufentanil, and 
meperidine. Eight reviewers (T.O., K.K., R.O., H.S., Y.H., 
S.H., T.F., and H.K.) working in four teams independently 
screened titles and abstracts of obtained references and 
collected full-text articles if potentially relevant. Disagree-
ments were resolved by discussion or consultation with a 
third author (S.I.).

Data extraction

Data extracted included study setting, study population, 
details of intervention and control conditions, recruitment 
and completion rate, results and measurement time, and 
information for evaluating the risk of bias.

The primary outcome was the complete analgesia dura-
tion, defined as the duration of time until visual analog scale 
(VAS) pain score (0 = no pain and 100 = worst pain imagi-
nable) became > 0 after injecting solution into the suba-
rachnoid space. The numerical rating scale was converted 
to VAS score.

The secondary outcomes were (1) incidence of nausea 
and vomiting within 24 h after spinal anesthesia, (2) inci-
dence of respiratory depression within 24 h after spinal anes-
thesia as defined by study authors, (3) cumulative postopera-
tive opioid consumption within 24 h after spinal anesthesia, 
(4) incidence of pruritus within 24 h after spinal anesthesia, 
(5) duration of effective analgesia defined as the duration of 
time until VAS score became ≥ 4 or time to first analgesic 
use, and (6) pain scores at 12 and 24 h after spinal anes-
thesia. Cumulative postoperative opioid consumption was 
transformed to morphine-equivalent dose with previously 
published equianalgesic conversion factors [intravenous 
(iv) morphine, 10 mg = iv meperidine, 100 mg = iv fentanyl, 
0.1 mg = iv sufentanil, 0.01 mg = subcutaneous diamorphine, 
10 mg) [18–20]. Primary data sources were numerical data 
reported in the tables and main text of the included studies. 
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Graphically reported data were converted to numerical data 
using Plot Digitizer (http://​plotd​igiti​zer.​sourc​eforge.​net). 
When a study presented data as medians with ranges, we 
converted the values to means and standard deviations (SDs) 
using a previously described method [21]. When a range was 
not reported, SDs were estimated as interquartile range/1.35.

Statistical analysis

A network meta-analysis was performed in the Bayesian 
framework. The Bayesian random-effects and consistency 
model was used to combine direct and indirect evidence 
[22, 23]. We constructed network plots for each outcome, 
in which node size corresponded with a sample size, and an 
edge width corresponded with the number of studies along 
with the expression of risk of bias. Statistical analyses were 
performed using the GeMTC R package (gemtc.drugis.org).

We first used non-informative priors with normal, 
binomial, and uniform prior distributions for mean, odds 
ratios (ORs), and SD, respectively. The median posterior 
weighted mean difference or ORs with corresponding 95% 
credible intervals (CrIs) were calculated using the Markov 
chain Monte Carlo method. For sampling, 30,000 posterior 
samples were first discarded (burn-in), after which another 
100,000 posterior samples were saved with a thinning inter-
val of 10. Convergence of iterations was diagnosed using 
the Gelman-Rubin-Brooks statistic [24]. Potential scale 
reduction factors at least < 1.05 indicated good convergence. 
Goodness-of-fit was evaluated with the residual deviance ( D
res) and leverage (pD). A node-splitting model was used to 
evaluate inconsistency between direct and indirect estimates 
[25]. We estimated rank probabilities to assess the prob-
ability for each intervention to obtain each possible rank in 
terms of their relative effects. The surface under cumulative 
ranking curves (SUCRA) was estimated in each interven-
tion in each outcome [26]. The SUCRA value represents the 
percentage of efficacy or safety achieved by an intervention 
compared with an imaginary best intervention. The larger 
the SUCRA, the better the rank of the treatment. The sum-
mary of findings was summarized for each outcome accord-
ing to previous publication [27].

Risk of bias assessment

Pairs of reviewers independently assessed risk of bias in 
the included studies using the Cochrane risk of bias tool for 
RCTs [17]. We assessed seven domains, including the ran-
dom sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome assess-
ment, outcome data completeness, selective reporting, and 
other biases. The estimated risk of bias for each domain was 
rated as “low,” “unclear,” or “high.” Disagreements among 

reviewers over the assessment of risk of bias were resolved 
by discussion with a third reviewer.

Data handling and assessment

Unit of analysis included the individual participants. If there 
were multiple relevant intervention groups in one study, we 
partitioned the control group. For indirect comparisons, we 
partitioned the comparator group into two or more groups 
according to how many times it was used for indirect 
comparisons.

For missing data, we assessed whether measured out-
comes had been reported, and randomized participants, 
except for patients excluded with reasons, were included in 
the outcome data.

We assessed heterogeneity for each direct comparison 
within network meta-analysis using the estimate value of 
common between-study variance τ2 [28].

Egger’s test was performed to assess publication biases 
[29]. P values < 0.1 were considered statistically significant. 
A comparison-adjusted funnel plot was used to evaluate the 
presence of small-study effects in the network meta-analysis.

Certainty of evidence

The grading of recommendations, assessment, development, 
and evaluation (GRADE) approach was used to rate the 
quality of evidence for each network estimate [30]. In this 
approach, the rating of direct evidence from RCTs starts at 
a “high” quality and can be described as “moderate,” “low,” 
and “very low” based on the following six domains: within-
study bias, across-studies bias, indirectness, imprecision, 
heterogeneity, and incoherence (inconsistency). We used 
the Confidence In Network Meta-Analysis (CINeMA) web 
application based on the framework previously developed 
[31].

Subgroup analysis and investing of heterogeneity

We performed two subgroup analyses: first, to evaluate the 
efficacy of lipophilic compared to hydrophilic opioids, with 
fentanyl, sufentanil, and meperidine classified as lipophilic, 
and morphine and diamorphine classified as hydrophilic. 
Second, to compare a single opioid to a combination of two 
opioids, a morphine and fentanyl combination was compared 
with either morphine or fentanyl alone.

Post‑hoc sensitivity analysis

We performed post-hoc sensitivity analyses for all outcomes 
using a weak prior with inverse gamma distribution as prior 
distribution and compared them with non-informative priors 
previously used.

http://plotdigitizer.sourceforge.net
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Results

Search results and study characteristics

The search strategy identified 6439 citations, of which 238 
were assessed in full text and 66 studies with 4400 patients 
were included in the network meta-analysis (Fig. 1, Supple-
mentary Table S1) [32–97]. Fifty-nine studies were written 
in English, two in Japanese, two in Turkish, one in Korean, 
one in Spanish, and one in Portuguese. Non-English studies, 
excluding those in Japanese, were translated using Google 
translation. There were no ongoing clinical trials that ful-
filled the inclusion criteria for this study.

Table 1 displays the characteristics of the included 
studies. Most studies reported only a subset of outcomes. 
Forty-six studies compared a single opioid (fentanyl, 24; 
morphine, 9; sufentanil, 6; diamorphine, 4; and pethi-
dine or meperidine, 3) with control substances (local 
anesthetic and saline or local anesthetic alone), while 
other studies compared several opioids or adjuvants with 

control substances. No studies with hydromorphone 
were included. The dose of opioids added to local anes-
thetics varied among studies; fentanyl, 2.5–50 µg; mor-
phine, 0.025–0.5 mg; sufentanil, 1.5–10 µg; diamorphine, 
0.1–0.375 mg; pethidine or meperidine, 25–35 mg.

In most studies, long-acting local anesthetics were used 
(bupivacaine, 56; levobupivacaine, 3; ropivacaine, 2), 
while short-acting local anesthetics, including lidocaine 
and lignocaine, were used in five studies. We conducted a 
post-hoc sensitivity analysis including only trials that used 
bupivacaine for the primary outcome, as bupivacaine was 
the most common local anesthetic among eligible trials. 
However, the results were similar to those obtained after 
including all trials (Supplementary Figure S1). Therefore, 
we decided not to conduct a post-hoc sensitivity analysis 
of including only trials that used bupivacaine, as we would 
not obtain different results.

Thirty-five (53%) RCTs were at low risk of bias, while 
the other 47% were at moderate risk (Supplementary Fig-
ure S2).

Fig. 1   PRISMA flow diagram
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Table 1   Study characteristics and outcomes of interest assessed in included studies

First author 
Year
Country

Control (n) Intervention (n) Density of LA
Final volume of solution

Abboud, T [32]
1998
USA

Bup (9.75–11.25 mg) + saline (12) 1. Bup + mor 0.1 mg (10)
2. Bup + mor 0.25 mg (11)

Hyper
1.8–2.0 ml

Abdollahpour, A [33]
2015
Iran

Bup (12.5 mg) + saline (25) 1. Bup + mid (25)a

2. Bup + suf 1.5 µg (25)
 − 
3.5 ml

Abhinav, A [34]
2015
India

Bup (12.5 mg) (25) Bup (10 mg) + fe 25 µg (25) Hyper
2.5 ml

Abouleish E [35]
1988
USA

Bup (8.25 mg) + saline (17) Bup + mor 0.2 mg (17) Hyper
1.3 ml (for 150 cm) ± 0.1 ml/every 

7.5 cm of height
Agrawal, A [36]
2009
India

Bup (12 mg) (20) 1. Bup (10 mg) + fe 25 µg (20)
2 Bup (10 mg) + suf 10 µg (20)

Hyper
 − 

Ali, W [95]
2020
India

Bup (12.5 mg) (111) Bup + fe 25 µg (109) Hyper
3.0 ml

Aragon, M [37]
2004
Spain

Bup (12.5 mg) (20) Bup + fe 50 µg (20) Hyper
 − 

Atalay, C [38]
2010
Turkey

Bup (10 mg) (20) 1. Bup (5 mg) + mep 35 mg (20)
2. Bup (5 mg) + mep 30 mg (20)
3. Bup (5 mg) + mep 25 mg (20)

Ctrl: hyper, 2 ml,
Mep (35 mg): iso, 1.7 ml,
Mep (30 mg): iso, 1.6 ml,
Mep (25 mg): iso 1.5 ml

Bakhshaei, M [39]
2010
Iran

Lid (75 mg) + saline (30) 1. Lid + suf 5 µg (30)
2. Lid + suf 10 µg (30)

Hyper
Ctrl: 3.5 ml
Suf: − 

Bang, Y [40]
2012
Korea

Bup (6.5–12 mg) + saline (35) 1. Bup + suf 2.5 µg (35)
2. Bup + suf 5.0 µg (35)

Hyper
Ctrl: 1.5–2.6 ml,
Suf: − 

Belzarena, S [41]
1992
Brazil

1. Bup (15 mg) (30) 1. Bup + fe 0.25 µg/kg (30)
2. Bup + fe 0.50 µg/kg (30)
3. Bup + fe 0.75 µg/kg (30)

Hyper
3.0 ml followed by a 2.0 ml of solution 

containing 0–0.75 µg/kg fentanyl
Bhattacharjee, A [42]
2015
India

Bup (10 mg) + saline (30) 1. Bup + fe 25 µg (30)
2. Bup + clo 75 µcg (30)a

Hyper
2.5 ml

Bindra, T [43]
2018
India

Bup (10 mg) + saline (50) 1. Bup + fe 20 µg (50)
2. Bup + nal 0.8 mg (50)a

Hyper
2.4 ml

Biswas, B [44]
2002
India

Bup (10 mg) + saline (20) Bup + fe 12.5 µg (20) Hyper
2.25 ml

Bozdogan, O [45]
2013
Turkey

Lev (11 or 12 mg) (27) 1. Lev + suf 2.5 µg (26)
2. Lev + fe 10 µg (25)

 − 
Unclear

Braga, A [46]
2003
Brazil

Bup (12.5 mg) + saline (20) 1. Bup + suf 2.5 µg (20)
2. Bup + suf 5.0 µg (20)
3. Bup + suf 7.5 µg (20)

Hyper
4.0 ml

Chandra, B [47]
2008
India

Bup (7.5 mg) + saline (20) 1. Bup + fe 25 µg (20)
2. Bup + suf 5 µg (20)

Hyper
2.0 ml

Choi, J [48]
2000
Korea

Bup (8.5 mg) + saline (11) 1. Bup + fe 0.15 µg/kg (11)
2. Bup + mep 0.25 mg/kg (11)
3. Bup + mep 0.5 mg/kg (11)

Hyper
1.95 ml
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Table 1   (continued)

First author 
Year
Country

Control (n) Intervention (n) Density of LA
Final volume of solution

Chu, C [49]
1995
Taiwan

Bup (10 mg (for 150 cm) ± 1.0 mg/
every 5 cm of height) + saline (15)

1. Bup + fe 7.5 µg (15)
2. Bup + fe 10.0 µg (15)
3. Bup + fe 12.5 µg (15)
4. Bup + fe 15.0 µg (15)

Hyper
2.0 ml (for 150 cm) ± 0.2 ml/every 5 cm 

of height

Chung, C [50]
1998
Korea

Bup (12 mg) + saline (20) 1. Bup + neo 25 µg (20)a

2. Bup + mor 0.1 mg (20)
3. Bup + neo 12.5 µg + mor 0.05 mg 

(20)a

Hyper
2.6 ml

Chung, C [51]
2002
Korea

Rop (18 mg) + saline (29) Rop + fe 10 µg (30) Hyper
3.9 ml

Cowan, C [52]
2002
UK

Bup (13.75 mg) + saline (25) 1. Bup + fe 20 µg (25)
2. Bup + dia 300 µg (25)

Hyper
3.75 ml

Dahlgren, G [53]
1997
Sweden

Bup (12.5 mg) + saline (20) 1. Bup + fe 10 µg (20)
2. Bup + suf 2.5 µg (20)
3. Bup + suf 5.0 µg (20)

Hyper
1.0 ml of test solution followed by 

2.5 ml bup
Demiraran, Y [54]
2006
Turkey

Bup (12.5 mg) + saline (25) 1. Bup + suf 1.5 µg (25)
2. Bup + suf 2.5 µg (25)
3. Bup + suf 5.0 µg (25)

Hyper
3.5 ml

Farzi, F [55]
2014
Iran

Lid (70 mg) + saline (65) 1. Lid + mep 25 mg (65)
2. Lid + fe 25 µg (65)

 − 
2.0 ml

Farzi, F [56]
2017
Iran

Bup (12.5 mg) + saline (31) 1. Bup + fe 25 µg (30)
2. Bup + suf 2.5 µg (31)

 − 
3.0 ml

Gauchan, S [57]
2014
Nepal

Bup (12 mg) (35) Bup (10 mg) + fe 20 µg (35) Hyper
2.4 ml

Ghosh, S [96]
2020
India

Bup (12.5 mg) (30) Bup + mor 0.1 mg (30)
Bup + clo 75 µg (30)a

Hyper
3.0 ml

Girgin, N [58]
2008
Turkey

Bup (7.5 mg) (19) 1. Bup + mor 0.1 mg (18)
2. Bup + mor 0.2 mg (19)
3. Bup + mor 0.3 mg (20)
4. Bup + mor 0.4 mg (19)

Hyper
2.0 ml

Gordon, K [59]
1997
Brazil

Bup (14 mg) (20) 1. Bup (13 mg) + fe 20 µg (20)
2. Bup (14 mg) + suf 10 µg (20)

Hyper
3.0 ml

Graham, D [60]
1997
UK

Bup (12.5 mg) + saline (20) Bup + dia 0.3 mg (20) Hyper
2.8 ml

Hidaka, I [61]
2003
Japan

Bup (10 mg) + saline (19) Bup + mor 0.05 mg (20) Iso
2.0 ml

Hunt, C [62]
1989
USA

Bup (7.5 mg (for 5 ft tall) + 0.75 mg/
every 1 inch increase in 
height) + saline (9)

1. Bup + fe 2.5 µg (6)
2. Bup + fe 5.0 µg (8)
3. Bup + fe 6.25 µg (7)
4. Bup + fe 12.5 µg (7)
5. Bup + fe 25 µg (6)
6. Bup + fe 37.5 µg (7)
7. Bup + fe 50 µg (5)

Hyper
1.0 ml of test solution followed by bup

Idowu, O [63]
2011
Nigeria

Bup (12.5 mg) + saline (30) 2. Bup + fe 25 µg (30) Hyper
3.0 ml
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Table 1   (continued)

First author 
Year
Country

Control (n) Intervention (n) Density of LA
Final volume of solution

İlban, O [64]
2018
Turkey

Lev (12 mg) (30) Lev (10 mg) + mor 0.1 mg (30)  − 
3.0 ml

Jain, K [65]
2004
India

Bup (7.5 mg) + saline (15) 1. Bup + fe 10 µg (15)
2. Bup + fe 20 µg (15)

Hyper
2.5 ml

Kelly, M [66]
1998
UK

Bup (10–13 mg) + saline (20) 1. Bup + dia 0.125 mg (19)
2. Bup + dia 0.25 mg (20)
3. Bup + dia 0.375 mg (19)

Hyper
3.0–3.6 ml

Mahajan, R [67]
2005
India

Bup (7.5 mg) + saline (12) Bup + fe 20 µg (12) Hyper
2.5 ml

Mahmoud, M [68]
2016
Egypt

Bup (10 mg) + saline (30) Bup + pet 10 mg (30) Hyper
2.5 ml

Manullang, T [69]
2000
USA

Bup (12 mg) + saline (15) Bup + fe 20 µg (15) Hyper
 − 

Nakamura, T [70]
2009
Japan

Bup (10 mg) + saline (17) 1. Bup + mor 0.05 mg (16)
2. Bup + mor 0.1 mg (18)
3. Bup + mor 0.2 mg (15)

Hyper
2.1 ml

Ng, Y [71]
1990
Taiwan

Bup (10 mg) (30) Bup + fe 20 µg (30) Hyper
2.4 ml

Ngiam, S [72]
1998
Singapore

Bup (7.5 mg) + saline (17) 1. Bup + fe 15 µg (18)
2. Bup + suf 10 µg (20)

Iso
4.0 ml

Oshan, V [73]
2003
India

Lig (60 mg) + saline (30) Lig + fe 15 µg (30) Hyper
1.5 ml

Ozkan, S [74]
2006
Turkey

Bup (9 mg) (15) 1. Bup (8 mg) + fe 10 µg (15)
2. Bup (7 mg) + fe 20 µg (15)

Hyper
1.8 ml

Palmer, C [75]
1999
USA

Bup (12.75 mg) + saline (12) 1. Bup + mor 0.025 mg (12)
2. Bup + mor 0.05 mg (12)
3. Bup + mor 0.075 mg (12)
4. Bup + mor 0.1 mg (12)
5. Bup + mor 0.2 mg (12)
6. Bup + mor 0.3 mg (12)
7. Bup + mor 0.4 mg (12)
8. Bup + mor 0.5 mg (12)

Hyper
2.2 ml

Palmer, C [76]
1995

Lid (80 mg) + saline (14) Lid + fe 15 µg (14)  − 
1.9 ml

Qi, X [77]
2016
China

Bup (10 mg) (39) 1. Bup + dex (39)a

2. Bup + mor 0.1 mg (40)
Iso
2.0 ml

Rastogi, K [97]
2020
India

Levo (20) 1. Levo + dex 5 µg (20)a

2. Levo + fe 25 µg (20)
Iso
3.0 ml

Saffarie, E [94]
2019
Iran

Bup (12.5 mg) + distilled water (45) 1. Bup + suf 5 µg (45)
2. Bup + tram 10 mg (45)a

 − 
3.5 ml

Sanli, S [78]
2005
Turkey

Rop (15 mg) + saline (17) Rop + fe 10 µg (20) Hyperbaric
3.0 ml
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Table 1   (continued)

First author 
Year
Country

Control (n) Intervention (n) Density of LA
Final volume of solution

Shahriari, A [79]
2007
Iran

Lid (80 mg) + saline (20) Lid + fe 15 µg (20)  − 
Ctrl: 1.85 ml,
Fe: − 

Shaikh, S [80]
2015
India

Bup (10 mg) + saline (30) 1. Bup + mid 2 mg (30)a

2. Bup + fe 12.5 µg (30)
Hyper
2.5 ml

Shende, D [81]
1998
UK

Bup (12.5 mg) + saline (20) Bup + fe 15 µg (20) Hyper
2.8 ml

Sibilla, C [82]
1997
Italy

Bup (12 or 14 mg based on patients’ 
height) + saline (26)

1. Bup + fe 25 µg (29)
2. Bup + mor 0.1 mg (25)
3. Bup + fe 25 µg + mor 0.1 mg (27)

Hyper
 − 

Skilton, R [83]
1999
UK

Bup (12.5 mg) + saline (10) 1. Bup + dia 0.1 mg (10)
2. Bup + dia 0.2 mg (10)
3. Bup + dia 0.3 mg (10)

Hyper
3.0 ml

Swart, M [84]
1997
UK

Bup (12.5–15 mg) + saline (30) Bup + mor 0.1 mg (30) Hyper
2.5–3 ml

Terajima, K [85]
2003
Japan

Bup (10 mg) (20) Bup + mor 0.2 mg (22) Hyper
 − 

Tolia, G [86]
2008
India

Bup (11 mg) (25) 1. Bup (9 mg) + fe 10 µg (25)
2. Bup (7.5 mg) + fe 10 µg (25)

Hyper
2.2 ml

Tyagi, P [87]
2013
India

Bup (10 mg) (30) 1. Bup + fe 12.5 µg (30)
2. Bup + fe 25 µg (30)

Hyper
Ctrl: 2.0 ml
Fe: − 

Valentine, J [88]
1996
UK

Bup (15 mg) + saline (11) 1. Bup + dia 0.2 mg (12)
2. Bup + mid 1 mg (13)a

3. Bup + dia 0.2 mg + mid 1 mg (16)a

Hyper
 − 

Venkata, H [89]
2015
USA

Bup (10 mg) (25) Bup (7.5 mg) + fe 25 µg (25) Hyper
2.0 ml

Vyas, N [90]
2010
India

Bup (11 mg) + saline (30) Bup + suf 5 µg (30) Hyper
2.8 ml

Weigl, W [91]
2016
Poland

Bup (7.5 to 15 mg based on patient’s 
height) + saline (30)

Bup + fe 25 µg (29) Hyper
2–3.5 ml

Wrench, I [92]
2007
Ireland

Bup (10–15 mg) + saline (26) 1. Bup + dia 0.1 mg (29)
2. Bup + dia 0.2 mg (27)
3. Bup + dia 0.3 mg (28)

Hyper
 − 

Yu, S [93]
2002
China

Bup (10 mg) + saline (20) Bup + mep 10 mg (20) Hyper
2.2 ml

Bup bupivacaine, clo clonidine, ctrl control, dex dexmedetomidine, dia diamorphine, fe fentanyl, IT intrathecal, LA local anesthetic, lev lev-
obupivacaine, lid lidocaine, lig lignocaine, mid midazolam, mep meperidine, mor morphine, nal nalbuphine, neo neostigmine, pet pethidine, rop 
ropivacaine, RR respiratory rate, SA spinal anesthesia, suf sufentanil, VAS visual analogue scale, −  not reported
a Not included in the analysis
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Primary outcome

Duration of complete analgesia (time to VAS > 0)

Table 2 shows the summary of findings for the primary 
outcome. Eight studies examining three opioids (fentanyl, 
sufentanil, and morphine) and one combination (fentanyl 
and morphine) with 572 patients were selected [37, 39, 44, 
53, 54, 62, 63, 82]. Eight trial arms with direct compari-
sons were identified. All Bayesian parameters were well 
converged (Supplementary Table S3A). Compared with the 

placebo, when fentanyl, sufentanil (lipophilic), and mor-
phine (hydrophilic) were added alone to local anesthetics, 
the duration of complete analgesia was significantly pro-
longed by 96 (95% CrI: 29–170) min, 96 (4.9–190) min, 
and 190 (29–360) min, respectively. The differences were 
not significant among the three opioids (Supplementary 
Table S4A). The fentanyl and morphine combination did not 
prolong the duration of complete analgesia. The node-split-
ting model revealed no evidence of incoherence (inconsist-
ency) between the direct and indirect comparisons (Supple-
mentary Table S5A). The comparison-adjusted funnel plot 

Table 2   Summary of findings 
table for primary outcome

Patients: parturients

Interventions: fentanyl, fentanyl+morphine, morphine, sufentanil

Comparator (reference): placebo

Outcome: duration of complete analgesia

Setting: elective cesarean section

Total studies: 8 RCTs

Total participants: 572

Anticipated absolute 

effect 

MD (95% CrI)

Certainty of evidence Reasons for 

downgrading

Ranking 

(SUCRA) 

(%)

Fentanyl

(6 RCTs; 165 participants)

96 min (29, 170)

Low

Risk of bias and 

heterogeneity

47.5

Fentanyl+morphine

(1 RCT; 27 participants)

140 min (-26, 300)

Moderate

Heterogeneity 65.3

Morphine

(1 RCT; 25 participants)

190 min (29, 360)

High

87.1

Sufenatnil

(3 RCTs; 175 participants)

96 min (4.9, 190)

Low

Risk of bias and 

heterogeneity

48.0

Placebo

(8 RCTs; 180 participants)

No estimable Reference comparator 2.2

CrI credible interval, MD mean difference, RCT​ randomized controlled trial, SUCRA​ surface under 
cumulative ranking curves
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and Egger’s test results indicate that publication bias was 
unlikely (Supplementary Figure S3A and Table S6A). The 
SUCRA results showed that the interventions with the best 
probability of achieving the longest duration of complete 
analgesia were morphine (87.1%), followed by fentanyl and 
morphine combination (65.3%), sufentanil (48.0%), fentanyl 
(47.5%), and placebo (2.2%) (Table 2). For model fit, the 
D res was 20.0 and pD was 18.7, suggesting that the model 
represented the data well (Supplementary Table S7A). For 
risk of bias, all comparisons were rated as low or unclear 
(Supplementary Figure S4A). For imprecision, 60% of 
interval estimates in comparisons exceeded null values, 
indicating major concerns in data precision (Supplementary 
Table S8A). For heterogeneity, 33% of confidence and pre-
diction interval estimates in comparisons extended into clini-
cally important effects in both directions, indicating major 
concerns in heterogeneity (Supplementary Table S9A). The 
GRADE outcome results are detailed in Supplementary 
Table S10A. The certainty of evidence was low in 5 of 10 
comparisons.

Secondary outcomes

Incidence of nausea and vomiting within 24 h after spinal 
anesthesia

As the incidence of nausea and vomiting was reported as a 
separate outcome or combined as “nausea and vomiting,” we 
examined these outcomes separately. To examine the nausea 
incidence, 34 studies examining five opioids (diamorphine, 
fentanyl, sufentanil, meperidine, and morphine) and one 
combination (fentanyl and morphine) with 2,345 patients 
were selected [32, 36–38, 40–42, 45–47, 49, 51, 54–56, 60, 
61, 63, 64, 71–74, 76, 78–82, 85, 86, 90, 92, 94]. Eleven trial 
arms with direct comparisons were identified (Supplemen-
tary Table S2A). Among the 34 studies, 11 determined the 
incidence of nausea 24 h after spinal anesthesia [32, 41, 55, 
56, 61, 64, 74, 81, 82, 85, 92], six determined intraopera-
tive nausea [36, 51, 63, 73, 78, 79], and three determined 
early (up to 6 h) postoperative nausea [54, 76, 80], while 
the observation period was not described in the other 14 
studies. None of the opioids affected the nausea incidence 
(Supplementary Table S2A). No evidence of incoherence 
(inconsistency) between direct and indirect comparisons 
(Supplementary Table S5B) was demonstrated. The results 
of imprecision indicate some or major concerns (Supple-
mentary Table S8B). The certainty of evidence was low in 
19 of 21 comparisons (Supplementary Table S10B). Regard-
ing vomiting, 32 studies examining five opioids (diamor-
phine, fentanyl, sufentanil, meperidine, and morphine) 
and one combination (fentanyl and morphine) with 2,318 
patients were selected [32, 36–38, 40–42, 45, 46, 49, 54–56, 
59–61, 63, 64, 66, 70, 71, 73, 74, 76, 80, 82, 84–86, 90, 92, 

94] (Supplementary Table S2B). Twelve studies determined 
the incidence of vomiting during the 24 h after spinal anes-
thesia [32, 41, 55, 56, 61, 64, 66, 70, 74, 82, 85, 92], four 
determined early postoperative (up to 6 h) vomiting [54, 76, 
80, 84], and three examined intraoperative vomiting [36, 63, 
73], while the observation period was not described in the 
other 13 studies. Among the five opioids, only sufentanil was 
associated with reduced risks of vomiting (OR 0.35, 95% 
CrI: 0.11–0.94) (Supplementary Table S2B). No evidence 
of inconsistency was observed between direct and indirect 
comparisons (Supplementary Table S5C). The results of 
imprecision indicate some or major concerns (Supplemen-
tary Table S8C). The certainty of evidence was low in 20 of 
21 comparisons (Supplementary Table S10C). Finally, 15 
studies examining four drugs (fentanyl, sufentanil, meperi-
dine, and morphine) with 991 patients were selected for 
examining the incidence of nausea and vomiting [34, 39, 44, 
48, 50, 51, 57, 62, 65, 68, 77, 91, 93, 95, 97] (Supplementary 
Table S2C). Six studies determined the incidence of nausea 
and vomiting during the 24 h after spinal anesthesia [39, 
50, 57, 62, 68, 91, 95, 97], three investigated intraoperative 
nausea and vomiting [51, 93, 95], and one examined early 
postoperative nausea and vomiting [44], while the observa-
tion period was unclear in the other five studies. Fentanyl 
was associated with significant decrease in nausea and vom-
iting (OR 0.39, 95% CrI: 0.18–0.88), while meperidine was 
associated with significant increase in nausea and vomiting 
(4.8, 1.3–19) (Supplementary Table S2C). No evidence of 
inconsistency existed between direct and indirect compari-
sons (Supplementary Table S5D). The results of impreci-
sion indicate some or major concerns (Supplementary 
Table S8D). Certainty of evidence was mixed: high (1/10), 
low (7/10), or very low (2/10) (Supplementary Table S10D).

Respiratory depression incidence

A summary of finding table for respiratory depression is 
shown in Supplementary Table S2D. Forty-two studies 
examining five opioids (diamorphine, fentanyl, sufentanil, 
meperidine, and morphine) and one combination (fenta-
nyl and morphine) with 2,740 patients were selected [32, 
34, 35, 37, 39, 41, 44–46, 48, 49, 51–55, 57–66, 71–73, 
77–79, 82, 84–87, 90, 91, 93, 96, 97]. Twelve trial arms 
with direct comparisons were identified. The definition of 
respiratory depression varied among studies (Table 1). The 
most frequently used definition was a respiratory rate of < 10 
breaths/min with or without a threshold oxygen saturation 
(Spo2) value, which was used in 20 studies. Conversely, no 
definition was provided in 16 studies. Most studies (34/42) 
reported zero events in both the placebo and intervention 
groups. Respiratory depression was reported in the placebo 
group in two studies (n = 1 and 1, respectively; overall inci-
dence, 0.2%) [78, 91], fentanyl group in five (n = 1, 1, 3, 1, 
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and 2, respectively; overall incidence, 1.0%) [55, 72, 87, 
91, 97], sufentanil group in two (n = 14 and 9, respectively; 
overall incidence, 6.9%) [39, 72], and morphine group in 
one (n = 1, overall incidence, 0.3%) [84]. No respiratory 
depression was described in the diamorphine, meperidine, 
and combination of fentanyl and morphine groups. Sufenta-
nil and morphine were associated with significant increases 
in the incidence of respiratory depression (OR 240, 95% 
CrI: 7.8–74,000 and 2.3 × 1010, 1.6–7.4 × 1040, respectively). 
Other opioids were not associated with elevated risks of res-
piratory depression. For risk of bias, all comparisons were 
rated as low or unclear (Supplementary Figure S4E). The 
results of imprecision indicate major concerns (Supplemen-
tary Table S8E). Certainty of evidence was low in 19 of 21 
comparisons (Supplementary Table S10E).

Cumulative postoperative opioid consumption within 24 h 
after spinal anesthesia

Eighteen studies examining four opioids (diamorphine, fen-
tanyl, meperidine, and morphine) with 1031 patients were 
selected [35, 50, 52, 58, 60, 66, 69, 70, 74–77, 81, 83, 84, 
88, 92, 93]. Five trial arms with direct comparisons were 
identified (Supplementary Table S2E). Compared with the 
placebo, diamorphine and morphine reduced 24-h opioid 
consumption by 22 (95% CrI: 11–33) and 32 (22–42) mg, 
respectively. Compared with fentanyl, diamorphine and 
morphine were associated with lower amounts of opioid 
consumption by 24.0 (8.9–38.8) and 33.5 (18.5–49.8) mg, 
respectively (Supplementary Table S4F). Neither fenta-
nyl nor meperidine reduced the 24-h opioid consumption 
compared with the placebo and morphine (Supplementary 
Table S4F). No evidence of inconsistency was found in any 
of the comparisons (Supplementary Table S5F). For risk 
of bias, all comparisons were rated as low or unclear (Sup-
plementary Figure S4F). The results of imprecision indicate 
some or major concerns (Supplementary Table S8F). Cer-
tainty of evidence was mixed: high (1/10), moderate (5/10), 
or low (4/10) (Supplementary Table S10F).

Pruritus incidence

Forty-seven studies examining five opioids (diamorphine, 
fentanyl, sufentanil, meperidine, and morphine) and one 
combination (fentanyl and morphine) with 3245 patients 
were selected [32, 34–38, 40–42, 44–51, 54–56, 59–66, 
68, 70–74, 76–82, 84–86, 90–92, 95]. Eleven trial arms 
with direct comparisons were identified (Supplementary 
Table S2F). The incidence of pruritus was determined 24 h 
after spinal anesthesia in 17 studies [32, 41, 50, 55, 56, 61, 
62, 64, 66, 68, 70, 74, 81, 82, 85, 91, 92], during surgery in 
seven [35, 36, 51, 63, 73, 78, 80], during the early postopera-
tive period (up to 6 h) in four [44, 54, 76, 84], and by 2 days 

after surgery in one [79], while no observation period was 
described in the other 19 studies. Except for diamorphine, 
all opioids were associated with a significant increase in the 
incidence of pruritus (Supplementary Table S2F). No evi-
dence of inconsistency was found in any of the comparisons 
(Supplementary Table S5G). For risk of bias, all compari-
sons were rated as low or unclear (Supplementary Figure 
S4G). The results of imprecision indicate major concerns 
(Supplementary Table S8G). Certainty of evidence was 
low in 12 and very low in 9 comparisons (Supplementary 
Table S10G).

Effective analgesia duration

We defined the duration of effective analgesia as the duration 
of time until VAS score reached ≥ 4 or the time to first anal-
gesic use. For VAS score, 12 studies examining three opioids 
(fentanyl, sufentanil, and meperidine) with 931 patients were 
selected [37, 40, 41, 47, 48, 53, 55, 56, 65, 71, 89, 93]. Five 
trial arms with direct comparisons were identified (Supple-
mentary Table S2G). Compared with the placebo, fentanyl, 
meperidine, and sufentanil prolonged the duration of time 
until VAS score reached ≥ 4 (150 min, 95% CrI: 81–230 min; 
240 min, 110–370 min; 170 min, 63–280 min). There was no 
evidence of inconsistency among these three opioids (Sup-
plementary Table S5H). For risk of bias, all comparisons 
were rated as low or unclear (Supplementary Figure S4H). 
The results of imprecision indicate some or major concerns 
(Supplementary Table S8H). Certainty of evidence was 
moderate in 2 of 6 comparisons and low in 4 of 6 (Supple-
mentary Table S10H).

Time to first analgesia use was the most frequently exam-
ined outcome. Thirty-nine studies examined the outcome, but 
one study [85] was excluded from the analysis, as it was unus-
able as the reported SD in the treatment arm was 0. We tried 
but could not contact the authors. Thus, 38 studies examining 
five opioids (diamorphine, fentanyl, sufentanil, meperidine, 
and morphine) and one combination (fentanyl and morphine) 
with 2,453 patients were selected [31, 33, 35, 38, 43–46, 
49–51, 57, 58, 60, 62–64, 66, 67, 69, 72–74, 76–79, 81–83, 
86, 87, 90–92, 95–97]. Ten trial arms with direct comparisons 
were identified (Supplementary Table S2H). Hydrophilic opi-
oids, including diamorphine and morphine, were associated 
with significant increases in time to first analgesic use com-
pared with the placebo by 230 (95% CrI: 26–440) and 660 
(510–810) min, respectively. The fentanyl and morphine com-
bination also prolonged the time to first analgesic compared 
with the placebo by 520 (100–950) min. Conversely, lipophilic 
opioids, including fentanyl, meperidine, and sufentanil, had 
no prolonging effects. Morphine showed significantly longer 
time to first analgesic use compared to fentanyl and sufentanil 
(Supplementary Table S4I). Inconsistency was not observed in 
the six comparisons but was observed in the 15 comparisons 
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(Supplementary Table S5I). The results of imprecision indi-
cated some or major concerns (Supplementary Table S8I). For 
risk of bias, all comparisons were rated as low or unclear (Sup-
plementary Figure S4I). Certainty of evidence was very low in 
17 of 21 comparisons (Supplementary Table S10I).

Pain scores at 12 and 24 h after spinal anesthesia

Three studies examining three opioids (diamorphine, fenta-
nyl, and morphine) with 194 patients [52, 60, 77] and seven 
studies examining three opioids (diamorphine, fentanyl, and 
morphine) with 432 patients [52, 58, 60, 77, 84, 88, 96] were 
selected for pain evaluation at 12 and 24 h, respectively. Four 
trial arms with direct comparisons were identified for each 
outcome (Supplementary Tables S2I, J). No opioid examined 
affected the pain score at both 12 and 24 h. Analysis by the 
CINeMA was unavailable for pain scores at 12 h. Inconsist-
ency was not found in any of the comparisons (Supplementary 
Table S5J). For risk of bias, all comparisons were rated as 
low or unclear (Supplementary Figure S4J and K). Certainty 
of evidence was low in 5 of 6 comparisons (Supplementary 
Table S10K).

Subgroup and sensitivity analysis

Significant differences were found in the incidence of vomit-
ing, cumulative postoperative opioid consumption, and time 
to first analgesic use (Supplementary Table S11). Lipophilic 
opioids were associated with significant decreases in the 
incidence of vomiting (OR 0.3, 95% CrI: 0.11–0.77) com-
pared with hydrophilic opioids (Supplementary Table S11C). 
Hydrophilic opioids were associated with significant reduc-
tions in postoperative morphine-equivalent opioid consump-
tion by 29.22 (95% CrI: 17.02–41.31) mg and with significant 
increases in the time to first analgesic use by 442.24 (95% CrI: 
290.47–602.23) min compared with lipophilic opioids (Sup-
plementary Table S11I). There were no differences in other 
outcomes.

The morphine and fentanyl combination was not associated 
with a significant increase in the complete analgesia duration, 
incidence of nausea and vomiting, incidence of respiratory 
depression, incidence of pruritus, and time to first analgesic 
use when compared with either morphine or fentanyl alone 
(Supplementary Table S4A, B, C, E, G, I).

Sensitivity analysis showed no differences between a non-
informative prior and a weak prior with inverse gamma distri-
bution in all outcomes (Supplementary Table S12).

Discussion

Our Bayesian network meta-analysis evaluated the effect 
of five opioids and one combination of opioids used as 
adjuncts to spinal anesthesia in cesarean section on seven 
clinically important outcomes. We confirmed that all had 
favorable effects on analgesic outcomes. However, no clear 
conclusions could be drawn regarding opioid-associated 
adverse outcomes.

Regarding primary outcome (duration of complete anal-
gesia, defined as time to VAS > 0), all investigated opioids, 
including fentanyl, sufentanil, and morphine, significantly 
prolonged the duration of complete analgesia compared 
with the placebo when added alone to local anesthetics. 
Despite morphine ranking first, the results should be inter-
preted with caution since no statistically significant differ-
ence in extending the duration of complete analgesia was 
observed. The fentanyl and morphine combination showed 
no prolonging effect on the duration of complete analgesia 
compared with the use of fentanyl alone. However, this 
may be inconclusive as the effect of combining the opioids 
was determined by only one small study [82].

Here, other analgesic outcomes were investigated. In 
terms of time until VAS ≥ 4, fentanyl, meperidine, and 
sufentanil equally extended the time compared with the 
placebo. However, lipophilic opioids neither reduced the 
cumulative 24 h opioid consumption nor delayed the time 
to first analgesic use. Although no studies included here 
examined the effect of diamorphine and morphine on the 
time until VAS ≥ 4, these hydrophilic opioids were associ-
ated with reduced 24 h opioid consumption and extended 
the time to first analgesic use as compared with the pla-
cebo. While 24 h opioid consumption was not different 
between diamorphine and morphine, morphine was asso-
ciated with longer duration of time to the first analgesic 
use compared with diamorphine, as well as fentanyl and 
sufentanil. These results showed that hydrophilic opioids 
are more suitable for improving postoperative analgesia 
compared to lipophilic opioids, which was supported by 
subgroup analyses. Among five opioids, morphine ranked 
first on both the cumulative postoperative opioid consump-
tion and time to first analgesic use; thus, morphine seems 
to be most suitable agent for improving postoperative 
analgesia.

A network meta-analysis could not be performed for 
other secondary outcomes, including pain scores at 12 and 
24 h, due to the small number of studies or patients with 
availability of pain scores at 12 h; moreover, low to mod-
erate evidence certainty was found in pain scores at 24 h; 
therefore, these data are inconclusive.

Here, clinically relevant opioid-related adverse effects 
were investigated. With respect to emetic outcomes, the 
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results were inconsistent. The incidence of nausea was not 
affected by the addition of intrathecal opioids. Vomiting 
was reduced by sufentanil. While “nausea and vomiting” 
was decreased by fentanyl, it was increased by meperi-
dine. These confusing results may partially be explained 
by the variation in the definition of the outcome measured 
and the observation period. While lipophilic opioids may 
decrease intraoperative nausea and/or vomiting associ-
ated with uterine exteriorization, hydrophilic opioids may 
increase postoperative nausea and/or vomiting. However, 
the majority of the studies did not specify whether the 
emetic outcome occurred during the intra- or postoperative 
period. Furthermore, GRADE results on nausea and vom-
iting remained mostly at a “low” certainty of evidence. 
Therefore, these results are not convincing.

One of the most serious adverse events in intrathecal opi-
oids is respiratory depression. Most studies (83%) reported 
zero events in both placebo and intervention groups. How-
ever, our results showed that sufentanil and morphine were 
associated with significant increases in the incidence of 
respiratory depression. Although respiratory depression by 
morphine was reported in only one case in our study, the 
OR was inexplicably high (2.4e + 8) with a very wide CrI 
(1.3–2.3e + 30). Similarly, other opioids, including diamor-
phine, meperidine, sufentanil, and fentanyl and morphine 
combination, showed very wide CrIs. The possible reason is 
that unlike the frequentist approach, the Bayesian’s GeMTC 
algorithm does not delete a group, including zero cells in 
both placebo and intervention arms, and an appropriate solu-
tion is yet to be established. Therefore, the results on respira-
tory depression obtained here are inconclusive.

Opioid-induced pruritus is an uncomfortable complica-
tion caused by intrathecal opioids. Our results showed that 
all opioids, except for diamorphine, were associated with a 
significant increase in the incidence of pruritus; however, 
GRADE results remained “low” in the incidence of pruritus 
in all comparisons. Thus, these results must be considered 
suggestive.

Strengths and limitations

The strength of this review is that it focused on a wide range 
of clinically relevant outcomes, including four analgesic and 
three adverse outcomes, and on every conceivable intrathe-
cal opioid used alone or in combination. Another strength is 
the use of network meta-analysis, which enables direct and 
indirect comparisons. With Bayesian network meta-analysis, 
there is greater capability for more flexible statistical mod-
eling with the use of prior distributions.

This review had some limitations. First, most com-
parisons were judged as having a moderate or low cer-
tainty of evidence, mainly because of major concerns with 
imprecision and partially because of major concerns with 

heterogeneity. The major concern in imprecision was a wide 
95% CrI, possibly implying a small sample size and event 
rate in each study. A large-scale multicenter RCT is needed 
to address this. Second, we did not consider the opioid dose 
as well as local anesthetic dose. Thus, dose–response rela-
tionships for each opioid and local anesthetic remain unclear. 
Third, we included only studies with a no-opioid arm to 
address the effects of intrathecal opioids. However, this 
might reduce the number of eligible studies. Fourth, we did 
not consider co-interventions, such as PONV prophylaxes. 
Each trial employed different strategies for prophylaxes and 
treatment of PONV, which can affect the incidence of PONV 
in addition to intrathecal opioids. Fifth, studies included here 
were published over a long period of time (1988–2019), two-
thirds of which were published before 2010, which might 
affect the outcome due to change in clinical practice.

Comparison with previous studies

Four systematic reviews have been published with regard 
to the effects of intrathecal opioids on various outcomes 
in cesarean section. However, no reviews have extensively 
compared the effects of various opioids administered to the 
subarachnoid space. A 1999 systematic review [6] reported 
that intrathecal morphine prolonged the time to first post-
operative analgesic requirement and reduced postoperative 
pain, while fentanyl and sufentanil did not have any clinical 
effects; however, the number of included studies was small 
(15 reports, 535 patients) raising concerns regarding the sta-
tistical power. A 2016 meta-analysis [7] compared low-dose 
(0.05–0.1 mg) with high-dose (> 0.1–0.25 mg) morphine 
to examine their effects on analgesic and adverse outcomes 
and showed that high-dose morphine was associated with 
more prolonged analgesia, but higher incidence of nausea, 
vomiting, or pruritus. Yet, their meta-analysis focused only 
on intrathecal morphine, lacked control despite of their 
dose–response approach, and the threshold of morphine 
differentiating low- and high-dose was somewhat arbitrary. 
A 2018 systematic review [98] focused on the prevalence 
of respiratory depression caused by intrathecal morphine 
and diamorphine, concluding that the prevalence was low 
(5.96–8.67/10,000 cases). This meta-analysis focused only 
on neuraxial morphine and diamorphine, and the associated 
adverse respiratory depression effects. Their results are com-
parable with ours in that the incidence of respiratory depres-
sion was very low. More recently, a pairwise meta-analysis 
[99] found that fentanyl added to intrathecal bupivacaine 
alone or in combination with morphine provided excellent 
analgesia; however, the analysis focused more on intraopera-
tive than postoperative outcomes. Thus, the results cannot 
be compared with ours.

In this Bayesian network meta-analysis, we confirmed 
that intrathecal opioids benefit postoperative analgesia. 
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Morphine was the most appropriate agent. However, some 
results were inconsistent, and the confidence in evidence 
was often moderate or low, especially for adverse outcomes. 
Therefore, we cannot ascertain confidently which opioid is 
best for addition to local anesthetic for cesarean section. 
Well-designed randomized clinical trials with a high cer-
tainty of evidence are imperative to determine the most 
appropriate opioid for cesarean section.
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