
Background: Multiple studies have shown that perineural dexamethasone improves 
postoperative analgesia. However, some studies have shown minimal benefit, and have raised 
concerns regarding adverse physio-chemical effects of perineural dexamethasone. Furthermore, 
there is a paucity of studies wherein control (IV) dexamethasone was considered. 

Objective: The purpose of this meta-analysis was to evaluate the effectiveness of different 
concentrations of perineural dexamethasone injection on postoperative analgesia, as well as 
complications from its use for brachial plexus blocks.  

Methods: A systematic literature search was conducted using the Cochrane Central Registry 
of Controlled Trials, PubMed, and Scopus. Trials comparing control and local dexamethasone-
treated groups, and those which reported duration of analgesia and/or pain scores/opioid 
consumptions were selected. Meta-analysis was performed using the Review Manager (RevMan) 
software 5.1.

Results: Fourteen studies consisting of a total of 1,022 patients were included. Perineural 
dexamethasone significantly prolonged the duration of postoperative analgesia in patients 
receiving both low-dose (4 – 5 mg) [SMD 2.41 (95% CI: 1.47, 3.35 P = 0<0.00001) I2 = 82%], 
and higher-doses (8 – 10 mg) [SMD 4.46 (95% CI 3.54, 5.38 P < 0.00001) I2 = 94%]. However, 
the duration of motor block was also prolonged [SMD 2.52 (95% CI: 1.06, 3.98 P = 0.0007) I2 
= 97%] and dexamethasone delayed latency of onset of sensory [SMD -0.49 (95% CI: -0.89, 
-0.09 P = 0.02) I2 = 76%] and motor [SMD -0.56 (95% CI: -1.13, 0.00 P = 0.05) I2 = 87%] 
blocks. Postoperative pain scores were improved at both 24 hours [SMD -1.46 (95% CI: -2.43, 
-0.50 P = 0.003) I2 = 95%] and 48 hours [SMD -1.20 (95% CI: -2.26, -0.13 P = 0.03) I2 = 95%] 
in dexamethasone-treated groups, whereas opioid consumption was reduced only at 48 hours 
[SMD -2.97 (95% CI: -4.17, -1.76 P < 0.00001) I2 = 88%]. Complications were comparable 
between control and dexamethasone-adjuvant groups, except for the excessively prolonged 
nerve block that was observed predominantly in the dexamethasone-adjuvant group. 

Limitations: The limitations include different definitions used for the measurements of certain 
parameters such as the duration of analgesia and duration of motor block, number of studies 
assessing certain parameters having high heterogeneity, and varying types of local anesthetics 
used in various studies.

Conclusions: Perineural dexamethasone addition to local anesthetic solutions significantly 
improved postoperative pain in brachial plexus block without increasing complications. 
However, perineural adjuvant dexamethasone delayed the onset of sensory and motor block, 
and prolonged the duration of motor block. Smaller doses of dexamethasone (4 – 5 mg) were 
as effective as higher doses (8 – 10 mg).
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sone added to LA injections for brachial plexus blocks 
used to provide postoperative analgesia. The brachial 
plexus model was selected for evaluation because of 
the ample number of clinical trials wherein local dexa-
methasone application was studied. As low-dose peri-
neural adjuvant dexamethasone has been previously 
recommended (28), we analyzed the effectiveness of 
varying doses on the duration of analgesia. We also 
gathered information regarding the duration of motor 
block, onset of blocks, and pain scores. Complications 
associated with perineural adjuvant dexamethasone 
use were also determined. 

Methods

Study Design
The standards set by the Preferred Reporting Items 

for Systemic Reviews and Meta-Analyses (PRISMA) 
guidelines were used to construct this review (29). 

Eligibility Criteria
In this meta-analysis we included studies that as-

sessed the effects of perineural dexamethasone added 
to LA for brachial plexus blocks. The comparison was 
made between placebo/other adjunctive analgesics 
and dexamethasone-treated groups. Studies that met 
the following criteria were included: (1) human studies 
that included adult men and women (> 18 years) under-
going shoulder/upper limb surgeries; (2) prospective, 
randomized, double-blinded controlled trials published 
in English; (3) reported outcomes including either du-
ration of analgesia or a numeric pain scale rating or 
postoperative opioid consumption. An effect from IV 
dexamethasone was not included in this analysis. Stud-
ies using dexamethasone with spinal or LA used for 
lower limb surgery or head and neck surgery, as well as 
dexamethasone used neuraxially for managing chronic 
radicular pain, were excluded. Trials recording either 
pain scores or opioid consumption, without a minimum 
24 hours follow-up were also excluded. 

Literature Search
A comprehensive literature search employing Med-

line (PubMed), Cochrane Central Register of Controlled 
Trials (CENTRAL), and Scopus database was undertaken. 
Search keywords included “dexamethasone,” “steroids,” 
“pain,” “analgesia,” “postoperative,” “regional anes-
thesia,” “regional analgesia,” and “surgery,” initially 
without language and species restrictions. Additional 
articles were found from references of selected studies.

Regional anesthesia is an excellent adjunct or 
alternative to general anesthesia for extremity 
surgery. It provides superior postoperative 

analgesia and hastens recovery from anesthesia. 
Although regional anesthesia has an opioid-sparing 
effect, occasionally postoperative analgesic duration is 
not adequate to compensate for the acute nociception 
associated with surgery in the early perioperative 
phase of healing. Many adjuvants including clonidine, 
neostigmine, epinephrine, tramadol, buprenorphine, 
and dexamethasone have been added to local 
anesthetics (LA) in an effort to enhance postoperative 
analgesia (1,2). There remains controversy regarding 
the relative efficacy of these respective additives in that 
it remains unknown whether or not their effectiveness 
is due to a local, perineural, or a systemic effect from 
the absorbed agent. 

Corticosteroids are widely used in peripheral 
nerve blocks for acute pain control and are routinely 
injected into the epidural space for treating radicular 
pain with a reliably acceptable side effect profile (3,4). 
Intravenous dexamethasone has been previously shown 
to be opioid-sparing in the early postoperative phase 
between 24 – 48 hours following its administration 
(5,6) and also serves to reduce postoperative nausea 
and vomiting (PONV) (7). Several clinical studies have 
evaluated the effectiveness of dexamethasone applied 
perineurally with LA in regional nerve blocks including 
epidural (8,9) brachial plexus (10-23), femoral and sci-
atic (24), and facial and dental blocks (25,26).  

Surrogates used for measuring postoperative pain 
(e.g., duration of analgesia, pain scores, opioid con-
sumption) appear to be improved by the addition of 
dexamethasone to LA agents injected perineurally (6,7). 
However, some studies on peripheral nerve block have 
not identified significant effects of perineural dexa-
methasone on the postoperative duration of analgesia 
(27), pain scores at 24 hours (24,27) and 48 hours (16,19), 
opioid consumption (15,16,18), as well as on reducing the 
latency of onset of the sensory or motor block (14,18). 
Due to a concern of adverse physiochemical effects from 
perineural adjuvant dexamethasone, certain authors 
have recommended against its use as an adjuvant to LA 
or have suggested that alternative routes of administra-
tion (IV) are preferable (11,28). Also, as several studies 
have used varying concentrations of dexamethasone 
ranging from 4 mg to 10 mg added to LA, an optimum 
dosing regimen remains undefined. 

The aim of this meta-analysis was to evaluate the 
analgesic effects of adjunctive perineural dexametha-
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The search criteria were developed by all authors 
and independently conducted by 2 reviewers (UA and 
NNK). Relevant studies were carefully selected. Differ-
ences in literature inclusion/exclusion were decided by 
consensus. 

Outcome Parameters 
Duration of postoperative analgesia was the pri-

mary outcome. It was defined as “the interval between 
completion of dexamethasone adjuvant injection 
and time of first analgesic request” (11) or “the time 
when the patient first reported pain at the surgical 
site” (10,12,16-20,22-23) or “the time when pain scores 
reached 8 on 0 – 10 numeric rating scale (NRS)” (14,21). 
However, one study measured the duration between 
the time of discharge from the postanesthesia care 
unit and the first report of pain at the incision site (15). 
Secondary outcomes were duration of motor block 
(from dexamethasone adjuvant injection until ability 

to move/raise hand or abduct the shoulder); onset of 
sensory and motor block (time from dexamethasone 
adjuvant injection until analgesia to pinprick and in-
ability to move the hand or shoulder, respectively); NRS 
(0 – 10) with movement (cough/sit) at 24 and 48 hours 
postoperatively; cumulative opioid consumption (oral 
morphine equivalents) at 24 and 48 hours postopera-
tively; and complications including nausea, hoarseness, 
dyspnea, and Horner’s syndrome.

Data Extraction
Data were extracted independently by 2 authors 

(UA, NNK). Any disagreements were resolved by a 
discussion between the 3 reviewers (UA, NNK, KDC) 
for final agreement. The following data were listed 
in the data collection form (Tables 1,2): authors, year 
of publication, location of surgery, type of nerve 
block, number of total and treated patients, doses 
of dexamethasone (mg), LA and adjuncts used, eli-

Table 1. Characteristics of  included studies in analysis.

Author/
Year

Number of 
Treatment/

Control

Procedure Type of 
Brachial Block

*Guidance 
Technique

Local 
Anesthetics/

Adjuncts

Dexamethasone
(mg)

Postoperative 
Analgesia

Modified 
Jadad 
Score*

Persec et al, 
2014 (10)

35/35 Upper 
extremity

Supraclavicular US 0.5% 
levobupivacaine

4 Diclofenac IV PRN 8

Desmet 
et al, 2013 
(11)

49/46 Shoulder Interscalene NS 0.5% ropivacaine 10 Diclofenac 50 mg IV PRN
Paracetamol 1 g IV PRN

Piritramide 15 – 20 mg IM 
PRN

8

Biradar et 
al, 2013 
(12)

30/30 Upper 
extremity

Supraclavicular NS 1.5% lidocaine
1:200,000 

epinephrine

8 Diclofenac 1.5 mg/kg IM PRN
Morphine 2 mg IV q 10 min 

until pain score < 3

8

Kim et al, 
2012 (13)

20/20 Shoulder Interscalene US 0.5% 
levobupivacaine

1:400,000 
epinephrine

5 Ketorolac IV PRN
Opioids IM PRN

7

Pathak 
et al,
2012 (14)

25/25 Upper 
extremity

Supraclavicular NS 0.5% bupivacaine
1.5% lidocaine

1:200,000 
epinephrine

8 Diclofenac 1 – 1.5 mg/kg IM 
PRN

7

Tandoc 
et al,
2011 (15)

28/28
30/28

Shoulder Interscalene NS 0.5% bupivacaine 4
8

Acetaminophen 325 mg + 
Hycrocodone 7.5 mg PO PRN

8

Cummings 
et al, 
2011 (16)

54/54
54/56

Shoulder Interscalene US 0.5% bupivacaine
0.5% ropivacaine

8 Acetaminphen 325 – 650 mg 
+ Oxycodone 5 – 10 mg PO 

PRN q 4 h

8

Islam et al,
2011 (17)

30/60 Upper 
extremity

Supraclavicular N/A 0.5% bupivacaine
2% lignocaine

8 Not specified 4

Parrington 
et al,
2010 (18)

24/21 Upper 
extremity

Supraclavicular US 1.5% mepivacaine 8 Fentanyl 25 μg PRN q 5 min
Acetaminophen 300 mg + 
Codeine 30 mg PO PRN

Acetaminophen 325 mg + 
Oxycodone HCl 5 mg PO 

PRN

8

Vieira et al,
2010 (19)

44/44 Shoulder Interscalene US 0.5% bupivacaine
1:200,000 

epinephrine
75 μg clonidine

8 Hydrocodone/Oxycodone/
Hydromorphone PO PRN

7
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gible primary and secondary outcomes, and compli-
cations  (nausea, hoarseness, dyspnea, and Horner’s 
syndrome). 

For data lacking full description, we tried to contact 
the authors of the original publications. If the authors 
did not respond, numerical data were extracted from 
figures in their respective publications. Dexamethasone 
doses were varied from 4 mg to 10 mg. In the analysis 
of duration of analgesia, the studies were categorized 
into “low dose” (4 – 5 mg) and “high dose” (8 – 10 mg) 
of dexamethasone. These ranges were also similar to 
a dose-response stratification in the systematic review 
of Waldron et al (6). Values for duration of analgesia, 
duration of motor block, and onset of motor and sen-
sory block were converted in units of minutes (min). 

Table 1 (cont.). Characteristics of  included studies in analysis.

* US indicates Ultrasound-guided method, NS Nerve stimulator guided method, N/A Not mentioned in the study.

Author/
Year

Number of 
Treatment/

Control

Procedure Type of 
Brachial Block

*Guidance 
Technique

Local 
Anesthetics/

Adjuncts

Dexamethasone
(mg)

Postoperative 
Analgesia

Modified 
Jadad 
Score*

Yadav et al,
2008 (20)

30/30 Upper 
extremity

Supraclavicular NS 1.5% lignocaine
1:200,000 

epinephrine

4 Diclofenac 50 mg PO PRN
Diclofenac 75 mg IM PRN

7

Shrestha 
et al, 2007 
(21)

30/30 Upper 
extremity

Supraclavicular N/A 0.5% bupivacaine 8 Analgesics 7

Movefegh 
et al, 2006 
(22)

30/30 Upper 
extremity

Axillary NS 1.5% lidocaine 8 Not specified 7

Shrestha 
et al, 2003 
(23)

20/20 Upper 
extremity

Supraclavicular N/A 0.5% bupivacaine
2% lidocaine

1:200,000 
epinephrine

4 – 8 Not specified 3

Table 2. Characteristics of  included studies in analysis.

Author/Year
Duration of  
Analgesia

Duration of  
Motor Block

Onset of  Sensory 
Block

Onset of  
Motor Block

Pain 
Score

Opioid 
Consumption

Persec et al, 2014 (10) * *

Desmet et al< 2013 (11) *

Biradar et al, 2013 (12) * * * *

Kim et al, 2012 (13) *

Pathak et al, 2012 (14) * * * *

Tandoc et al, 2011 (15) * * *

Cummings et al, 2011 (16) * *

Islam et al, 2011 (17) * * *

Parrington et al, 2010 (18) * * * * *

Vieira et al, 2010 (19) * * * *

Yadav et al, 2008 (20) * * *

Shrestha et al, 2007 (21) * * *

Movefegh et al, 2006 (22) * * * *

Shrestha et al, 2003 (23) * *

Pain scores reported on the 11-point NRS (0 – 10) were 
included. Opioid consumption was converted to oral 
morphine equivalents (mg) using the ratios from Ko-
rff et al (30). Studies where control acetaminophen or 
non-steroidal anti-inflammatory drugs (NSAIDs) were 
used as postoperative pain medication adjuvants were 
excluded. Complications from brachial blocks were 
reported as per incidence and were included. Data 
presented in reporting systems other than stated were 
excluded. Values presented as median and interquartile 
were converted to mean and SD by using a formula (31).

Risk of Bias
Two authors (UA, NNK) independently assessed the 

methodological validity using a modified Jadad scale 



www.painphysicianjournal.com 	 5

Perineural Adjuvant Dexamethasone in Brachial Plexus Block 

publications. The median number of patients receiving 
dexamethasone in the included studies was 30.

Fourteen of the included studies contained at least 
one group wherein dexamethasone was part of the 
brachial plexus LA injection, which consisted of either 
dexamethasone added alone (10,11,13,15,16,18,21,22) 
or in conjunction with epinephrine (12,14,19,20,23) 
and with clonidine (19). Study groups were divided 
according to the added dexamethasone doses; 4 stud-

range from 0 to 8, low to high quality (32). The score of 
4 – 8 is considered high quality and 0 – 3 is low quality 
(33). Any discrepancies were resolved with inclusion of 
a third reviewer (KDC). The minimum score of included 
studies was 3 and maximum was 8.

Meta-analyses
Meta-analysis was performed using the Review 

Manager (RevMan) Software 5.1 (The Nordic Cochrane 
Centre, The Cochrane Collaboration, Copenhagen, 
Denmark, 2008). For continuous data, the studies were 
reported as the standardized mean differences (SMD) 
with 95% confidence intervals (CI). Dichotomous data 
were presented with risk differences (RD) and 95% 
CI. Data were plotted using forest plots to evaluate 
treatment effects. Publication bias was evaluated using 
funnel plots. Heterogeneity was interpreted through I2 
statistic, in which the value over 30% was considered 
heterogeneity. Significant statistics were considered 
when the 95% CI did not include 0. Due to different 
surgical procedures and anesthetics used, a random 
effect model was used to generalize our findings, as 
similarly shown in previous studies (5,6,34). 

Duration of analgesia was further proceeded to sub-
group analysis comparing the effects of dexamethasone 
with different LA. Only subgroups using one LA without 
any adjuncts were included. Different brachial block ap-
proaches were also analyzed for duration of analgesia. 
Subgroup analysis in the other parameters was not eval-
uated due to the insufficient number of eligible studies. 

Results

Results of the Search  
In our extensive database research, a total of 

1,644 publications were identified. Of the 39 examined 
full-text publications, 14 studies were subsequently 
included in this meta-analysis (Fig. 1) providing a to-
tal of 1,022 patients, in which 533 patients received 
dexamethasone as an adjuvant to perineural brachial 
plexus LA injections. Twenty-five studies were excluded: 
10 studies used spinal subarachnoid or regional blocks 
other than brachial plexus  techniques (35-40); 3 stud-
ies used intravenous regional anesthesia (IVRA) (41-43); 
3 trials were performed in healthy volunteers (44-46); 
2 trials were performed in chronic pain disease states 
such as lumbosacral radicular type pain (8,47); one 
study was retrospective (48); and one had neither dura-
tion of analgesia reported as minutes nor pain scores 
provided at 24/48 hours (49). Fig. 1 shows the PRISMA 
flow diagram representing the disposition of retrieved 

Fig. 1. PRISMA flow diagram.
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ies that used low doses of dexamethasone (4 – 5 mg) 
(10,13,15,20), 10 studies that used high doses of dexa-
methasone (8 – 10 mg) (11,12,14-19,21,22), and one 
study that used multiple doses (23). Tandoc et al (15) 
performed 2 sub studies; one with low doses and one 
with high doses of added dexamethasone. Analyses 
of different doses of dexamethasone were selectively 
performed to assess duration of analgesia and duration 
of motor block, due to the limited number of studies. 

Several approaches were used for brachial 
plexus block: 8 studies used supraclavicular approach 
(10,12,14,17,18,20,21,23), 5 studies used the intersca-
lene approach (11,13,15,16,19), and one study used an 
axillary approach (22). Eleven out of 14 studies listed 
the technique they used to identify the targeted brachi-
al plexus nerves. Five studies listed ultrasound guidance 
(10,13,16,18,19), nerve stimulator guidance was used in 
6 studies (11,12,14,15,20,22), and some studies did not 

mention the employed techniques (17,21,23) (Table 1). 
In this meta-analysis, control groups contained nor-

mal saline (10-20,22,23) or tramadol (21) in the injected LA 
solution without added dexamethasone. LA for brachial 
nerve block mixed with dexamethasone/other adjuncts in-
cluded 0.5% bupivacaine (14-19,21,23), 0.5% ropivacaine 
(11,16), 0.5% levobupivacaine (10,13), 1.5% mepivacaine 
(18), 1.5 – 2% lidocaine (12,14,22,23), and 2% lidocaine 
(17,20). Two trials used a combination of 2 LA (14,17). 
Cummings et al (16) performed 2 comparisons in which 
LA were either 0.5% bupivacaine or 0.5% ropivacaine.

Duration of Analgesia
Thirteen studies including 982 patients reported 

duration of analgesia (in minutes). Perineural dexa-
methasone administration significantly prolonged 
duration of LA-induced analgesia [SMD 3.90 (95% CI: 
3.10, 4.70 P < 0.00001) I2 = 94%] (Fig. 2c). These effects 

Fig. 2. Effect of  low-dose (a) and high -dose (b) dexamethasone perineurally on the duration of  analgesia. The combined effect 
was shown in (c).
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were exhibited in both groups of dexamethasone; 3 
studies with low-doses [SMD 2.41 (95% CI: 1.47, 3.35 
P = 0<0.00001) I2 = 82%] (Fig. 2a) and 11 studies with 
high-doses [SMD 4.46 (95% CI 3.54, 5.38 P < 0.00001) I2 
= 94%] (Fig. 2b). One study was not included in the spe-
cific dose evaluation because there was no separation 
between low- and high-dose dexamethasone prepara-
tions in the study (23).   

We examined further if the different LA used in-
terfered with the effect of dexamethasone. The study 
groups using only one LA at a time were selected 
(11,12,15,16,21-23). A similar prolonging effect of 
dexamethasone was also shown among study groups 
in each LA group. Four studies used 0.5% bupivacaine 
(15,16,21,23) [SMD 2.67 (95% CI: 1.65, 3.69 P < 0.00001) I2 
= 91%] (Fig. 3a); 2 studies used 0.5% ropivacaine (11,16) 
[SMD 4.31 (95% CI: 3.62, 5.00 P < 0.00001) I2 = 45%] 
(Fig. 3b); and 3 studies used 1.5% lidocaine (12,14,22) 
[SMD 4.85 (95% CI: 2.24, 7.45 P = 0.0003) I2 = 95%] (Fig. 
3c). Two studies using 0.5% levobupivacaine were not 
analyzed due to limitations in their calculations (10,13).

Different approaches to brachial plexus block were 
also evaluated. Interscalene (11,13,15,16,19) [SMD 3.37 
(95% CI: 2.22, 4.52 P < 0.00001) I2 = 94%] and supra-
clavicular (10,12,14,17,18,20,21,23) [SMD 5.00 (95% CI: 
3.38, 6.62 P < 0.00001) I2 = 95%] approaches provided 

similar outcomes in terms of duration of analgesia (Figs. 
4a and 4b, respectively).

Duration of Motor Block
Duration of motor block was prolonged by added 

dexamethasone in a pooled analysis of a total of 6 stud-
ies in 404 patients (12,14,15,19,21,22) [SMD 2.52 (95% 
CI: 1.06, 3.98 P = 0.0007) I2 = 97%] (Fig. 5a). 

Onset of Sensory and Motor Block
From 8 studies (435 patients) (12,14,17,18,20-23), 

perineural dexamethasone injection minimally, but 
significantly, delayed the onset of sensory block [SMD 
-0.49 (95% CI: -0.89, -0.09 P = 0.02) I2 = 76%] (Fig. 5b). 
Similar delayed onset of motor block [SMD -0.56 (95% 
CI: -1.13, 0.00 P = 0.05) I2 = 87%] (Fig. 5c) from 7 studies 
was observed (395 patients) (12,14,17,18,20,21,22). 

Pain Scores
We examined postoperative pain scores during 

movement at 24 hours [5 study groups, 451 patients 
(10,13,16,18,19) and 48 hours (3 study groups, 346 
patients (13,16,19)] because data from these intervals 
were readily available. Added dexamethasone treat-
ment exhibited decreased postoperative pain scores at 
both 24 hours [SMD -1.46 (95% CI: -2.43, -0.50 P = 0.003) 

Fig. 3. Effect of  dexamethasone in different local anesthetics on the duration analgesia. (a) 0.5% bupivacaine, (b) 0.5% 
ropivacaine (c) 1.5% lidocaine.



Pain Physician: January/February 2015; 18:1-14

8 	 www.painphysicianjournal.com

Fig. 5. Effect of  ldexamethasone on the duration of  motor block (a), onset of  sensory block (b), and onset of  motor block (c).

Fig. 4. Effect of  dexamethasone on the duration analgesia in different brachial plexus approaches: Interscalene (a) and 
supraclavicular (b) blocks.
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I2 = 95%] (Fig. 6a) and at 48 hours [SMD -1.20 (95% CI: 
-2.26, -0.13 P = 0.03) I2 = 95%] (Fig. 6b). 

Opioid Consumption
Postoperatively administered opioids used in the 

included studies were as follows: hydrocodone (15), 
oxycodone (16,19), and oral morphine (18). Opioid con-
sumption was assessed at 24 hours and 48 hours post-
operatively. Similar opioid consumptions were reported 
from both dexamethasone-injected groups and control 
groups from 2 studies (total 133 patients) (18,19) at 
the 24 hour period [SMD -1.74 (95% CI: -5.27, 1.79 P = 
0.33) I2 = 98%] (Fig. 7a). At 48 hours following surgery, 
perineural added dexamethasone was associated with 

a substantially lower opioid consumption from 174 
patients in 2 study groups (15,19) [SMD -2.97 (95% CI: 
-4.17, -1.76 P < 0.00001) I2 = 88%] (Fig. 7b).

Complications
Certain of the included studies further investi-

gated complications following brachial plexus blocks. 
There were 4 studies which provided results eligible 
for analysis (11,13,17,18). Addition of perineural ad-
junctive dexamethasone did not alter the incidence 
of complications following the regional blocks and/or 
general anesthesia, including the incidence of nausea 
(13,18) [SMD -0.01 (95% CI: -0.16, 0.15 P = 0.93) I2 = 0%], 
hoarseness (11,13,17) [SMD -0.01 (95% CI: -0.14, 0.12 P 

Fig. 6. Effect of  dexamethasone on 0-to-10 numerating pain scores at 24 (a) and 48 (b) hours postoperatively.

Fig. 7. Effect of  dexamethasone on cumulative opioids consumption at 24 (a) and 48 (b) hours postoperatively.
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= 0.89) I2 = 43%], dyspnea (11,17) [SMD 0.00 (95% CI: 
-0.04, 0.03 P = 0.85) I2 = 0%], and Horner’s syndrome 
(11,17) [SMD -0.01 (95% CI: -0.09, 0.07 P = 0.79) I2 = 0%] 
(Figs. 8a, 8b, 8c, and 8d, respectively). 

Discussion

Our findings have identified a significant ben-
eficial postoperative effect of adding perineural dexa-
methasone to LA for brachial plexus blocks in several 
regards: duration of analgesia, pain scores, and opioid 
consumption. Both low (4 – 5 mg) and high doses (8 
– 10 mg) of dexamethasone used in perineural adjunc-
tive application comparably prolonged the duration 
of brachial plexus analgesia, regardless of different LA 
types and brachial block approaches. Although only 3 
studies were analyzed and heterogeneity was high, low 
doses of dexamethasone were shown to adequately 

diminish postoperative pain. A recent meta-analysis, 
which focused on the anesthetics based on different 
durations of action combined with dexamethasone in 
brachial nerve blocks, also showed a favorable effect of 
dexamethasone on sensory block postoperatively (50).

By adding dexamethasone to LA, pain scores were 
lowered at 24 hours and 48 hours postoperatively cor-
responding to less opioid consumption over those 24 
– 48 hours. This opioid-sparing effect could potentially 
translate into a reduction in opioid-related adverse 
events, including nausea, vomiting, pruritis, and urinary 
retention, constipation, and respiratory depression. 
Nevertheless, with the somewhat limited numbers from 
only 2 studies, opioid consumption in the first 24 hours 
appeared not to be affected by dexamethasone addi-
tion. Choi et al (50) reports no difference in opioid con-
sumption up to 72 hours. However, we analyzed 24- and 

Fig. 8. The incidence of  postoperative complications within 24 hours after brachial plexus nerve block between control and 
dexamethasone-treated groups (a) nausea, (b) hoarseness, (c) dyspnea, and (d) Horner’s dyndrome.
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48-hour time intervals separately, which provided more 
detailed results. In other studies, the overall effects of 
intravenous (and not perineural) dexamethasone were 
found to decrease pain scores and opioid consump-
tion postoperatively at 24 hours from a large number 
of pooled studies (5,6). More studies could elaborate 
whether or not there is an opioid-sparing effect of peri-
neural dexamethasone. Dexamethasone is believed to 
mediate its analgesic effects by increasing the activity 
of inhibitory K channels on nociceptive C-fibers (51,52). 
Another theory is that glucocorticoids produce modest 
amounts of vasoconstriction, which might reduce LA 
absorption, hence prolonging LA-nerve contact time 
(22,53). However, other authors believe its analgesic 
effect is moderated exclusively or largely systemically 
(5,6).  

Interestingly, perineurally administered dexameth-
asone added to LA delayed the latency and prolonged 
the recovery of motor block after brachial plexus block, 
similar to the analysis from Choi et al (50). We addition-
ally found a delayed latency of onset of sensory and 
motor blocks from dexamethasone administration. 
These undesirable effects of added perineural dexa-
methasone may limit its clinical usefulness. However, 
these results were shown mainly when high-dose dexa-
methasone was employed. A dose-response study of 
these parameters may facilitate greater comprehension 
and provide a rationale for selecting an appropriate 
dose of perineural dexamethasone.  

The technique of brachial plexus block may result 
in neurological complications including respiratory 
distress, Horner’s syndrome, and recurrent laryngeal 
nerve injury (54,55). Several included studies confirmed 
the safety of perineural dexamethasone administration 
in terms of not inducing the development of nausea, 
vomiting, numbness/tingling, respiratory distress, 
hoarseness, and Horner’s syndrome (11,13,17,18). We 
found that adding perineural dexamethasone for bra-
chial plexus blocks likewise did not mitigate against the 
development of these consequences as the incidence 
of dyspnea, hoarseness, and Horner’s syndrome were 
shown to be similar in both control and dexamethasone-
treated groups. Although not analyzed in our study due 
to inadequate patient numbers, these complications 
are reported as comparable in both control and dexa-
methasone-injected groups; recurrent laryngeal nerve 
blocks (13,17), neurological disabilities (13), phrenic 
nerve palsy (14), pruritus (14), and drowsiness (14). In 2 
of our included studies, patients were followed-up for 2 
weeks without any persistent symptoms of paresthesias 

and with no cases of paralysis in the operated-upon up-
per limbs (16,18). However, the only significant differ-
ence was that the dexamethasone-injected group had 
excessively prolonged nerve blocks postoperatively as a 
side effect, compared with the control group. Further-
more, the known salubrious effect of dexamethasone 
in PONV was not clearly demonstrated in our analysis, 
while IV dexamethasone significantly improved PONV 
in a previous analysis (7). 

As for concern for neurotoxicity from perineurally-
added dexamethasone, there is a clinical controversy 
regarding limiting the dose added to LA to 1 – 2 mg (2). 
Results from animal studies demonstrated no long-term 
alteration in function or histology of nerve fibers as a 
result of applying 0.8 – 3.2 mg dexamethasone over ex-
posed peripheral nerves (56). The topical application of 
0.4% dexamethasone on a rat sciatic nerve significantly 
reduced nerve blood flow but did not cause ischemic 
changes (53). Another in-vitro study revealed that incu-
bation of isolated sensory neurons with only dexameth-
asone equivalent to the high-dose concentrations used 
in studies that we reviewed caused less neuronal cell 
death than ropivacaine alone. However, 24 hour expo-
sure to higher doses of dexamethasone added to ropi-
vacaine enhanced the ropivacaine-induced neurotoxic-
ity (28). In a recently published editorial, Williams et al 
(57) suggested eliminating studies exploring perineural 
dexamethasone at doses 8 mg and greater.  High doses 
of dexamethasone are not proven to be more effective 
in many studies, but rather appear to be cytotoxic when 
applied in cultured neurons which is also consistent 
with our conclusion (57). We included all published 
studies that used 4 mg dexamethasone and confirmed 
that lowering the dose of dexamethasone should be a 
trend in any future use of perineural anesthesia. Even 
applied locally, dexamethasone, by being lipid soluble, 
could produce corticosteroid effects systemically which 
may be avoided by using lower doses. We could con-
clude through our systematic meta-analysis of brachial 
plexus perineural blocks that a 4 mg dose does not pro-
duce statistically significant differences compared with 
higher doses in term of neural block duration, pain, and 
motor block. Results of our meta-analysis suggest that 
a single perineural dexamethasone application is safe 
in the short-term postoperative assessment. However, 
more dose-response studies are encouraged in order to 
clarify the sufficient and safe, yet effective, concentra-
tion of perineural dexamethasone used as an adjuvant 
to LA administration.  

Previous systematic reviews on the effects of IV 
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dexamethasone have demonstrated significant im-
provements in postoperative analgesia (5,6). Intrave-
nous dexamethasone was shown to delay time to first 
analgesic rescue dosing (5,6). However, De Oliveira et al 
(5) found that only low-dose IV dexamethasone specifi-
cally prolonged time to first analgesic requirement from 
a total of 4 studies. IV dexamethasone also decreased 
pain scores at 0 – 4 hours, 24 hours, and 48 hours post-
operatively (5,6). Opioid consumption was reduced by 
IV dexamethasone at 2 hours and 24 hours postopera-
tively in the systematic review of Waldron et al (6), but 
the study time period was not specified by De Oliveira 
et al (5). A meta-analysis from Choi at al (50) followed 
dexamethasone’s effects on brachial plexus blocks and 
pointed out a benefit in analgesia duration. We includ-
ed 4 more studies in our analysis which demonstrated 
similar benefits. Furthermore, we captured latency of 
sensory and motor block and postoperative pain scores 
after brachial plexus dexamethasone administration. 
Results of both meta-analyses showed that perineural 
adjunctive injection of dexamethasone significantly 
improved the postoperative duration of analgesia and 
prolonged the duration of motor block. Although the 
number of pooled studies was different between our 
review of brachial plexus perineural dexamethasone 
and the previous studies on IV dexamethasone, postop-
erative analgesia was enhanced significantly by dexa-
methasone added by either route. These findings beg 
the question as to the actual mechanism of action of 
dexamethasone as a perioperative analgesic. Whether 
or not the agent produces analgesia systemically or 
regionally remains unknown at present.  

A reasonable assessment of which method (sys-
temic or regional) is more efficient might be drawn 
from a direct comparison of these respective routes in 
the same study. There are increasing numbers of stud-
ies which performed a comparison between IV and 
perineural routes of dexamethasone using the same 
control group; 2 in a brachial block model (11,58), 
and one in an epidural model (59). However, the ad-
vantages of perineural over IV dexamethasone from 
these reports are controversial. Kawanishi et al (58) 
reported improvement of postoperative analgesia us-
ing 4-mg dexamethasone perineurally compared to IV 
dexamethasone injection used in an interscalene block 
model. However, Desmet et al (11) reported compa-
rable effects of dexamethasone in terms of duration of 
analgesia and pain scores for up to 24 – 48 hours for 
both administration routes. Due to the limited number 
of studies assessing this issue, more trials are required 

for systematic analysis. 
Our meta-analysis was limited by the number of 

studies assessing certain parameters having high het-
erogeneity. Different definitions used for the measure-
ments of certain parameters such as the duration of 
analgesia and duration of motor block were also limita-
tions. Most of the included studies calculated the dura-
tion of analgesia/motor block as being from the onset 
time of dexamethasone injection or from the time of 
attaining complete analgesia intraoperatively, except 
Tandoc et al (15) who assessed these factors after post-
anesthesia care unit (PACU) discharge. However, data 
from each study demonstrated similar favorable effects 
of adding perineural dexamethasone to LA used for 
brachial plexus blocks. Although heterogeneity was 
high, removing the Tandoc et al (15) study did not af-
fect it.

Another limitation was the varying types of LA used 
in these studies included for our review. Here we have 
shown that the benefits of dexamethasone on duration 
of analgesia was similarly identified using different LA 
types; 0.5% bupivacaine, 0.5% ropivacaine, and 1.5% 
lidocaine. Two studies using 0.5% levobupivacaine also 
identified a positive analgesic effect of adding dexa-
methasone in terms of reducing pain scores (10,13). 
However, the various additional adjuncts (neostigmine, 
epinephrine, clonidine) added to the LA or even using 
a mixture of 2 LA may impact or limit our overall inter-
pretation of the results. As for the different approaches 
used for brachial block, interscalene and supraclavicu-
lar approaches were previously shown to be similarly 
effective and safe for shoulder surgery (60). Similarly, 
we found positive results on the duration of analgesia 
of adding dexamethasone using both techniques. The 
type of surgery, dose of dexamethasone, analgesics 
used other than opioids, and completeness of reported 
outcomes also limited our analysis. 

Conclusion

In conclusion, we found a substantial clinical and 
statistical effect of adding perineural dexamethasone 
to LA used for brachial plexus blocks in terms of a 
prolongation of duration of analgesia as well as on 
the reduction of pain scores and opioid consumption 
postoperatively. Our results showed that low-dose 
dexamethasone is sufficient to enhance analgesia 
associated with brachial plexus blocks when applied 
perineurally. Nevertheless, this analgesic effect of 
dexamethasone was associated with delayed onset 
of anesthetic sensory blockade and delayed recov-
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