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Intro: Buprenorphine is a potent analgesic agent with several unique and favourable features such as its sublin-
gual formulation. The aim of this study is to compare the effectiveness of sublingual versus intramuscular and in-
travenous buprenorphine in acute pain.
Methods: Fivemajor databases were systematically searched until April 2018. All randomized control trials com-
paring sublingual buprenorphine with intravenous or intramuscular morphine in acute pain were included in
this review. These studies were assessed for level of evidence and risk of bias. The data was then analyzed
both qualitatively and where appropriate by meta-analysis. The primary outcomes were analgesic effect up to
six hours and rescue analgesia requirement. The secondary outcomes were incidence of respiratory depression,
nausea, vomiting, dizziness and hypotension.
Results:Nine studies comparing sublingual and intramuscular or intravenous buprenorphinewere identified and
included 826 patients. There was no difference in pain at any time point before six hours or need for rescue
analgesia between the two agents. There was no difference in secondary outcomes between the two agents.
Discussion: Sublingual buprenorphine offers an effective alternative to intravenous or intramuscular analgesia in
acute pain. Sublingual buprenorphine appears to be a viable option in patients where intravenous access is diffi-
cult or not favourable.

© 2018 Elsevier Inc. All rights reserved.AC
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1. Introduction

The United States is currently experiencing an opioid overdose
epidemic with a strong correlation between opioid prescribing and
overdose related deaths [1]. Recent Emergency Department (ED) litera-
ture has provided a strong focus on the use of non-opioid analgesic op-
tions [2]. A recent study by Jeffery and Colleagues (2018) showed that
opioid prescribing to naïve patients from the ED carries a lower risk of
longer-term opioid use than from other acute settings [3]. Nonetheless
improvements to opioid prescribing in ED can undoubtedly be obtained.

Acute pain requiring opioid analgesia is common in the ED and a
considered choice of opiate agent is warranted. For example, agents
such as oxycodone and hydromorphone have been linked with an in-
creased propensity for the development of long-term addiction [4].RE
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 In recent years there has been a shift in the understanding of the
clinical effect of buprenorphine. Buprenorphine is well known for its
utility in the management of opioid use disorders (OUDs), however
many recent studies have demonstrated its efficacy in the setting of
acute pain management [5]. Buprenorphine possess a number of bene-
fits including is analgesic benefits, agonist-antagonist pharmacodynam-
ics which antagonizes the reward pathway and its somewhat unique
formulations [6].

Buprenorphine is available in a number of formulations, including
sublingual (SL). SL formulations have a number of practical
benefits. Patients in whom intravenous (IV) access are difficult
to obtain, in bowel obstructions where oral opioids are contraindicated,
where IV lines are being minimized or in palliative care may
benefit from SL formulations of analgesia. The purpose of this
systematic review and meta-analysis is to compare the analgesic
efficacy and time of onset of SL versus IV or intramuscular (IM)
buprenorphine.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2018.05.052&domain=pdf
https://doi.org/10.1016/j.ajem.2018.05.052
20130722@my.nd.edu.au
https://doi.org/10.1016/j.ajem.2018.05.052
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ajem


Fig. 1. Literature search.
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2. Methods

2.1. Search strategy

Medline, Cochrane trials registry, SCOPUS, CINAHL and Web of Sci-
ence were systematically searched from the inception of the databases
until April 2018. This search was conducted by two independent re-
viewers (LW & RV) searching the terms (1) ‘buprenorphine’ AND
‘acute pain’; (2) ‘buprenorphine’ AND ‘Emergency Department’
(3) ‘buprenorphine’ AND ‘post-operative pain’. A manual reference
check and citation check of included papers was performed via Google
Scholar to identify any additional studies.

2.2. Study eligibility

Included studies were required to report on the use of sublingual
buprenorphine versus IV or IM morphine in the management of
acute pain in the ED or inpatient hospital setting. Studies
investigating the use of buprenorphine in those with pre-existing
chronic pain or on opioid substitution programswere excluded. Animal
studies and non-clinical studies were excluded. Only randomized
controlled trials (RCTs) were eligible for inclusion and there were
no language criteria for exclusion. Two reviewers (LW and RV)
independently assessed each study for inclusion in this systematic
review.

2.3. Data extraction

The data from each article was independently extracted by two re-
viewers (LW and GA). The data extracted from each study included
the study design, patient characteristics and clinical outcome results.
The data collected by each reviewer was then compared for
homogeneity.

2.4. Clinical outcome measures

Our primary outcomes of interest were analgesic effect (as mea-
sured by visual analogue scale) and rescue analgesia requirement. The
secondary outcomeswere incidence of respiratory depression, sedation,
nausea, vomiting, rescue analgesia, dizziness and hypotension and time
to first analgesia.

2.5. Level of evidence, risk of bias & outcome level of evidence ranking

Each articlewas evaluated using the Centre for Evidence BasedMed-
icine (CEBM): Levels of Evidence Introduction Document [7]. These
studies were then assessed for risk of bias and methodological quality
using the Cochrane Collaboration's tool for assessing the risk of bias
[8]. The results from each study were then grouped into individual out-
comes. Due to the anticipated inconsistencies in outcome reporting
measures both qualitative and quantitative analyses were performed.
The qualitative analysis was conducted by grouping outcomes and
then assigning a level of evidence ranking based on the collective
strength of evidence [8].

1) Strong Evidence: Two or more high quality (quality score ≥4)
randomized controlled trials (RCT) with ≥75% consistency in
findings.

2) Moderate Evidence:One high quality RCT and two ormore lowqual-
ity studies with ≥75% consistency in findings.

3) Limited Evidence: One high quality RCT ormultiple lowquality stud-
ies with ≥75% consistency in findings.

4) Conflicting Evidence: Multiple low and/or high quality studies with
≤75% consistency in findings.

5) No Evidence: No studies could be found, may include technique
reports
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2.6. Statistical analyses

The combined data was analyzed using RevMan 5.3 software (The
Nordic Cochrane Centre, Copenhagen, Denmark), using the odds ratio
(OR) with 95% confidence interval (CI) for dichotomous outcomes,
and the weighted mean difference (WMD) with 95% CI for continuous
outcomes. The Mantel-Haenszel (M-H) random effects model was
used. Heterogeneity was assess using the I2 statistic, with an I2 N 50% in-
dicating significant heterogeneity. P value of b0.05 provided evidence of
significant OR and WMD. A P value of b0.10 was used to demonstrate
heterogeneity of intervention effects.

2.7. Reporting

This study was reported in line with PRISMA guidelines [9].

3. Results

3.1. Literature search results

The initial systematic literature search yielded 2365 citations anda fur-
ther 15 citations were identified through a manual citation and reference
search of relevant articles (Fig. 1). Following the removal of duplicates, an-
imal studies, review articles and non-clinical studies, 380 citations
remained. These citations were screened based on title. Of these, 90 ab-
stracts were screened and 55 full texts were retrieved for review. Nine ar-
ticles met the inclusion criteria (Fig. 1) [10-18]. These nine studies
included 826 patients (Table 1). Each study was then screened for risk
of bias and methodological quality using the Cochrane Collaboration's
tool for assessing the risk of bias (Fig. 2). Four studies met the criteria for
high quality RCTs, the remaining five studies were of low quality.

3.2. Primary outcomes

Painwasmeasured using a variety of endpoints including various pain
scores andat various time intervals. Eight studies usedpain as anendpoint
(Fig. 3). The datawas analyzed in four time groups, namely at less than 1h,
1 h, 3 h and 6 h. Qualitatively therewas no difference in pain between pa-
tients who had received SL buprenorphine compared to morphine within
the first hour. Quantitative analysis was performed using Visual Analogue
Scale (VAS). At 1 h there was no difference in pain between the two
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Table 1
Study characteristics.

Study No pts.
(buprenorphine:
morphine)

Mean age
(buprenorphine:
morphine)

Mean weight
(buprenorphine: morphine)
(kg unless stated otherwise)

Intervention Setting Outcomes

Cuschieri
et al. [10]

39:41 58 ± 14: 52 ± 15 63 ± 13: 63 ± 10 Intramuscular morphine 10 mg versus
buprenorphine 0.3 mg intramuscular
followed by sublingual buprenorphine
0.4 mg. Repeated dosing.

Abdominal
surgery

1. Pain
2. Respiratory
depression
3. Sedation
4. Nausea
5. Vomiting

Edge et al.
[11]

49:52 43.8 ± 12.63: 44.6 ±
15.41

67.1 ± 8.53: 65.7 ± 8.65 Sublingual buprenorphine 0.4 mg versus
intramuscular morphine 10 mg. Single
dose.

Major surgery 1. Pain
2. Respiratory
depression
3. Nausea
4. Vomiting
5. Sedation

Ellis et al. [12] 35:36 Cholecystectomy 51.3
± 4.3: 53.7 ± 3.5;
Herniorrhaphy 51.7 ±
2.7: 54.7 ± 2.5

Cholecystectomy 64.3 ± 3.6:
66.9 ± 2.1; Herniorrhaphy
72.0 ± 2.1: 75.5 ± 2.3

Sublingual buprenorphine 0.4 mg versus
intramuscular morphine 10 mg IM.
Repeat dosing.

Abdominal
surgery

1. Pain
2. Sedation

Gaitini et al.
[13]

26:26 Not stated Not stated Sublingual Buprenorphine 0.4 mg versus
1 mg Morphine PCA. Repeat dosing.

Prostatectomy 1. Pain
2. Hypotension
3. Respiratory
depression

Hosseininejad
et al. [14]

101:102 40.50 ± 13.50: 39.85 ±
13.66

Not stated 2 mg sublingual buprenorphine versus
intravenous morphine 0.1 mg/kg. Single
dose.

Emergency
Department:
Renal Colic

1. Time to analgesia
2. Pruritus

Jalili et al. [15] 49:50 35 ± 13: 35 ± 13 Not stated Buprenorphine 0.4 mg sublingual versus
Morphine 5 mg intravenous. Single dose.

Emergency
Department:
Acute Pain

1. Pain
2. Nausea
3. Dizziness
4. Hypotension
5. Respiratory
depression

Payandemehr
et al. [16]

37:32 35 ± 10: 31 ± 10 Not stated. Sublingual buprenorphine 2 mg versus
Intravenous Morphine 0.1 mg/kg. Single
dose.

ED Renal Colic 1. Pain
2. Nausea
3. Vomiting
4. Dizziness
5. Hypotension
6. Respiratory
depression
7. Pruritus
8. Sedation
9. Rescue analgesia

Soltani et al.
[17]

45:45 39.7 ± 18.0:35.8 ± 15.2 Not stated. Sublingual buprenorphine 4.5 μg/kg vs
intravenous morphine 0.2 mg/kg. Single
dose.

Closed
reduction
orthopaedic
surgery

1. Pain
2. Pruritus
3. Nausea
4. Vomiting
5. Hypotension

Weiss & Ritz
[18]

30:31 Not stated. Not stated. Sublingual buprenorphine 4.5 μg/kg vs
intravenous morphine 0.2 mg/kg. Single
dose.

Emergency
Department:
Acute
Myocardial
Infarction

1. Pain
2. Respiratory
depression
3. Nausea
4. VomitingRA
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patient groups (WMD=0.36; 95% CI=−0.32–1.05; I2=94%; P=0.30).
At 3 h two high quality studies showed significant improvement in pain
using buprenorphine as opposed to morphine (WMD 0.36; 95% CI =
−0.32–1.05; I2=93%; P b 0.001). At 6 h two high quality studies reported
pain was significantly improved with buprenorphine compared to mor-
phine (WMD=−1.37; 95% CI =−2.05 to−0.68; I2 = 94%; P= 0.008).

3.3. Secondary outcomes

3.3.1. Respiratory depression
Six studies investigated respiratory depression via a variety of end-

points including incidence of respiratory depression (RR b 10), PaCO2
and mean respiratory rate. Of these three were high quality and three
were low quality studies. Quantitative analysis showed no difference
between sublingual buprenorphine and morphine (WMD= 0.81; 95%
CI = 0.31–2.17; I2 = 0; P = 0.38) (Fig. 4).

Four studies investigated the incidence of vomiting. Nodifferencewas
found in incidence of vomiting between patients receiving sublingual
buprenorphine or morphine (WMD 0.95; 95% CI = 0.48–1.89; I2 = 0%;
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 P = 0.89) (Fig. 5). Five studies found no difference in the incidence of

nausea between buprenorphine and morphine (WMD 0.86; 95% CI =
0.55–1.35; I2 = 0%; P = 0.52) (Fig. 6).

3.3.2. Hypotension
Four studies investigated the incidence of hypotension. Three were

high quality studies and onewas a low quality study. Quantitative anal-
ysis showed no difference between the two agents (WMD= 0.49; 95%
CI = 0.10–2.34; P = 0.37) (Fig. 7).

3.3.3. Dizziness
Two high quality papers reported the incidence of dizziness and

found no difference (WMD = 1.29; 95% CI = 0.29–5.78; I2 = 77%; P
= 0.74) (Fig. 8).

3.3.4. Rescue analgesia and time to first analgesia
One study reported on time to first analgesia and demonstrated no

difference between the two agents [14]. One study reported on rescue



Fig. 2. Risk of bias summary.
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analgesia and reportednodifference in the incidence of rescue analgesia
use (WMD = 2.34; 95% CI = 0.42–13.01; P = 0.33) [16].

3.3.5. Subgroup analysis: low dose sublingual buprenorphine versus IV or
IM morphine

Two studies reported using 2 mg SL buprenorphine [14,16] and
seven studies reported lower doses. Subgroup analysis of lower dose
buprenorphine was performed.

Pain as measured by VAS was assessed for lower dose
buprenorphine only. At less than 1 h, no difference was noted in pain
(WMD = −0.04; 95% CI = −0.77–0.70; I2 = 99%; P = 0.92). Pain
measured at one to six hours post administration found no difference,
with the confidence intervals crossing the null value (WMD= −0.95;
95% CI = −1.92–0.02; I2 = 99%; P = 0.02). No significant differences
were noted in incidence of respiratory depression (OR = 1.67; 95%
CI = 0.20–13.89; I2 = 0%; P = 0.63) or vomiting (OR = 0.91; 95%
CI = 0.42–1.94; I2 = 0%; P = 0.8).

There was insufficient data was available to assess differences be-
tween hypotension, dizziness, nausea, pruritis and time to first rescue
analgesia. There was also insufficient data to group perform a subgroup
analysis of the two studies examining the use of 2mg SL buprenorphine.

4. Discussion

This is the first systematic review to compare the clinical effectiveness
of sublingual buprenorphinewith intravenousor intramuscularmorphine
in the setting of acute pain management. Nine RCTs with 826 patients
were included in this review. Included in this reviewwere four ED studies
and five post-surgery studies. Our review was in keeping recent studies,
which showed that buprenorphine has similar analgesic and adverse
effect properties as intravenous or intramuscular morphine [5,19].
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Alongside methadone, buprenorphine is most well known for its role
in the management of OUD [20]. Under certain circumstances
buprenorphine is known to be the safer of the two agents in treating opi-
oid dependence [20]. This was initially thought to be due to its partial
agonist-antagonist activity,whichwas also the reasonwhybuprenorphine
has been relatively under-utilized in the setting of acute pain. It is now
well known that buprenorphine is approximately 33 times more potent
thanmorphine,with no clinically observable ceiling effect in regards to an-
algesia [19,21]. The present study demonstrates an interesting analgesic
profile in contrast to well-validated pharmacokinetic studies [22]. Sublin-
gual buprenorphine produced a significant analgesic effect, much faster
than expected. Overall, sublingual buprenorphine produced equivalent
analgesia to morphine at three time points within the first hour of dosing
[11,15-17]. Beyond an hour buprenorphine due to its slower elimination
kinetics produced a significantly greater analgesic effect than intravenous
morphine [22]. Time to first analgesia was only reported in one study,
which demonstrated no difference between the SL buprenorphine and
IV morphine in emergency department presentations of renal colic [14].

Ideal dosing buprenorphine in acute pain remains to be clarified. At
1 to 6 h, pain was significantly improved in the cohort that included the
two studies utilizing 2 mg dosing. No difference was noted at 1 to 6 h
between buprenorphine and morphine when these two studies were
excluded in subgroup analysis. Subgroup analysis of lower dose
buprenorphine investigating incidence of respiratory depression and
vomiting showed no difference compared to IM or IVmorphine. Insuffi-
cient datawas available to determine the associationwith other adverse
effects. The 2 mg dose of buprenorphine may therefore provide better
analgesia, in keeping with its proposed lack of clinical ceiling effect for
analgesia. However, the adverse effect profiles of higher dose versus
lower dose sublingual buprenorphine relative to morphine cannot be
adequately described based on current available literature. This would
be an important factor to assess in any future research.

It is alsoworth noting that buprenorphinedisplayed a similar clinical
adverse effect profile to morphine in regard to respiratory depression,
sedation, hypotension, nausea and vomiting. This is contrary to well-
publicized data showing a ceiling effect on respiratory depression and
sedation [19]. This variation is likely related to themultimodal analgesic
strategies implemented in most emergency departments as well as a
much more diverse sample population, which include elderly patients
with multiple comorbidities. Therefore, caution is advised when using
buprenorphine in the acute setting.

In addition to the outcomes investigated in this review there are sev-
eral well-documented advantages of sublingual buprenorphine. This in-
cludes the well-described kappa antagonism, which has been linked to
both euphoric and dysphoric side effect [21]. This is an important con-
sideration when using opioids in patients at high risk of developing an
opioid addiction [1]. Furthermore, buprenorphine's non-renal metabo-
lismmakes it a safe long acting alternative in the setting of renal failure.

There are several limitations to this review including the small co-
hort of patients and the diversity of settings and study populations.
There was also a lack of homogeneity in regard to the tools used to
measure certain outcomes such as analgesic effect and respiratory de-
pression. It is alsoworth noting that themajority of studieswere under-
powered to adequately detect the incidence of most adverse outcomes.

5. Conclusion

In conclusion, sublingual buprenorphine is an effective alternative to
intravenous or intramuscular morphine in adult patients with acute pain.
Sublingual buprenorphine appears to be of greatest benefit in patients in
whom intravenous (IV) access is difficult to obtain, in bowel obstructions
where oral opioids are contraindicated or where IV lines are being mini-
mized. Ideal dosing of sublingual buprenorphine remains to be clarified
and is an important area of future research. Caution is advised given that
buprenorphine displays the same clinical adverse effect profile as other
opioids in regards to the risk of respiratory depression and sedation.
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Fig. 4. Respiratory depression.

Fig. 3. Pain.

Fig. 5. Vomiting.
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Image of Fig. 4
Image of Fig. 3
Image of Fig. 5


Fig. 8. Dizziness.

Fig. 6. Nausea.

Fig. 7. Hypotension.
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