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Objective. To assess if the addition of fentanyl to brachial plexus block has an impact on anesthetic outcomes and complication
rates in patients undergoing upper extremity surgeries. Methods. We explore the PubMed, Embase, ScienceDirect, CENTRAL,
and Google Scholar databases for all randomized controlled trials (RCTs) comparing adjuvant fentanyl with placebo/no drug for
patients undergoing upper extremity surgery under brachial plexus block. Outcomes assessed were onset, duration of sensory and
motor anesthesia, complications, and postoperative analgesia scores. Meta-analysis was conducted utilizing a random-effects
model. The risk of bias was assessed using the Cochrane Collaboration’s risk of bias assessment tool 2. Certainty of evidence was
assessed using GRADE. Subgroup analysis was conducted depending upon the approach of brachial plexus block and type of local
anesthetic. Results. Twelve RCTs with 660 patients were included. Addition of fentanyl had no effect on onset of sensory anesthesia
(11 studies; MD: 0.48; 95% CI: —1.81, 0.85; I> = 96%; p = 0.48) but significantly shortened onset of motor anesthesia (8 studies; MD:
—2.36; 95% CI: —3.99, —0.74; I* = 96%; p = 0.48). Duration of sensory anesthesia (9 studies; MD: 82.81; 95% CI: 41.81, 123.81;
I? =99%; P <0.0001) and motor anesthesia (7 studies; MD: 93.41; 95% CI: 42.35, 144.46; I =99%; p = 0.0003) was significantly
increased with addition of fentanyl. The certainty of evidence-based on GRADE was deemed to be moderate for both onset and
duration of anesthesia. The incidence of overall complications (nausea/vomiting and pruritis) was significantly higher in the
fentanyl group (7 studies; OR: 2.14; 95% CI: 1.04, 4.40; I* = 8%; p = 0.04) but with low certainty of evidence. Conclusions. Adjuvant
fentanyl with brachial plexus block improves the onset of motor anesthesia but not sensory anesthesia. The duration of both
sensory and motor anesthesia is significantly prolonged with fentanyl by around 83-93 minutes. However, clinicians should be
aware that complications such as nausea/vomiting and pruritis are increased twofold with the addition of the drug. Current
evidence is limited risk of bias in the RCTs and high heterogeneity in the meta-analyses.

1. Introduction

Regional anesthesia techniques offer several advantages over
general anesthesia by limiting the area anesthetized, thereby
increasing patients’ satisfaction, reducing the length of
hospital stay, and lowering overall healthcare costs [1]. One
such technique is the brachial plexus block that has become
the primary anesthetic modality for most upper extremity

surgeries [2]. The block may be administered via the
supraclavicular, infraclavicular, axillary, or interscalene
approach with each technique having its advantages and
disadvantages [3]. The addition of ultrasound has improved
the success of the technique by allowing the operator to
visualize the needle position and administer the block in
patients with anatomical variation [4]. However, a limitation
of plain local anesthetic (LA) brachial plexus block, or for
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that matter any peripheral nerve block, is the short duration
of anesthesia even with long-acting agents. The effect of
anesthesia is known to wear off in some hours, thereby
exposing the patient to the pain of surgical trauma [5]. One
method to prolong the anesthesia duration is to increase the
dose of the LA but with a corresponding increase in car-
diovascular and central nervous system toxicity [6]. Another
more acceptable method is to use drug adjuvants to prolong
the duration of anesthesia without concomitantly increasing
the risk of complications. Over the years, a myriad of ad-
juvant drugs has been used to complement peripheral nerve
blocks including the brachial plexus block but with con-
flicting evidence [7, 8].

Opioids have been a popular class of drugs for pain
control in surgical and non-surgical patients for several
decades [9]. Systemically administered opioids act mainly
through the activation of opioid receptors located in the
central nervous system. However, it is now well known that
these receptors are present in peripheral neurons as well
[10]. Targeting the peripheral receptors can avoid debili-
tating centrally mediated adverse events such as respiratory
depression, altered consciousness, and addiction leading to
improved analgesia [11]. Indeed, owing to the high potency
of these drugs, several different opioids have also been used
as adjuvants to LA for various peripheral nerve blocks
(12, 13].

In the case of brachial plexus blocks, some of the
commonly used opioid adjuvants include morphine,
meperidine, buprenorphine, nalbuphine, and fentanyl
[8, 12]. As compared to the naturally occurring parent
opioid morphine, fentanyl is a synthetic opioid agonist
that has high potency and faster onset of action [14].
When wused intrathecally, fentanyl produces better
intraoperative and postoperative analgesia without any
hemodynamic instability. The better safety profile of the
drug has made it a popular choice as compared to other
opioids [15]. Over the past two decades, several studies
have evaluated the effects of fentanyl added to brachial
plexus block but with small sample sizes and variable
results. Currently, it is unclear how exactly fentanyl im-
pacts the outcomes of this nerve block. Furthermore, to
the best of our knowledge, no systematic review has
evaluated evidence on the use of adjuvant fentanyl for
brachial plexus block. Given this deficiency in literature,
we conducted this systematic review and meta-analysis of
randomized controlled trials (RCTs) to clarify the influ-
ence of adjuvant fentanyl on anesthetic outcomes of
brachial plexus block.

2. Material and Methods

This review conforms to the guidelines of the PRISMA
statement (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) [16] and the Cochrane Handbook
for Systematic Reviews of Intervention [17]. The review
aimed to answer the following clinical query: does the ad-
dition of fentanyl to brachial plexus block impact anesthetic
outcomes and complication rates in patients undergoing
upper extremity surgeries?
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2.1. Literature Search. We examined the databases of
PubMed, Embase, ScienceDirect, CENTRAL, and Google
Scholar for studies eligible for the review. The search was
conducted electronically beginning from 1 January 2000 to
15 March 2021. These limits were common for all databases.
We looked for any ongoing trial on clinicaltrials.gov;
however, only article preprints that were not peer-reviewed
were excluded. A mix of relevant keywords, namely, “fen-
tanyl,” “opioids,” “brachial plexus block,” “axillary block,”
“supraclavicular block,” and “interscalene block,” were used
for the database searches. Exact search queries are presented
in Supplementary Table 1. To ensure thoroughness and bias-
free results, two reviewers were independently involved in
the database searches. The initial results were then dedu-
plicated electronically using EndNote software X7 (Clarivate
Analytics, USA). The first batch of search results were
screened only by article titles and abstracts to look for studies
relevant to the review. Once identified, we downloaded the
tull texts of appropriate studies and analyzed them against
our inclusion criteria. This was done by the two reviewers
separately. Differences if any were resolved by discussion. In
the last step, we examined the bibliography of included
studies to look if any other studies were missed.

2.2. Inclusion Criteria. A PICOS (Population, Intervention,
Comparison, Outcome, and Study design) based inclusion
criteria was formulated as follows:

Population: patients undergoing any kind of upper
extremity surgery under brachial plexus block

Intervention: any dose of fentanyl as an additive to the
nerve block

Comparison: placebo or no drug

Outcomes: onset or duration of anesthesia, postoper-
ative pain scores or analgesic consumption, and
complications

Study design: RCTs

Exclusion criteria were as follows: (1) intravenous or
intramuscular administration of fentanyl, (2) uncontrolled
studies comparing fentanyl with any other active drug, (3)
not reporting relevant outcomes, (4) non-RCTs, retro-
spective studies, and (5) non-English language studies.

2.3. Data Extraction and Risk of Bias Assessment. A data
extraction sheet was prepared at the beginning of the review,
and this was used by two reviewers to extract relevant data.
Details of the study including author(s), study location,
approach of brachial plexus block, number of patients, age
and gender, type and dose of LA used, fentanyl dose, any
other anesthetic or sedative agents used, postoperative an-
algesia, and study outcomes were extracted. The study au-
thors were not contacted for any missing data. Data
extraction was carried out manually, and no automation
tools were used. The primary outcomes of interest were the
onset and duration of sensory and motor anesthesia. Sec-
ondary outcomes of interest were postoperative pain scores
or analgesic requirement and incidence of complications
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related to the addition of fentanyl. We did not define the
outcomes for the review, and the definition of the outcomes
as per the included studies was accepted. Data were extracted
as directly reported by the studies, and no assumptions were
made. If the data could not be analyzed quantitatively, only a
descriptive analysis was carried out.

Since only RCTs were eligible for the review, two re-
viewers used the Cochrane Collaboration’s risk of bias as-
sessment tool 2 to assess the quality of studies [17]. The tool
has five domains for quality evaluation, namely, randomi-
zation process, deviation from intended intervention,
missing outcome data, measurement of outcomes, and se-
lection of reported results. Differences between the reviewers
for data extraction or quality assessment were resolved by
consensus. The Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) tool available on
the GRADEpro GDT software (GRADEpro Guideline De-
velopment Tool; McMaster University, 2020 (developed by
Evidence Prime, Inc.)) was used for evaluating the certainty
of evidence.

2.4. Statistical Analysis. All quantitative analyses were
conducted using “Review Manager” (RevMan, version 5.3;
Nordic Cochrane Centre (Cochrane Collaboration),
Copenhagen, Denmark; 2014). All outcome data from the
studies were tabulated in order to assess the studies eligible
for meta-analysis of each outcome. Data on onset and du-
ration of anesthesia were summarized using mean difference
(MD) with 95% confidence intervals (CI). Complications
were summarized using odds ratios (OR) with 95% CI. All
continuous data (duration and onset time) were expressed in
minutes. In some studies, outcome data were reported only
as figures. In such cases, Engauge Digitizer Version 12.1 was
used to get numerical data. When continuous variables were
reported as median, range, and interquartile range by the
included studies, it was transformed into mean and standard
deviation (SD) by methods of Wan et al. [18]. We generated
forest plots using the meta-analysis software to display the
results of each outcome. All analyses were carried out using a
random-effects model.

To assess for interstudy heterogeneity, subgroup analyses
were carried out based on the approach of brachial plexus
block and type of LA. A sensitivity analysis was carried out
for the outcomes of onset and duration of anesthesia by
excluding one study at a time in the meta-analysis software
itself to look for any change in the significance of the results.
The I statistic was used to assess heterogeneity amongst the
studies. I* scores of 25-50% denoted low, while values of
50-75% and >75% denoted medium and substantial het-
erogeneity, respectively. Funnel plots were used to assess
publication bias.

3. Results

3.1. Details of Included Studies. We retrieved 2,057 articles
after the literature search (Figure 1). These were dedupli-
cated, and a total of 629 unique records were examined by
their titles and abstracts. A total of 605 articles were excluded

as they were not relevant to the review. Twenty-four articles
were selected for full-text review of which 12 RCTs fulfilled
the inclusion criteria [19-30]. A total of 12 studies were
excluded with reasons (2 studies were not RCTs, 4 studies
had no control group, and 6 studies were not on fentanyl).
Baseline details of the studies are presented in Table 1. The
included studies were published between 2000 and 2018 and
were conducted in India, Iran, Egypt, Italy, Turkey, and
Japan. Supraclavicular and axillary approaches were most
commonly used, while only 1 study used the interscalene
approach. There was wide variation in the type and dosage of
LA used by the RCTs, which included lidocaine, bupivacaine,
levobupivacaine, and ropivacaine. The most common doses
of fentanyl used by the trials were 1 pg/kg or a fixed dose of
100 pug. None of the trials used general anesthesia along with
the nerve blocks. A few trials reported the use of midazolam
to sedate the patients before the nerve blocks, while only 1
trial [28] reported the use of diazepam during the surgical
procedure.

3.2. Risk of Bias. Details of risk of bias in the included RCTs
as per the review author’s judgment are presented in Table 2.
Four trials each had “some concerns” related to the ran-
domization process, deviations from the intended inter-
vention, and selection of reported results. There was no risk
of bias due to missing outcomes. Two studies had a high risk
of bias for the measurement of outcomes. Overall, two trials
were marked with a high risk of bias, while five trials had
“some concerns” (Figure 2).

3.3. Onset of Anesthesia. A total of 11 RCTs with 284 patients
in the fentanyl group and 283 patients in the control group
reported data on the onset of sensory anesthesia. Pooled
analysis denoted no statistically significant difference be-
tween fentanyl and control groups (MD: 0.48; 95% CI: -1.81,
0.85; I* =96%; p = 0.48; Figure 3). We did not detect any
publication bias (Figure 4). During sensitivity analysis, on
the exclusion of the study of Farooq et al. [22], the results
indicated significantly reduced time for sensory onset with
adjuvant fentanyl (MD: -1.28; 95% CIL: -2.56, —0.01;
I’=96%; p =0.05). On subgroup analysis based on the
approach of brachial plexus block, the onset of sensory
anesthesia was significantly longer in the fentanyl group for
the axillary approach but insignificant for the supra-
clavicular approach (Table 3). On the other hand, there was
no difference based on the type of LA agent used.

On the pooling of data from 8 RCTs with 217 patients in
the fentanyl group and 216 patients in the control group, we
found a statistically significant faster onset of motor anes-
thesia in the fentanyl group (MD: -2.36; 95% CI: -3.99,
—0.74; I? = 96%; p = 0.48; Figure 5). However, the effect size
was no longer significant on subgroup analysis based on the
block approach and type of LA (Table 3). The funnel plot did
not indicate any publication bias (Figure 6). During sensi-
tivity analysis, exclusion of the studies of Farooq et al. [22]
(MD: -0.71; 95% CIL:-1.73, 0.31; I =92%; p=0.17) and
Kaur et al. [19] (MD: —2.60; 95% CI:~5.43, 0.24; I = 97%;
p =0.07) demonstrated no difference in motor onset
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FiGgure 1: Study flow chart.

between the two groups. The GRADE assessment indicated
the certainty of evidence to be moderate for both sensory
and the motor onset of anesthesia (Supplementary Table 2).

3.4. Duration of Anesthesia. We found that the addition of
fentanyl to brachial plexus block significantly increased the
duration of sensory anesthesia (MD: 82.81; 95% CI: 41.81,
123.81; > =99%; P <0.0001; Figure 7) as well as motor
anesthesia (MD: 93.41; 95% CI: 42.35, 144.46; I’ =99%;
p = 0.0003; Figure 8). There were some evidence of publi-
cation bias for both outcomes (Figures 9 and 10). The results
did not change on sensitivity analysis. On subgroup analysis,
the duration of sensory and motor anesthesia was prolonged
for both supraclavicular and axillary approaches. However,
the difference was insignificant for studies using lidocaine as
compared to levobupivacaine/bupivacaine for both out-
comes (Table 3). The certainty of evidence based on GRADE
was deemed to be moderate for both sensory and motor
duration of anesthesia (Supplementary Table 2).

3.5. Complications. Data on complications was reported by
very limited studies. Nausea/vomiting and pruritis were the
most common complications reported. The incidence of
overall complications was significantly higher in the fentanyl
group (OR: 2.14; 95% CI: 1.04, 4.40; = 8%; p =0.04;
Figure 11). However, subgroup analysis indicated a non-
significant but tendency of higher odds of nausea/vomiting
(OR: 2.65;95% CI: 0.73, 9.53; I = 42%; p = 0.14) and pruritis
(OR: 1.86 95% CI: 0.66, 5.23 I = 0% p = 0.24) in the fentanyl
group.). The GRADE assessment indicated the certainty of
evidence to be low (Supplementary Table 2).

3.6. Postoperative Analgesia. Due to heterogeneous and
limited reporting, we could not quantitatively analyze the
effect of fentanyl on postoperative analgesia. Outcomes of
individual studies are presented in Table 4. On descriptive
analysis, the impact of fentanyl was not found to be con-
sistent with some studies reporting better analgesic effects in
the fentanyl group while others reporting no difference.
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TaBLE 2: Risk of bias in included studies.
Stud Randomization Deviation from Missing Measurement of Selection of Overall risk
Y process intended intervention  outcome data outcomes reported result of bias
Kaur et al. [19] Some concerns Some concerns Low risk Low risk Low risk Some
concerns
Hamed et al. . . . . . .
[20] Low risk Low risk Low risk Low risk Low risk Low risk
Paluvadi et al. . . . . .
23] Some concerns Some concerns Low risk High risk Some concerns High risk
Farooq et al. Low risk Some concerns Low risk Low risk Low risk Some
[24] concerns
Marashi et al. . . . . . .
[25] Low risk Low risk Low risk Low risk Low risk Low risk
[Yza6gih00b1 etal. Low risk Low risk Low risk Low risk Low risk Low risk
Chavan et al. . . . . .
[27] Some concerns Some concerns Low risk High risk Some concerns High risk
Moharari et al. Low risk Low risk Low risk Low risk Some concerns Some
[28] concerns
I[\;I;)]v afegh et al. Low risk Low risk Low risk Low risk Low risk Low risk
. . . . . Some
Fanelli [21] Low risk Low risk Low risk Low risk Some concerns
concerns
Karakaya et al. Some concerns Low risk Low risk Low risk Low risk Some
[30] concerns
I[\;lzs]h ikawa etal. Low risk Low risk Low risk Low risk Low risk Low risk

Risk of bias domains

DI D2 D3 D4 D5 Overal
Kaur 2018 © 600 @6 @ © O
Hmd28 @ @ @ @ @ @
rmadir ) O @ @ © @
rog2r @ O @ @ @ O
5 mashios @ @ @ @ @ @
% Yaghoobi 2013 ‘ ‘ ‘ ‘ ‘ ‘
caan21 &) O @ @ © @
moararioto @ @ @ @ © O
Movafesh200 @ @ @ @ @ @
i @ @ @ @ O© O
Domains: Judgement
D1: Bias arising from the randomization process. ‘ High

D2: Bias due to deviations from intended intervention
D3: Bias due to missing outcome data.

’ @ Some concerns

D4: Bias in measurement of the outcome. ‘ Low
D5: Bias in selection of the reported result.

FIGURE 2: Risk of bias plot for the included RCTs.

4. Discussion

Our first systematic review and meta-analysis analyzing the
impact of adjuvant fentanyl to a brachial plexus block in-
dicate that fentanyl results in a significantly faster onset of
motor anesthesia but not sensory anesthesia. The duration of

sensory anesthesia is significantly increased by 83 minutes
ranging from 42 to 124 minutes, while the duration of motor
anesthesia is increased by 93 minutes ranging from 42 to 145
minutes. Limited data suggest that the incidence of overall
complications consisting mainly of nausea/vomiting and
pruritis is increased by twofold in patients receiving
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Control

Mean Difference

Mean Difference

Fentanyl .
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Nishikawa 2000 22.7 8.5 22 9.2 57 22 5.5% 13.50 [9.22,17.78] 2000 I
Fanelli 2001 18.7 10.06 15 17.75 89 15 2.9% 0.95 [-5.85, 7.75] 2001 —
Karakaya 2001 27.3 1.6 20 23.8 1.8 20 11.5% 3.50 [2.44, 4.56] 2001 -
Movafegh 2009 10 4 26 10 3 26 9.9% 0.00 [-1.92, 1.92] 2009 T
Moharari 2010 3.1 1.05 41 483 135 39 12.2% -1.73 [-2.26,-1.20] 2010 |
Yaghoobi 2013 1.72 052 18 1.9 051 19 12.3% -0.18 [-0.51,0.15] 2013
Marashi 2015 16 9 17 14 1.6 17 5.4% 2.00 [-2.35, 6.35] 2015 —
Paluvadi 2017 15.5 4 30 14.8 42 30 9.5% 0.70 [-1.38, 2.78] 2017 -
Farooq 2017 9 1.8 35 19 53 35 10.0% -10.00[-11.85,-8.15] 2017 -
Hamed 2018 11.8 3.4 20 16.3 4.8 20 8.5%  —4.50 [-7.08,-1.92] 2018 -
Kaur 2018 8.51 0.4 40 10.17 0.78 40 12.4% -1.66 [-1.93,-1.39] 2018
Total (95% CI) 284 283 100.0% —0.48 [-1.81, 0.85]

Heterogeneity: 72 = 3.73; x> = 270.33, df = 10 (P < 0.00001); I* = 96%
Test for overall effect: Z = 0.71 (P = 0.48)

25 50
Favours [Control]

=25 0
Favours [Fentanyl]

=50

FIGURE 3: Meta-analysis of onset of sensory anesthesia between fentanyl and control groups.

SE(MD)

50

_25

0 25 50

FIGURE 4: Funnel plot for meta-analysis of onset of sensory anesthesia.

TABLE 3: Subgroup analysis of the study outcomes.

Variable Category lelizzgs()f Effect size (mean difference)

Sensory onset

Block Supraclavicular 5 ~2.86 (95% CI —6.51, 0.79); I =95%; p = 0.123.14 (95% CI 0.20, 6.06);

approach Axillary 5 F=95%; p = 0.04

Local Lengi"fj;ﬁzme ; 5 0.95 (95% CI —0.73, 2.62); I* = 94%; p = 0.27

o hetic . isacaine 4 ~0.21 (95% CI —3.74, 3.32); P =97%; p = 0.91
Rogivacaine 2 ~5.03 (95% CI —15.72, 5.65); I>=89%; p = 0.36

Motor onset

Block Supraclavicular 4 —4.77 (95% CI —10.55, 1.00); I? =98%; p=0.11

approach Axillary 3 0.58 (95% CI —1.35, 2.52); I =88%; p = 0.55

Local Levjéi()?j:cl:ine ; 3 ~0.88 (95% CI —2.21, 0.46); I =76%; p = 0.20

anesthetic bupiSacaine 4 —0.80 (95% CI —3.20, 1.61); I* = 94%; p=0.52

Sensory duration

Block Supraclavicular 5 90.66 (95% CI 44.50, 136.83); P =95%; p=0.001

approach Axillary 5 93.70 (95% CI 18.87, 168.53); I* = 99%; p = 0.01

Local Levégioijizme ; 3 27.33 (95% CI ~4.49, 58.96); I=93%; p = 0.001

anesthetic bupisacaine 4 86.65 (95% CI 8.49, 164.82); I* = 98%; p=0.03

Motor duration




Test for overall effect: Z = 3.96 (P < 0.0001) Favours [Control] Favours [Fentanyl]
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TaBLE 3: Continued.
. Number of . .
Variable Category Hmber Effect size (mean difference)
studies
Block Supraclavicular 4 95.26 (95% CI 88.17, 102.34); I* = 79%; P <0.00001
approach Axillary 3 9.63 (95% CI 3.91, 15.36); I* = 99%; p =0.001
Li .
Local idocaine 2 512 (95% CI —0.64, 10.88); I*=91%; p = 0.08
. Levobupivacaine/ 2
anesthetic . . 4 100.67 (95% CI 93.38, 107.96); I"=97%; p <0.00001
bupivacaine
Study or Subgroup Fentanyl Control Weight Mean Difference Year Mean Difference
Mean SD Total Mean SD Total 1V, Random, 95% CI 1V, Random, 95% CI
Karakaya 2001 251 1.8 20 229 1.7 20 13.7% 2.20 [1.11, 3.29] 2001 -
Movafegh 2009 14 7 26 15 5 26 9.1% -1.00 [-4.31, 2.31] 2009 T
Moharari 2010 434 2 41 6.1 27 39 13.8% -1.76[-2.81,-0.71] 2010 1
Yaghoobi 2013 2 043 18 215 06 19 14.5% —0.15 [-0.49, 0.19] 2013
Marashi 2015 22 34 17 22 33 17 11.4% 0.00 [-2.25,2.25] 2015 T
Farooq 2017 141 35 35 27.1 41 35 124% -13.00[-14.79,-11.21] 2017 -
Hamed 2018 13.7 33 20 184 52 20 104% —4.70 [-7.40,-2.00] 2018 -
Kaur 2018 9.74 054 40 11.14 0.81 40 14.6% -1.40[-1.70,-1.10] 2018 b
Total (95% CI) 217 216 100.0% —2.36 [-3.99, —0.74] ¥
Heterogeneity: 72 = 4.69; x> = 248.11, df = 7 (P < 0.00001); I* = 97% L T T 1
Test for overall effect: Z = 2.85 (P = 0.004) -100 -50 0 50 100
Favours [Fentanyl] ~ Favours [Control]
FIGURE 5: Meta-analysis of onset of motor anesthesia between fentanyl and control groups.
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Study or Sub Fentanyl Control Weight  Mean Difference Y Mean Difference
udy orsubgroup Mean SD Total Mean SD Total el 1V, Random, 95% CI ear 1V, Random, 95% CI
Nishikawa 2000 323 9% 22 250 79 22 10.2% 73.00 [21.05,124.95] 2000 I
Karakaya 2001 606 42 20 414 12 20 11.9% 192.00[172.86,211.14] 2001 -
Movafegh 2009 68 11 26 68 7 26 122% 0.00 [-5.01, 5.01] 2009
Chavan 2011 623 96 47 450 79 46 11.2% 173.00[137.30,208.70] 2011 -
Yaghoobi 2013 139 22.89 18 106 18.03 19 12.1%  33.00 [19.68,46.32] 2013 -
Marashi 2015 720 198 17 660 120 17  6.5% 60.00 [-50.06, 170.06] 2015 T
Farooq 2017 4257 424 35 300 54.5 35 11.8% 125.70[102.82,148.58] 2017 -
Hamed 2018 500.2 372 20 4739 368 20 11.8% 26.30 [3.37,49.23] 2018 ~
Kaur 2018 656.6 17.3 40 597.5 173 40 122%  59.10 [51.52,66.68] 2018 -
Total (95% CI) 245 245 100.0% 82.81 [41.81, 123.81] <
Heterogeneity: 7> = 3572.08; x> =601.08, df = 8 (P < 0.00001); I* = 99% T T T T
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FIGURE 7: Meta-analysis of the duration of sensory anesthesia between fentanyl and control groups.
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Study or Subgroup Fentanyl Control Weight Mean Difference Year Mean Difference
Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI

Karakaya 2001 642 108 20 294 36 20 13.3% 348.00[298.11,397.89] 2001

Movafegh 2009 90 12 26 89 11 26 152% 1.00 [-5.26, 7.26] 2009

Yaghoobi 2013 147 24.62 18 119 20.84 19 15.0%  28.00[13.26,42.74] 2013 =

Marashi 2015 300 120 17 240 60 17 12.3% 60.00 [-3.78,123.78] 2015 ~

Farooq 2017 369.4 36.8 35 2743 68.7 35 14.6% 95.10[69.28,120.92] 2017 -

Hamed 2018 465 46.8 20 420 444 20 145%  45.00[16.73,73.27] 2018 -

Kaur 2018 590.2 144 40 490.7 202 40 15.1% 99.50[91.81,107.19] 2018 -

Total (95% CI) 176 177 100.0% 93.41 [42.35, 144.46] *

Heterogeneity: 7> = 4465.27; x> = 544.00, df = 6 (P < 0.00001); I> = 99%
Test for overall effect: Z = 3.59 (P = 0.0003)
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FIGURE 8: Meta-analysis of the duration of motor anesthesia between fentanyl and control groups.

20 -

40 A

SE(MD)

60 }

80 A /

100 L
=500

On‘o
L
o\ o ©
[
[ANEEY [e)
[
1 [le)
/N A
[
1 \
1 \
1 \
] \
| \
10 \
| \
| \
| \
\
! \
| \
I \
I \
I \
\
. \
0 250 500
MD

04 |
O,T‘O
I
10 it
IS
(o]}
Iy
~ 20 N
[a) Iy
) o °
0 [
“ 30 1y
1 b|
1Yy
1y
oy
40 - T
[
[
o
o
50 . e . ,
—-1000 =500 0 500 1000
MD

Figure 10: Funnel plot for meta-analysis of the duration of motor anesthesia.

fentanyl. The overall certainty of evidence ranged from
moderate to low.

Several surgeries of the upper extremity are now per-
formed under day-care anesthesia with the aid of brachial
plexus block [2]. However, despite the use of longer-acting
LA, the anesthetic effect frequently wears off after several
hours leading to postoperative pain. Therefore, improving
the duration and onset of brachial plexus block has been an
important area of research in the last decade [5]. Ideally, the

adjuvant drug should significantly prolong the duration of
anesthesia, shorten its onset, and increase the time to first
analgesic request without any significantly increased risk of
complication. Of the several drugs available for an anes-
thesiologist, fentanyl has been used as an adjuvant to several
different regional anesthesia techniques over many years
[31-33]. Sindjelic et al. [31] have reported that the use of
adjuvant fentanyl with cervical plexus block significantly
reduces propofol consumption along with postoperative
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Fentanyl Control

Study or Subgrou
v grotp Events Total Events Total

Weight

Odds Ratio
IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Year

1.5.1 Nausea vomiting

Movafegh 2009 2 26 1 26 8.2%
Chavan 2011 4 47 5 46 23.6%
Marashi 2015 10 17 3 17 18.7%
Paluvadi 2017 4 30 0 30 5.7%

Subtotal (95% CI) 120 119 56.2%
Total events 20 9

Heterogeneity: 72 = 0.71; x> = 5.19, df = 3 (P = 0.16); I* = 42%
Test for overall effect: Z = 1.49 (P = 0.14)

2.08[0.18,24.51] 2009
0.76 [0.19,3.04] 2011
6.67 [1.38,32.28] 2015
10.36 [0.53,201.45] 2017

2.65[0.73, 9.53] B -

v

1.5.2 Pruritis

Movafegh 2009 4 26 4 26 20.3% 1.00 [0.22, 4.51] 2009 - r

Marashi 2015 7 17 3 17 18.7% 3.27 [0.67, 15.82] 2015 I . E—

Paluvadi 2017 1 30 0 30 4.8% 3.10 [0.12, 79.23] 2017

Subtotal (95% CI) 73 73 43.8% 1.86 [0.66, 5.23] —

Total events 12 7

Heterogeneity: 72 = 0.00; x* = 1.24, df =2 (P = 0.54); I* = 0%

Test for overall effect: Z = 1.18 (P = 0.24)

Total (95% CI) 193 192 100.0%  2.14 [1.04, 4.40] -

Total events 32 16

Heterogeneity: 72 = 0.08; x> = 6.52, df =6 (P = 0.37); I* = 8% f T T 1
0.01 0.1 1 10 100

Test for overall effect: Z = 2.07 (P = 0.04)
Test for subgroup differences: x> =0.17, df = 1 (P = 0.68), I* = 0%

Favours [Fentanyl] Favours [Control]

FIGURE 11: Meta-analysis of complications between fentanyl and control groups.

TABLE 4: Postoperative analgesic outcomes.

Study Outcome

Result

Kaur et al. [19]
Farooq et al. [24]
Marashi et al. [25]

Yaghoobi et al. [26]
Moharari et al. [28]

Number of rescue analgesic injection
Time for first rescue analgesic
Postoperative pain scores
Total analgesic consumption
Pain score at the return of sensation
Time for first rescue analgesic
Time for first rescue analgesic
Pain score at first request for analgesic
Total analgesic consumption

Fanelli [21]

Significantly lower in the fentanyl group (p <0.05)
Significantly higher in the fentanyl group (p <0.05)

No statistically significant difference between the study groups
Significantly lower in the fentanyl group (p <0.05)
Significantly lower in the fentanyl group (p <0.05)
Significantly higher in the fentanyl group (p <0.05)

No statistically significant difference between the study groups

No statistically significant difference between the study groups

No statistically significant difference between the study groups

analgesic demand. Terkawi et al. [33] in a meta-analysis of
various techniques to improve the quality of thoracic par-
avertebral nerve blocks for breast surgery patients found that
only adjuvant fentanyl and the use of multilevel blocks were
associated with improved pain control. In another study,
Abbi et al. [34] have shown that combined fentanyl and
bupivacaine significantly shortened the onset and prolonged
the duration of spinal anesthesia in patients undergoing
lower limb surgeries as compared to bupivacaine alone.
However, the effect of perineural fentanyl has not been
consistent across literature with trials also indicating that the
opioid may not have any prominent analgesic effect with
peripheral nerve blocks [35].

Such inconsistency in the effect of adjuvant opioids may
be attributed partly to the small sample size of many RCTs in
the literature. As seen in our review, almost half of the
studies included <25 patients per arm. In this context, a
meta-analysis becomes important to present high-quality
evidence to practicing clinicians. The results of our review
indicate that adjuvant fentanyl significantly increases the
duration of both motor and sensory anesthesia. This effect

was consistently seen across the majority of studies in the
review despite the high heterogeneity in the meta-analysis.
The beneficial effects of fentanyl with peripheral nerve blocks
have been attributed to its direct action on peripheral opioid
receptors [5]. The drug may also penetrate the nerve
membrane and act directly on the dorsal horn owing to the
bidirectional axonal transport of opioid binding proteins
leading to a significant increase in the duration of nerve
block [30]. We also noted that the onset of motor anesthesia
was significantly reduced, but there was no effect on the
onset of sensory anesthesia. While such a result is difficult to
explain, we noticed that delayed onset of sensory anesthesia
was seen with fentanyl in earlier studies, while faster onset
was demonstrated in more recent studies. It may be spec-
ulated that the changes in drug formulations and pH of the
solution may have contributed to this difference.

Though our review focused solely on a single opioid, the
effect size of fentanyl needs to be viewed concerning other
additives that have been used with brachial plexus block.
Choi et al. [36] in a meta-analysis of nine RCTs have
demonstrated that the addition of dexamethasone to
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brachial plexus block significantly increases the duration of
sensory and motor anesthesia by 410 and 438 minutes,
respectively. Another meta-analysis of 18 RCTs has indicated
that dexmedetomidine also has a similar effect by prolonging
the duration of sensory anesthesia by 261 minutes and motor
anesthesia by 201 minutes [37]. On the other hand, tra-
madol, which is another popular opioid used as an adjuvant
by multiple studies, increases the length of sensory and
motor blockade by 62 and 66 minutes, respectively [38].
Thus, with an effect size of 83 minutes for the duration of
sensory and 93 minutes for the duration of motor block, by
indirect comparison, fentanyl ranks just above tramadol but
much lower as compared to dexamethasone and
dexmedetomidine.

An important point of consideration while interpreting
our results is the high heterogeneity noted in all our meta-
analyses. This can be attributed to the different types,
concentrations, and doses of LA used; to the difference in the
block approach; and also to the minor variation in the
fentanyl dosage in the included trials. Furthermore, it may
also have been influenced by the anesthetic protocol and the
difference in the definition of outcomes as the heterogeneity
persisted even with a subgroup analysis. Comparing the
different types of LA solutions, it is well-known that lido-
caine has a shorter duration of action as compared to
bupivacaine or ropivacaine [39]. Amongst the two long-
acting agents, ropivacaine has a significantly shorter onset of
action, but bupivacaine has a longer duration of anesthesia
for brachial plexus blocks [40]. Due to a limited number of
studies, we were unable to carry out a subgroup analysis for
all outcomes for ropivacaine, but our results indicated that
the addition of fentanyl improves the duration of anesthesia
only with bupivacaine/levobupivacaine but not with lido-
caine. Contrastingly, the use of dexamethasone improves the
duration of the block with both intermediate and long-acting
LA agents [36]. We believe the small effect size of fentanyl as
compared to other agents may have contributed to this
result. In the other subgroup analysis, there was no differ-
ence in the duration of nerve blocks administered via axillary
or supraclavicular approach. This is in agreement with
studies indicating that the approach of brachial plexus block
does not affect anesthetic outcomes [41, 42].

The use of opioids is known to cause several minor and
major side effects [43]. While none of the included studies
reported major adverse outcomes such as respiratory de-
pression, hypotension, and so on with the use of fentanyl,
the incidence of complications such as nausea/vomiting
and pruritis was increased twofold with the addition of
fentanyl to brachial plexus block. Individual analysis of
these complications was non-significant probably due to
the limited data available and the small sample size of the
studies.

There are some limitations to our review. Foremost, as
mentioned above, the results must be interpreted with
caution owing to the high heterogeneity of our analysis.
Despite adding subgroup analysis to the review, we were
unable to eliminate it. Secondly, the number of included
studies was not very high. Due to the unavailability of data,
not all studies could be included in all the meta-analyses.
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Thirdly, all the included RCTs were not of high-quality based
on the recently developed risk of bias-2 tool. Only 5 of the 12
studies were judged to have a low risk of overall bias. Lastly,
owing to limited data, we were unable to quantitatively
analyze postoperative pain scores and analgesic require-
ments of the two study groups. One reason for the limited
number of RCTs analyzing the effect of fentanyl could be the
myriad of drugs available for use as an adjuvant to brachial
plexus block. These include various non-opioids such as
dexamethasone, dexmedetomidine, and clonidine that are
more commonly used in clinical practice. However, to date,
there has been limited literature on the comparative efficacy
of fentanyl vis-a-vis other adjuvants for brachial plexus
blocks. Only future research comparing the efficacy of
different drugs with fentanyl in large RCTs can provide
concrete evidence on this topic.

The clinical relevance of the current meta-analysis is
derived from the fact that despite fentanyl being used as an
adjuvant to brachial plexus block, to date, there has been no
systematic effort to establish its efficacy. Our review is the
first to pool data from all RCTs conducted to date to assess
the impact of adjuvant fentanyl on the onset and duration of
brachial plexus blocks. A detailed systematic search was
performed to include only RCTs, thereby providing level-1
evidence. Appropriate subgroup analysis and GRADE as-
sessment were also performed. We believe our meta-analysis
shall aid clinicians to make informed decisions on the use of
fentanyl with brachial plexus blocks.

5. Conclusions

The addition of fentanyl to LA in brachial plexus block
improves the onset of motor anesthesia but not sensory
anesthesia. The duration of both sensory and motor anes-
thesia is significantly prolonged with fentanyl by around
83-93 minutes. However, clinicians should be aware that
complications such as nausea/vomiting and pruritis are
increased twofold with the addition of the drug.
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