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Abstract  

Background: There are many different approaches for  
ultrasound-guided supraclavicular brachial plexus block. Each  

approach has a different success rate and complications.  

Aim of Study:  The aim of this study is to compare intra-
cluster injection technique compared with the most common  

supraclavicular approach single and double injection tech-
niques.  

Material and Methods:  Thirty-six patients received supr-
aclavicular block were divided in to three groups. The total  

volume of local Anesthetic was 30ml 0.5% bupivacaine, In  
Gs (n=12) the whole volume was injected at corner pocket,  

while in Gd (n=12), half the volume of local anesthetic was  
injected at corner pocket and the other half was injected  

supero-lateral to subclavian artery. In Gic (n=12) the whole  
volume was injected inside main and satellite neural cluster.  
the onset time was recorded as the primary outcome.  

Results:  Gic showed rapid onset compared to Gs and Gd  
(8.17± 1.64 minutes, 18 ±2.45 minutes, 12.58± 1.83 minutes,  
p<0.001) respectively. While Gd showed the longest duration  

than Gic and Gs (444.17±64.73 minutes, 310±50.09 minutes,  
125.83 ±43.32 minutes, p<0.001) respectively. Time of first  
rescue analgesia was longer in Gd relative to Gic and G s  

(455±65.68 minute, 337.50±49.38 minutes, 136.67±49.10  
minutes, p<0.001). Complication was noticed in only one  
patient in Gd.  

Conclusion:  Intra-cluster technique for Supra-Clavicular  

Brachial Plexus Block showed rapid onset with adequate post-
operative analgesia and minimal complications.  

Key Words: Single injection – Double injection – Intra- cluster  
injection – Ultrasound guided brachial plexus  
block.  

Introduction  

SUPRACLAVICULAR  brachial plexus block  
(SBPB) can provide an effective surgical anesthesia  
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for the forearm and hand. However, the blind  
technique was associated with many complications;  
these complications had led to a decline in the  
usage of this technique. The use of ultrasound had  
increased SBPB popularity, owing to improved  
block quality, and had decreased complications  
[1,2] .  

There are many different approaches for ultra-
sound-guided supraclavicular brachial plexus block.  
Each approach has a different success rate and  

complications. The most commonly performed  
ultrasound-guided supraclavicular brachial plexus  

block is the corner pocket approach (single injec-
tion), in which the local anesthetic (LA) is injected  

at the point where the subclavian artery meets the  

first rib. The needle in this approach is advanced  
very close to the subclavian artery and pleura.  
Therefore, it may be associated with the risk of  
subclavian artery puncture or pneumothorax [3] .  

Another technique is the double injection tech-
nique, in which half the dose of the local anesthetic  

is injected in corner pocket and the other half  

around the main cluster. Other technique is Intra-
cluster technique, done through advancement of  
the needle tip into the main neural cluster, where  
half the dose of the local anesthetic is injected  
inside it and the other half is partitioned into equal  

aliquots and injected inside each satellite cluster.  

In this approach, the needle does not have to ad-
vance close to the subclavian artery or pleura [4] .  

In this study, we compared single injection and  
double injection with the intra-cluster technique  

for supraclavicular brachial plexus block. We hy-
pothesized that intra-cluster injection technique  

will be associated with more rapid onset, longer  
duration, and the least complications (as the trunks  
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and divisions of the brachial plexus are relatively  
close as they travel over the first rib, the anesthesia  

will be faster and complete).  

Patients and Methods  

This study was conducted in Cairo university  
hospitals from July 2017 to December 2017 after  

obtaining approval of institutional research ethical  

committee I.D number (N- 34-2017). The study  
was registered in clinicaltrials.gov  registry system  
with trial number NCT03188939. Written informed  
consent was taken from 36 patients scheduled for  

forearm orthopedic procedures. Patients enrolled  

in the study were aged 18 to 60 years, with body  

mass index (BMI) of 20-35Kg/m2  and with ASA  
physical status I or II. Patients with preexisting  
neuropathy, previous operation in supraclavicular  

fossa, coagulopathy, allergy to local anesthetic,  
pregnancy, or patients who refused the procedure  

were excluded from the study.  

Randomization was performed using computer-
generated sequence of random numbers. Conceal-
ment was achieved using sealed opaque envelope  

technique. Patients were randomly allocated into  
three groups:  
• Gs (n=12) in which supraclavicular brachial  

plexus block was done using single injection  

technique (corner pocket).  
• Gd (n=12) in which supraclavicular brachial  

plexus block done using double injection tech-
nique (lower corner pocket and superolateral to  

subclavian artery).  

• Gic (n=12) in which supraclavicular brachial  

plexus block was done using intra-cluster injec-
tion technique (half the dose of the local anes-
thetic is injected inside the main cluster and the  

other half is partitioned into equal aliquots and  

injected inside each satellite cluster).  

On arrival to the operating room, an 18-gauge  

peripheral intravenous cannula was placed, and  

standard anesthesia monitors (Electrocardiography,  

pulse oximeter, and non-invasive Blood Pressure)  

were applied. Supplemental oxygen was provided  
throughout the procedure. Intra-venous premedi-
cation (0.03mg/Kg midazolam) was administrated.  

Block was performed using 20 gauge 10cm  
block needle and portable ultrasound machine  

(Siemens ACUSON X300 Ultrasound System with  
linear probe 8-14 MHZ).  

The patient was positioned in the semi-sitting  

position with the face turned to the contra-lateral  

side. Proper sterilization of the supraclavicular  

fossa was performed. After proper surgical draping  
and displaying the area of the block with the ultra-
sound probe, local anesthetic (Lidocaine 1%) was  

injected. The block needle was inserted in-plane  
with ultrasound probe after the vascular and nervous  

structures are optimally visualized. A depth of 3- 
4cm and a frequency of 8-14 MHZ was used.  

In the three groups, the ultrasound probe was  

positioned in the supraclavicular fossa, pointing  
caudal and moved laterally and medially in order  

to locate the subclavian artery. The hyperechoic  

first rib was identified deep to the artery and the  

pleura was identified and its sliding movement  

during respiration was noted. The plexus was  
consistently found with a characteristic "honey-
comb" appearance lateral and superficial to the  

subclavian artery and superior to the first rib.  

The needle was introduced through the skin  
from lateral to medial, in-plane with the transducer,  
with constant visualization of the needle. The  

needle directed towards site of injection according  

to group selected. The local anesthetic solution  
used in the three groups consisted of 30ml volumes  

of bupivacaine 0.5%. This solution was adminis-
tered in increments with repeated aspiration in-
between and its characteristic distribution around  
the nerves was observed. (hydro-localization).  

In Gs; the bupivacaine was injected at the point  

where the subclavian artery meets first rib. In Gd;  

half the volume of bupivacaine (15ml) was injected  

at intersection of first rib and subclavian artery  
and the other half (15ml bupivacaine) was injected  

supero-lateral to subclavian artery. In Gic; bupi-
vacaine was injected inside main and satellite  

neural cluster.  

After block, the patient was examined for sen-
sory and motor block (every 5 minutes for 30  

minutes) and for occurrence of complications e.g.  

Horner's syndrome. For musculocutaneous, radial,  

median and ulnar nerves sensory examination, 3  
points score was used (0: no block (cold test) 1:  
partial block (feeling touch but no cold) 2: Com-
plete block (feeling no cold). The sensory blockade  

of the musculocutaneous, median, radial, and ulnar  

nerves was assessed on the lateral aspect of the  

forearm, the volar aspect of the thumb, the lateral  

aspect of the dorsum of the hand, and the volar  
aspect of the fifth finger, respectively. Motor block-
ade was also graded on a 3-point scale: (0=no  

block, 1=Paresis, 2=Paralysis). Motor blockade of  

the musculocutaneous, radial, median, and ulnar  
nerves was evaluated by elbow flexion, thumb  
abduction, thumb opposition, and thumb adduction,  
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respectively. The maximal composite score was  
16 points. We considered the patient ready for  

surgery when a minimal composite score of 14  
points was achieved provided that sensory block  
score was equal or superior to 7 of 8 points. The  
time of onset of the block was recorded as a primary  

outcome. In case of anxiety (as voiced by patients  

or determined by the treating anesthesiologists),  

subjects received propofol infusion (25-80 gg/  
kg/min) intraoperatively, provided response to  
verbal stimulus was maintained. In case of pain  
during surgery, the block was considered failed,  

and general anesthesia was provided. Duration of  
sensory block was assessed every 30 minutes after  

end of surgery and the time of first call for analge-
sics was recorded by a blind observer. The side  
effects and complications such as intravascular  
injection, Horner's syndrome, and pneumothorax  

were reported.  

Sample size:  

Power analysis was performed using one-way  
analysis of variance (ANOVA) on onset of sensory  
block because it was the main outcome variable  
in the present study. A previous study 72 showed  
standard deviation of sensory block 6.4 minutes  

in double injection and 8.3minutes in targeted intra  

cluster injection with mean difference 8.4 minutes  

between 2 groups [4] . Taking power 0.8 and alpha  

error 0.025 a minimum sample size of 11 patients  
was calculated for each group. A total number of  
patients in each group will be 12 to compensate  

for possible dropouts.  

Statistical analysis:  

Data were coded and entered using the statistical  

package SPSS version 23. Data was summarized  
using mean and standard deviation for quantitative  
variables and frequencies (number of cases) and  

relative frequencies (percentages) for categorical  

variables. Comparisons between groups were done  

using analysis of variance (ANOVA) with multiple  
comparisons post hoc test (Chan, 2003a). 73 For  

comparing categorical data, Chi square ( x2
) test  

was performed. Exact test was used instead when  

the expected frequency is less than 5 (Chan, 2003b).  

74 p-values less than 0.05 were considered as  
statistically significant.  

Results  

One hundred Forty-two patients were screened  

for eligibility; one hundred four patients were  
excluded. Thirty-eight patients underwent rand-
omization. Thirty-eight patients were recruited in  

the study. Two patient were excluded due to failed  
block and thirty-six patients were available for  
final analysis (Fig. 1).  

Total forearm surgeries performed during study period (n=142)  

Enrollment  

Allocation  

Excluded (n=104)  
Not meeting inclusion  

criteria (n=88)  
Declined to participate (n=16)  Randomzation (n=38)  

Allocated to single  
injection group (n=14)  

• Received allocated  
intervention (n=14)  

Allocated to double  
injection group (n=12)  

• Received allocated  
intervention (n=12)  

Allocated to intracluster  
injection group (n=12)  

• Received allocated  
intervention (n=12)  

Lost to follow-up (n=0)  
Failed block (n=2)  

Lost to follow-up (n=0)  
Failed block (n=0)  

Lost to follow-up (n=0)  
Failed block (n=0)  

    

Analysis  

   

 

Analyzed (n=12)  
• Excluded from  

analysis (n=0)  

 

Analyzed (n=12)  
• Excluded from  

analysis (n=0)  

 

Analyzed (n=12)  
• Excluded from  

analysis (n=0)  

    

Fig. (1): Flow diagram for the patients in the trial.  
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Demographic data was comparable between  
the three study groups with regard to age, gender,  
BMI and ASA classification (Table 1).  

Table (1): Patients demographic data: Age, Gender, BMI, and  
ASA classification.  

Gs group  
(n=12)  

Gd group  
(n=12)  

G ic group  
(n=12)  p-value  

Age (years)  28.17±7.04  27.58±6.14  26.58±5.42  0.821  
Male Gender 11 (91.7%)  10 (38.3%)  11 (91.7%)  1  
BMI (kg/m

2
)  24.83±3.64  24.58±2.87  24.08±2.84  0.838 

ASA:  

I n (%)  12 (100%)  12 (100%)  12 (100%)  –– 

Data are presented as mean ±  standard deviation or frequency (%).  

Gic showed shortest onset of sensory block  
compared to the other two groups. Gd showed  

shorter onset of sensory block compared to Gs  
(Table 2), (Fig. 2).  
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Gs Gd G ic  

Fig. (2): Onset of the block in minutes.  

®  Statistically significant compared to Gs group (p<0.05).  
^  Statistically significant compared to Gd group (p<0.05).  

The duration of sensory block was longest in  
Gd compared to the other two groups.  

Gic showed longer duration of sensory block  
compared to Gs (Table 2).  

Regarding time of first rescue analgesics, it  

was longest in Gd compared to other groups. Gic  

showed longer time to first rescue analgesic com-
pared to Gs. (Table 2).  

Table (2): Block characteristics. Data are presented as mean  

±  standard deviation  

Gs group  
(n=12)  

Gd group  
(n=12)  

G ic group  
(n=12)  

p- 
value  

Onset of block  18.00±  12.58±  8.17±  <0.001  
(minutes)  2.45  1.83®  1.64®^  

Duration of block  125.83 ±  444.17±  310±  <0.001  
(minutes)  43.32  64.73®  50.09®^  

Time of first rescue  136.67±  455±  337.50±  <0.001  
analgesic  
(minutes)  

49.10  65.68®  49.38®^  

Data are presented as mean ±  standard deviation.  
®  Statistically significant compared to Gs group (p<0.05).  
^  Statistically significant compared to Gd group ( p<0.05).  

Regarding complications; No complications  
were detected in Gic nor in Gs. Symptoms of  
Horner's syndrome were confirmed in one patient  

in the double injection group but resolved two  
hours after the block. (Fig. 3).  
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Fig. (3): Incidence of complications in three groups.  

Discussion  

In this randomized study, we compared the two  
commonly used techniques for SCB (single injec-
tion and double injection), with the newly intro-
duced intra-cluster injection technique.  

Our results showed that Gic had the shortest  

onset time while Gd recorded the longest duration  

of sensory block as well as the longest duration of  

analgesia.  

We attribute this rapid onset in Gic to injection  

inside the main cluster and satellite clusters. The  
neural tissue is surrounded by layers of connective  
tissue (the perineurium and epineurium), so the  
LA takes more time to spread through them and  
reach the neural tissue. In the intra-cluster tech-
nique, the epineurium layer may be penetrated by  

the needle allowing for a rapid onset. This technique  

is similar to the usage of sonar-guided block com-
bined with nerve locator for injection nearby the  

nerve core.  

The study done by Techasuk et al., [4] , which  
compared double injection ultrasound-guided su-
praclavicular block to intra-cluster injection tech-
nique, had the same result of our study. The onset  
time of the block in their study was shorter in Gic  
(10.1 ±6.4 minutes) than Gd (18.5 ±8.3 minutes).  
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The study done by Tran DQ et al., [5] , which  
compared the single injection and double injection  

with ultrasound-guided supraclavicular brachial  
plexus block, recorded that the onset time was  

shorter in Gd than Gs. This is in consistence with  
our results.  

In this study, the duration of sensory block was  

longer in Gd and Gic than Gs. In both Gd and Gic,  
the injection was done in more than one point,  

which allowed more circumferential and symmet-
rical spread of LA near the plexus cluster. Another  
factor is that brachial plexus in supraclavicular  

region is surrounded by fat (lipophilic), where the  

LA deposits and is released over the time while in  

Gs, injection in one point may decrease incidence  
of adequate spread in all clusters. The duration of  
block was longer in Gd than Gic, which may be  

because in intra-cluster technique, the excessive  

dissection and needle passes lead to loss of some  

LA, away from the nerve; thus, the total injected  

dose inside the optimum site was larger in Gd.  

Other studies [6,7,8]  recording the duration of  
the block were comparing different local anesthetics  

with or without additives or different age groups,  
but no study compared the duration of different  
approaches in the same technique.  

A study done by Al-Sawy et al., [9]  compared  
the infra-clavicular block and supraclavicular sonar  

guided block (double injection) and recorded a  

duration (7.4 hours) in Gd that was similar to Gd  

in our results. Another study done by Jadranka  

Pavičic´ S
ˇ
aric et al., [10] , comparing single injection  

supraclavicular ultrasound-guided block in different  
age groups, showed shorter duration in middle-
aged patients compared to ours, due to usage of  
different LA mixture (50% lidocaine with 50%  

bupivacaine).  

Regarding duration of sensory block, time of  
first rescue analgesia was longer in Gd and Gic  

than Gs. Moreover, time of first rescue analgesia  
in Gd was longer than in Gic.  

Regarding complications, although intra-cluster  
technique had more needle passes and more ma-
nipulations, it did not result in increased compli-
cations, as the direction of the needle is away from  

pleura and vascular structures. However, the sample  

size was too small to confirm the safety of intra-
cluster injection. In a study done by Techasuk et  

al., [4] , the recorded complications in Gic were the  

same as those in Gd, and the paresthesia detected  

was resolved spontaneously within one month.  

Limitations:  The limitation in this study was  
the limited number of patients in each group, which  
did not allow us to detect if the novel intra-cluster  

block has different incidence of complications than  
other groups.  

Conclusion:  Intra-cluster technique for Supra-
Clavicular Brachial Plexus Block showed rapid  
onset with adequate post-operative analgesia and  

minimal complications.  
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