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Objective. This meta-analysis evaluates the efficacy and safety regarding usage of butorphanol in patient-controlled analgesia
(PCA). Methods. Several databases such as PubMed, Cochrane Library, Embase, CNKI, and VIP were explored with the help of
computer search and manual retrieval. Randomized controlled trial (RCT) was selected, and the meta-analysis was conducted
using RevMan 5.1. The primary efficacy endpoint was the postoperative visual analog scale score, postoperative Ramsay sedation
scale (RSS), and adverse events. Results. Nine RCTs met the inclusion criteria and were included in this meta-analysis. No
significant differences were found between the butorphanol group and nonbutorphanol group at 12 h and 48 h. The postoperative
RSS score at 12 h, 24 h, and 48 h was representative of the calming effect of butorphanol. No significant difference was found on the
endpoint of the postoperative RSS score at 12 h, 48 h, and 24 h. The RSS score was lower in the butorphanol group in comparison
to the nonbutorphanol group. The butorphanol group was also associated with lower rate of nausea, vomiting, itching, and
dizziness compared to the nonbutorphanol group. Conclusion. Butorphanol may be used in PCA as a successful postoperative
analgesia and is also associated with lower side effects. Further research is needed to verify the efficacy and safety of butorphanol.

1. Introduction

Postoperative pain is a major problem. However, admin-
istering an effective analgesic helps in accelerating postop-
erative surgical recovery and rehabilitation [1]. Patient-
controlled analgesia (PCA) is a method where patients can
initiatively inject a dosage of medication, predetermined by
their doctor, through a computer-controlled micropump
press button.

Butorphanol is a synthetic opioid analgesic with an agonist
activity for the x-opioid receptor and antagonist activity for the
u-opioid receptor [2]. Butorphanol has analgesic effects similar
to morphine but significantly lower adverse reactions such as
respiratory inhibition, skin itching, and so on [3]. Therefore, in
recent years, it has been widely used as an intraoperative ad-
juvant and postoperative PCA. Several studies have demon-
strated that butorphanol is beneficial in treating postoperative
pain after cesarean section, dental surgery, and pain experienced
by patients suffering from migraine headache, acute

musculoskeletal pain, and biliary colic [4-6]. However, there are
no studies that analyze the use of butorphanol in PCA. This
meta-analysis was undertaken to evaluate the efficacy and safety
of butorphanol used in PCA.

2. Materials and Methods

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [7] protocols for conducting a high-quality study.

2.1. Data Sources and Searches. Cochrane Library, EMBASE,
PubMed, CNKI, and VIP databases were searched for RCTs,
and the search time was set from January 1990 to April 2018.
A sensitive filter was used for randomized control trials
(RCTs), and the following keywords were used: “patient-
controlled analgesia,” “butorphanol,” “analgesia,” and
“postoperative pain.”
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2.2. Study Selection. The inclusion criteria were as follows:
(1) patients with postoperative pain; (2) butorphanol alone
or in combination with other analgesics in the treatment
group; (3) placebo or other analgesics except butorphanol in
the control group; (4) the clinical outcomes of visual analog
scale (VAS) score, Ramsay sedation scale (RSS) score,
nausea, vomiting, itching, and dizzy were reported; (5) RCTs
conducted in human beings. Studies were excluded if data
were only available in the form of abstracts, conference
proceedings, websites, or personal communication; case
reports, case series, observational studies (e.g., case-control,
cross-sectional, and cohort studies), systematic reviews and
meta-analyses, letters to the editor, reviews, editorials,
commentaries, studies on animal models, and basic science
studies were also excluded. In case there were duplicate
studies from the same trial, the latest reported data were
included.

2.3. Data Extraction and Quality Assessment. Clinical data
were independently extracted by two independent authors
using the same extraction table. The third investigator was
consulted to resolve any conflicting opinions. Authors’
names, year of publication, and baseline characteristics of
the participants were extracted from investigations in-
cluded in the study. The following endpoints were also
extracted: VAS score, RSS score, incidence of nausea,
vomiting, itching, and dizziness. Additionally, information
regarding blinding, random sequence generation, alloca-
tion concealment, indications for incomplete outcome
data, indications for selective reporting, and other biases
were also collected to evaluate the quality of the included
investigations [8].

2.4. Statistical Analysis. Risk ratio (RR) and 95% confidence
interval (CI) were used to report the differences in di-
chotomous data. Mean differences with 95% CI were used to
report the differences in continuous outcomes. The Cochran
Q test and I statistic were used to assess heterogeneity, and
Cochran’s P<0.10 and I*>50 were considered to be in-
dicative of significant heterogeneity. Pooled analyses were
conducted using a fixed effect model, and if there was
significant heterogeneity, a random effect model was used.
Publication bias was assessed using Begg’s test, and sensi-
tivity analysis was conducted by excluding each individual
study. Data analyses were performed by Review Manager
(RevMan) software (Version 5.1, The Cochrane Collabora-
tion, Copenhagen, Denmark) and STATA software (Version
11.1, Stata Corp LP, College Station, TX, USA).

3. Results

3.1. Search Results. Of the 728 articles that were initially
identified, nine clinical trials [9-17] satisfied the inclusion
criteria of this study. The selection procedure is shown in
Figure 1. In total, 426 patients were randomized to the
butorphanol (experimental) group, and 420 patients were
randomized to the nonbutorphanol (control) group. The
baseline characteristics of the included studies are detailed in
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Table 1. The quality assessment is presented in Figures 2 and
3. All clinical trials included in this study were characterized
by a low risk of blinding of participants and outcome as-
sessment, incomplete outcome data, and selective outcome
reporting.

3.2. Clinical Results. The primary efficacy endpoint was VAS
scores at 12h, 24h, and 48h in the postoperative phase.
Secondary endpoints included RSS scores at 12h, 24 h, and
48h in the postoperative phase. Safety endpoints were the
rate of adverse events such as nausea, vomiting, itching, and
dizziness.

3.3. VAS Score. In this study, the postoperative 12h, 24 h,
and 48 h VAS scores were the primary endpoints, which are
representatives of the effect of analgesic. There were no sig-
nificant differences between the butorphanol group and non-
butorphanol group at 12h (RR=-0.02; 95% CI=-0.32-0.27;
p =0.88; P=66%), 24h (RR=-0.01; 95% CI=-0.49-0.47
p =0.96; PP =87%), and 48h (RR =0.18; 95% CI=—0.51-0.15;
p = 0.28; I> = 57%) postoperative as shown in Figures 4(a)-4(c).

3.4. RSS Score. Postoperative RSS scores at 12h, 24 h, and
48 h represented the calming effect. No significant difference
was found on the endpoint of the postoperative RSS score at
12h (RR=0.34; 95% CI=-0.54-1.23; p = 0.45; F=91%)
and 48h (RR=0.57; 95% CI=-0.43-1.56; p =0.26;
I>=79%) as shown in Figures 5(a) and 5(b). However, the
RSS score at 24h was lower in the butorphanol group
compared to the nonbutorphanol group (RR=0.88; 95%
CI=0.42-0.53; p=0.0002; I’=65%) as shown in
Figure 5(c).

3.5. Adverse Events. Common adverse events of butorphanol
included nausea, vomiting, itching, and dizziness. The
butorphanol group was associated with a lower rate of
nausea (RR=0.30; 95% CI=0.22-0.42; p<0.00001;
’=25%), vomiting (RR=0.35 95% CI=0.25-0.49;
p<0.00001; I*>=0), itching (RR =0.29; 95% CI=0.13-0.64;
p=0002 I’=0), and dizziness (RR=0.45 95%
CI=0.32-0.63; p<0.00001; I’=10%) compared to the
nonbutorphanol group as shown in Figure 6.

3.6. Sensitivity and Bias Analysis. Sensitivity analysis was
conducted by excluding each individual study, and results
obtained were similar to meta-analyses which demonstrated
that the conclusion of this study was stable as shown in
Figure 7. Begg’s test and Egger’s test for each study endpoints
were conducted, and p values of each test are given in
Table 2. These results indicate that there was a publication
bias in VAS and RSS endpoints.

4, Discussion

This meta-analysis includes 426 patients randomized to a
butorphanol group and a nonbutorphanol group within
nine RCTs. Here, it was found that there are no significant
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FiGure 1: Flowchart showing the progress through the stages of the meta-analysis.

differences between butorphanol and nonbutorphanol
groups on the endpoint of postoperative 12h, 24 h, and
48h VAS scores and representative 12h and 48 h RSS
scores. However, the postoperative 24 h RSS score was
reduced after administration of butorphanol. With
regards to adverse events such as nausea, vomiting,
itching, and dizziness, the rate of incidence was signifi-
cantly reduced by butorphanol used.

Postoperative pain is a common complaint among
patients after surgery. Apfelbaum et al. [18] reported that
approximately 80% of the patients suffer postoperative
pain and 86% of them experienced pain ranging from
moderate to severe. Percutaneous pump methods such as
PCA have been used to decrease postoperative pain, but
with limited success. Butorphanol is commonly used for
PCA in clinic. Palaacios et al. [19] and Pokharel et al. [20]
reported about the clinical application of butorphanol in
analgesia after cesarean section. Camann et al. [21]
conducted a comparative study on intravenous analgesia
of butorphanol after cesarean section in 1992 and

highlighted the postoperative analgesic and sedative effect of
butorphanol. Although there are many clinical studies which
demonstrate the clinical use of butorphanol, this is the first
meta-analysis that comprehensively evaluated the use of
butorphanol in PCA.

There are several limitations in this study. First, the
dosage of butorphanol and the surgery patients undertaken
were slightly different in the clinical trials that were included
in this meta-analysis. Second, other analgesics used in
combination with butorphanol may contribute to differ-
ences in each study. Third, publication bias existed, the
reason for which may be the limited number of studies were
included. When the number of studies is less than 20, the
sensitivity of Begg’s and Egger’s decreases. Finally, indi-
vidual patient-level data could not be obtained to further
analyze potential limitations. Overall, different design and
characteristics of each trial might have caused heterogeneity.
Given the important differences between trials, further
randomized trials are warranted to facilitate a nuanced
analysis.



Evidence-Based Complementary and Alternative Medicine

*dnoig jonyuoo ) «dnoid jusunjean <J,

e e . Surg uonasuepuo + 3w g0 [¥1] 0107
TCSFET9T  LETTF LEIT UOI}D3S UBILSI)) Swr g uonesuepuo + 3w '] [Auejusg [Aueyuay + Sw ¢ oueydiomng 0c 0¢ “[e 30 Sueuery
TWOoot
1 (S 57Tz 1014 Mw%h”mm uane zow “Nw ﬁcaw mMMHm | +MMM Mo 0} QUIPS [EULIOU +BUI g UONISUTPUO +BUG 0T 0T “Ie o_wa:
mn PIOTA opUn SHULEd IOSUEPUO + ST [AUBTA ajenre) joueydioing + Sw g [Aueiusg 010T T8 39 1¥1
I 1 : [eT]
- - 2InjoeI] AJIWSIIXS IOMO w Sw 1 Aueyuo w Suw Aueyuay + 8w /£ joueydion
11 09-81 09-81 J Al 1 [WOOT/oW T [ d [WQOT/sW €0 [ ) L Jouey d 0¢ 0¢ 600 e 12 Suepm
o1 _ _ . TwWw 0T [DEN [sT] 800T
nn §9-ov §9-ov Aworaraisty moiqns [U00T [OPN %6'0+8ur T huesuiag %60 + Sw 60 [uviuay + 8w joueydromg 0 05 “[e 10 eIXUTY
aurpes
II I . - 418ms SUIES [BULIOU %6°0) YILM [W 6°0 O) PAIN[IP ‘ [o1] 600C
[A%14 0T +¢¥ . %6°0 [PIM TW Q0T 03 panpIp Swrg wazep 0S5 0§ «
11 UBLIBAO PUE JULId)N) Swr g wazerp uepuo + 3w g1 [Auejusg wepuo + w9 [Auriudy + S g ouvydiomng Te 30 Surdenyy
o _ _ [W QST O3 paIn[Ip [WQST 03 paIn[Ip UONRBULIOTYD 9%6°0 [11] 10T ‘U1QdZ
nn st s HOHD8 UETESID apuIO[Y> WMIPos %e'0 ‘Swr g1 [Auejusg snid Swr 1 [Auejusy Gwr g ayenre) joueydrong 00T 001 pue Surduer(
omimIo ... T T o TWrQQT O3 painyIp dulles JEULIOU + TUI Q] [W Q0T 03 PaIN[IPp SUIes + TUr QT [6]
a1 LTIIFSS. LI1FSEL yuawaoerdar dipg sureoeardor o1 + 3w § surydio sureoeardor 9,1 + 3w § joueydioing 0t 0€ 600C “Te 39 nH
oo .. . o siown) [eunsajuronsed SUIPIWIOJIPIWXIP SUIPIWIOJIPIWXIP [£1] ® 910C
n 1 9LOTF0SSS CFOT+0e'es Jo uoroasar ordossorede [JIM UOTJRUIQUIOD UT [IUIUYNG M uonjeurquiod ur joueydromng 0z oz “Ie 30 Sueyy
o o o sIoWM} [BUNSIIUTONSES SUIPTWO)IPIUWXIP SUIPTWOJIPIWXIP [£1] ® 910T
n 1 LT6F0C09 CTTIF0055 Jo uoroasax srdoosorede }IM UOTJRUIQUIOD UT [IUBJUYNG [3m uoneurquiod ut joueydiong 0z oz “e 30 Sueyy
I I - - Awojoa1a3shy " [91] 600T
1o CTF9% STFLV [PUIWOpPQE [e10], vOd 2urydiow ym vorstyur sufes  yOd durydrow ynum uotsmyur AT joueydiomg 06 96 “[e 3o uenfnry
o L o)
L D L D L snyeys [eorsAyd

B uonended spoyjouwr orsag[eu i Apms

VSV v pom 1sasEY sidureg

"S3TPNIS PIPN[OUT JO SISIOBIRYD dUIaseq : TIAV],



Evidence-Based Complementary and Alternative Medicine

Random sequence generation (selection bias) _
Allocation concealment (selection bias) - |
Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _
Other bias - |
} } } } {
0 25 50 75 100

%

[ Low risk of bias
[] Unclear risk of bias
[l High risk of bias

FIGURE 2: Risk of the bias graph.
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Butorphanol Control Weight  Std. mean difference Std. mean difference
Study or subgroup o
Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% CI
Lin, 2008 2.18 086 50 2.06 0.84 50 15.0 0.14 (-0.25, 0.53)
Miao, 2009 145 0.51 20 1.6 05 20 10.7 -0.29 (-0.91, 0.33)
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Zeng, 2010 1.56 0.81 20 228 0.65 20 10.1 -0.97 (-1.63, -0.31) -
Zhang, 2016 a 1.6 123 20 1.8 12 20 10.7 -0.16 (-0.78, 0.46)
Zhang, 2016 b 1.65 1.04 20 1.75 125 20 10.7 -0.09 (-0.71, 0.53)
Total (95% CI) 300 300 100.0 -0.02 (-0.32,0.27)
Heterogeneity: tau® = 0.11; chi® = 20.35, df = 7 (P = 0.005); I* = 66% j J ' T J
Test for overall effect: Z = 0.15 (P = 0.88) -4 -2 0 2 4
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S Butorphanol Control Weight  Std. mean difference Std. mean difference
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Lin, 2008 1.42 0424 50 1.33 0.55 50 13.5 0.18 (-0.21, 0.57)
Miao, 2009 1.3 049 20 1.35 049 20 11.9 -0.10 (-0.72, 0.52)
Wang, 2012 1.5 04 100 09 0.7 100 14.0 1.05 (0.75, 1.34) -
Wei, 2010 1.7 09 20 1.5 06 20 11.9 0.26 (-0.37,0.88)
Xiong, 2009 232 062 50 244 0.78 50 13.5 -0.17 (-0.56, 0.22)
Zeng, 2010 1.31 0.72 20 226 0.88 20 11.5 -1.16 (-1.83, -0.48) _'_
Zhang, 2016 a 1.5 132 20 1.7 095 20 11.9 -0.17 (-0.79, 0.45)
Zhang, 2016 b 1.55 1.05 20 1.75 0.72 20 11.9 -0.22 (-0.84, 0.40)
Total (95% CI) 300 300 1000 -0.01(-0.49, 0.47)
Heterogeneity: tau” = 0.41; chi® = 54.31, df = 7 (P < 0.00001); I* = 87% J j ' " J
Test for overall effect: Z = 0.05 (P = 0.96) -4 -2 0 2 4
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S Butorphanol Control Weight  Std. mean difference Std. mean difference
tudy or subgroup o
Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% CI
Lin, 2008 091 023 50 0.85 0.23 50 21.2 0.26 (-0.13, 0.65) ™
Wang, 2009 1.05 0.22 20 1.1 031 20 14.6 -0.18 (-0.80, 0.44) -
Xiong, 2009 242 057 50 235 0.75 50 21.2 0.10 (-0.29, 0.50) T
Zeng, 2010 1.23 0.65 20 1.83 0.65 20 13.9 -0.90 (-1.56, -0.25) -
Zhang, 2016 a 1.3 097 20 1.59 095 20 14.6 -0.30 (-0.92, 0.33) -
Zhang, 2016 b 125 1.16 20 1.65 0.49 20 14.5 -0.44 (-1.07,0.19) -
Total (95% CI) 180 180 100.0 -0.18 (-0.51, 0.15)
Heterogeneity: tau” = 0.09; chi* = 11.62, df = 5 (P = 0.04); I* = 57% T T i i "
Test for overall effect: Z = 1.08 (P = 0.28) -2 -1 0 1 2
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FIGURE 4: (a) Forest plot of 12 h postoperative VAS. (b) Forest plot of 24 h postoperative VAS. (c) Forest plot of 48 h postoperative VAS.

Butorphanol Control Weight  Std. mean difference Std. mean difference

Study or subgroup o

Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% CI
Miao, 2009 245 0.51 20 23 047 20 24.5 0.30 (-0.32,0.92)
‘Wang, 2012 3.16 0.7 100 3.68 0.92 100 271 -0.63 (-0.92, -0.35) =
Wei, 2010 2.7 071 20 22 04 20 24.2 0.85 (0.20, 1.50) -
Zeng, 2010 328 1.25 20 224 0.78 20 24.1 0.98 (0.32, 1.64) I
Total (95% CI) 160 160 100.0 0.34 (-0.54, 1.23)

Heterogeneity: tau® = 0.73; chi® = 33.46, df = 3 (P < 0.00001); I* = 91% o A 0 . o
Test for overall effect: Z = 0.76 (P = 0.45) - -
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()

Figure 5: Continued.
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Butorphanol Control Weight = Std. mean difference Std. mean difference
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Mean SD Total Mean SD Total (%) 1V, random, 95% CI IV, random, 95% CI
Miao, 2009 235 049 20 225 044 20 23.1 0.21 (-0.41, 0.83) ™
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Test for overall effect: Z = 3.73 (P = 0.0002)
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Zeng, 2010 338 1.14 20 226 0.87 20 49.2 1.08 (0.41, 1.75) =
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Favours (control) Favours (butorphanol)

FIGURE 5: (a) Forest plot of 12h postoperative RSS. (b) Forest plot of 24 h postoperative RSS. (c) Forest plot of 48 h postoperative RSS.
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Butorphanol Control Weight Risk ratio Risk ratio
Study or subgroup o
Events  Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Hu, 2009 0 30 3 30 28 0.14(0.01,2.65) ¢
Zeng, 2010 1 20 6 20 4.8 0.17 (0.02, 1.26) B
‘Wang, 2009 7 96 31 90 255 0.21 (0.10, 0.46) —
‘Wei, 2010 3 20 13 20 10.4 0.23 (0.08, 0.69) D
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FiGure 6: Continued.



8 Evidence-Based Complementary and Alternative Medicine

Butorphanol Control Weight Risk ratio Risk ratio
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FIGURE 6: (a) Forest plot of nausea. (b) Forest plot of vomiting. (c) Forest plot of itching. (d) Forest plot of dizzy.
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FIGURE 7: Sensitivity analysis of excluding each individual study.

TABLE 2: Begg’s test and Egger’s test for each study endpoints.

Study endpoints P P
value of Egger’s test value of Begg’s test

Nausea 0.958 0.851
Vomiting 0.599 0.881
Itching 0.224 0.142
Dizzy 0.333 0.188
12h VAS 0.012 0.035
24h VAS 0.026 0.216
48h VAS 0.018 0.015
12h RSS 0.025 0.042

24h RSS 0.025 0.042
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5. Conclusion

In conclusion, butorphanol may be used in PCA as a suc-
cessful postoperative analgesic and is also associated with
limited side effects. Further experiments are needed to verify
the efficacy and safety of butorphanol.
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