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1. Introduction In recent years there has been a shift in the understanding of the
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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.
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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 programs were 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 prlmary outcomes of interest were analge51c effect (a

to first analgesia.
2.5. Level of evidence, risk of bias & ou

Each article was evaluated usj
icine (CEBM): Levels of Evid,

analyses were performed.
by grouping outcomes and

. Two or more high quality (quality score >4)

randomized 8 glled trials (RCT) with >75% consistency in
findings.

2) Moderate Evidence: One high quality RCT and two or more low qual-
ity studies with >75% consistency in findings.

3) Limited Evidence: One high quality RCT or multiple low quality 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

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 I? > 50% in-
dicating significant heterogeneity. P value of <0.05 provided evidence of
significant OR and WMD. A P value of <0.10 was used to demonstrate
heterogeneity of intervention effects.

2.7. Reporting

This study was reported in guidelines [9].

3. Results

yielded 2365 citations and a fur-
a manual citation and reference
owing the removal of duplicates, an-
non-clinical studies, 380 citations

thodological quality using the Cochrane Collaboration's
g the risk of bias (Fig. 2). Four studies met the criteria for
s, the remaining five studies were of low quality.

In was measured using a variety of endpoints including various pain
scores and at various time intervals. Eight studies used pain as an end point
(Fig. 3). The data was analyzed in four time groups, namely at less than 1 h,
1 h, 3 h and 6 h. Qualitatively there was 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

2,365 citations 15 citations
identified through identified through
database manual reference
searching and citation check.

[ |
!

380 citations after duplicates,
animal studies and non-clinical
studies removed

90 abstracts
screened

[55 full texts screened

9 studies included

Fig. 1. Literature search.

35 studies
excluded

‘__[46 studies excluded
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Table 1
Study characteristics.

383

Study No pts.
(buprenorphine:

morphine)

Mean age
(buprenorphine:
morphine)

Mean weight

Intervention Setting Outcomes

(buprenorphine: morphine)
(kg unless stated otherwise)

Cuschieri 39:41 58 + 14: 52 + 15 63 +13:63 £ 10

et al.[10]

49:52 43.8 + 12.63:44.6 +

1541

Edge et al. 67.1 £ 8.53: 65.7 £ 8.65

[11]

Elliset al. [12] 35:36 Cholecystectomy 51.3
4+ 4.3:53.7 &£ 3.5;
Herniorrhaphy 51.7 +
2.7:54.7 £ 25

Not stated

720 £2.1:755+ 2.3

Gaitini et al. 26:26 Not stated

[13]

101:102 40.50 4 13.50: 39.85 &= Not stated

13.66

Hosseininejad
et al. [14]

Jalili et al. [15] 49:50 35+ 13:35+ 13 Not stated

Payandemehr 37:32 354+10:314+10 Not stated.

et al. [16]

Soltaniet al. ~ 45:45

[17]

39.7 £ 18.0:35.8 £ 15

Weiss & Ritz
[18]

30:31

Cholecystectomy 64.3 + 3.6:
66.9 £ 2.1; Herniorrhaphy

1. Pain

2. Respiratory
depression

3. Sedation

4. Nausea

5. Vomiting

1. Pain

2. Respiratory
depression

3. Nausea

4. Vomiting
5. Sedation

1. Pain

2. Sedation

Abdominal
surgery

Intramuscular morphine 10 mg versus
buprenorphine 0.3 mg intramuscular
followed by sublingual buprenorphine
0.4 mg. Repeated dosing.

Sublingual buprenorphine 0.4 mg versus
intramuscular morphine 10 mg. Single
dose.

Major surgery

intramuscular morphine 10
Repeat dosing.

1. Pain

2. Hypotension

3. Respiratory
depression

1. Time to analgesia
2. Pruritus

Sublingual Buprenor;

mergency
Department:
Renal Colic
Emergency
Department:
Acute Pain

1. Pain

2. Nausea

3. Dizziness

4. Hypotension
5. Respiratory
depression

1. Pain

2. Nausea

3. Vomiting

4. Dizziness

5. Hypotension
6. Respiratory
depression

7. Pruritus

8. Sedation

9. Rescue analgesia
1. Pain

2. Pruritus

3. Nausea

4. Vomiting

5. Hypotension
1. Pain

2. Respiratory
depression

3. Nausea

4. Vomiting

renorphine 2 mg versus ED Renal Colic

rphine 0.1 mg/kg. Single

Closed
reduction
orthopaedic
surgery

Sublingual buprenorphine 4.5 pg/kg vs
intravenous morphine 0.2 mg/kg. Single
dose.

Emergency
Department:
Acute
Myocardial
Infarction

Sublingual buprenorphine 4.5 pug/kg vs
intravenous morphine 0.2 mg/kg. Single
dose.

—0.32-1.05¥1° = 94%; P = 0.30).
significant improvement in pain

pain was signi
phine (WMD

Six studies inves respiratory depression via a variety of end-
points including incidence of respiratory depression (RR < 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%
Cl = 031-2.17; > = 0; P = 0.38) (Fig. 4).

Four studies investigated the incidence of vomiting. No difference was
found in incidence of vomiting between patients receiving sublingual
buprenorphine or morphine (WMD 0.95; 95% Cl = 0.48-1.89; I> = 0%;

P = 0.89) (Fig. 5). Five studies found no difference in the incidence of
nausea between buprenorphine and morphine (WMD 0.86; 95% Cl =
0.55-1.35; I> = 0%; P = 0.52) (Fig. 6).

3.3.2. Hypotension

Four studies investigated the incidence of hypotension. Three were
high quality studies and one was a low quality study. Quantitative anal-
ysis showed no difference between the two agents (WMD = 0.49; 95%
Cl = 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; I> = 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
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Fig. 2. Risk of bias summary.

analgesia and reported no difference in the incidence of rescu
use (WMD = 2.34; 95% CI = 0.42-13.01; P = 0.33) [16].

3.3.5. Subgroup analysis: low dose sublingual bupy
IM morphine
Two studies reported using 2 mg SL b
seven studies reported lower doses. Subgroug
buprenorphine was performed.
Pain as measured by VAS
buprenorphine only. At less than

95% Cl = —1.92-0.02;
were noted in incid

, pruritis and time to first rescue
t data to group perform a subgroup
ing the use of 2 mg SL buprenorphine.

4. Discussion

This is the first systematic review to compare the clinical effectiveness
of sublingual buprenorphine with intravenous or intramuscular morphine
in the setting of acute pain management. Nine RCTs with 826 patients
were included in this review. Included in this review were 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].

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, which was also the reason why buprenorphine
has been relatively under-utilized in the setting of acute pain. It is now
well known that buprenorphine is approximately 33 times more potent
than morphine, 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 bupreng gdue to its slower elimination
kinetics produced a significantly, ic effect than intravenous

bL buprenorphine and

ains to be clarified. At

lingual buprenorphine relative to morphine cannot be
ribed based on current available literature. This would
t factor to assess in any future research.

fect profile to morphine in regard to respiratory depression,
ion, hypotension, nausea and vomiting. This is contrary to well-
Cized data showing a ceiling effect on respiratory depression and
sedation [19]. This variation is likely related to the multimodal 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-
lism makes 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 also worth noting that the majority of studies were 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.


Image of Fig. 2

R. Vlok et al. / American Journal of Emergency Medicine 37 (2019) 381-386 385
Buprenorphine Morphine Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 20 mins
Payandemehr et.al. 2014 5.22 2.66 37 4.25 2.51 32 6.2%  0.97 [-0.25, 2.19) 1
Subtotal (95% CI) 37 32 6.2%  0.97 [-0.25, 2.19) e
Heterogeneity: Not applicable
Test for overall effect: Z = 1.56 (P=.12)
1.6.2 30 minutes
Edge et.al. 1979 5.1 0.37 49 4.7 0.34 52 10.1% 0.40 [0.26, 0.54] -
Jalili et.al. 2012 5 18 49 5 17 50 8.4%  0.00[-0.69, 0.69) N
Soltani et.al. 2015 0.1 0.1 45 06 0.1 45 10.2% -0.50 [-0.54, -0.46] .
Subtotal (95% CI) 143 147 28.7% -0.04[-0.77,0.70] e
Heterogeneity: Tau® = 0.39; Chi* = 149.78, df = 2 (P < .00001); I = 99%
Test for overall effect: Z = 0.10 (P = .92)
1.6.3 40 mins
Payandemehr et.al. 2014 2.3 2.09 37 1.78 2.45 32 6.7% 0.52 [-0.56, 1.60)
Subtotal (95% CI) 37 32 6.7%  0.52 [-0.56, 1.60]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.94 (P= .35)
1.6.4 1 hour
Edge et.al. 1979 4.7 038 48 4 0.36 51  10.1% 0.70 [0.55, 0.85)
Jalili et.al. 2012 22 07 4 2.2 0.7 45 9.8%  0.00[-0.29, 0.2
Subtotal (95% CI) 92 96 19.9% 0.36[-0.32, 1.
Heterogeneity: Tau® = 0.23; Chi* = 17.77, df = 1 (P<.0001); I’ = 94%
Test for overall effect: Z = 1,03 (P = .30)
1.6.5 3 hours
Edge et.al. 1979 2.5 0.32 42 4.2 0.42 50 10.1%
Soltani et.al. 2015 03 02 45 13 11 45 9.7%
Subtotal (95% CI) 87 95 19.8%
Heterogeneity: Tau® = 0.23; Chi* = 14.52, df = 1 (P=.0001); I = 93%
Test for overall effect: Z = 3.91 (P < .0001)
1.6.6 6 hrs
Edge et.al. 1979 1.6 0.29 38 2.8 0.48 40
Soltani et.al, 2015 0.8 0.6 45 34 22 45
Subtotal (95% CI) 83 85
Heterogeneity: Tau® = 0.92: Chi* = 15.87, df = 1 (P < .0001); I’ = 94%
Test for overall effect: Z = 2.66 (P = .008)
Total (95% CI) 479 -0.46 [-0.94, 0.03]
Heterogeneity: Tau® = 0.59; Chi* = 789.66, df = 10 (P < .00 t 12 ) i f‘
Test for overall effect: Z = 1.86 (P = .06) - - . i
hi Morph
Test for subgroup differences: Chi* = 24.64, df = SURLSNSTRIENE (NIiEDe
. Pain.
ine Odds Ratio Odds Ratio
Study or Subgroup Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cuschieri et.al. 1984 9.2% 3.23 [0.13, 81.79]
Jalili et.al. 2012 Not estimable
Payandemehr et.al. 2014 11 32 90.8% 0.71 [0.25, 1.98]
Total (95% CI) 123 100.0% 0.81 [0.31, 2.17]
Total events 11
Heterogeneity: Tau? - 0.78,df = 1 (P = .38); I’ = 0% 'b 005 Oil 1 1=0 2od
Test for overall effe Buprenorphine Morphine
Fig. 4. Respiratory depression.
Morphine Odds Ratio Odds Ratio
Study or Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cuschieri et.al® 1 39 1 41 6.0% 1.05 [0.06, 17.43] r
Edge et.al. 1979 9 49 12 52 50.4% 0.75 [0.28, 1.98]
Payandemehr et.al. 4 37 3 32 19.0% 1.17 [0.24, 5.68)
Soltani et.al. 2015 5 45 4 45 24.6% 1.28 [0.32, 5.12]
Total (95% CI) 170 170 100.0% 0.95 [0.48, 1.89]
Total events 19 20
Heterogeneity: Tau® = 0.00; Chi’ = 0.48, df = 3 (P = .92); I’ = 0% 0 (505 0:1 T 110 260

Test for overall effect: Z = 0.14 (P = .89)

Fig. 5. Vomiting.

Buprenorphine Morphine


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

386 R. Vlok et al. / American Journal of Emergency Medicine 37 (2019) 381-386
Buprenorphine Morphine Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cuschieri et.al. 1984 5 39 6 41 12.6% 0.86 [0.24, 3.08] —
Edge etal. 1979 13 49 15 52  26.9% 0.89 [0.37, 2.13] —
Jalili et.al. 2012 7 49 6 50 15.0% 1.22 [0.38, 3.94] r—
Payandemehr et.al. 2014 20 37 20 32 22.1% 0.71[0.27, 1.85] —_—
Soltani et.al. 2015 11 45 13 45  23.4% 0.80 [0.31, 2.03] D E—
Total (95% CI) 219 220 100.0% 0.86 [0.55, 1.35] .‘.
Total events 56 60

e ue - . I - — o IR - l 1 1 1
Heterogeneity: Tau’ = 0.00; Chi* = 0.54, df = 4 (P = .97); I’ = 0% 305 03 ] 4 20

Test for overall effect: Z = 0.65 (P =.52)

Buprenorphine Morphine

Fig. 6. Nausea.

Buprenorphine Morphine Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
Jalili et.al. 2012 2 49 9 50 41.9% 0.19 [0.04, 0.95]
Payandemehr et.al. 2014 17 37 15 32 58.1% 0.96 [0.37, 2.49)
Total (95% CI) 86 82 100.0% 0.49 [0.10, 2.34
Total events 19 24
Heterogeneity: Tau® = 0.86; Chi* = 2.92, df = 1 (P=.09); I = 66% zdo
Test for overall effect: Z = 0.89 (P= .37)

Fig. 7. Hypotension.

Buprenorphine Morphine Odds Ratio
Study or Subgroup Events Total Events Total Weight M M-H, Random, 95% CI
Jalili et.al. 2012 7 49 11 50
Payandemehr et.al. 2014 23 37 12 32
Total (95% CI) 86 82
Total events 30 23

o - . T - o - oo - 1 Il L Il

Heterogeneity: Tau’ = 0.91; Chi* = 4.42, df = 1 (P=.04); | X o1 1 i 5o

Test for overall effect: Z = 0.33 (P=.74)
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