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Efficacy of Ultrasound-Guided Axillary Brachial Plexus Block:
A Comparative Study with Nerve Stimulator-Guided M ethod

Fu-Chao Liu*?, MD; Jiin-Tarng Liou*?, MD; Yung-Fong Tsait, MD; Allen H. Li*, MD, PhD;
Yuan-Yi Day*, MD, PhD; Yu-Ling Hui*, MD; Ping-Wing Lui*, MD, PhD

Background:

Methods:

Results:

Conclusions:

The aim of this study was to compare the efficacy of axillary brachia plexus
block using an ultrasound-guided method with the nerve stimulator-guided
method. We also compared the efficacy of ultrasound-guided single-injection
with those of double-injection for the quality of the block.

Ninety patients scheduled for surgery of the forearm or hand were randomly
allocated into three groups (n = 30 per group), i.e., nerve stimulator-guided
and double-injection (ND) group, ultrasound-guided and double-injection
(UD) group, and ultrasound-guided and single-injection (US) group. Each
patient received 0.5 ml kg* of 1.5% lidocaine with 5 g kg* epinephrine.
Patients in the ND group received half the volume of lidocaine injected near
the median and radial nerves after identification using a nerve stimulator.
Patients in the UD group received half the volume of lidocaine injected
around the lateral and medial aspects of the axillary artery, while those in the
US group were given the entire volume near the lateral aspect of the axillary
artery. The extent of the sensory blockade of the seven nerves and motor
blockades of the four nerves were assessed 40 min after the performance of
axillary brachial plexus block.

Seventy percent of the patients in the ND and US groups as well as 73% of
the patients in the UD group obtained satisfactory sensory and motor block-
ades. The success rate of performing the block was 90% in patients in the
ND and UD groups and 70% in the US group. The incidence of adverse
events was significantly higher in the ND group (20%) compared with that in
the US group and the UD group (0%; p = 0.03).

Ultrasound-guided axillary brachial plexus block, using either single- or dou-
ble-injection technique, provided excellent sensory and motor blockades
with fewer adverse events.

(Chang Gung Med J 2005;28:396-402)
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Brachial plexus block via the axillary approach is

ing the nerve block has been enhanced by the aid of

a common technique to provide anesthesia for nerve stimulator, ultrasound, fluoroscopic

surgery of the forearm and hand. Successin perform-

roentgenogram or computerized tomography.®4
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Numerous methods such as transarterial, single or
multiple paresthesia, or catheterization into the
plexus sheath have been used to improve the success
rates of this block.®” Since vessels and nerves in the
brachia plexus region are embraced within the axil-
lary sheath,®® the application of ultrasound with
high-resolution imaging permits accurate real-time
targeting of the plexus sheath and allowing the
spread of the local anesthetics. For the supraclavicu-
lar approach, several pieces of evidence have demon-
strated that the ultrasound-guided method is better
than the one guided by a nerve stimulator, especialy
when the local anesthetics were given using the dou-
ble-injection rather than single-injection technique.®
» However, little has been reported on using the
ultrasound-guided axillary approach for the brachial
plexus block. This prospective randomized study
was aimed to test the hypothesis that the quality of
the axillary brachial plexus blockade guided by ultra-
sound was better than those using a nerve stimulator
and produced fewer adverse effects. We also envis-
aged that the double-injection technique had better
efficacy than the single-injection guided by ultra-
sound.

METHODS

The Ethics Committee of the Chang Gung
Memorial Hospital approved this study, and all
patients gave their informed consent before the con-
duct of the study. Ninety patients with ASA physical
status class I-11 scheduled for elective surgery of the
hand, wrist, or forearm were randomly divided into
three groups for axillary brachial plexus block
according to a randomization table. Patients in the
nerve stimulator-guided and double-injection (ND)
group (n = 30) received lidocaine using the double-
injection technique with the aid of nerve stimulator.
Those in the ultrasound-guided and double -injection
(UD) group received lidocaine using the double-
injection technique guided by ultrasound (n = 30).
Patients in the ultrasound-guided and single-injection
(US) group (n = 30) were given lidocaine using the
ultrasound-guided single injection technique.
Patients who refused the regional anesthesia were
excluded from this study, as were those with demen-
tia, peripheral neuropathy or hypersensitivity to local
anesthetics.

Upon arrival to the operation room, all patients
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received monitoring that included non-invasive
blood pressure, electrocardiogram and pulse oxime-
try. Midazolam, 20 pg kg?, was given intravenously
for sedation 10 min before the block was adminis-
tered. The patients were placed supine with the arm
abducted 90 degrees and flexed at the elbow with the
forearm supinated. The pulse of the axillary artery
was palpated at the attachment of the major pectoral
muscle. Each patient received a total of 0.5 ml kg?*
lidocaine (1.5%) with epinephrine (5 ug mi). The
skin and subcutaneous tissue overlying the artery
was infiltrated with 2 ml of the local anesthetic solu-
tion. Patients in the ND group received brachial
plexus block via the axillary approach using a 22-
gauge, 50-mm, short-beveled insulated needle con-
nected to the negative lead of the nerve stimulator
(Stimuplex Dig RC; Braun, Melsungen, Germany).
Using a stimulation of 2-Hz, the needle was inserted
superiorly near the artery to identify the median
nerve, and inferiorly to locate the radial nerve. Half
of the lidocaine solution was injected around each
nerve. In the UD and US groups, a 12-MHz ultra
sound probe (Type 8805; B-K Medical, Denmark)
with an ultrasound machine (Model 2102, HawK; B-
K Medical, Denmark) was used to visualize the
structure of the axillary region and to guide the nee-
dle insertion in the appropriate direction. Under the
guidance of the ultrasound, the artery and vein were
easily distinguished by the pulsatile motion of the
artery and the compressibility of the venous wall. A
23-gauge, 60-mm needle was inserted near the axil-
lary artery in the superior (lateral) and inferior
(medial) direction in the UD group. Fifteen milli-
liters of the local anesthetic solution was injected in
each direction. Each patient in the US group received
asingle injection of 30 ml of lidocaine at the superi-
or (lateral) aspect near the axillary artery. As the
injected solution spread around the artery, the ultra-
sound image revealed a sharp ring-like formation
surrounding the artery, which is thought to represent
the filling of the axillary brachial plexus sheath.

All of the brachial plexus blocks were per-
formed by the same anesthesiologist and were
assessed by another one anesthesiologist was
unaware of the group assignments. From the needle
puncture on the skin guided by nerve stimulator or
the application of the ultrasound on the skin to the
completion of the lidocaine injection was counted as
the duration of performing the block. The extent of



the block was evaluated at 40 min after the injection.
Sensory loss was defined as loss of pinprick sensa
tion. Sensory block was assessed based on the
response to the pinprick with a 25-gauge needle in
the areas supplied by the following nerves, i.e., later-
al cutaneous nerve of the arm, muscul ocutaneous
nerve, radia nerve, median nerve, ulnar nerve, and
medial cutaneous nerve of the arm and forearm.
Motor block was evaluated by examining the follow-
ing responses: (1) extension of the elbow and wrist
(radia nerve); (2) pronation of the arm, flexion of
the wrist, and opposition of the wrist, as well as
opposition of the 2™ and 3* fingers and the thumb
(median nerve); (3) flexion and opposition of the 4"
and 5" fingers toward the thumb (ulnar nerve); and
(4) flexion of the elbow (musculocutaneous nerve).
Loss of motor power was defined as reduced con-
traction (paresis) or loss of contraction (paralysis).
Anesthetic failure was managed with supplemental
intravenous analgesics or general anesthetics as
appropriate. Midazolam was administered intra-
venoudly in 1 mg increments to patients who request-
ed sedation during surgery. Intravenous fentanyl was
administered in 50 mg increments in case of tourni-
guet pain. The adverse effects of these blocking tech-
niques were recorded and were followed up in the
outpatient pain clinic.

Parametric variables are expressed as mean *
SD, and were compared using ANOVA between the
groups. Qualitative variables are expressed as num-
ber (percentage) in each category and were analyzed
using chi-sgquare or Fisher's exact test. p < 0.05 was
considered statistically significant. To detect a 20%
difference in the adverse rate (20% vs. 0%), 30
patients in each group were required to obtain a 0.05
level of alpha with a power of 0.80. The statistical
analysis was performed using the SPSS package
(version 10.0 for windows) and GraphPad software
(version 2.0).

RESULTS

Demographic data and the characteristics of the
blocks are presented in Table 1. The time (min)
needed to perform the block was significantly longer
in patients in the ND group than those in the UD
group and the US group (8.2 £ 1.5 minvs. 6.7 £ 1.3
min and 6.5 £ 1.3 min, respectively; p < 0.005). The
efficacy of the blocks is showed in Table 2. There
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Table 1. Demographics Data

ND Group  UD Group ~ USGroup
(n=30) (n=30) (n=30)
Gender (M/F) 16/14 14/16 16/14
Age (years) 408+137 430£116 452:114
Weight (kg) 636+ 76 6026+81 624:83
Height (cm) 1633+7.0 1626+56 164.0%6.2
Duration of block performed (min) ~ 82+15* 6.7+13 65+13
Duration of operation (min) 457+121  463t115 487:128
Types of operation
Wrist arthroscopy 6 5 5
Carpal tunnel release 6 7 5
Tendon surgery 3 2 4
Arthrodesig/arthroplasty 5 4 6
Palmar fasciotomy 3 2 1
Miscellaneous 2 5 4

Abbreviations: ND Group: nerve stimulator-guided and double-injection; UD
Group: ultrasound-guided and double-injection; US Group: ultrasound-guided and
single-injection.

* Significantly different in the ND Group compared to UD Group and US group
in chi-square test (p < 0.01).

Data are expressed as mean + SD or the number of patients.

Table 2. Characteristics of Axillary Brachia Plexus Analgesia (40 min after
injection)

ND Group  UD Group  USGroup
No. (%) No. (%) No. (%)

Sensory block 27(90) 27(90) 25(83)
Lateral cutaneous nerve of am 21(70) 22(73) 22(73)
Muscul ocutaneous nerve 29(97) 27(90) 22(13)
Radia nerve 29(97)) 27(90) 22(73)
Median nerve 30(100) 30(100) 29(97)
Ulnar nerve 29(97) 30(100) 26(87)
Medial cutaneous nerve of forearm 30 (100) 30(100) 29(97)
Medial cutaneous nerve of arm 29(97) 29(97) 26(87)

Motor block
Musculocutaneous nerve 21(73) 22(73) 21(70)
Radial nerve 28(93) 27 (%0) 21(70)
Median nerve 29 (97) 28 (93) 28(9)
Ulnar nerve 27(90) 28(93) 26(87)

All nerves 21 (70) 22(73) 21(70)

except muscul ocutaneous n. 27(90) 27(90) 21(70)

Dataare number of patients (percentage).
Without significantly differencein chi-square test in three groups.

were no statistical differences for the blockades of all
sensory and motor nerves (chi-square, degree of free-
dom = 2) among the three groups. Seventy percent of
the patients in the ND (n = 21) and US (n = 21)
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groups as well as 73% of the patients in the UD
group obtained satisfactory sensory and motor block-
ades for the seven nerves innervating the upper
extremity. The success rate of performing the block
for all the nerves, except for the musculocutaneous
nerve, was 90% in the patients of the ND and UD
groups (n = 27 per group) and 70% in the US group.
The success rate for blocking the muscul ocutaneous
and radial nerves were lower than for the other
nerves in al three groups, but without statistically
significant differences. The incidence of tourniquet
pain, adverse events and the need for supplemental
analgesics are shown in Table 3. Two patients (7%)
in the US group, two patients (7%) in the ND group
as well as one patient (3%) in the UD group experi-
enced tourniquet pain. Four (13%) patientsin the US
group and three patients (10%) in both the UD and
ND groups requested intravenous analgesics, while
only one patient (3%) in the US group required gen-
eral anesthesia. Patients in the ND group experienced
a higher incidence of adverse effects such as pares-
thesia, axillary vessels puncture and subcutaneous
hematoma than those in the other two groups. For
instance, three patients in the ND group developed
paresthesia and three patients had subcutaneous
hematoma secondary to puncture of the axillary
artery. The incidence of adverse events was signifi-
cantly higher in the ND group (20%) compared with
the incidence in the US group and the UD group
(0%; p=0.03).

Table 3. Tourniquet Pain, Supplemental Analgesics and
Complications

ND Group UD Group US Group
No. (%) No. (%) No. (%)

Tourniquet pain 2(7) 1(3) 2(7)
Supplemental
Intravenous analgesic 3(10) 3(10) 4(13)
General anesthetics 0 (0) 0(0) 1(3)
Total 3(10) 3(10) 5(17)
Surgical successful rate 27 (90) 27 (90) 25 (83)
Adverse events
Paraesthesia 3(10) 0(0) 0(0)
Axillary vesselspuncture 3 (10) 0(0) 0(0)
Subcutaneous hematoma 1(3) 0(0) 0(0)
Tota 6 (20)* 0(0) 0(0)

Data are number of patients (percentage).
* Statistical difference in ND group compared to UD group and
USgroup in chi-square test (p = 0.03).
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DISCUSSION

This prospective randomized study demonstrat-
ed the efficacy and safety of three methods for axil-
lary brachial plexus block. We sought to determine a
simple and safe anesthetic technique for surgery of
the upper extremities. In our study, successful block
of the brachial plexus nerves was defined as anesthe-
siathat was sufficient for a pain-free surgery without
the need for supplemental anesthetics. Our results
demonstrated no significant differences in the rate of
successful blocks among patientsin all three groups.
This result was consistent with that reported by
Williams et al. in which the rate of successful block
under ultrasound guidance was similar to that using
nerve stimulator for the supraclavicular approach in
the brachial plexus block.® Our success rate was
however not in line with those reported by Sandhu
and Capan® and Oottaki et al.*® in which the ultra-
sound-guided method was used for infraclavicular
approach. We believe that the injection level of the
brachial plexus and injection site in the plexus sheath
were responsible for the above discrepancies in the
efficacy of the block between the two technigques
guided by ultrasound and nerve stimulator. It has
been reported that nerve stimulator-guided double-
injection technique had a better quality of analgesia
than the single-injection method,?*** but this was
not revealed in our results.

In our present study, the single-injection tech-
nique with ultrasound guidance had a success rate of
83%, which was higher than those reported in other
studies in which the single-injection was applied
without the aid of ultrasound guidance (43-
83%).1519 But our results were lower than those
reported by Chan et al.*” and Karpal et al.“*® where a
success rate of 85%-95% was achieved, under ultra-
sound guidance, in the brachial plexus block via the
supraclavicular approach. For our patients in the US
group, there was a higher effectiveness in sensory
and motor analgesia in blocking the radial and mus-
culocutaneous nerves compared with the results of
studies where single-injection technique was used
without ultrasound navigation.>® We found that
using real-time ultrasonography could increase the
safety and efficacy of the block sinceit allowed visu-
al confirmation of the axillary structures and accurate
localization of the needle, all of which promoted the



effective infiltration of the local anesthetic into the
brachial plexus sheath.® Injection of local anesthet-
ic into the brachia plexus sheath near the median
nerve laterally en route the axillary artery was shown
to facilitate the spread of local anesthetic around the
muscul ocutaneous nerve.®*2) The assessment of
sensory and motor analgesia at 40 minutes after the
injection was based on the notion that local anesthet-
ic would achieve a better spreading within the axil-
lary sheath after this period, which might improve
the efficacy of blocking the radia nerve.®1820

According to the results of Baranowski and
Pither®™ and Inberg et al.,“® double-injection tech-
nigue guided by nerve stimulator had similar efficacy
in comparison with multiple injection techniques in
performing the brachial plexus block for surgery of
the forearm and palm. A success rate of 72-92% has
been obtained for analgesia when the musculocuta-
neous nerve was not included in the statistical analy-
sis. In our study, successful effective sensory and
motor blockades of all seven nerves innervating the
upper extremity were obtained in 21 patients in the
ND and US groups (70%) and 22 patients in the UD
group (73%). Except for the muscul ocutaneous nerve
and lateral cutaneous nerve, the success rate of an
effective block for all nerves was 90% in both the
ND and UD groups, and 70% in the US group. A
lower success rate of the block was seen in the US
group due to poor spreading of the local anesthetic
around the ulnar nerve. When the muscul ocutaneous
nerve was not included, the success rate for the
surgery (90%) was similar to that for an effective
block in both of the ND and UD groups, but it was
greater in the NS group (83%) showing that this
might be dependent on the surgical site. The double-
shot techniques in the ND and UD groups achieved
90% surgical success rates similar to that reported by
Inberg et a. (92%) where nerve stimulator-guidance
was used.® However, the result was superior to that
reported by Baranowski and Pither® in which nerve
stimulator was applied. Ootaki et al. also reported a
greater success rate for surgery (95%) using ultra-
sound-guided infraclavicular brachial plexus
block.®

For identification of the nerves and increasing
the success rate in the axillary brachia plexus block-
ade, blind techniques guided by nerve stimulator
have been commonly used during the past decade.
However, performing the neural blockade using the
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blind method substantially increased the risk of unin-
tentional puncture of blood vessels or causing nerve
injuries. The incidence of nerve injury as a result of
axillary brachial block ranged from less than 1% to
19%.@ Using paresthesia as a sign for targeting the
nerve had a higher incidence of developing persistent
neuropathy. Selander et al. reported a high incidence
of postoperative nerve injury (2.8%) in patients
where paresthesia was sought during the axillary
brachial plexus block compared with those undergo-
ing a perivascular puncture technique (0.8%).@
Using low currents (0.5 mA) during nerve stimula-
tion for neural blockade were still applied in many
ultrasound-guided neural blockade techniques. The
elicitation of paresthesia or muscle twitch response
was not welcome for most patients. Thus, the
anatomic landmark for the axillary artery was sought
under ultrasonographic guidance that offered accu-
rate placement of the injection needle while avoiding
the puncture of nerve structures during the injection.
In our study, no complaints were received from
patients in the ultrasound-guided group. Three cases
of elicitation of paresthesia were reported in the dou-
ble-shot injection in patients who received the nerve
stimulator-guided technique. Pearce et al. reported a
3% incidence of hematoma (6 out of 200 patients)
when the brachia plexus sheath was inserted during
the injection.® Our results showed that the incidence
of adverse events was significantly higher in the ND
group (20%) as compared with those in the ultra-
sound-guided groups (0%).

Several lines of evidence showed that ultra-
sound-guided axillary brachia plexus blocks allowed
significant reductions in the use of supplemental
analgesics and provided better quality of blocks
compared with the nerve stimulator-guided tech-
nique.®27® Alsg, in our study, the time needed to
perform the block under ultrasound guidance was
significantly shorter than that in the ND group.
Although a time difference of 1 to 2 min for per-
forming the block may be clinically insignificant, it
may have implications on the feelings of the patients.

In conclusion, the brachial plexus blockade via
axillary approach guided by ultrasound with either
the double-or single-injection method offers excel-
lent quality of sensory and motor block equivalent to
that of the nerve stimulator-guided technique, but
with fewer adverse effects.
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