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Effect of hyaluronidases added to different concentrations of bupivacaine on
quality of ultrasound-guided supraclavicular brachial plexus block
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ABSTRACT

Objective: To evaluate the efficacy of hyaluronidase as an adjuvant with volume reduction of
bupivacaine in ultrasound-guided supraclavicular brachial plexus block for chronic renal failure
patients.

Design: Prospective double-blinded, randomized study

Setting: tertiary institutional clinical care

Patients, Participants: carried out on 60 patients with American Society of Anesthesiologists
Classification (ASA) of physical status grade Il with chronic renal failure with end-stage renal
disease (ESRD) scheduled for elective surgery for arteriovenous shunt creation.

Intervention: Both groups were US guided. In group |, patients received plain bupivacaine
0.5% (30 ml) by single-injection technique while in group Il, patients received plain bupivacaine
0.5% (10 ml) plus 0.9% (5 ml) normal saline containing 500 IU (100 IU/ml) hyaluronidase.
Main outcome (primary and secondary): The duration of sensory block, the onset of sensory
and motor block, success rate, duration of motor block, total doses of intraoperative rescue
analgesia, number of patients needed for postoperative rescue analgesia, and complications
were recorded.

Results: Hyaluronidase group had a significantly rapid onset of sensory and motor block than
that of the bupivacaine group. On the other hand, both groups were similar in the duration of
sensory block and motor block.

Conclusion: Single injection technique was a sufficient modality of brachial plexus block.
Hyaluronidase as an adjuvant to the local anesthetics has been fastened the onset of complete
sensory block of ultrasound-guided supraclavicular brachial plexus blocks with minimal effect
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analgesic consumption postoperatively.

1. Introduction

Ultrasound-guided supraclavicular brachial plexus
block is a popular regional anesthetic technique for
the upper limb and has multiple applications. [1] As it
has many advantages over other approaches as pro-
viding the most complete and reliable anesthesia for
upper-limb surgery. [2]

Local anesthetics (LAs) with additives like opioids,
clonidine, dexmedetomidine, and steroids have been
used to prolong this blockade, but the results are
either inconclusive or associated with side effects. [3]

The conventional technique required deposition of
a local anesthetic close to the plexus, but was usually
associated with ulnar sparing and incomplete block.
While Eight ball corner pocket technique allows the
deposition of local anesthetic inside the pocket formed
laterally by subclavian artery and inferiorly first rib to
faster the onset. [4] However, this is associated with
successful block only in 85% of the cases. [5]

Hyaluronidase acts by catalyzing the hydrolysis of
hyaluronan, decreased its viscosity, and enchasing the
tissue permeability. So, this makes it a suitable additive

for other drugs to speed up their distribution and
delivery especially in ophthalmic surgery. [6]

Several studies showed that multiple injection
techniques of the brachial plexus were more suc-
cessful with a faster onset of anesthesia and higher
success rates, with a change in the incidence of
complications. [7,8] On the other hand, another
study found the single-injection (SI) ultrasound in
the corner pocket has the highest success rate but
may miss the upper part of the plexus, resulting in
a patchy block. [9]

This single-blinded randomized prospective study
was conducted to evaluate the efficacy of hyaluroni-
dase as an adjuvant to the two different bupivacaine
volumes in ultrasound-guided supraclavicular brachial
plexus block. The primary outcome of this study was
the duration of sensory block, while secondary out-
comes included the onset of sensory and motor
block, success rate, duration of motor block, total
doses of intraoperative rescue analgesia, number of
patients needed for postoperative rescue analgesia,
and complications.
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2. Patients and methods

This prospective, randomized, double-blinded study
was carried out in Tanta University Hospitals in vascu-
lar surgery department from January 2020 to
June 2020 on 60 patients aged from 19-44 years,
American Society of Anesthesiologists Classification
(ASA) of physical status grade Il with chronic renal
failure with end-stage renal disease (ESRD) scheduled
for elective surgery for arteriovenous shunt creation.

After the regional ethical committees’ approval,
written informed consent was taken from the patients.
The trial was registered in the Pan African Clinical Trial
Registry with a unique identification number for the
registry is PACTR202002803417431. Every patient was
receiving an explanation of the purpose of the study
and a secret code number and the photos applied only
to the part of the body related to the research to
ensure privacy to participants and confidentiality of
data. Randomization was performed by an indepen-
dent data manager who divided the patients into two
groups based on a number in a sealed envelope gen-
erated by a computer randomization program.

Patients with neurological affection of the upper
limb, bleeding diathesis, mental illness, history of drug
addiction, the chronic analgesic user, or history of local
anesthetic allergy were excluded from the study.

Preanesthetic routine investigations, such as com-
plete blood count test, liver, kidney function test, coa-
gulation profile, ABG, and electrolyte were done. The
patients were fasting for 8 hr. The patients were
trained to use the Visual analogue Scale (VAS) [VAS
0 = no pain, 10 = intolerable pain] used for evaluation
of pain intensity, pain relief was defined as a VAS of 3
or lower. On arrival to the operating room, noninvasive
monitors, such as electrocardiography, noninvasive
blood pressure (NIBP), oxygen saturation (SpO2),
were attached and baseline parameters as heart rate,
mean arterial pressure, and peripheral oxygen satura-
tion was recorded. Every patient received an Oxygen
mask with Oxygen at the rate of 4 I/min and an intra-
venous line was inserted in another arm so IV fluid
could be started and continued throughout the opera-
tion according to need.

In supine position and head facing the contralateral
side, skin and transducer preparation, a linear 38 mm,
then high-frequency 10-15MHz  transducer
(SonoScape A5; Shenzhen, China) was placed at the
midclavicular point over the supraclavicular fossa in
the coronal oblique plane. The brachial plexus
appeared as a hypoechoic round or oval cluster
located lateral and superficial to the pulsatile subcla-
vian artery and superior to the first rib. Then using an
in-plane approach, a 22-G spinal needle was inserted
into the lateral end of the ultrasound transducer. The
needle was advanced along the long axis of the trans-
ducer in the same plane as the ultrasound beam from

lateral to medial towered sheath at the corner pocket
below the cluster. Then local anesthetics (LA) solution
was injected to cause tissue hydro-dissection around
the plexus.

Then 60 Patients were randomly allocated into two
equal groups each of 30 patients: in group |, patients
received 30 ml plain bupivacaine 0.5% [10,11] (Sunny
pharmaceutical, Egypt) by single-injection technique
while in group Il, patients received 15ml volume
[10 ml 0.5% bupivacaine (Sunny pharmaceutical,
Egypt) plus 5 ml 0.9% normal saline containing 500
IU (100 1U/ml) hyaluronidase (Hynidase, Shreya Life
Sciences Pvt Ltd, India)] by single-injection technique.
Hyaluronidase was prepared by diluting the vial of
hyaluronidase (1500 IU) in 15 ml normal saline 0.9%.

The local anesthetic solution was prepared by an
anesthesiologist who was blinded to each patient’s
randomization number and not included in the study.
Monitoring of all parameters was done by an indepen-
dent anesthesiologist who was not involved in the
study. All procedures were performed by a single
anesthetist.

3. Outcome assessment

Demographic data of all included patients including
age, gender, weight, and duration of the surgery were
documented. The sensory loss was assessed by pin-
prick in the skin cross ponding to dermatomal areas
supplied by the median nerve, radial nerve, ulnar
nerve, and the musculocutaneous nerve at 5 minutes
interval and up to 30 minutes after local anesthetic
solution injection and the results were interpreted as
0 scores for no block (normal sensation); 1 for partial
block (decreased sensation) and 2 for the complete
block (no sensation). Motor block was assessed by
the ability of patients to flex the elbow and their
hand against gravity at 5 minutes interval up to
30 min and was classified as follows: 0 in patients
with full muscle activity (no block); 1 for patients had
decreased muscle activity (partial block); and 2 for
those with no muscle activity (complete successful
block). [12]

Success block was defined as complete loss of sen-
sory and motor function. In cases with unsuccessful or
patchy block, supplemented intraoperative fentanyl
was used as rescue analgesia at dose 1.5 w/kg. [13] If
the pain disappeared, the patient continued as a part
of the study. But if the pain persists or patients had
failed block, general anesthesia was conducted and
patients were excluded from the study.

Duration of sensory block was defined as the time
interval from the achievement of complete sensory
loss until the patient started to complain of pain or
discomfort assessed by Visual Analogue Scale (VAS)
[14] (VAS>3) ranged from 0-10. Postoperative follow-
up was carried out in the recovery room and



postoperative ward for assessment of pain every
30 minutes for the first 10 hours then each hour for
the following 12 hours. All patients in both groups
received postoperatively paracetamol (E.I.P.I.CO.
Egypt) 650 every 8 hours during the 1%
postoperative day. [15]

Duration of motor block was defined as the time
interval from the total inability to move his or her
fingers or to raise their hand (motor scale = 2) till the
patient started to partially move them (motor scale = 1)
and assessed every hour by asking the patients to
move their fingers and raise their hand. Also, the num-
ber of patients needed postoperative rescue analgesia
in the form of intravenous morphine at a dose of
0.05 mg/kg "® when VAS = 4 during 24 hours and
incidence of complications. Horner’s syndrome, voice
changes, and pneumothorax were recorded as
complications.

4, Statistical analysis

The sample size calculation was performed using
G. power 3.1. Thirty patients were allocated in each
group. The sample size was calculated as N = 27 in
each group based on the following considerations:
0.05 a error and 90% power of the study. Group ratio
1:1 According to a previous study [16], the mean (+SD)
of a duration of sensory block was 3.6 + 1.19 hours with
bupivacaine in supraclavicular block and expected
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30% increase (1.08 hour) with an addition of hyaluro-
nidase. Three cases were added to each group to over-
come dropout. Data were analyzed using SPSS Version
24 (IBM Corporation, Armonk, NY). Categorical vari-
ables were presented as absolute numbers and per-
centages. Continuous variables were presented as
mean values with standard deviation or medians with
an interquartile range. To compare data between
groups, the chi-square test was used to assess catego-
rical variables, and the Student t-test or the Mann-
Whitney U test was used to analyze continuous vari-
ables as appropriate. A Paired t-test or the Wilcoxon
test was used for comparison within the same group as
appropriate. A 2-tailed P value of <0.05 was considered
to indicate a statistically significant difference.

5. Results

Seventy-two patients were evaluated for eligibility, 12
patients from them were excluded either 7 patients did
not fulfill the inclusion criteria (2 had a neurological
deficit at the upper limb, one patient was mental
dysfunction, and 4 had chronic analgesic use) and 5
patients refused to participate in the study. The
remaining 60 patients were randomly allocated into 2
equal groups. Data of all patients were successfully
collected (Figure 1).

Demographic data, including age, weight, gender,
and duration of the surgery were comparable between

[ Enrollment ]

Assessed for eligibility (n=72)

Excluded (n=12 )

+ Not meeting inclusion criteria (n=7)
+ Declined to participate (n=5)

+ Otherreasons (n=0 )

A 4
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|

Y

e

Allocation ] y

Allocated to Bupivacaine group (n=30)

+ Received allocated intervention (n=30 )

«+ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to Hyaluronidase group (n= 30 )

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention (give
reasons) (n=0)

Figure 1.
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Table 1. Demographic data.

Group B (n = 30) Group BD (n = 30) P value
Age (years) (mean * SD) 37.5 +6.25 38.07 + 4.71 0.693
Weight (kg) (mean * SD) 80.7 £ 12.59 77.83 £15.39 0.433
Gender (F/M) 10/20 13/17 0.43
Surgery Time (min) (mean * SD) 64.2 £ 14.13 65.17 + 15.02 0.97

*Denoted significant difference between groups (P < 0.05)

Table 2. Characters of sensory and motor block in both
groups.

Group Mean + Standard Deviation p

Onset of sensory 1 17.57 £ 3.390 0.0001
block (Minute) I} 10.33 + 2.324

Onset of motor 1 18.73 £ 3.859 0.0001
block (Minute) ] 13.70 + 3.395

Duration of sensory | 195.53 + 29.048 0.544
block (Minute) I} 190.23 + 37.622

Duration of motor | 151.97 + 26.396 0.558

block (Minute) ] 147.90 + 27.010

the two groups (P = 0.693 for age; P = 0.433 for weight,
P = 0.426 for gender, P = 0.967 for duration of the
surgery). (Table 1)

Regarding the onset of sensory block and motor
block, the hyaluronidase group had statistically signifi-
cantly rapid onset of both than that at bupivacaine
group (p = 0.0001 for both). On the other hand, both
groups were similar in the duration of sensory block
and motor block (p = 0.544 and 0.558, respectively)
(Table 2).

Intraoperative, only three patients in the bupiva-
caine group and two patients in the hyaluronidase
group had patchy block which was successfully treated
by fentanyl as rescue analgesia with no statistically
significant difference in the success rate between the
hyaluronidase group and bupivacaine group (p = 0.64).

Regarding the numbers of patients who needed
postoperative rescue analgesia, there was no statisti-
cally significant difference between the two groups
(p = 0.488) as five patients in the bupivacaine group
and three patients in the hyaluronidase group had VAS
> 4. All of them received postoperative morphine as
rescue analgesia.

As regards the incidence of complications including
Horner's syndrome, voice changes, and pneu-
mothorax, there were statistically insignificant differ-
ences between the two groups. (p = 0.41)

6. Discussion

The anesthesia for arteriovenous shunt creation varied
between general anesthesia, regional anesthesia, and
local infiltration. One of the most important advan-
tages of regional anesthesia was sympathetic nerve
which enhanced venous dilatation and increased
blood flow, prevent thrombosis and fistula failure
either intraoperatively or postoperatively. [17]

The minimum local anesthetic volume for the suc-
cessful supraclavicular block was 23 ml to minimize the
frequency and dose-dependent manner of systemic
toxicity. Therefore, one of the anesthetist goals was
the reduction of used LA volume to maintain the safety
of regional anesthesia without affecting the success
rate. [18] Hyaluronidase is known to enhance the
onset of the block and improve the quality of anesthe-
sia especially, in regional anesthesia for ophthalmol-
ogy surgery and subcutaneous infiltration blocks to
maximize the distribution of local anesthetics. [6]

De Jong [19] stressed the importance of adequate
volume for the first time then Winnie [20] suggested
that 0.5 ml per 2.54 cm of height was adequate volume
to fill the axillary sheath. So, the present study evalu-
ated the efficacy of hyaluronidase as an adjuvant to
small volumes of bupivacaine in chronic renal failure
patients scheduled for arteriovenous shunt creation
surgery under ultrasound-guided supraclavicular bra-
chial plexus block.

The present study was postulated that hyaluroni-
dase may improve the spread of the local anesthetic
solution, but may increase absorption of bupivacaine,
both onset of sensory block and motor block signifi-
cantly rapid in hyaluronidase group than bupivacaine
group. On the other hand, both groups were similar in
the duration of sensory block (p = 0.544) and motor
block (p = 0.558), success rate (p = 0.64), and the
number of patients who needed postoperative rescue
analgesia (p = 0.488). This reduction of the time to
reach complete sensory block allows rapid turnover
between operations, associated with efficient utiliza-
tion of operation rooms, especially if preoperative spe-
cialized room to perform nerve block was not
available [21].

As the present study used hyaluronidase with lower
volume, the current study depends on its mechanism
of action by catalyzing the hydrolysis of hyaluronan of
the extracellular matrix, decreased its viscosity, and
increasing tissue permeability, so although single-
injection (Sl) ultrasound-guided technique may miss
the upper part of the plexus, resulting in a patchy
block. The present study theory of hyaluronidase addi-
tion speeds up their distribution and ensures the com-
plete successful block. [6]

The results of this present study in harmony with
Koh et al. study on axillary brachial plexus block used
3000 IU hyaluronidase added to ropivacaine and



showed that significantly reduced sensory and motor
onsets of the block than the control group. [22]

Elsayed S, et al. study [23], which compared the effect
of hyaluronidase or adrenaline as an adjuvant to bupi-
vacaine in supraclavicular brachial plexus block for
upper limb surgeries, concluded that Hyaluronidase
decreases the block onset time with minimal effect on
block duration or postoperative analgesia; moreover,
adrenaline has prolonged block duration and post-
operative analgesia with minimal influence on block
onset time. The results of Elsayed S, et al. study regard-
ing adding hyaluronidase to supraclavicular were the
same of the results as the present study.

Moreover, according to Adams, hyaluronidase has
commonly used as an adjuvant in ophthalmic surgery
to fasten the onset time of the ocular block and
increase the success rate. [24] de Moura BD, et al. Meta-
Analysis of Randomized Clinical Trials [25], which eval-
uated the efficacy of hyaluronidase in preventing total/
partial failure of the regional block in ophthalmic sur-
gery, was concluded that the efficacy of hyaluronidase
associated with local anesthetics in preventing regio-
nal block failure in ophthalmic surgery. de Moura BD,
et al. was similar to the results of this study by increas-
ing the success rate of the regional block.

Besides, Kim et al., 2011a used the hyaluronidase in
the epidural block as an adjuvant for LA and steroid for
chronic back pain control. [26]

Mohamed AA, et al. study [27], which discussed the
safety and efficacy of addition of hyaluronidase to
a mixture of lidocaine and bupivacaine in scalp nerves
block in craniotomy operations, supported the idea
that addition of hyaluronidase to the local anesthetic
mixture improves the success rates of the scalp nerves
block and its efficacy especially during stressful intrao-
perative periods and in the early postoperative period
with no evident undesirable effects concerning the
addition of hyaluronidase. Mohamed AA, et al. study
and this study supported that the use of hyaluronidase
is an effective adjuvant to different regional blocks
increasing the success rate and safety, improving effi-
cacy, with no adverse effects related to hyaluroni-
dase use.

However, despite ultrasound guidance, the rate of
success of blocks in the present study is not 100%.
Other than expertise operator, certain anatomical fac-
tors could be the cause of an unsuccessful or failed
block. Similarly, in a study by Subramanyam et al.,
slower onset of the ulnar blockade and ulnar sparing
remain the main drawbacks of the supraclavicular
block. This may result from incorrect placement of
needle tip and they recommended double-point injec-
tion technique of supraclavicular block to prevent
ulnar sparing and increases the success rate. [28] The
most common side effect of hyaluronidase is allergy
according to many studies [25,29-31]. It did not hap-
pen in the present study.
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In disagreement with the current study, Keeler et al.
reported significantly reduced the duration of the sen-
sory and motor block by use of 3000 IU hyaluronidase
additives to bupivacaine 0.5% for axillary brachial plexus
blocks with no effect on the number of patients experi-
encing has a sensory block at 30 min after block and no
increase in postoperative analgesic consumption. [32]

While in kamal Hakim and Ahmed’s study, 1500 IU
hyaluronidase was mixed with LA. Similar results of
reduced duration of sensory and motor block were
reported. When compared with the control group by
Keeler et al. study, their difference was non-significant.
[33]

Although the results of the present study appeared
promising, this study had few limitations as small sam-
ple size, plasma bupivacaine concentrations in hyalur-
onidase group were not assessed, absence of group in
which traditional triple supraclavicular brachial
plexuses block. Also, the present study could not
report clear conclusions about the tolerance and safety
of hyaluronidase in axillary brachial plexus block,
although no adverse events were reported due to
drawbacks mentioned previously.

7. Conclusion

The use of hyaluronidase with LA reduces the time to
achieved complete sensory block without significant
effect on the total analgesic duration and
consumption.
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