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Abstract

Background and Objectives: Peripheral injection of dexmedetomidine (DEX) has been widely used in regional
anesthesia to prolong the duration of analgesia. However, the optimal perineural dose of DEX is still uncertain. It is
important to elucidate this characteristic because DEX may cause dose-dependent complications. The aim of this
meta-analysis was to determine the optimal dose of perineural DEX for prolonged analgesia after brachial plexus
block (BPB) in adult patients undergoing upper limb surgery.

Method: A search strategy was created to identify suitable randomized clinical trials (RCTs) in Embase, PubMed and
The Cochrane Library from inception date to Jan, 2021. All adult patients undergoing upper limb surgery under BPB
were eligible. The RCTs comparing DEX as an adjuvant to local anesthetic (LA) with LA alone for BPB were included.
The primary outcome was duration of analgesia for perineural DEX. Secondary outcomes included visual analog scale
(VAS) in 12 and 24 h, consumption of analgesics in 24 h, and adverse events.

Results: Fifty-seven RCTs, including 3332 patients, were identified. The subgroup analyses and regression analyses
revealed that perineural DEX dose of 30-50 ug is an appropriate dosage. With short—/intermediate-acting LAs, the
mean difference (95% confidence interval [Cl]) of analgesia duration with less than and more than 60 ug doses was
220.31 (153.13-287.48) minutes and 68.01 (36.37-99.66) minutes, respectively. With long-acting LAs, the mean differ-
ences (95% Cl) with less than and more than 60 ug doses were 332.45 (288.43-376.48) minutes and 284.85 (220.31-
349.39) minutes.

Conclusion: 30-50ug DEX as adjuvant can provides a longer analgesic time compared to LA alone and it did not
increase the risk of bradycardia and hypotension.
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Introduction

Upper limb surgery is often performed under bra-
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regimens. Compared with continuous catheter-based
block, more and more anesthesiologists prefer single
block, because the catheter placement requires addi-
tional time, cost, and increases the risk of infection and
neurological complications [2]. In order to prolong the
time of single nerve block analgesia, more and more
anesthesiologists add adjuvants to local anesthetics (LAs)
[3]. Over the past decade, adjuvants of local anesthetics
such as opioids [4], epinephrine [5], clonidine [6], magne-
sium [7], midazolam [8], dexamethasone [9], buprenor-
phine [10] and dexmedetomidine (DEX) [11] have been
proved to prolong the analgesic time of nerve block, and
have achieved varying degrees of success. Among these
different kinds of adjuvants, DEX is more widely used.
However, these adjuvants have different defects, such as
the need for special equipment and monitoring, or the
risk of complications that may delay discharge or lead to
readmission [12].

Several prior meta-analyses [13—18] draw a conclusion
that DEX is an effective perineural adjunct to LAs for
producing prolonged analgesia duration. However, the
use of DEX is not risk-free and may lead to complications
in a dose-dependent manner, including hypertension,
hypotension, bradycardia, excessive sedation, sleepiness,
etc. It is vital to evaluate the optimal dose of perineural
DEX that maximizes the analgesic benefit while mini-
mizing associated perioperative risk. Since the publi-
cation of the previous meta-analysis, a large number of
papers have been published focusing on different doses
of peripheral DEX for BPB. The objective of current sys-
tematic review and meta-analysis was therefore to define
the optimal dose of perineural DEX that prolongs anal-
gesia after BPB in adult patients undergoing upper limb
surgery.

Materials and methods

This investigation followed the recommended process
described in the “Preferred Reporting Items for System-
atic Reviews and Meta-Analyses [19]” extension state-
ment for reporting meta-analyses, and the protocol
was registered on the International Platform of Regis-
tered Systematic Review and Meta-analysis Protocols
(INPLASY; registration number: INPLASY202110066).
A preliminary search suggested that vast majority of the
published comparisons of interest have been conducted
in the setting of BPB. Consequently, we decided to focus
on the population of patients having upper limb surgery
under BPB.

Search strategy

Two authors (H Cai and X Fan) independently searched
the electronic database including Embase, PubMed, and
Cochrane Library from inception date to Jan, 2021. The
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search was restricted to articles in the English language.
The online literature was searched using the following
combination of medical subject heading terms and entry
terms: “Brachial Plexus Block” or “Block, Brachial Plexus”
or “Blocks, Brachial Plexus” or “Brachial Plexus Blocks”
or “Brachial Plexus Anesthesia” or “Anesthesia, Brachial
Plexus” or “Brachial Plexus Blockade” or “Blockade, Bra-
chial Plexus” or “Blockades, Brachial Plexus” or “Bra-
chial Plexus Blockades” or “Plexus Blockade, Brachial” or
“Plexus Blockades, Brachial” These search results were
combined with “Dexmedetomidine” or “Dexmedetomi-
dine Hydrochloride” or “MPV-1440” or “MPV1440” or
“Precedex” or “MPV 1440” or “Hydrochloride, Dexme-
detomidine”. We limited our search to title and abstract.
Furthermore, the two authors (H Cai and X Fan) looked
through the references of the relative papers to find addi-
tional studies.

Including and excluding criteria

Studies were included if they met the following crite-
ria: (1) only randomized clinical trials (RCTs); (2) com-
parison between perineural DEX with LA and only LA
in single-injection BPB for upper limb surgery; (3) adult
patients; and (4) in English.

Studies were excluded if they were (1) non-RCTs; (2)
continuous or repeated nerve blocks; (3) DEX adminis-
tered through non-perineural route or without LAs; (4)
retracted articles; (5) Lack of relevant outcomes.

Four trials [20-23] investigated the effect of different
dose of perineural DEX with LA by allocating patients
into different separate groups were considered for the
purpose of this meta-analysis. Trials [24—26] investigat-
ing the effect of perineural DEX with another perineural
adjunct or without a placebo group, administering sys-
temic DEX to all patients [27], or administering other a-2
agonist [28] than DEX were excluded.

Assessment of methodological quality

Two reviewers (H Cai and P Feng) independently applied
inclusion criteria from a review of the titles, abstracts,
and keywords. Inconsistencies were settled by discussion
or through consultation with the supervisor (Y Xie) until
a consensus was reached. References were then searched
by hand by the reviewer (H Cai and P Feng).

The reviewers (H Cai and P Feng) independently evalu-
ated the methodological quality of the included RCTs
according to the Cochrane Collaboration’s Risk of Bias
Tool [29]. Studies were assessed for random sequence
generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessors,
incomplete outcome data, selective reporting, and any
other potential source of bias. The results of every trial
were used following consensus between the 2 reviewers.
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Inconsistencies were settled by discussion or through
consultation with the superior reviewer (Y Xie) until a
consensus was reached.

Data extraction and outcome assessment

Two reviewers (H Cai and X Wang) independently
extracted the data from articles including first author,
publication year, sample size, nerve localization tech-
niques, perineural DEX dosage or dosages per average
body weight, LA concentration and volume, and types. If
they disagreed with each other, disagreements were either
discussed to reach a consensus between the 2 review-
ers or decided by superior (Y Xie). The source study text
and tables were used to extract means, standard devia-
tions (SDs), number of events, and total number of par-
ticipants. If the trials just provided graphs, we extract
data using GetData Graph Digitizer software [30]. The
median and interquartile range were used for mean and
SD approximations as follows: the mean was estimated
as equivalent to the median and the SD was approxi-
mated to be the interquartile range divided by 1.35 or
the 95% CI range divided by 4 [31]. All opioids were
converted into equianalgesic doses of intravenous (IV)
morphine for analysis (IV morphine 10mg=oral mor-
phine 30mg=IV hydromorphone 1.5mg=oral hydro-
morphone 7.5mg=1IV pethidine 75 mg=oral oxycodone
20mg=1IV tramadol 100 mg=intramuscular diclofenac
100mg) [32]. Pain scores reported as visual, verbal, or
numeric rating scales were converted to a standardized
0-10 analog scale for quantitative evaluations.

The primary outcome was duration of analgesia,
defined as the time interval between block performance
or onset time of sensory blockade and the time of first
analgesic request or initial pain report [33]. The sec-
ondary outcomes included VAS in 12 and 24h postop-
eratively, cumulative IV morphine consumption at 24h
postoperatively, and adverse events such as bradycardia
and hypotension.

Statistical analysis

One reviewer (H Cai) input the data and another (X Fan)
checked its accuracy. Meta-analysis was implemented
using Review Manager software (RevMan for Windows,
version 5.4, Cochrane Collaboration, Oxford, UK). We
estimated the mean differences for continuous data and
risk difference for categorical data between groups, with
an overall estimate of the pooled effect. The y* test was
used for heterogeneity analysis, and heterogeneity was
assessed by P. If P<50%, the fixed effects model was
used; if >>50%, the random effects model was used
and the heterogeneity was assessed [15]. Our primary
outcome, duration of analgesia, was analyzed according
to the dose of perineural DEX injected for each type of
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LA (short—/intermediate-acting LAs and long-acting
LAs). We further undertook an exploratory analysis for
each type of LAs in an attempt to account for hetero-
geneity and grouped trials by DEX dosage group (low
doses: < 60 pg; moderate doses: > 60 g), by BPB locali-
zation (interscalene, supraclavicular, infraclavicular, axil-
lary) and by regional anesthetic technique (anatomic
landmarks, nerve stimulation, ultrasound). Finally, the
relationship between dose of perineural DEX and mean
increase in duration of analgesia was investigated for
each type of local anesthetic with a regression analyses
using the JMP 13 statistical package (SAS Institute, Cary,
NC) [32]. The likelihood of publication bias was assessed
by drawing a funnel plot of standard error of the mean
difference (y-axis) as a function of the mean difference
(x-axis) of our primary outcome [33]. This assessment
was performed using STATA software (STATA for Win-
dows, version 16.0, Stata Corp, Texas, USA). Results
are presented as the mean difference or risk difference
with 95% CI. A 2-sided P value <0.05 was considered
significant.

Results

Search results

Of the 286 trials identified from the literature search
strategy and other sources, 57 RCTs [20-23, 34-86]
met the inclusion criteria, representing a total of 3332
patients. Among the 286 articles, 90 duplicate articles
were excluded initially. Then, 113 articles were excluded
after screened titles and abstracts. 26 articles were
excluded after full-text reading for the following reasons:
retracted article, not single injection, lack of required
outcomes, RCT registration, not English. Finally, 57
RCTs remained eligible to meet the inclusion criteria for
the current meta-analysis. And the flow diagram of study
selection is shown in (Fig. 1).

Study characteristics

A detailed description of all the included studies is shown
in (Table 1). All of the included studies were published
between the years 2010 and 2020. The vast majority of
the studies were conducted at international centers in
Asia. Across all included studies, a total of 3332 patients
were assessed. DEX was used as an adjuvant to several
different local anesthetics, which included ropivacaine
[23, 34, 39, 41, 42, 45-47, 49, 50, 52, 56, 57, 59, 63—-66,
68, 72-74, 76, 78, 80, 81, 84, 85], bupivacaine [20, 35, 37,
38, 40, 51, 53-55, 67, 69, 71], levobupivacaine [21, 43,
44, 48, 60-62, 79, 83], and lidocaine [22, 36, 70, 77, 86].
Across the studies, the dose of DEX ranged from 0.5 g/
kg to a total of 150 pug. Local anesthetic dosages also var-
ied across the studies.
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram summarizing included and excluded randomized
controlled trials

Risk-of-bias assessment of included studies (Fig. 2). Visual inspection of the funnel plot for primary
Two independent reviewers (H Cai and P Feng) assessed  outcomes suggests obviously publication bias.

the risk-of-bias of all included studies. The vast majority
of the studies had an unclear risk of bias due to the lack
of sufficient methodological reporting. Several studies
were classified as high risk of bias for allocation conceal-
ment due to the lack of clarity in methods used. A full
risk-of-bias summary for all included studies is shown in

Duration of analgesia

The duration of analgesia was assessed by 50 studies
[20-22, 34-49, 51-57, 59-63, 65-72, 75, 76, 78-84,
86], all of them (n=3218) had sufficient information



Page 5 of 20

(2021) 21:233

Cai et al. BMC Anesthesiol

(£S) SN + aurede

IV 'SYA'YOQ  Jorenuins AN YN YN briool |WOZ-%SZE0  -ANIdoyZ(£S) X3d + suiedeaidoy | eUIYD 80T nn
(81) SN + aurese
v 'vod punosein Ase|ixy YN briool IW9L-%S50  -Aldoyz(6l) X3d + duledeaidoy'| 929219 8107 1eloy
(O%) SN =+ auteoeadngona]
v 'vod punoseijn  JejndiAeeIdng YN Byy/6M | |WO0E-%S0  2(0¥) X3A + 2uleoeAidngqonsT | eIpul 8107 ney|
(€2) SN =+ auredeaidnqons
P(7¢) X3Q + suledeAldngoas
G891 F086 By/6r 76 "€(S2) X3@ + duledeAldngona
D0 'SYA'YOd punosein SUBIEISIA|  OFY6TF LS'EIEE LL F LE69 /Brig164/6r | WZz-%S0  2(52) X3d + 2uleoeaidngqonsT | eAI0Y  810T Bunr
yoeoidde (87) SN + auede
DO'SYA'YOd  103R|NWInS SAISN plodei0) SLYLFTELL By/6r | |WOY-%SZ€0  -ANIdoyZ(8¢) X3d + duiedeaidoy'| eulyd 8loc¢ oH
(07) SN + autede
v 'vod punoseijn  JejndiAeeidng 0SLF08CL By/briL  Jwop-By/Bbwgt  -Adngz(07) X3a + autedeadng’| 10463 810z paweH
(G) SN + aurese
3V D0 'SYA'YOd punosen|n JejndiAe|delyu| 06'8F 059/ Briool |W6E-9%50  -Adoyz(5E) X3 + auredendoy | 10463 810z pazeA3
(L€) SN+
D0 'SYA'YOd punoseljn  JejndiAeeidng [8LFTLS9 By/Brt | |WOE-96¢  DUILDOPITZ(9€) XIA + 2UledopIT | uel| 8L07 Yopezpuoydy
(SO SN+
vod punosen|n JejndiAeDeLu| YN By/Brt | |WOE-9¢  DUILDOPITZ(S7) X3A + dUledopIT | uell 6107 Igooybe
(0€) SN + 2urese
v vOd  Joreinwins aAIeN Jejnoiaepeldng LT8FECES Briool W 1E-9%50  -Ndoyz(0€) X3a + suredeaidoy'| eIpu| 610¢ ybuis
(0€) SN + autede
v 'vod punosesn  Jenoiaepeldng 06'SFOEH9 By/6r 520 W 1€-%50  -ndoyz(0€) X3a + suredeaidoy'| ledaN 610 eulieys
(0€) SN + autedse
vOd  Jolenuins AN Jejndjaepeidng 0L9F88%9 Briog IWOE-%50  -Ndoyz(0€) X3a + auredeaidoy'| eIpu| 610¢ lizeN
(S1) SN
+ sutedopi + suredeAldngz(s 1)
voda punosen|n lejnaineeldng YN Briool |WSZ-%¢-50  X3d + duledopr] + auedeAidng | 1dAB3 610 uesseH
(0) SN + aurese
v 'vod punoseijn  Jejndiaeeidng 8E'SF €889 brigs WS/ 0z-%50  -Aldngz(0€) X3a + autedeadng’| eIpuUl 6107 e|NAY
(02) SN + aurese
v 20 'vOod punoseijn  Jejndiaeeidng 0S6F 0529 Byy/6rt | IWOg-9%50  -Ndoyz(07) Xx3a + sureseaidoy'| elpul 0707 ybuis
(€E) SN+
SYA DO Jolenuins aAldN Aiejixy YN By/61 50 |WGE-06S L DUILDOPITZ(E€E) X3A + SUIedopIT | ued| 0z0¢ 1usyeIyeys
(£2) SN + autese
El punosen|n Aiejixy 68'89 By/6r 50 W 1z-9%50  -Ndoyz(£2) Xx3a + suredeaidoy'| eIpul 070 SeloydIN
(S7) SN + autede
SYA'VOd punosen|n Sua[edsIaI| 0ZELF0589 Briool IW6-9S20  -Ndoyz(S2) X3 + auteseaidoy'| e3I0Y  0T0T Buemp
awin|oA
sawod1nQ anbiuydap uonedo|polg (6)) 3yb19M asop X3d |e1ol-¥1J0 NOD (u)sdnoun Aiuno)y Jaesp Jloyiny

sjei1 Buipnppul Jo sonsua1eIeyD L djqeL



Page 6 of 20

(2021) 21:233

Cai et al. BMC Anesthesiol

0€) SN + auledeAIdNGqoAsT

(t

IV 'vOd  Jowenuins AN lejnajaeppeidng 8THFOL'E9 Briool W1E-%S0  "2(0€) X3a + auredendngona | elpul 9107 uopue|.
(87) SN =+ 2uredceAldnqonsT

IV 'vOd  Jowe|nuins sAIsN lejnoineeidng uN Briool IW1E-%S0  "2(67) X3A + auredenidngona | elpul 910 ybuis
(S€) SN + autede

voa punosen|n Jejnainepeidng 0£8F00TS Bx/6r | |WOr-%S20  -Adnge(SE) X3 + suredeadng| eIpul 9107 I1zeN
Jjo1RINWINS (£1) SN + sutede

¥ 9MSN ‘punoselin Arejixy 08%F 959 6ripol IWZZ-%S0  -Adoyz(£1) X3a + auiedeadoy'| 20y 910T 097
(0t) SN + auiede

I¥'vOd  Joie|nwins aAIaN Asejjixy LILFEC09 By/6r | |WOb-95/£0  -Ndoyz(0v) Xx3a + auredeaidoy | eIpuUl 9107 eiabueg
(0€) SN + auiese

IV 'vOd  J01enwins aAIN Ase|jixy 00CF £S89 Briog IW9z-9%520  -Adoyz(0€) X3 + auledeadoy'| BIpUl 910 uniy
(7€) SN + aujede

SYA'3Y D0 'YOd punosen|n 3Ud(edSIAU| €78 By/6r 50 IWol-%50 -Adoyz(£€) X3 + dutedenidoy'|  epeued 9107 Uejlepay
(£2) SN + aujede

v Jole|nwis 9AISN SUD|eDSIA| 00'SF 0019 Byy/6M5/°0 IWSz-%50  -ndoyz(LE) Xx3a + suredeaidoy | eUIYD /10T Buem
auljeuaspe +(0g)
SN + suredopi gauleuaipe + (0g)
X3Q + auredopizaul|

vod ewpuen Aiejixy  8¥'0L FLE8YPO0LFLL05  BY/6rigobxy/Or | |WOE-%C  -eua1pe+(0€) X3 + duredopT| elpu| /10T ey
(0€) SN + autede

vOd  JOleinuiiis oAISN SUa|edsIalU| 9L'CLF00L9 Briog IWGS0E-%S20  -Ndoyz(0g) Xx3a + suredeadoy| elpul /10¢ Iwysey
(5€) SN + autede

YOd  101e[nWns SAISN SUS(eISIAU| 0201l F 0605 By/6r | IWGE-%S520  -Adoyz(5E) X3A + autedenidoy'| eIpUl /10T booiey
(0€) SN + aurese

IV'vOd  101e|NWwnS SAISN Jejnoiaepeldng 0S'LLF 0679 By/6r | W 1€-9%50  -ndoyz(0€) X3 + auredeidoy'| vn Zloc eddeuuryd
(€€) SN + aureoeadngona

SYA'YOQ ~ JolenuinsanlN - Jendiaepesdng Y9LF 0065 By/6r1 520 |WOE-%S0  "Z(rE) X3a + autedeaidnqona | eIpul /10T nsig
Jolejnuins (S2) SN + aureoe

3V 'VOd SN ‘punosesin lejnoinepeldng 0801 FOr9L Byy/bri | IWSL-%Ee0  -AdNgT(S7) X3a + auredendng' L AL /10T nsyy
(€9) SN+
auledeAldnge(€€) X3 + auiedea

vod punose|n JejnoiAepeIdng 7€l F 1999k L YL FZSE9 6riorbri oz IW/Z-%S0  -ldngz(g€) X3d + sujedeAidng'| eIpu| 810¢ 1efjid
(07) SN + autedse

vod punosesyn  Jenoiaepeidng 0L 1L FSE89 By/6rt | |WOg-%50  -Ndoyz(07) X3 + aureseaidoy'| eIpu| 8107 MIYIRW
(€v) SN + autede

3v D0 'vOd punosesyn  Jenoiaepeidng LY9F 9£09 Byy/6rt | W ZZ-%S20  -ANdoyT(yy) X3a + sutedendoy| eIpu| 810z |eBuepy

awn[oA
S3W0dIN0 anbiuydap uonedo|Hojg (6) 1yb19M asop X3d  |e101-¥140 NOD (u)sdnoun Aiuno) aes) loyiny

(panunuod) L ajqey



Page 7 of 20

(2021) 21:233

Cai et al. BMC Anesthesiol

(0%) SN + surede

¥ 'vOd  J0ie|nwins AN Arejixy LO6F 0L briog W 1H-%50  -ndoyz(0r) X3a + suredeaidoy | elpul €10¢ leQ
(SL)SN+
auledeAldoy€(G1) X3 + auiedea

Y 101eINWIS SAIRN Alelixy ¥ 1'ZLF £¥'S958' L FOr'99 Bripsbriool W LH-9€€0  -1dogz(Sl) X3 + autedseadoy'| eUIYD t10T Bueyz
(OL)SN + aurese

vOd JOIBINWIIS SAIDN JejndiAeDRIU| 096 F0819 Byy/6M | JWOv-9%1  -AIdINZ(01)X3Q + suteseaidain’| 2210y 107 buog
(0€) SN + autede

voa ewpue]  Jejndiaedesdng YN Brios IWOE-%S20  -Adoyz(0€) X3 + auledseadoy'| eIpuUl ¥10T RWN
(7€) SN +

voa punosen|n lejnoineelyu| 006 F007L Briool |WOE-9%S L dUILDOPITZ(1€) X3A + dUledopIT | uell 107 AYSIUIA
(02) SN
+ auieoopl| 4 suteseAldngz(02)

IV 'vOd  101e|nwins AISN lejnaineeidng YN Brios |WOE-9%¢-50  X3Q + dutedopi| + aureseaidng'| elpul 107 eyban
(G1) SN + durede

SVA punosesn aud|edsIA| YN Briost WZL-%50  -Adoyz(9l) X3 + dutedenidoy'|  emsny 107 YosH4
(0€) SN =+ auredealdngons

vOd  JolenuwinsealdN  Jendjaepeidns 8C6FICLL Briool IWOoE-%50  "2(0€) X3 + autedealdngona | eIpul 107 semsig
(52) SN + aurese

IV 'vOQ  JoenwnsaneN  Jendiaepeldns 06 F00+9 Briool W 1€-9%5z€'0  -NdNg'Z(S2) X3a + duredeaidng'| eIpu| ¥10¢ [emieby
(09) SN + aurese

v 'vod punosenin  Jendiaepeldng LL6F LT09 Brios IWOZ-%S20  -ANdoyz(09) X3 + auledseadoy'| eIpUl §10T emip
(0€) SN + aurese

Jv'vOod  JowlejnwnsaalN  JejndiAepeidns 6701 FOTES Brios IWOE-%50  -Adngz(0€) X3a + aureseadng| eIpu| §l0¢ leyouepy
(05)
SN-+auledopi|+auteseAldngoaa]
'2(05)
X3g+3uled0pl|+auledeAldngona

vOa  Jolenuwins AN Jejndiaedeidng ELF 8199 Byy/6r | |WOp-961-52°0 0 eIpu| Gl0C ney
(07) SN + aurese

D0 'vOd punosel|n lejnoineeldng [9LLF00CL 6riog |WOE-%50  -ANdoyz(02) X3a + auredeaidoy'| eIpu| §l0¢ euNy1ey
(05) SN + auteoeadngona

v ewipuen Ate|ixy YESFCr'99 Byy/6r | IWOb-9%S0  "2(0S) X3a + autedealdngona | eIpu| §l0C Alyniey
(1) SN + aurese

¥ 'VvOd  JolejnwinsaaseN  Jejndiaepesdng L9ELFELT9 Brios |WSE-%50  -Adoyz(91) X3 + auteseaidoy'| eIpu| §l0C ejefein
auljeuaipe + (/) SN + auredopy|
+ auiedeaidoy zauleualpe +(/7)

3v 'vod punosenin  JejndlAeeIdng C6F 5T Byy/BriL BY/|WG0-%¢-5/0  X3A + 3uled0opl| + suiedeAldoy’| eIpul S10T ey

awn[oA
S3W0dIN0 anbiuydag uonedo|Holg (6) 1yb19M asop X3d  |e101-¥1J0 NOD (u)sdnoun Ai3uno) aes) loyiny

(panunuod) L ajqey



Page 8 of 20

(2021) 21:233

Cai et al. BMC Anesthesiol

pa110dai 10U ‘YN USAS 3sI9ApPE ‘Y ‘uondwinsuod
proidQ ‘D0 ‘a|eds anbojeue [ensiA ‘SyA ‘eisabjeue jo uoneinp ‘yOQ ‘weiboadiw ‘Brl Lisyjijjiw ‘|w Buijes [ewaou ‘SN ‘welbojiy ‘63 ‘aulpiwo1spawxap ‘K3 ‘SI119YISaUe |eD0] ‘i (UOIIRIIUSIUO0D ‘NOD SUOIIRIADIGQY

0€) SN + surecealdngoas]

EVA e[ IR OLIWINENEIN Ate|ixy LO6F0CL Briool W 1#-9%50 X3Q + dutedenidngqoasT | AsdqinL 010C njboews3
0€) SN + suredeAldnqoaa

YOd  Jole|nwiis 9AIRN Asej|ixy LU8FSLEL By/6rt | |W0t-%S0 X3Q + dutecenidngqoasT | ASdqnL Z10C znsnbAey)
(S2) SN + aurese

SYA'YOd  J0le|nwiis SAIRN Atejixy YN Briool W L#-%S20  -AdNge(S7) X3a + auredenidng'| wWdAB3 zloz eINOURH
(S€) SN + aurese

3v 'voa Hewpue]  Jejndiaedeidng 0901l FOr'LS briog IWOr-%570  -Adngz(se) Xx3a + suteseaidng'| eIpul 710C 1ypue
(0€) SN + aurese

ploRvel¢] punoses|n JenoiAeRIU| 056F 0508 By/61 570 IWOg-%¢e€0  -Adngz(0€) X33 + dueseaidng | 1dABI 710 lewwy
(0€) SN + aurese

voa ewpue]  Jejndiaedeidng YN brios IWSG0E-%50  -ANdoyZ(0€) X3A + duredeaidoy'| eIpul €107 Bied

awn|oA
sawod1nQ anbjuyday uonedo|oolg (6)) 3ybram asop XId  [e101-¥1J0 NOD (u)sdnoun Anuno) Jesp Joyiny

(penunuod) L ajqeL



Cai et al. BMC Anesthesiol (2021) 21:233

Page 9 of 20

2
Qo
[0}
g
— g 8
§ 7 2% 3
EIE O
£ 8 8 ¢ % o
g 8 2 & 3 £
2 - 5 2 8 8
g § £ 8 S 2
g E g8 ¢ 2 g
c ® © S g £
[} o = ] L b=
= 5 & 3 3 8
$ 2 5 5 2 5 3
E S 2 » 3 2 =3
€ 8§ 5 5 £ 3 3
< o < < ] 2 <
¢ T & » = & B
Abdallah(0.5ug/kg) 2016 | @ | @ | @ | @ & | @ | @
Agarwal(100ug)2014 | @ |2 |2 | @ | @ | ® | @
Akhondzadeh(1ug/kg) 2018 | @ |2 | @ | @ | @ | @ | 2
Aksu(1ugkg)2017 | @ | @ |2 |2 |@ | 2 | 2
Ammar(0.75ug/kg) 2012 | @ | @ [ @ |2 | @ | @ | @
Arun(s0pg) 2016 | @ |2 |2 |2 |2 | @|@®
Avula(75ug) 2019 | @ | @ ® 2@
Bangera(1uglkg) 2016 | @ | 2 ® 210 e
Bharti(1ugikg) 2015 | @ | @ |2 @ | @ | @ | ®
Bisui(0.75ug/kg) 2017 | @ | @ (@ | 2 |2 | @ | @
Biswas(100u)2014 | @ |2 | @ | ® | ® | @ | @
Chinnappa(1ugkg) 2017 | @ | @ | @ |2 | @ | 2 | @
Dar(50p9)2013 | @ | @ | @ |2 |2 |2 | @
Elyazed(100ug)2018 | @ |2 |2 |2 |2 |2 | @
Esmaoglu(100ug) 2010 | @ |2 |2 |2 | @ | @ | @
Farooq(1pgkg) 2017 | @ | @ @ | 2 | 2 ®
Fritsch(150p9)2014 | @ | ® | @ | @ | ® | 2 | 2
Gandhi(30pg) 2012 |2 |2 |2 @ | ® | @ | @
Gurajala(50pg) 2015 | @ | 2 | @ | @ | @ | @ | @
Hamed(1ngrkg) 2018 | @ ® e e e
Hanoura(100ug) 2012 | @ | @ | @ | @ | @ | ® | 2
Hassan(100ug)2019 | @ |2 |2 | @ | @ |2 | 2
He(1pgkg)2018 | @ (@ |2 |2 | @ |2 | @
Hwang(100pg)2020 | @ |2 |2 |2 | @ | ® | @
Jung(1.5ugkg) 2018 | 2 | @ | @ |2 |2 | @ | @
Jung(lugkg) 2018 |2 | @ | @ |2 |2 | @ | @
Jung(2ugikg) 2018 | 2 | @ (@ |2 |2 | @ | @
Karthik(1ug/kg) 2015 | @ | @ | @ | @ | 2 | 2 | @
Kathuria(50pg) 2015 | 2 |2 | @ | @ |2 | @ | @
Kaur(1ughkg) 2015 | @ |2 |2 | @ | @ | @ | @
Kaur(tugkg) 2018 | @ |2 |2 | @ | ® | @ | @
circle, high risk of bias; yellow circle, unclear risk of bias

Kaygusuz(1pg/kg) 2012
Koraki(100pg) 2018
Lee(100ug) 2016
Liu(100ug) 2018
Mangal(1pgrkg) 2018
Manohar(50ug) 2015
Mathew(1pg/kg) 2018
Megha(50ug) 2014
Mirkheshti(100ug) 2014
Nazir(1pg/kg) 2016
Nazir(50ug) 2019
Nema(50ug) 2014
Patki(50ug) 2013
Pillai(20pg) 2018
Pillai(40ug) 2018
Rashmi(50ug) 2017
Shahtaheri(0.5ug/kg) 2020
Sharma(0.75pg/kg) 2019
Singh (1ug/kg) 2020
Singh(100ug) 2016
Singh(100ug) 2019
Song(1pgrkg) 2014
Tandon(100ug) 2016
Thakur(0.5ug/kg) 2017
Thakur(1ug/kg) 2017
Tiwari(50pg) 2015
Wang(0.75ug/kg) 2017
‘Yaghoobi(1pg/kg) 2019
Zhang(100ug) 2014

Zhang(50ug)2014

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Selective reporting (reporting bias)

. Incomplete outcome data (attrition bias)

~ . . Random sequence generation (selection bias)

3
o
E
S
2|2 |2 )
@ 22|22
2022 @ ®
® 06 e e e
C 2 20 A AR AN
® 22 1@ 22 @
® O e - 2e
®® 2272 @®| >
@ 22272 @ S
@O 2|22 @
@® 2|22l @
22|22 © @
2172 00 ® e e
@2 @ 2|72 @®
@ 22@| 2|2
@227 @0 e
®e e - ? @
®ee e - e
006 66
2@ 2|72 @0
OO 2 2@
® 06 e e o
22|22 ® @
® O e ~e
®O6 e e
® e -7 ee
® 20\ - e -
®OSe - e
® e e e e e s
® e e e e e s

Fig. 2 Risk of bias summary. Review authors'judgements about each risk of bias item for each included study. Green circle, low risk of bias; orange




Cai et al. BMC Anesthesiol (2021) 21:233

to allow for pooling. With short—/intermediate-act-
ing LAs, the mean difference (95% confidence interval
[CI]) of duration of analgesia with <60pug and >60 g
DEX were 220.31 (153.13 to 287.48) minutes and 68.01
(36.37 to 99.66) minutes, respectively (test for sub-
group difference: P<0.0001) (Additional file 1). The
forest plot for subgroup analysis of short—/intermedi-
ate-acting LAs by dose group was not available because
of the lack of sufficient data. With long-acting LAs, the
mean difference (95% CI) of duration of analgesia with
<60 pg and>60 pug DEX were 332.45 (288.43 to 376.48)
minutes and 284.85 (220.31 to 349.39) minutes, respec-
tively (test for subgroup difference: P=0.23) (Fig. 3).
The forest plot for subgroup analysis of long-acting
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LAs by different dose group indicated that 30-50 ug
DEX as adjuvant could prolong the duration of anal-
gesia by 349.17 min compared with LA alone (95% CI:
235.20 to 463.13 min) (Fig. 4). With the obvious hetero-
geneity the subgroup analysis was conducted according
to types of BPB approaches and location technology
(Additional file 2). Unfortunately, we still did not find
the source of heterogeneity. Regression analysis showed
that the mean line and fitting line overlapped, and basi-
cally in the horizontal position when combined with
long-acting LAs (R*=0.001408; P<0.0001) (Addi-
tional file 3). However, when combined with short—/
intermediate-acting LAs, regression analysis showed
that the angle between the mean line and the fitting line

DEX+LA LA Mean Difference Mean Difference
__Study or Subgroup Mean [min] SD [min] Total Mean [min] SD [min] Total Weight 1V, 95% Cl IV. 95% Cl
1.3.1 Dose of DEX<<60ug
Abdallah(0.5pg/kg) 2016 654 27 33 402 33 32 2.4% 252.00 [237.32, 266.68] -
Arun(50ug) 2016 774.67 10.74 30 607.33 13.62 30 2.4% 167.34[161.13, 173.55] -
Bisui(0.75ug/kg) 2017 672.12 11.39 33 506.47 9.5 34 2.4% 165.65[160.62, 170.68] -
Dar(50ug) 2013 760.69 120.12 40 600.14 90.82 40 2.3% 160.55[113.88, 207.22] -
Farooq(1pg/kg) 2017 3258 468 35 2418 45 35 24%  84.00[62.49, 105.51] -
Gandhi(30ug) 2012 732.4 95.1 35 194.8 60.4 35 2.3% 537.60 [500.28, 574.92] -
Gurajala(50ug) 2015 960 582.59 16 480 111.11 15 0.9% 480.00 [189.05, 770.95]
Kathuria(50ug) 2015 967.55 310.5 20 536.75 251.19 20 1.4% 430.80 [255.77, 605.83]
Manohar(50ug) 2015 648 25.37 30 503 24.51 30 2.4% 145.00 [132.38, 157.62] -
Megha(50ug) 2014 970.36 80.7 20 300 40.31 20 2.3% 670.36 [630.83, 709.89]
Nazir(1ug/kg) 2016 722 88.45 35 210 35.88 35 2.3% 512.00 [480.38, 543.62] -
Nazir(50ug) 2019 803.2 42 25 436 19.79 25 2.4% 367.20 [349.00, 385.40]
Nema(50ug) 2014 970.83 237.62 30 378.53 80.93 30 2.0% 592.30[502.47, 682.13]
Patki(50ug) 2013 738.83 10.23 30 576.67 24.89 30 2.4% 162.16[152.53, 171.79] -
Pillai(20ug) 2018 750.6 78 33 436.2 72 33 2.3% 314.40[278.18, 350.62] -
Pillai(40ug) 2018 868.2 58.2 33 436.2 72 33 2.3% 432.00 [400.41, 463.59]
Rashmi(50ug) 2017 872 11.24 30 590 15.24 30 2.4% 282.00[275.22, 288.78] -
Sharma(0.75ug/kg) 2019 1,193.8 223.11 30 828.23 136.3 30 2.0% 365.57 [272.01, 459.13]
Tiwari(50ug) 2015 1,209.9 107.54 60 784.6 88.12 60 2.3% 425.30[390.12, 460.48]
Subtotal (95% CI) 598 597  41.5% 332.45[288.43, 376.48] -
Heterogeneity: Tau? = 8614.38; Chi* = 3180.30, df = 18 (P < 0.00001); I = 99%
Test for overall effect: Z = 14.80 (P < 0.00001)
1.3.2 Dose of DEX>60ug
Agarwal(100ug) 2014 776.4 130.8 25 2414 51.2 25 2.2% 535.00 [479.94, 590.06] -
Aksu(1ug/kg) 2017 749 290.9 25 627.4 204.9 25 1.7% 121.60 [-17.88, 261.08] T
Ammar(0.75ug/kg) 2012 403 33.2 30 233 30.4 30 2.4% 170.00 [153.89, 186.11] -
Avula(75ug) 2019 869.33 31.18 30 738.5 7.01 30 2.4% 130.83 [119.39, 142.27] -
Bangera(1pg/kg) 2016 764.38 110.28 40 576.88 76.31 40 2.3% 187.50 [145.94, 229.06] -
Bharti(1ug/kg) 2015 1,020 400 27 720 133.33 27 1.6% 300.00 [140.96, 459.04]
Biswas(100ug) 2014 997 154.23 30 801.13 200.08 30 2.0% 195.87 [105.47, 286.27]
Chinnappa(1ug/kg) 2017 805.7 205.9 30 411 91.2 30 2.1% 394.70[314.12, 475.28]
Elyazed(100ug) 2018 684.14 51.57 35 403.26 53.48 35 2.3% 280.88 [256.27, 305.49] -
Esmaoglu(100ug) 2010 1,008.69 164.04 30 887.14 260.82 30 1.9% 121.55[11.29, 231.81]
Hamed(1ug/kg) 2018 810 76.6 20 450 36.8 20 2.3% 360.00 [322.76, 397.24] -
Hanoura(100ug) 2012 255.5 47.2 25 216.9 26.9 25 2.4% 38.60 [17.30, 59.90] -
Hassan(100ug) 2019 900 60.9 15 260 14.3 15 2.3% 640.00 [608.34, 671.66] -
He(1pg/kg) 2018 986 206 28 789 126 28 2.0% 197.00 [107.56, 286.44]
Hwang(100ug) 2020 762 216 25 564 270 25 1.7%  198.00 [62.46, 333.54]
Jung(1.5pg/kg) 2018 1,042.04 188.13 25 808.13 179.97 23 1.9% 233.91[129.76, 338.06]
Jung(1ug/kg) 2018 1,032.6 288.14 25 808.13 179.97 23 1.7%  224.47 [89.68, 359.26]
Jung(2ug/kg) 2018 1,223.96 238.06 24 808.13 179.97 23 1.8% 415.83 [295.49, 536.17]
Kaur(1ug/kg) 2015 552 63 45 510 46.2 45 2.4% 42.00 [19.17, 64.83] -
Kaygusuz(1ug/kg) 2012 1,279.54 138.42 30 736.8 45.31 30 2.2% 542.74[490.62, 594.86] -
Koraki(100pg) 2018 751.58 249.29 19 349.64 122.98 18 1.8% 401.94 [276.27, 527.61]
Liu(100pg) 2018 590.2 405 57 532.1 367 57 24% 58.10 [43.91, 72.29] -
Mangal(1ug/kg) 2018 704.8 178.41 44 593.19 114.44 43 2.2% 111.61[48.77, 174.45] -
Mathew(1ug/kg) 2018 906.8 240.96 20 597.2 100.88 20 1.9% 309.60 [195.12, 424.08]
Singh (1pg/kg) 2020 1,218 224.6 20 768 273.6 20 1.6% 450.00 [294.86, 605.14]
Singh(100ug) 2016 1,273.79 83.14 29 678.68 20.49 28 2.3% 595.11[563.91, 626.31] -
Singh(100ug) 2019 701.5 35 30 410.56 254 30 2.4% 290.94 [275.47, 306.41] -
Tandon(100ug) 2016 1,159.8 56.8 30 728.86 45.12 30 2.3% 430.94 [404.98, 456.90] -
Subtotal (95% CI) 813 805 58.5% 284.85 [220.31, 349.39] -
Heterogeneity: Tau? = 28522.41; Chi? = 3228.98, df = 27 (P < 0.00001); I> = 99%
Test for overall effect: Z = 8.65 (P < 0.00001)
Total (95% Cl) 1411 1402 100.0% 305.52 [271.81, 339.22] >
Heterogeneity: Tau? = 12441.58; Chi? = 6410.51, df = 46 (P < 0.00001); I2 = 99% o 25’)0 5(’)0
Test for overall effe.ct: Z=17.77 (P <0.00001) Favours [LA] Favours [DEX+LA]
Test for subgroup differences: Chi? = 1.43, df = 1 (P = 0.23), I? = 29.9%
Fig. 3 Effect of perineural DEX by dose administered (<60 ug or>60 ug) on DOA when combined with long-acting LA. Abbreviations: DEX,
dexmedetomidine; Cl, confidence interval; DOA, duration of analgesia; LA, local anesthetic; IV, intravenous




Heterogeneity: Tau? = 12441.58; Chi? = 6410.51, df = 46 (P < 0.00001); I> = 99%

Test for overall effect: Z = 17.77 (P < 0.00001)

Test for subarounp differences: Chi? = 4.34. df = 5 (P = 0.50). I = 0%

-500 -250 0 250 500
Favours [LA] Favours [DEX+LA]

Fig. 4 Subgroup analysis by 20 g increments of perineural DEX on DOA when combined with long-acting LA. Abbreviations: DEX,
dexmedetomidine; Cl, confidence interval; DOA, duration of analgesia; LA, local anesthetic; IV, intravenous
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DEX+LA LA Mean Difference Mean Difference

__Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl 1V, Rand 95% Cl
1.4.1 Dose of DEX: 10-30 ug
Pillai(20pg) 2018 750.6 78 33 4362 72 33  23% 314.40([278.18, 350.62] -
Subtotal (95% Cl) 33 33 2.3% 314.40 [278.18, 350.62] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 17.01 (P < 0.00001)
1.4.2 Dose of DEX: 30-50 ug
Abdallah(0.5pg/kg) 2016 654 27 33 402 33 32 24% 252.00([237.32, 266.68] -
Bisui(0.75ug/kg) 2017 67212 11.39 33 506.47 95 34 24% 165.65[160.62, 170.68]
Gandhi(30pg) 2012 7324 951 35 1948 604 35 23% 537.60([500.28, 574.92] -
Pillai(40pg) 2018 868.2 58.2 33 436.2 72 33 2.3% 432.00 [400.41, 463.59] -
Sharma(0.75ug/kg) 2019 1,193.8 223.11 30 82823 136.3 30 2.0% 365.57[272.01,459.13] _
Subtotal (95% CI) 164 164  11.4% 349.17 [235.20, 463.13] ’
Heterogeneity: Tau? = 16352.25; Chi? = 728.51, df = 4 (P < 0.00001); I = 99%
Test for overall effect: Z = 6.00 (P < 0.00001)
1.4.3 Dose of DEX: 50-70 ug
Ammar(0.75ug/kg) 2012 403 33.2 30 233 30.4 30 2.4% 170.00 [153.89, 186.11] -
Arun(50ug) 2016 77467 10.74 30 607.33 13.62 30 2.4% 167.34[161.13, 173.55] :
Bangera(1ug/kg) 2016 764.38 110.28 40 576.88 76.31 40  2.3% 187.50[145.94, 229.06] -
Bharti(1ug/kg) 2015 1,020 400 27 720 133.33 27  1.6% 300.00 [140.96, 459.04] -
Chinnappa(1pg/kg) 2017 805.7 205.9 30 411 91.2 30 2.1% 394.70[314.12, 475.28] -
Dar(50ug) 2013 760.69 120.12 40 600.14 90.82 40 2.3% 160.55[113.88,207.22] -
Farooq(1ug/kg) 2017 3258 468 35 2418 45 35 24%  84.00[62.49, 105.51] -
Gurajala(50ug) 2015 960 582.59 16 480 111.11 15 0.9% 480.00 [189.05, 770.95] -
Jung(1pg/kg) 2018 1,032.6 288.14 25 808.13 179.97 23 1.7%  224.47 [89.68, 359.26] -
Kathuria(50pg) 2015 967.55 3105 20 536.75 251.19 20  1.4% 430.80[255.77, 605.83]
Kaur(1ug/kg) 2015 552 63 45 510 462 45 24% 42.00[19.17, 64.83] -
Mangal(1ug/kg) 2018 704.8 178.41 44 593.19 114.44 43 2.2% 111.61[48.77, 174.45] -
Manohar(50pg) 2015 648 2537 30 503 24.51 30 24% 145.00([132.38, 157.62] N
Mathew(1ug/kg) 2018 906.8 240.96 20 597.2 100.88 20  1.9% 309.60[195.12, 424.08] -
Megha(50ug) 2014 970.36 807 20 300 4031 20 2.3% 670.36 [630.83, 709.89] -
Nazir(1ug/kg) 2016 722 8845 35 210 3588 35 2.3% 512.00[480.38, 543.62] -
Nazir(50ug) 2019 803.2 42 25 436 1979 25  2.4% 367.20 [349.00, 385.40] -
Nema(50ug) 2014 970.83 23762 30 37853 80.93 30 2.0% 592.30[502.47,682.13] -
Patki(50pg) 2013 738.83 10.23 30 576.67 24.89 30 2.4% 162.16 [152.53, 171.79] N
Rashmi(50ug) 2017 872 11.24 30 590 15.24 30 2.4% 282.00[275.22, 288.78] :
Singh (1ug/kg) 2020 1218 2246 20 768 2736 20 1.6% 450.00[294.86, 605.14]
Tiwari(50pg) 2015 1,209.9 107.54 60 7846 8812 60 2.3% 425.30[390.12, 460.48] -
Subtotal (95% Cl) 682 678  45.8% 289.89 [243.51, 336.27] *
Heterogeneity: Tau? = 10624.66; Chi2 = 2604.27, df = 21 (P < 0.00001); I* = 99%
Test for overall effect: Z = 12.25 (P < 0.00001)
1.4.4 Dose of DEX: 70-90 pg
Aksu(1ug/kg) 2017 749 290.9 25 6274 2049 25 1.7% 121.60 [-17.88, 261.08] T
Avula(75ug) 2019 869.33 31.18 30 7385 7.01 30  24% 130.83[119.39, 142.27] N
Hamed(1ug/kg) 2018 810 766 20 450 36.8 20 2.3% 360.00[322.76, 397.24] -
He(1ugl/kg) 2018 986 206 28 789 126 28  2.0% 197.00[107.56, 286.44] —
Kaygusuz(1ug/kg) 2012 1,279.54 138.42 30 736.8 4531 30 22% 542.74[490.62, 594.86] -
Subtotal (95% Cl) 133 133 10.7% 273.64 [97.80, 449.47] -
Heterogeneity: Tau? = 38673.87; Chi? = 342.08, df = 4 (P < 0.00001); I* = 99%
Test for overall effect: Z = 3.05 (P = 0.002)
1.4.5 Dose of DEX: 90-110 pg
Agarwal(100ug) 2014 776.4 1308 25 2414 512 25 22% 535.00[479.94, 590.06] -
Biswas(100ug) 2014 997 154.23 30 801.13 200.08 30 2.0% 195.87 [105.47, 286.27] -
Elyazed(100ug) 2018 684.14 5157 35 40326 5348 35 23% 280.88[256.27, 305.49] -
Esmaoglu(100ug) 2010 1,008.69 164.04 30 887.14 260.82 30 1.9% 121.55[11.29, 231.81] —
Hanoura(100pg) 2012 255.5 47.2 25 216.9 26.9 25 2.4% 38.60 [17.30, 59.90] -
Hassan(100pg) 2019 900  60.9 15 260 143 15 2.3% 640.00 [608.34, 671.66] -
Hwang(100ug) 2020 762 216 25 564 270 25 1.7% 198.00 [62.46, 333.54] -
Jung(1.5pg/kg) 2018 1,042.04 188.13 25 808.13 179.97 23  1.9% 233.91[129.76, 338.06] I
Koraki(100ug) 2018 751.58 249.29 19 349.64 122.98 18 1.8% 401.94 [276.27, 527.61] -
Liu(100pg) 2018 590.2 40.5 57 5321 36.7 57 2.4% 58.10 [43.91, 72.29] N
Singh(100pg) 2016 1,273.79 8314 29 67868 2049 28 23% 595.11[563.91, 626.31] -
Singh(100pug) 2019 701.5 35 30 410.56 254 30 2.4% 290.94 [275.47, 306.41] N
Tandon(100ug) 2016 1,159.8 56.8 30 728.86 45.12 30 2.3% 430.94 [404.98, 456.90] -
Subtotal (95% CI) 375 371  28.0% 310.72[193.29, 428.16] ‘
Heterogeneity: Tau? = 45276.79; Chi2 = 2467.37, df = 12 (P < 0.00001); 12 = 100%
Test for overall effect: Z=5.19 (P < 0.00001)
1.4.6 Dose of DEX: 110-130 pg
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.4.7 Dose of DEX: 130-150 pg
Jung(2pgr/kg) 2018 1,223.96 238.06 24 808.13 179.97 23  1.8% 415.83[295.49, 536.17] W
Subtotal (95% CI) 23 1.8% 415.83 [295.49, 536.17] ’
Heterogeneity: Not applicable
Test for overall effect: Z = 6.77 (P < 0.00001)
Total (95% CI) 1411 1402 100.0% 305.52 [271.81, 339.22] ¢
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DEX+LA LA Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
2.1.1 Dose of DEX<60ug
Abdallah(0.5ug/kg) 2016 2 33 6 32  32% -0.13[-0.28, 0.03] i
Arun(50ug) 2016 0 30 0 30 37% 0.00 [-0.06, 0.06] T
Gandhi(30pg) 2012 2 35 0 35 3.6% 0.06 [-0.03, 0.15] I
Gurajala(50ug) 2015 2 16 2 15 27% -0.01[-0.24, 0.23] T
Manohar(50ug) 2015 2 30 0 30 3.6% 0.07 [-0.04, 0.17] A
Megha(50ug) 2014 120 0 20 34% 0.05 [-0.08, 0.18] T
Sharma(0.75ug/kg) 2019 2 30 0 30 3.6% 0.07 [-0.04, 0.17] T
Tiwari(50ug) 2015 2 60 0 60 38% 0.03 [-0.02, 0.09] ™
Wang(0.75ug/kg) 2017 14 31 4 271 28% 0.30[0.08, 0.52] B —
Zhang(50ug)2014 8 15 0 15 25% 0.53[0.27, 0.79] -
Subtotal (95% Cl) 300 294 32.9% 0.06 [-0.00, 0.13] ‘
Total events 35 12
Heterogeneity: Tau? = 0.01; Chi? = 30.30, df = 9 (P = 0.0004); I> = 70%
Test for overall effect: Z = 1.92 (P = 0.06)
2.1.2 Dose of DEX>60ug
Agarwal(100ug) 2014 1 25 0 25 3.6% 0.04 [-0.06, 0.14] T
Akhondzadeh(1pg/kg) 2018 0 36 0 36 38% 0.00 [-0.05, 0.05] T
Aksu(1upg/kg) 2017 3 25 0 25 3.3% 0.12[-0.02, 0.26] T
Avula(75ug) 2019 0 30 0 30 3.7% 0.00 [-0.06, 0.06] Bl
Bangera(1ug/kg) 2016 0 40 0 40 3.8% 0.00 [-0.05, 0.05] T
Bharti(1ug/kg) 2015 0 27 0 27 3.7% 0.00 [-0.07, 0.07] T
Chinnappa(1ug/kg) 2017 1 30 0 29 3.6% 0.03 [-0.06, 0.12] T
Elyazed(100pg) 2018 7 35 0 35 3.4% 0.20 [0.06, 0.34] -
Esmaoglu(100ug) 2010 7 30 0 30 3.2% 0.23[0.08, 0.39] -
Hamed(1ug/kg) 2018 120 0 20 34% 0.05 [-0.08, 0.18] T
Karthik(1pg/kg) 2015 0 50 0 50 3.8% 0.00 [-0.04, 0.04] T
Kaur(1ug/kg) 2018 0 40 0 40 3.8% 0.00 [-0.05, 0.05] T
Koraki(100ug) 2018 2 19 0 18 3.2% 0.11[-0.06, 0.27] T
Lee(100pg) 2016 117 0 17 33% 0.06 [-0.09, 0.21] T
Mangal(1pg/kg) 2018 2 44 0 43 37% 0.05 [-0.03, 0.12] ™
Singh (1ug/kg) 2020 0 20 0 20 36% 0.00 [-0.09, 0.09] T
Singh(100ug) 2016 26 29 0 28 3.4% 0.90[0.77, 1.02] —
Tandon(100pg) 2016 9 30 0 30 32% 0.30 [0.13, 0.47] -
Zhang(100ug) 2014 15 15 0 15 35% 1.00[0.88, 1.12] -
Subtotal (95% Cl) 562 558  67.1% 0.16 [0.06, 0.26] <&
Total events 75 0
Heterogeneity: Tau? = 0.04; Chi? = 536.53, df = 18 (P < 0.00001); 1> = 97%
Test for overall effect: Z = 3.14 (P = 0.002)
Total (95% Cl) 862 852 100.0% 0.13 [0.06, 0.20] ‘
Total events 110 12
Heterogeneity: Tau? = 0.03; Chi? = 547.32, df = 28 (P < 0.00001); 12 = 95% ’ y t !
Test for overall effect: Z = 3.70 (P = 0.0002) - 0.5 0 0.5 L
) . Favours [LA] Favours [DEX+LA]

Test for subgroup differences: Chiz = 2.41, df =1 (P = 0.12), 1> = 58.5%

Fig. 5 Effect of perineural DEX by dose administered (<60 ug or>60 ug) on bradycardia when combined with long-acting LA. Abbreviations: DEX,

dexmedetomidine; Cl, confidence interval; LA, local anesthetic; IV, intravenous

is large (R*=0.55371; P=0.0465) (Additional file 4).
The above indicated that DEX as LA adjuvants on BPB
significantly prolonged the duration of analgesia. Sub-
group analysis and regression analysis showed that
30-50 ug DEX could prolong the duration of analgesia
up to about 5h.

Pain-related outcome

Ten studies [21, 44, 47, 50, 54, 56, 57, 65, 77, 80] evalu-
ated the pain score at 12h postoperatively, and nine
studies [21, 34, 47, 50, 56, 57, 65, 77, 80] for 24 h. It was

found that the Pain score at rest at 12h postoperatively
was significantly reduced with perineural DEX. However,
the pain score at rest at 24 h postoperatively was not sta-
tistically significant. Meanwhile, seven studies [21, 34,
36, 38, 47, 56, 59] accessed the anesthetic consumption
in 24h after surgery. It shows that DEX, no matter less
than or more than 60 pug, can reduce the consumption of
IV morphine in 24 h after operation. In conclusion, DEX
as adjuvant can reduce postoperative pain score in 12h
and reduce the consumption of postoperative analgesics
(Table 2).
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DEX-related adverse event

The incidence of bradycardia and hypotension was
described in 28 studies [23, 34—37, 39-42, 45, 47, 48, 51—
53, 58, 61, 63, 64, 66, 67, 69, 78—80, 83—85] and 26 stud-
ies [23, 34-36, 39-42, 45-48, 51-53, 58, 63, 64, 66, 67,
69, 78-80, 84, 85] respectively. Pooled analysis showed
that perineural DEX>60pg increased the risk of brady-
cardia (risk difference [RD]: 0.16, 95% CI: 0.06 to 0.26,
PP =97%, P=0.002) (Fig. 5) in comparison to control, and
this result was robust to sensitivity analysis by eliminat-
ing two [23, 79] notable outliers (RD: 0.05, 95% CI: 0.01
to 0.05, =73%, P=0.01) (Additional file 5). Neverthe-
less, perineural DEX <60 pug did not increase the risk of
bradycardia (RD: 0.06, 95% CI: —0.00 to 0.13, I*=70%,
P=0.06) (Fig. 5) when comparing to control, and this
result was also robust to sensitivity analysis by elimi-
nating two [23, 85] notable outliers (RD: 0.03, 95% CI:
—0.00 to 0.06, > =0%, P=0.09) (Additional file 5). With
regard to hypotension, the meta-analysis concluded that
DEX>60ug as adjuvant obviously increased the risk of
it (RD: 0.07, 95% CI: 0.01 to 0.13, =90%, P=0. 02)
(Additional file 6). However, perineural DEX <60 ug
did not increased the risk of hypotension (RD: 0.01, 95%
CL —0.01 to 0.04, *=13%, P=0.34) (Additional file 6).
Overall, peripheral DEX>60pg increases the risk of
adverse events, such as bradycardia and hypotension.

Publication bias

With regard to the funnel plot for our primary outcome,
the Duval and Tweedie’s trim and fill test showed the
standardized mean difference for the combined studies to
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be 4.20 (95% CI: 3.63 to 4.78), suggesting that 17 studies
are missing (Fig. 6). We rated the quality of evidence for
each outcome following the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE)
Working Group system [87] (Table 3).

Discussion

This systematic review and meta-analysis explored the
optimal dose of DEX as an adjuvant to prolong the dura-
tion of analgesia after BPB in adult patients undergoing
upper limb surgery. Based on 58 RCTs, including a total
of 3332 patients, our subgroup analysis and regression
analysis suggest that 30-50pug of DEX as an adjuvant
represents an optimal dose and prolongs analgesia by
5h, when combined with long-acting local anesthetics;
higher doses may lead to DEX-related adverse events
such as bradycardia and hypotension.

The first meta-analysis focused on DEX as an adjuvant,
published in 2013 [13], indicated that there are presently
insufficient safety data to support the use of perineural
DEX in the clinical setting. Four years later, in 2017, the
same team in an updated meta-analysis [16] confirmed
that using perineural DEX improves BPB onset, qual-
ity, and analgesia. After that, four other meta-analysis
[14, 15, 17, 18] further confirmed the efficacy of DEX
as adjuvant. One of the them found that DEX, particu-
larly at doses greater than 50 ug, holds a great potential
for clinicians wishing to quicken the onset and prolong
the duration of anesthesia [14]. In our meta-analysis, the
interaction between dose of perineural DEX and mean

20 |

Filled funnel plot with pseudo 95% confidence limits

T T
0

standardized mean difference

1
Standard error of SMD
Fig. 6 Trim and fill test. It showed significant publication bias in the primary outcome (duration of analgesia) (P=0.00). Abbreviations: SMD,

\ T T
1.5 2
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increase in duration of analgesia was explored by group-
ing every 20 micrograms of DEX. Regression analysis was
used to predict the relationship between them. Finally,
we come to our conclusion.

The quality of evidence for our primary outcome was
rated as very low due to the lack of clear allocation con-
cealment, high coefficient of heterogeneity, absence of
consistent definition of the primary outcome and sig-
nificant publication bias. This means that we have little
confidence in the effect estimation, and the real effect is
likely to be very different from the effect estimation.

Our review comes with several strengths and potential
limitations. Firstly, ours is the first review to pool a large
number of RCTs on this topic and provide greater insights
into the optimal dose of DEX. While the prior review [18]
in 2018 just included 12 RCTs, we were able to include
an additional 45. Secondly, there was a high consistency
in the evaluation of each parameter in this meta-analysis.
Finally, we successfully analyzed the influencing factors of
DEX on duration of analgesia, including different doses,
BPB approaches and positioning techniques; however,
since these factors were not randomized in the included
studies, there was an inherent risk of bias in this analysis.

It is worth noting that one of the limitations of our
review is the high heterogeneity of primary outcome.
Furthermore, even subgroup analysis could not success-
fully solve the problem of heterogeneity attributed to
the smaller sample sizes of individual studies, the poten-
tial variation in the study populations, and the differ-
ent methods that could have been used to measure the
outcomes in question. Secondly, most of included trials
were performed in developing countries and published
in non-anesthesia journals. This may also be the reason
for the high heterogeneity.

Conclusion

In conclusion, there is very low quality evidence that
30-50 ug of perineural DEX represents an appropriate
dosage, which prolongs analgesia duration by a mean
period of 5h when combined with long-acting LAs. Peri-
neural DEX above 60pg can significantly increase the
incidence of adverse events such as bradycardia or hypo-
tension. More high-quality methodological and strictly
defined RCTs are urgently needed to further evaluate the
advantages and disadvantages of DEX as an adjuvant.

Abbreviations

LA: local anesthetic; BPB: brachial plexus block; RCTs: randomized clinical trials;
Cl: confidence interval; DEX: dexmedetomidine; RD: risk difference; MD: mean
difference.
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Additional file 1. Effect of perineural DEX by dose administered (<60 ug
or>60pg) on DOA when combined with short—/intermediate-acting.
Abbreviations: DEX, dexmedetomidine; Cl, confidence interval; DOA, dura-
tion of analgesia; LA, local anesthetic; IV, intravenous.

Additional file 2. Subgroup analyses of DEX on DOA by BPB approaches
and localization techniques. Abbreviations: DEX, dexmedetomidine; DOA,
duration of analgesia; BPB, brachial plexus block; MD, mean difference; Cl,
confidence interval; LA, local anesthetic.

Additional file 3. Regression analysis of perineural DEX dose and mean
increase in DOA when combined with long-acting LAs (pink line: mean
line; green line: fitting line). Abbreviations: DEX, dexmedetomidine; DOA,
duration of analgesia; LA, local anesthetic.

Additional file 4. Regression analysis of perineural DEX dose and mean
increase in DOA when combined with short—/intermediate-acting LAs

(pink line: mean line; green line: fitting line). Abbreviations: DEX, dexme-
detomidine; DOA, duration of analgesia; LA, local anesthetic.

Additional file 5. Sensitivity analysis by eliminating two notable outliers
respectively. Abbreviations: DEX, dexmedetomidine; LA, local anesthetic;
Cl, confidence interval.

Additional file 6. Effect of perineural DEX by dose administered (<60 ug
or>60ug) on hypotension. Abbreviations: DEX, dexmedetomidine; LA,
local anesthetic; Cl, confidence interval.
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