
Background: The cluster approach for supraclavicular brachial plexus block (SC-BPB) can be easily 
performed but may result in asymmetric local anesthetic (LA) spread. The authors hypothesized 
that the use of a cluster approach in each of the 2 planes would achieve better 3-dimensional LA 
distribution than the traditional single cluster approach.

Objectives: The purpose of the present study was to compare a double injection (DI) in 2 
planes (one injection in each plane) with the traditional single injection (SI) cluster approach for 
ultrasound-guided SC-BPB. 

Study Design: A randomized, controlled trial. 

Setting: Department of Anesthesiology and Pain Medicine, Gachon University Gil Medical Center. 

Methods: In the SI group (n = 18), 30 mL of LA was injected into the main neural cluster after 
penetrating the brachial plexus sheath laterally. In the DI group (n = 18), the needle penetrated the 
sheath in a downward direction at the first skin puncture, and 15 mL of LA was injected, and at 
the second skin puncture (behind the initial puncture site), the needle penetrated the sheath in an 
upward direction, and 15 mL was again injected. Ultrasound-guided SC-BPB was evaluated from 
immediately after the block every 5 minutes to 30 minutes by sensory and motor testing. The main 
outcome variables were procedural time; onset time (time for complete sensory and motor block 
of the median, radial, ulnar, and musculocutaneous nerves); and rate of blockage of all 4 nerves. 

Results: Procedure times (medians [interquartile range]) were similar in the DI and SI groups (5.5 
[4.75 – 8] vs. 5 [4 – 7] minutes, respectively; P = 0.137). Block onset time in the DI group was 
not significantly different from that in the SI group (10 [5 – 17.5] vs. 20 [6.25 – 30] minutes, P = 
0.142). However, the rate of blockage of all 4 nerves was significantly higher in the DI group (94% 
vs. 67%, P = 0.035). 

Limitations: Although the results of this study indicate LA distribution in the DI group was 
more evenly spread within brachial plexus sheaths than in the SI group, this was not confirmed by 
ultrasonography or contrast radiography. 

Conclusion: The DI approach can be performed easily as single cluster approach and increases 
the consistency of ultrasound-guided SC-BPB over the SI approach in terms of the rate of blocking 
of all 4 nerves. 

Key words: Brachial plexus block, corner pocket approach, cluster approach, multiple injection, 
supraclavicular block, ultrasound 
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tion group (the DI group, n = 18). Randomization was 
performed using a computer-generated random num-
ber table (Fig. 1). Patients were not informed of group 
allocations. Supplemental oxygen (via a nasal cannula 
at 4 L/min) and standard monitoring (noninvasive blood 
pressure, electrocardiogram, and pulse-oximetry) were 
applied throughout the procedure; anxiolysis was not 
established. 

For the procedure, each patient was positioned 
supine with a small roll beneath the ipsilateral shoul-
der and the head turned to the contralateral side. The 
supraclavicular region was prepared with povidone 
iodine solution. A 10-MHz linear probe (Zonare Medi-
cal Systems, California, USA) with a sterile plastic cover 
and gel were used, and the transducer was positioned 
parallel and immediately above the clavicle to visualize 
the SA and brachial plexus above the first rib or pleura. 

In the SI group (Fig. 2 a – c) (9), after subcutaneous-
ly injecting 2% lidocaine (1 mL), a 22-gauge, 120-mm 
stimulating needle (Stimuplex insulated needle; D Plus 
B. Braun, Melsungen, Germany) attached to a nerve 
stimulator (Stimuplex HNS12; B. Braun, Melsungen, 
Germany) was advanced using an ultrasound in-plane 
approach lateral to medial. After the needle penetrat-
ed the nerve sheath, the nerve stimulator was turned 
on, and stimulation was started at 0.5 mA. When distal 
motor response in the hand was observed (even at 0.3 
mA), 30 mL of LA (1.5% lidocaine mixed with 1:200,000 
epinephrine) was injected slowly with intermittent neg-
ative aspiration under direct ultrasound visualization 
of LA spread while ensuring expansion of the brachial 
plexus within the sheath. If paresthesia was elicited 
during the procedure, the needle was withdrawn by 2 
to 3 mm, and the anesthesiologist ensured no further 
paresthesia was elicited before injecting the LA. 

In the DI group (Fig. 2 d – f), subcutaneous LA 
injection was performed in a fan-like manner because 
2 skin punctures were required. A 22-gauge, 120 mm 
stimulating needle attached to a nerve stimulator was 
then advanced using an ultrasound in-plane approach 
lateral to medial. After the needle penetrated the nerve 
sheath in a downward direction, the nerve stimulator 
was turned on, and the stimulation current was started 
at 0.5 mA. When distal motor response in the hand was 
observed (even at 0.3 mA), 15 mL of LA was injected. 
After making the second skin puncture and moving the 
probe behind the initial puncture site, the nerve sheath 
was penetrated with the needle in the upward direc-
tion, and then 15 mL of LA was injected in the same 
manner. The total volume of LA administered was iden-

U ltrasound-guided supraclavicular brachial 
plexus block (SC-BPB) is commonly used 
in clinical practice to achieve generalized 

regional anesthesia during upper extremity surgery or 
for pain control. Sonographic guidance can be used 
to assess anatomic normality rapidly, guide the block 
needle safely under real-time visualization, and confirm 
correct distribution of local anesthetics (LAs), and thus, 
enhances the efficacy, speed, and safety of general 
anesthesia (1). 

Ultrasound-guided SC-BPB is performed just above 
the clavicle, where the neural cluster compactly formed 
by the trunks or divisions of the brachial plexus are 
situated superolaterally to the subclavian artery (SA) 
(2). Many different approaches have been devised for 
ultrasound-guided SC-BPB, and they have different 
pros and cons and success rates (3-8). The corner pocket 
approach has a high success rate, but it is difficult to 
accurately position the needle tip at the junction of the 
first rib and SA (4). On the other hand, the cluster ap-
proach can be performed easily but may increase the 
risk of asymmetric LA spread (3,9). 

Therefore, we hypothesized that use of the cluster 
approach in each of the 2 planes (referred to as the 2 
plane – 2 injection approach [DI group]) would achieve 
better 3-dimensional distribution of LAs than the tra-
ditional single cluster approach (referred to as the 1 
plane – 1 injection approach [SI group]), and that this 
would be reflected by a reduction in onset time and a 
higher rate of blockage of all 4 nerves. 

Methods 
After obtaining approval from the Ethical Review 

Board of our hospital (GAIRB2015-44), and registering 
the study with the WHO International Clinical Trials 
Portal (NCT02505633), written informed consent was 
obtained from all patients. Thirty-six patients sched-
uled for forearm or hand surgery were enrolled in the 
study. Patients were aged 18 to 80 years and were of 
American Society of Anesthesiologists physical status 
(ASA) I or II. The study exclusion criteria were as fol-
lows; pre-existing neuropathy in the operated limb, 
ASA ≥ III, coagulation disorder, known allergy to LAs, 
local infection at the puncture site, chronic obstructive 
pulmonary disease or respiratory failure, pregnancy, 
breast-feeding, prior surgery in the supraclavicular 
region, a BMI of ≥ 35 kg/m2, failure to cooperate, and 
refusal to participate (5-8). 

Patients were randomized to the 1 plane – 1 injec-
tion group (the SI group, n = 18) or the 2 plane – 2 injec-
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Fig. 1. Flow diagram of  patient allocations.

tical in the SI and DI groups. All blocks were performed 
by an anesthesiologist with experience of more than 60 
cases, and were supervised by the co-authors who had 
experience in both techniques. 

Brachial plexus blockade was evaluated immedi-
ately after LA injection every 5 minutes for 30 minutes 
by an independent observer unaware of group alloca-
tions. Sensory block was evaluated using an alcohol 
swab on dermatomes of the ulnar (fifth finger), median 
(palmar aspect of the second finger), radial (dorsum of 
the hand between the thumb and second finger), and 
musculocutaneous (lateral aspect of forearm) nerves 
(5). Patients quantified the level of sensory block using 
a 10-point scale (0 = no sensation to cold, 10 = normal 

sensation). Complete sensory block was defined as a 
score of 0 in each nerve dermatome. Motor block was 
evaluated using a 3-point scale where 0 = no block, 1 = 
paresis, reduced force compared with the contralateral 
arm, and 2 = paralysis, inability to overcome gravity, 
which was applied to the whole arm (5). Accordingly, 
complete motor block was defined as a score of 2. After 
completing the evaluation, the patient was moved to 
the operating room for surgery. 

Procedure time was defined as time from probe 
positioning to completion of LA injection (9). Onset 
time was defined as the time required to obtain full 
sensory and motor block of median, ulnar, radial, and 
musculocutaneous nerves (3). Total anesthesia-related 
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Fig. 2. Single (SI) vs. double injection (DI) cluster approach (also refer to the Methods section). The approach used in the SI 
group is shown in a – c. After needle penetration (b), local anesthetics (LA) are injected (c). The approach used in the DI group 
is shown in d – f. After needle penetration and LA injection in a downward direction at the first puncture site (e, e1), and after 
needle penetration and LA injection in an upward direction at the second puncture site (f, f1). The black arrow indicates the needle 
tip, the black arrowhead the needle, and the white arrowhead the brachial plexus. Clav indicates the clavicle, and SA indicates the 
subclavian artery.  Courtesy Dr. Woon Rak Son, Gachon University Gil Hospital

time was defined as the sum of procedure and onset 
times (3). The case which even one nerve is not blocked, 
we did not include it in calculating of onset time and 
total anesthesia-related time. Anesthesia grade was 
assessed after the end of surgery using a 4-point scale, 
where: excellent = when surgery was completed with 
only brachial plexus block; good = complete analge-
sia, but when a patient complained about position, 
necessitating intravenous (IV) medication (< 100 µg 
fentanyl and midazolam 5 mg), insufficient = when IV 
medication of ≥ 100 µg fentanyl and midazolam 5 mg, 
or propofol infusion (25 – 80 µg/kg/min) or additional 
local injection at operative site was required, but the 
surgery was finished successfully; and failure = when 

general anesthesia was required to complete surgery 
(10). When a patient requested sedation during the sur-
gery, regardless of anesthetic grade, midazolam 2 – 5 
mg was administered as decided by an anesthesiologist 
unaware of group allocations. Patients were asked to 
assess procedure-related pain immediately after block 
using a 10-cm visual analog scale (VAS) (0 cm = no pain, 
10 cm = worst imaginable pain) (3,6), and to provide de-
tails of complications on the day after surgery by an in-
dependent observer also unaware of group allocations. 

In a preliminary study, ulnar nerve sparing occurred 
in one of 5 SI treated patients, but in 0 of 5 DI treated 
patients. Sixteen patients were required per group for 
an α value of 0.05 and a power of 90%, and thus, 36 
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patients were recruited to cope with a possible dropout 
rate of 10%. 

Results are presented as means ± standard de-
viations, medians [interquartile ranges], or as numbers 
(percentages). Statistical analyses were performed using 
SPSS Ver. 12.0 for Windows (SPSS Inc., Chicago, IL). The 
Chi-squared test was used to analyze categorical data, 
and the student’s unpaired t-test to analyze continuous 
data. P values of < 0.05 were considered statistically 
significant. 

Results

Patient demographic data are shown in Table 1. 
No significant differences were observed between the 
2 groups. 

Data regarding ultrasound-guided SC-BPB are 
shown in Table 2. Procedure times (medians [interquar-
tile ranges]) for the DI and SI groups were similar (5.5 
[4.75 – 8] vs. 5 [4 – 7] minutes, P = 0.137). Block onset 
times in the DI and SI groups were not significantly 
different (10 [5 – 17.5] vs. 20 [6.25 – 30] minutes, P = 
0.142). However, the rate of blockage of all 4 nerves was 
significantly higher in the DI group (94% vs. 67%, P = 
0.035). Regarding nerve territory missed cases, 6 cases 
in the SI group were ulnar nerve spared (2 good cases, 
3 insufficient cases, one failed case), and one case in the 
DI group was median nerve spared (one excellent case). 

The proportions of patients with a complete sen-
sory block and a complete motor block at each evalu-
ation time (up to 30 minutes post-block) were similar 
in the 2 groups. However, the ulnar nerve was blocked 
significantly faster in the DI group (Fig. 3). 

No vascular or pleural puncture occurred during 
the procedures, and no patient complained of tourni-
quet-related pain. Complications were chest tightness 
(one case), nausea (one case), and paresthesia (one 
case) in the SI group, and shivering (2 cases), bruise at 
injection site (one case), and paresthesia (one case) in 
the DI group. No paresthesia remained at one-week 
follow-up chart reviews. 

Table 1. Patient characteristics in the 2 groups.

SI group
(n = 18)

DI group
(n = 18)

P-value

Age (yr) 50 ± 17 49 ± 19 0.912

Gender (M/F) 12/6 10/8 0.494

Height (cm) 166.7 ± 12.6 165.1 ± 10.5 0.669

Weight (kg) 66.6 ± 16.0 66.2 ± 17.2 0.937

ASA PS class (I/II) 10/8 13/5 0.298
Values are means ± SDs, or numbers of patients. SI group: patients that 
underwent a single injection (1 plane – 1 injection), DI group: patients 
that underwent double injection (2 plane – 2 injection). ASA PS: 
American Society of Anesthesiologists physical status. 

Table 2. Data on supraclavicular brachial plexus blocks. 

SI group
(n = 18)

DI group
(n = 18)

P-value

Type of surgery

hand/wrist/forearm/elbow 16/2/0/0 7/9/1/1 0.019

Time: 

Procedure time (min) 5 [4 – 7] 5.5 [4.75-8] 0.137

Onset time (min) 20 [6.25 – 30] 10 [5 – 17.5] 0.142

Total anesthesia-related time (min) 24 [10.25 – 35] 19 [12 – 22.5] 0.276

Rate of all 4 nerves blocked (n) 12 (67%) 17 (94%) 0.035

Anesthesia grade

Excellent/good/insufficient/fail 11/3/3/1 17/1/0/0 0.099

Sedative/analgesic drugs 

Fentanyl (n) 7 1 0.016

Midazolam (n) 12 9 0.310

VAS during block 0 [0 – 0.25] 0 [0 – 1] 0.471

Values are medians [interquartile ranges] or numbers of patients. SI group: patients that underwent a single injection (1 plane – 1 injection), DI 
group: patients that underwent double injection (2 plane – 2 injection). Procedure time – time from probe positioning to the completion of LA 
administration, Onset time – time required to obtain full sensory and motor block of median, ulnar, radial, and musculocutaneous nerves, Total 
anesthesia-related time – the sum of procedure time and onset time, VAS – visual analog scale (0 cm = no pain, 10 cm = worst imaginable pain).
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discussion 

Our results show the DI technique could improve 
quality of nerve block without significantly increasing 
procedure time as compared with the SI technique. In 
addition, the ulnar nerve territory, which is difficult to 
block completely even using a corner pocket technique 
(11-14), was blocked in all 18 patients in the DI group. 

In the present study, we focused on paths of the 
brachial plexus following the SA in the posterior direc-
tion. When we moved the probe posteriorly to the SA, 
we were able to visualize the different shapes of the 
brachial plexus sequentially. For the DI approach, we 
first injected LA in one ultrasound plane, and then 
visualized the extended, well-defined brachial plexus 
sheath surrounded by LA in a second plane. Further-
more, because the second LA injection was performed 
easily, procedure times were similar in the 2 study 
groups. 

In the present study, group onset times were not 
different, presumably because of large standard devia-
tions. However, we consider increased block consistency, 
represented by the rate of blockage of all 4 nerves, is as 
meaningful as a reduced onset time, because failure to 
block one nerve territory can result in failed anesthesia 
if surgery is conducted in an area innervated by an un-
blocked nerve. 

Several previous comparative studies on single 
versus multiple injections in one plane have been per-
formed using ultrasound-guided SCBPB (5-8). We be-
lieve that LA was better distributed within the brachial 
plexus sheath in the DI group than in the SI group, but 
suggest further studies be conducted to compare the DI 
approach and other multiple injections in one plane or 
the corner pocket approach. Techasuk et al (7) showed 
that a novel targeted intracluster injection approach 
provides rapid onset times and 100% success, but the 
detection of all satellite neural clusters adjacent to the 
main cluster is not an easy matter, especially for novices. 
However, the described DI approach can be performed 
as easily as the single cluster approach. 

A number of study limitations should be consid-
ered. First, one anesthesiologist performed all blocks in 
the present study, and thus, was not blinded to group 
allocations. However, the sensory and motor test evalu-
ations were performed by an independent blinded ob-
server. Therefore, we believe unintentional bias toward 
positive results had little impact on overall results (15). 
Second, types of surgery were significantly different in 
the 2 study groups. However, group anesthesia grades 
were similar, which suggests this difference did not af-
fect results. Third, although we presumed LA distribu-
tion would be more evenly spread within the sheath 
of the brachial plexus in the DI group, we did not con-

Fig. 3. Evolution of  sensory, motor block quality, and extent over the 30-minute evaluation period. The ulnar nerve was blocked 
more rapidly and completely in the DI group than in the SI group (b). Vertical axis represents a 10-point scale (0 = no sensation 
to cold, 10 = normal sensation) (a – d), or a 3-point scale (0 = no block, 1 = paresis, 2 = paralysis) (e). *P-values of  < 0.05 were 
considered statistically significant. Graphs courtesy Dr. Woon Rak Son, Gachon University Gil Hospital
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firm this by ultrasonography of contrast radiography. 
Fourth, the generalizability of our results may be lim-
ited because of the small number of patients recruited 
(n = 36), and thus, we suggest a larger scale study be 
conducted to confirm our findings. 

The DI approach needs 2 skin punctures. Because of 
the fan-like subcutaneous LA injection used at the first 
skin puncture, patients did not perceive the second skin 
puncture, and thus, procedural-related pain in the DI 
group (VAS) was no greater than in the SI group. 

Penetrating the plexus sheath during ultrasound-
guided SC-BPB does not mean an intraneural injection. 
This intrafascial injection produces an increase in the 
diameter of the compartment, which results in extra-
neural connective tissue expansion, and not intraneural 
injection (16,17). In this study, to confirm needle posi-

tion, we used a nerve stimulator combined with ultra-
sound, as has been previously described (2,9). Stimula-
tion currents were set at 0.3 to 0.5 mA and a clearly 
visible twitch of the hand was considered adequate 
response (18,19). Stimulation currents of ≤ 0.2 mA were 
not applied for preventing intraneural injection (16,20). 
Moreover, in cases of insufficient block, no additional 
block was performed in the distal nerve territory be-
cause additional block in an already anesthetized nerve 
can cause nerve injury, regardless of the use of ultra-
sound (11). 

In conclusion, the described DI approach can be 
performed as easily as the single cluster approach and 
increases the consistency of ultrasound-guided SC-BPB 
over the SI approach in terms of the rate of blocking 
of median, radial, ulnar, and musculocutaneous nerves.
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