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Abstract

Background: Ultrasound guided (USG) supraclavicular brachial plexus (SPB) block can be performed either by a single injection
(SI) technique, injecting the entire volume of drug in the corner pocket or by a double injection (DI) technique, whereby half the
volume of the drug is injected in the corner pocket and remaining half directly into the neural cluster. We conducted this study
to compare thesuccess rates of the two techniques. Methods: A comparative two group study was carried out in 120 patients
who underwent elective upper limbsurgeries (excluding the shoulder) under USG guided SPB in M.S. Ramaiah Hospital,
Bangalore. Patients were randomly allocated in two groups (SI & DI). Both the groups received 30 ml 0.5% ropivacaine. SI
group received the entire volume in the corner pocket, whereas DIgroup received 15 ml in corner pocket and the remaining 15
ml in the neural cluster. The blocks were assessed every 5 mins upto 30 mins forboth sensory and motor blockade using cold test
and motor movements respectively, in the musculocutaneous, median, radial and ulnar nerves distribution. Each nerve was
allocated a maximum of 2 points for complete blockade. Hence a maximum composite score of 16 could be achieved. To label
a block successful a minimum of 14 points were required. We compared the success rate of blockade and total anaesthesia
related time between the two groups. Results: The success rate of the blockade in the SI and DI group was 96.7% and 91.7%
respectively at 30 min of performing the block which was not statistically significant. All the seven patients who had failure in
both the groups had ulnar nerve sparing. The mean total anaesthesia related times in the two groups were 21.42+3.29
and25.17+2.45 in DI and SI groups respectively with P<0.001. During the first 25 minutes, the DI group displayed a higher
proportion of patients with minimal composite score of 14 points. Fifty eight patients(96.7%) in DI achieved a composite score
of 14 points and above within the first 25 minutes. The mean onset times were 17.25+2.83 and 22.72+2.47 in DI and SI group
respectively. No adverse events were seen in both the groups. Conclusions: The success rates in both the SI and DI techniques
were comparable. The DI technique results in a faster onset and hence a shorter total anaesthesia related time, which however

may not be clinically relevant.
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Introduction

The Supraclavicular block (SCB) provides a
complete and reliable blockade for upper limb
surgeries [1]. A precise needle position and proper
delivery of the local anaesthetic (LA) solution
ensures successful blockade. Without the use of
ultrasound (USG), it is difficult to verify the precise
location of the needle tip in relation to the nerve
bundles as well as the distribution of the local

anaesthetic.? Use of real time USG has improved
block success rates, shortened the latency time for
onset, and has reduced the volume of the local
anaesthetic required for the successful block [1].

Ultrasound guided SCB can be performed either
by the single injection (SI) technique, whereby the
entire volume of the drug is injected at the corner
pocket [3] (intersection of the first rib and the
subclavian artery) or by the double injection (DI)
technique, whereby half the volume is deposited at
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the corner pocket and half is injected inside the
neural cluster [4,5,6,7].

Intraneural injection while performing peripheral
nerve blocks is a dreaded complication and hence
many practitioners are conservative while
performing such blocks [8]. Ultrasound has shown
to reduce such intraneural injections but it depends
on the practitioners’ skill and the imaging
characteristics of the needle and the tissues [9].

Reducing the needle maneuvering inside the
neural cluster decreases the incidence of neural
injury and this has been the goal of many
practitioners. This forms the rationale behind single
rather than multiple injections.

However, cadaver and patient studies using dye
have shown that a single location injection does not
ensure the spread of the dye into all the
compartments [10].

Septae and muscular membranes found between
the scalene muscles might prevent the spread of the
local anaesthetic [11]. Several studies have been
conducted comparing single injection versus
multiple injection techniques with the conclusion
that the latter is more successful, with faster onset
times and no increased complications. However,
consistent results regarding the onset of the block
or the nerves blocked were not demonstrated.

Hence, the aim of this study was to compare the
block success rate of SI and DItechnique, USG
guided SCB for upper limb surgery.

Methods

After obtaining ethics committee approval and
written informed consent, this prospective
randomized studywas undertaken in M.S. Ramaiah
medicalcollege, Bangalore, in 120 patients
undergoing upper limb surgeries not involving
shoulder. The sample size was calculated based on
the study done by Amr M.A. Sayed et al [7] using a
power of 80%, alpha error 5% and confidence
interval of 95%.

Inclusion criteria were age between 18 and 70
years, body mass index between 20 and 35 kg/m?2
and ASA physical status I to III. Exclusion criteria
were preexisting neuropathy, coagulopathy, hepatic
or renal failure, allergy to LA, pregnancy and
previous surgery in the supraclavicular fossa.

Patients undergoing upper limb surgeries not
involving shoulder surgeries receivedultrasound-
guided supraclavicular block with 0.5% ropivacaine.

Patients were monitored byECG, pulse oximetry
and NIBP. Intravenous midazolam (1-2 mg) was
given to all the patients before the surgery. All
blocks were performed by using an ultrasound
machine (GE Logitech Venue 40) with an 8-12 MHz
linear type probe. The surface of the ultrasound
probe was covered with sterile coupling gel and
covered with sterile transparent film.

The patients were randomised into two groups
of 60 each, using computer generated randomisation
numbers. The patients were placed in supine
position with head turned to the opposite side. The
ultrasound probe was placed in the supraclavicular
fossa and a transverse view of the subclavian artery
and the brachial plexus was obtained. The brachial
plexus lie superolateral to the subclavian artery and
appear as a ‘bunch of grapes’. A skin wheal was
raised with lidocaine 2% . Once the artery, rib, pleura
and plexus were simultaneously in view, theneedle
was guided, using an in-plane technique, towards
the “corner pocket” [3] between the firstrib
inferiorly, the subclavian artery medially and the
nerves superiorly. Confirming that thelocation of
the needle tip is not in hypo echoic nodules
(in nerves), 0.5 ml of LA was injectedas a test dose
to avoid intra neural injection. If the patients did
not complain of paresthesia orpain or there was no
excessive resistance to injection, the LA was injected.
A total volume of 30 ml of local anesthetic was
injected. This volume was derived from a study
conducted byAmr M.A. Sayed [7].

In group SI the entire 30 ml was injected in the
corner pocket (image 1). In group DI the volume
wasdivided, where 15 ml was deposited in the
corner pocket and during withdrawal of the
needlethe remaining 15 ml was injected superior
and lateral to the subclavian artery in the centre
ofbrachial plexus (image 2).

Data was collected by an assessor blinded to the
patient’s volumeassignments. For both techniques,
the following were recorded:

Imaging time: The time interval between contact
of the ultrasound probe with thepatient and
obtaining of a satisfactory picture.

The needling time: The temporal interval between
the start of the skin wheal andthe end of local
anaesthetic injection.

Performance time: The sum of imaging and
needling times. The extent of sensory and motor
blockade was tested by a blinded observer, every 5
minutesuntil 30 minutes.

Sensory blockade of the musculocutaneous
(lateral part of forearm), median (palmar surface of
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2 finger), radial (dorsal surface of the hand
between thumb and 2™ fingers), and ulnar nerves
(5th finger) was gradedaccording to a 3-point scale
using a cold test. GRADE 0 = no block, 1 = analgesia
(patient can feel touch, not cold), 2 = anesthesia
(patient cannot feel touch) [6].

Motor blockade was also graded on a 3-point
scale. GRADE 0 = no block,1 = paresis, 2 = paralysis
[6]. Motor blockade of the musculocutaneous,
radial, median, and ulnar nerves were evaluatedby
elbow flexion, thumb abduction, thumb opposition
and thumb adduction, respectively [6].

Overall, the maximal composite score were 16
points. The block was considered successfulwhen a
composite score of 14 was achieved. Composite
score less than 14 was considered asfailure of
blockade and was converted to general anaesthesia
and excluded from the study. Onset time was
defined as thetime required to obtain 14 points [6].

The primary outcome was to compare the success
rate of blockade in SI versus DI groups.The
secondary outcome was to measure the total
anesthesia related time.

Total anesthesia related time was defined as the
sum of performance time plus time for onset
ofblock.Patients with Horner’s syndrome, voice
change and chest discomfort (dyspnea) were noted.
The patients with failed blockades and those with
severe complications such as arrhythmias,
hypotension, and desaturation received general
anesthesia.If in case surgery was unduly prolonged
and the effect of the block wore off, rescue
analgesiawas given in the form of intravenous
Fentanyl 1 mcg/kg and infusion of Propofol 50-
100mcg/kg/min.

Statistical Analysis
Statistical Methods

Descriptive and inferential statistical analysis has
been carried out inthe present study. Results on
continuous measurements are presented
on Mean+tSD (Min-Max) and results on
categorical measurements are presented in Number
(%). Significance was assessed at 5% level of
significance.

The following assumptions on data were made,

1. Dependent variables should be normally
distributed.

2. Samples drawn from the population should be
random, cases of the samples should
beindependent.

Student 't * test ( two tailed, independent) has
been used to find the significance of study
parameters on continuous scale between the two
groups (inter group analysis) on metric parameters.
Chi-square/ Fisher Exact test has been used to find
the significance of study parameters oncategorical
scale between two or more groups and non-
parametric setting for qualitative dataanalysis.

Significant Figures

+ Suggestive significance (P value: 0.05<P<0.10)
* Moderately significant ( P value:0.01<P ? 0.05)
** Strongly significant (P value: P?0.01)

Statistical Software

The Statistical software namely SAS 9.2, SPSS
15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0 and R
environment ver. 2.11.1 were used for the analysis
of the data and Microsoft word and Excel have been
used to generate graphs, tables etc.

Results

The study was carried out on a total of 120
patients operated under USG guided supraclavicular
brachial plexus block. Demographic data, success
rate, imaging time, needling time, performance
time, onset time, total anaesthesia related time,
adverse perioperative events and complications
werecompared between Group SI and Group
DIL.There were no significant differences in the
patient characteristics including age, gender,
weight, height, BMI and ASA grade (Table 1).

Our primary endpoint was the success rate of
blockade (composite score>14). In all, 113 patients
had successful blockade. Five patients in SI and 2
patients in DI failed to achieve a composite score of
14 and hence were labelled as failure and excluded
from the study. All the 7 patients who had failure
of block couldn’t achieve a composite score of 14
due to ulnar nerve sparing. The success rate of
blockade in both the SI and DI groups were 91.7%
and 96.7% respectively at 30 minutes of performing
the block which was not statistically significant
(Tables 2-5).

Our secondary endpoint was to compare the total
anaesthesia related time between the two
groups.The total anaesthesia related time was less
than 20 mins in 24.1% of patients in DI and none of
the patients in DI grouptook more than 30 minutes.
The mean total anaesthesia related times in the two
groups were 21.42+3.29 and25.17+2.45 in DI and SI
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groups respectively with P<0.001. There was no
difference in the imaging time between the two
groups. However, the needling time was significantly
longer in the DI group and consequently the
performance time was also significantly longer in
the DI group (Tables 6 & 8).

Table 1: Demographics

During the first 25 minutes, the DI group
displayed a higher proportion of patients with
minimal composite score of 14 points. Fifty eight
patients (96.7%) in DI achieved a composite score
of 14 points and above within the first 25 minutes.
In comparison, 6 patients in SI group had onset time
of more than 25 minutes. Eleven patients in DI had

DI (Mean + SD)n=60 SI (Mean * SD) n=60 P value
Age(Yrs) 49.37+16.79 45.35+16.25 0.186
Gender(F/M) 20/40 20/40 1.000
Weight(kgs) 67.90+10.23 68.418.57 0.757
Height(cms) 166.156.72 164.20+13.53 0.319
BMI(kg/m?) 24.79+3.31 24.85+3.30 0.920
ASA grade1/2/3 27/13/20 31/15/14 0.478

Table 2: Comparison of sensory blockade in group DI and SI

Sensory blockade Group DI (n=60) Group SI (n=60)
Musculocutaneous
0 0(0%) 0(0%)
1 3(5%) 6(10%)
2 57(95%) 54(90%)
Median
0 0(0%) 0(0%)
1 0(0%) 1(1.7%)
2 60(100%) 59(98.3%)
Radial
0 0(0%) 0(0%)
1 2(3.3%) 0(0%)
2 58(96.7%) 60(100%)
Ulnar
0 2(3.3%) 5(8.3%)
1 3(5%) 0(0%)
2 55(91.7%) 55(91.7%)

Table 3: Comparison of motor blockade in both groups

Motor blockade Group DI (n=60) Group SI(n=60)
Musculocutaneous
0 0(0%) 0(0%)
1 3(5%) 6(10%)
2 57(95%) 54(90%)
Median
0 0(0%) 0(0%)
1 0(0%) 1(1.7%)
2 60(100%) 59(98.3%)
Radial
0 0(0%) 0(0%)
1 2(3.3%) 0(0%)
2 58(96.7%) 60(100%)
Ulnar
0 2(3.3%) 5(8.3%)
1 3(5%) 0(0%)
2 55(91.7%) 55(91.7%)
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Table 4: Comparison of the composite point in each group

Composite point

Group DI (n=60)

Group SI(n=60)

269

12 2(3.3%) 5(8.3%)
14 7(11.7%) 7(11.7%)
15 2(3.3%) 0(0%)
16 49(81.7%) 48(80%)
Total 60(100%) 60(100%)

P=0.382, not significant, Fischer exact test

Table 5: Blockade failure in both the SI and DI groups

Blockade Failure Group DI (n=60) Group SI(n=60) Total (n=120)
No 58(96.7%) 55(91.7%) 113(94.2%)
GA 2(3.3%) 5(8.3%) 7(5.8%)
Total 60(100%) 60(100%) 120(100%)
P=0.439, not significant, Fischer exact test
Table 6: Performance Time
Group DI (n=60) Group SI(n=60) Total P value
Imaging time(min) 1.83£1.17 1.67£5.65 1.75+4.10 0.84
Needling time(min) 2.36+1.15 1.430.71 1.89+1.06 <0.001**
Performance time(min) 4.25+2.28 2.404+0.99 3.3241.99 <0.001**

student t test

Table 7: Onset time

Onset time Group DI (n=58) Group SI(n=55) Total (n+113)
<15 min 11(19%) 0(0%) 11(9%)
15-25 min 47(81%) 49(89%) 96(85.5%)
>25 min 0(0%) 6(11%) 6(5.5%)
Total 58(100%) 55(100%) 113(100%)
MeanzSD 17.25+2.83 22724247 19.91+3.81
P<0.001**, significant, student t test
Table 8: Total anaesthesia related time
Total anaesthesia related time Group DI (n=58) Group SI(n=55) Total (n+113)
<20 min 14(24.1%) 0(0%) 14(12.4%)
20-30 min 44(77.5%) 53(96.4%) 97(85.8%)
>30 min 0(0%) 2(3.6%) 2(1.7%)
total 58(100%) 55(100%) 113(100%)
MeanzSD 21.42+3.29 25.17+2.45 23.24+3.47
P<0.001**, significant, student t test
Table 9: Adverse Perioperative event
Adverse preoperative event Group DI (n=60) Group SI(n=60)
None 60 60
Yes 0 0
Total 60 60
onset time of <15 minutes. The mean onset times Discussion

were 17.25+2.83 and 22.72+2.47 in DI and SI group
respectively (Table 7). The DI group hada
significantly faster onset with a p value <0.001. None
of the patients in both the groups developed any
perioperative adverse events (Table 9).

In this prospective randomized trial we
compared the DI technique with the SI technique
forperforming USG guided supraclavicular brachial
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plexus block.In ourstudy we found thatboth the
techniques provided similar success rates of surgical
anaesthesia. The performancetime was longer in
group DI in comparison with group SI probably
because group DI requiredmore needle maneuvering.
However, the additional needle maneuvering did
not lead to anincrease in the incidence of vascular
puncture, paraesthesia or post operative
neurologicdeficits.

In comparison with a study done by Amr M.A.
Sayed, Amr Sobhy [7], our current
studydemonstrated a shorter total anaesthesia
related time in DI technique, despite having a
longerperformance time in view of a shorter onset
time.The results of our present study are in
agreement with a study conducted by Techasuk W
et al [12]. They compared the DI technique with TII
and concluded that the total anesthesia relatedtime
was shorter with TII group. The two methods
achieved comparable rates of surgical anesthesia
and the DI group required fewer needle passes as
well as shorter needling andperformance time.

Injection of the drug directly into the brachial
plexus could lead to the formation of smallersatellite
clusters, resulting in the increase in the surface area
of exposure of the nerves to the local anaesthetics
[12]. This could explain the faster onset of the
blockade in the DI group observed in thestudy.

However, safety regarding the direct placement
of the needle in the brachial plexus cluster isnot
established. In an observational study conducted
by Bigeleisen et al, it was opined that60the
positioning of the needle tip in the cluster was
equivalent to intra neural placement [13]. Thus they
concluded that DI technique posed a larger risk of
adverse neurological deficits. Inanother contrasting
study done by Franco it was opined that intra cluster
injection of LA didnot amount to true intra neuronal
injection [14]. Irrespective of the fact whether LA
injected intothe neural cluster amounts to true intra
neuronal injection, recent evidence supports the
safetyof DI technique [15]. There was no incidence
of paraesthesia or any other adverse neurological
outcome in our study, thus confirming the safety of
DI technique.

Our study has some limitations. First, we found
that the decrease in the total anaesthesia related time
in the DI technique was approximately 4 mins. In a
hospital with a busy set upwhere large number of
upper limb surgeries are performed under regional
anaesthesia, such areduction could result in a
clinically relevant reduction in anaesthesia related
time over the course of the day. However, we agree
that such a difference may not be clinically relevant

in acentre that performs lesser number of cases per
day. Second, we did not restrict to a single type of
surgical procedure. In a study done by Arab etal
[16] they focused on a single type of surgical
procedure to eliminate any confounding
factorsarising from the surgical stimulus or location
of the surgery. Third, the blocks were performed
by both senior anaesthesiologists trained in USG
andresidents. The DI technique required needle
redirections thus increasing the level of difficulty
among the residents and hence could have led to a
longer performance time. There were no
complications such as hypotension, arrhythmia and
desaturation noted ineither of the groups. None of
the surgical procedures in both the groups required
rescueanalgesia.

Conclusion

In conclusion, this study demonstrated that the
success rates in both the SI and DI techniques are
comparable. The DI technique results in a faster
onset and hence a shorter total anaesthesia related
time, which however may not be clinically relevant.
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