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Abstract

Background As the use of ultrasound for regional
anesthesia has increased, many studies have examined
the distribution of local anesthetic and the location of the
needle tip. Nevertheless, the relationship between motor
stimulation threshold and distribution of local anesthetic is
unclear. The aim of this study was to compare block onset
time, distribution of local anesthetic, and location of the
needle tip at two different motor stimulation thresholds,
i.e., 0.2 and 0.5 mA, used in combination with ultrasound
guidance.
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Methods This study included 94 patients undergoing
arthroscopic shoulder surgery with ultrasound-guided
interscalene brachial plexus block (ISBPB) plus nerve
stimulation. Patients were randomized into two groups for
the ISBPB procedure, i.e., when an evoked motor response
was obtained at a current intensity of either 0.2 mA (Group
0.2) or 0.5 mA (Group 0.5). Block onset time, location of the
needle tip, and distribution of local anesthetic were assessed.
Results A response was elicited at the appropriate motor
stimulation threshold in 88 patients (Group 0.2 = 43;
Group 0.5 = 45). Block failure occurred in only three
patients, all of whom were in Group 0.5. The mean
[standard deviation (SD)] of block onset time was 8.0 (4.1)
min in Group 0.2 and 11.4 (5.9) min in Group 0.5 [mean
difference, 3.4 min; 95% confidence interval (CI), 1.2 to
5.9; P = 0.003]. The needle tip was located at a intraplexus
position in 33 (77%) patients in Group 0.2 and in 15 (33%)
patients in Group 0.5 (difference in proportion, 43%, 95%
CI, 23 to 59; P < 0.001). The intramuscular spreading of
local anesthetic occurred in 0 (0%) patients in Group 0.2
and in 8 (18%) patients in Group 0.5 (difference in
proportion, 18%; 95% CI, 6 to 31; P = 0.007).

Conclusion The onset time of the block was significantly

faster with a motor stimulation threshold of 0.2 mA than

with a threshold of 0.5 mA.

Résumé

Contexte Avec [’Augmentation de [utilisation de
l’échographie en anesthésie régionale, de nombreuses
études se sont penchées sur la distribution de
Uanesthésique local et a I’emplacement de la pointe de
I’aiguille. Le rapport entre le seuil de stimulation motrice
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et la répartition de l'anesthésique local reste néanmoins
peu clair. Le but de cette étude a été de comparer le délai
d’apparition du bloc, la distribution de [’anesthésique
local et I’emplacement de la pointe de I’aiguille pour deux
seuils différents de stimulation motrice, c¢’est-a-dire, 0,2 et

0,5 mA, utilisés en association avec le guidage
échographique.

Méthodes Cette étude a inclus 94 patients subissant une
chirurgie  arthroscopique de [’épaule avec bloc

interscalénique échoguidé du plexus brachial (ISBPB)
plus stimulation nerveuse. Les patients ont été randomisés
dans deux groupes pour la procédure d’ISBPB, en fonction
des potentiels évoqués en réponse a une intensité de
courant de 0,2 mA (Groupe 0,2) ou 0,5 mA (Groupe 0,5).
Le délai d’installation du bloc, I’emplacement de la pointe
de aiguille et la distribution de 1’anesthésique local ont
été évalués.

Résultats Une réponse au seuil de stimulation motrice
appropriée a été obtenue chez 88 patients (Groupe 0,2 =
43; Groupe 0,5 = 45). Un échec du bloc n’a été constaté
que chez trois patients qui étaient tous dans le Groupe 0,5.
Le délai moyen (écart-type [ET]) d’installation du bloc a
été de 8,0 (4,1) minutes dans le Groupe 0,2 et 11,4 (5,9)
minutes dans le Groupe 0,5 [différence moyenne, 3,4
minutes; intervalle de confiance a 95 % (IC) 1,2 a 5,9; P
= 0,003]. La pointe de [aiguille était en position
intraplexique chez 33 (77 %) patients du Groupe 0,2 et
chez 15 (33 %) patients du Groupe 0,5 (différence en
pourcentage, 43 %; IC a 95 %, 23 a 59; P = 0,001). Une
propagation intramusculaire de ’anesthésique local a eu
lieu chez 0 (0%) patient dans le Groupe 0,2 et chez 8
(18%) patients dans le Groupe 0,5 (différence en
pourcentage, 18 %; IC a 95 %, 6 a 31; P = 0,007).
Conclusion Le délai d’installation du bloc a été
significativement plus court avec un seuil de stimulation
motrice de 0,2 mA qu’avec un seuil de 0,5 mA.

Interscalene brachial plexus block (ISBPB) involves
blockade of the proximal roots of the brachial plexus at
C4-C7 to provide anesthesia and analgesia for shoulder
surgery.' Interscalene brachial plexus block can be
performed using ultrasound guidance alone or in
combination with conventional methods, such as patient-
reported paresthesias or nerve stimulator techniques.
Ultrasound-guided regional anesthesia has the
advantages of decreasing the frequency of needle
redirection and allowing the clinician to visualize the
needle and nerve in real time while performing the block.
As a result, there has been an increase in the use of
ultrasound-guided ISBPB.*” Nevertheless, ISBPB with
nerve stimulation is still commonly performed, with or
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without ultrasound guidance. When ISBPB is performed by
experienced anesthesiologists, evidence suggests that
ultrasound-guided ISBPB with nerve stimulation and
ISBPB wusing nerve stimulation alone have similar
efficacy.*

As the use of ultrasound for regional anesthesia has
increased, much research has been conducted regarding the
distribution of local anesthetic and the location of the
needle tip.>® When ISBPB is performed using nerve
stimulation, injection of local anesthetic is performed at the
location eliciting an evoked motor response at a current
intensity of 0.2-0.5 mA.”* Although the use of peripheral
nerve electrical stimulation is still commonly used in
clinical practice, the relationship between motor
stimulation threshold and distribution of local anesthetic
is unclear. Therefore, this study was conducted to evaluate
block onset time, distribution of local anesthetic, and
location of the needle tip wusing ultrasound-guided
ISBPB with nerve stimulation when an evoked motor
response was obtained at a current intensity of either 0.2
mA or 0.5 mA.

Methods

The study was approved by our institutional ethics
committee (Hanyang University Hospital Institutional
Review Board, HYUH 2012-05-006-001) and informed
consent was obtained from all patients before registration
in the study. Ninety-four patients (American Society of
Anesthesiologists physical status I-III, aged 18-75 yr)
scheduled for arthroscopic shoulder surgery under
ultrasound-guided ISBPB with nerve stimulation were
recruited from July 2012 to April 2013. Exclusion criteria
included age < 18 yr, significant coagulopathy, infection at
the injection site, allergy to local anesthetics, severe
cardiopulmonary disease, known neuropathy, diabetes,
and refusal to participate in the study.

The patients were randomly assigned to one of two
groups for the ISBPB procedure, i.e., when an evoked
motor response was elicited at a current intensity of either
0.2 mA (Group 0.2) or 0.5 mA (Group 0.5). Randomization
was performed using a computer-generated randomization
table developed by the principal investigator.

All ultrasound-guided ISBPBs were performed by a
single anesthesiologist with experience in ultrasound-
guided nerve blocks and an assistant. An observer
assessed the ultrasound image until the end of the
injection  of local  anesthetic. =~ The  patients,
anesthesiologist, and observer were blinded to the
stimulation current used. Only the assistant manipulating
the nerve stimulator was aware of the group assignment to
either Group 0.2 or Group 0.5. Intramuscular midazolam
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0.05 mgkg™' was administered to the patients for
anxiolysis before their arrival in the operating room, and
peripheral intravenous access was established. After
entering the operating room, standard monitoring was
initiated, including noninvasive blood pressure monitoring,
electrocardiography, and pulse oximetry. Patients were
placed in the supine position with their head turned 45°
away from the operative shoulder. The interscalene area
was prepared with antiseptic solution (chlorohexidine
gluconate), and a high frequency (6-12 MHz) linear
probe of a MicroMaxx® ultrasound system (SonoSite
Inc., Bothwell, WA, USA) was placed over the brachial
plexus in the interscalene groove (at the level of the roots
and trunks). The ultrasound probe was covered with a
sterile sheet. After skin infiltration with 1% lidocaine 1 mL,
a 50-mm 22G insulated Tuohy needle (PAJUNK®,
Geisingen, Germany) was advanced toward the region
between the two most superficial hypoechogenic circles
(representing the C5 and C6 nerve roots) using the in-plane
technique. Using the Stimuplex® HNS11 nerve stimulator
(B. Braun, Melsungen, Germany), the stimulation
frequency and pulse duration were set at 2 Hz and 0.1
msec, respectively. The current intensity was initially set to
deliver 1 mA at 1 cm before reaching the lateral border of
the two most superficial hypoechogenic circles. The needle
tip was advanced until an evoked motor response appeared.
Once a response was observed, the current intensity was
lowered to 0.2 mA (Group 0.2) or 0.5 mA (Group 0.5). The
needle tip was advanced until an evoked motor response
reappeared, at which time 0.5% ropivacaine 20 mL was
injected. Aspiration was performed frequently during this
injection. If no evoked motor response was obtained, it was
assumed that the needle tip had passed through the anterior
border of the brachial plexus, and the patient was excluded
from the study.

During the procedure, the practicing anesthesiologist
controlled the factors that could potentially influence the
needle placement, including approach, determination of the
skin entry point, control of needle direction, and needle
advancement. To control these factors, the anesthesiologist
first used the posterior approach described by van Geffen
et al. to position the needle tip between the two most
superficial large hypoechogenic circles.” Second, the
anesthesiologist determined the skin entry point as the
point on the skin where an imaginary straight line bisects
the space between the hypoechogenic circles. Finally, the
anesthesiologist tried to move the needle parallel to the
imaginary bisecting line.

Assessments of the degree of sensory and motor block
were performed every five minutes for 30 min after
injecting the local anesthetic. Assessment of the degree of
sensory blockade was performed using a pinprick test in
the C5, C6, and C7 dermatomes: 0 = normal sensation

within the nerve distribution (no block); 1 = blunted
sensation within the nerve distribution (hypoalgesia); and 2
= absence of sensation within the nerve distribution
(anesthesia). Assessment of the degree of motor blockade
was performed by determining the extent of shoulder
abduction (deltoid) and elbow flexion (biceps): 1 = full
motor function; 2 = limited motion; 3 = almost inability;
and 4 = total inability. Successful nerve block was defined
as complete sensory (score = 2) and motor (score = 4)
blockade within 30 min of performing the ISBPB. The
onset time of block was defined as the time from injection
of local anesthetic to successful nerve block. Surgery was
performed via arthroscopy with the patient in the beach
chair position and receiving moderate sedation with
propofol and supplemental oxygen by a venturi mask. If
the block failed, general anesthesia was administered.

We evaluated the procedure time (from placing an
ultrasound probe in the interscalene area to injection of
local anesthetic), onset time of block, and postoperative
pain in the postanesthesia care unit (determined by a visual
analogue scale score in which 0 = no pain and 10 = worst
pain imaginable). During the performance of the block, the
observer investigated the needle depth, the relationship
between the nerves and needle tip, and the distribution
pattern of local anesthetic. The relationship between the
nerves and needle tip was designated as intraplexus or
periplexus. Intraplexus was defined as the location of the
needle tip in the brachial plexus sheath between the two
most superficial hypoechogenic circles, and periplexus was
defined as the location of the needle tip outside the brachial
plexus sheath (Fig. 1).> The success rate and block onset
time were compared between the two groups. The
distribution of local anesthetic was designated as
circumferential, non-circumferential, or intramuscular
spreading. Circumferential spreading was defined as the
local anesthetic completely enveloping the nerve roots (i.e.,
C5, C6, and C7) in the interscalene groove. Non-
circumferential spreading was defined as local anesthetic
incompletely enveloping the nerve roots in the groove, and
intramuscular spreading was defined as local anesthetic
spreading in the middle scalene muscle (Fig. 2).
Postoperative neurologic symptoms were assessed at 24
and 48 hr after surgery.

The primary outcome was the onset time of block. An
ultrasound-guided injection deep to the fascial sheath at the
supraclavicular fossa or popliteal fossa results in very rapid
onset time of blockade. It would seem intuitive that a lower
stimulation threshold will likely be associated with
intraplexus positioning. Therefore, we determined the
onset time of block as the primary outcome. Secondary
outcomes included the needle depth, procedure time,
relationship between the nerves and needle tip, and
distribution pattern of local anesthetic.
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Fig. 1 Ultrasound view of needle tip locations. A) Intraplexus. B) Periplexus. The C5 and C6 nerve roots of the brachial plexus are identified.

The arrow indicates the needle tip

Statistical analysis

In a pilot study of 20 patients, the onset time of block was
seven minutes (Group 0.2) and 12 min (Group 0.5). A
sample size of 47 patients in each group was estimated for
the two-sided test of differences in onset time of block to
achieve a type I error (o) of 0.05, and a power (1 — B) of
90% to detect a difference of five minutes. Based on data
from a pilot study, we assumed a standard deviation (SD)
of seven minutes.

The statistical analyses were performed using PASW
Statistics 18.0 for Windows (SPSS® Inc., Chicago, IL,
USA). Continuous variables are presented as mean (SD)
and categorical variables are presented as number (%). Chi
square tests or Fisher’s exact tests were used for categorical
variables, and the Mann-Whitney U test was used for
continuous variables. The Bonferroni method was used for
multiple variable comparisons. All reported P values are
two sided.

Results

Ninety-four patients were recruited, but six were excluded
because no evoked motor response was elicited during
performance of the block (four patients in Group 0.2 and
two in Group 0.5).Therefore, 88 patients completed the
study (Fig. 3). The demographic data and success ratios are
presented in Table 1. Block failure occurred in only three
patients, all of whom were in Group 0.5. Nevertheless, the
success ratio was not different between the two groups (P
< 0.242). The duration of surgery, procedure time, and
postoperative pain scores were similar between the two
groups (excluding the three patients with an unsuccessful
nerve block). The mean (SD) block onset time was 8.0
(4.1) min in Group 0.2 and 11.4 (5.9) min in Group 0.5
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(mean difference, 3.4 min; 95% confidence interval [CI],
1.2 t0 5.9; P =0.003) (Table 2). The needle tip was located
at the intraplexus in 33 of 43 (77%) patients in Group 0.2
and in 15 of 45 (33%) patients in Group 0.5 (difference in
proportion, 43%; 95% CI, 23 to 59; P < 0.001) (Fig. 4A).
There was intramuscular spreading of local anesthetic in 0
of 43 (0%) patients in Group 0.2 and in 8 of 45 (18%)
patients in Group 0.5 (difference in proportion, 18%; 95%
Cl, 6 to 31; P = 0.007) (Fig.4B). There was
circumferential spreading of local anesthetic in 28 of 43
(65%) patients in Group 0.2 and in 19 of 45 (42%) patients
in Group 0.5 (difference in proportion, 23%; 95% CI, 2 to
41; P = 0.034) (Fig. 4B). When the patients were divided
into intraplexus and periplexus groups (48 and 37 patients,
respectively), the success rate did not differ between two
groups (P < 0.090). The block onset time was 3.8 min
faster in the intraplexus group than in the periplexus group
(P =0.001). Complications, such as intravascular injection,
vascular trauma, or seizures did not occur during any block
procedures. Similarly, no neurologic symptoms were
observed in any patients at 24 or 48 hr postoperatively.

Discussion

In this study, we found that the block onset time was faster
in Group 0.2 than in Group 0.5 (mean difference, 3.4 min;
95% CI, 1.2 to 5.9). Furthermore, in Group 0.2, the needle
tip was more often located at the intraplexus and the local
anesthetic was more frequently distributed as
circumferential spreading when compared with Group
0.5. These results suggest that the use of a motor
stimulation threshold of 0.2 mA for ultrasound-guided
ISBPB will provide rapid onset time and increased success
rates. Nevertheless, the risk of nerve injury may be
increased if the needle tip cannot be clearly visualized.
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Fig. 2 Pattern of local anesthetic distribution. A) Circumferential
spreading. B) Non-circumferential spreading. C) Intramuscular
spreading. The C5, C6, and C7 nerve roots of the brachial plexus are
identified. The asterisks delineate the extent of local anesthetic spreading.
ASM = anterior scalene muscle; MSM = middle scalene muscle

94 patients assessed for
eligibility

Excluded (n=0)

| 94 patients randomized |

|
l |
Allocated to Group 0.2 Allocated to Group 0.5
(m=47) (n=47)

Excluded (n=4):
No motor response

Excluded (n =2):
No motor response

Analyzed: 43 | Analyzed: 45

Excluded (n =3):
Failed block

Analyzed: 42

Fig. 3 Consolidated Standards of Reporting Trials (CONSORT) flow
diagram

In a study of ultrasound-guided ISBPB, Spence et al.’
showed that the success rate and block onset time did not
differ between intraplexus and periplexus injections.
Although no neurologic complications were noticed, the
authors suggested that periplexus injections would reduce
the risk of such complications by decreasing the possibility
of needle-to-nerve contact. Even so, in this study the block
onset time was 3.8 min faster in the intraplexus group than
the periplexus group, and the success rate did not differ
between the two groups.

In a study of ultrasound-guided ISBPB with nerve
stimulation, Lang et al.’ examined the clinical block
characteristics for different local anesthetic distribution
patterns. The results showed that the characteristics did not
differ between the group in which local anesthetic
completely enveloped the nerves in the interscalene
groove and the group in which the nerves were only
partly enveloped. The authors of a recent study sought to
determine the maximal effective needle-to-nerve distance
for ultrasound-guided ISBPB, and they concluded that
placing the needle tip in the middle scalene muscle may be
a reasonable goal to achieve a successful analgesic
ISBPB.'" Nevertheless, in our study of the eight patients
who exhibited intramuscular spreading, three patients had
an unsuccessful block. Intramuscular spreading was
noticed only in patients in Group 0.5 and in those with a
periplexus needle tip location. Therefore, the faster block
onset time in Group 0.2 was likely attributed to the
intraplexus location of the needle tip and to the
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Table 1 Demographic data of all patients

Group 0.2 Group 0.5
(n=43) (n = 45)
Age (yr), mean (SD) 58.7 (13.0) 57.6 (13.8)
Sex (male/female), n (%) 24/19 (56/44) 27/18 (60/40)
Height (cm), mean (SD) 161 (9) 162 (10)
Weight (kg), (SD) 66.0 (13.5) 63.4 (10.6)

Success ratio (success/failure), n (%) 43/0 (100/0)  42/3 (93/7)
Surgical procedure, n
34 35

Subacromial decompression 5 6

Rotator cuff repair

Capsulorrhaphy

Table 2 Characteristics of blocks in patients with a successful block

Group 0.2 P value

(n=43)

Group 0.5
(n=42)

Duration of surgery (min) 115.1 (41.1) 112.4 (48.5) 0.783

Block procedure time (min) 9.3 (2.7) 8.4 (2.7) 0.146
Block onset time (min) 8.0 4.1) 114 (5.9 0.003
Postoperative pain score (VAS) 0 0 -

Needle depth (cm) 3.4 (0.7) 3.5 (0.6) 0.445

Data are presented as mean (standard deviation) or number. The three
patients in Group 0.5 with unsuccessful nerve blocks were excluded.
VAS = visual analogue scale

A 100 -
10

80 -
Q
é 30
g o0
=
wn
=]
=¥
= 40 3
v
v
4

2 4

0 15
0 T T
Group 0.2 Group 0.5
[ Itraplexus
[ Periplexus

Fig. 4 A) Location of needle tip according to motor stimulation
threshold. B) Distribution of local anesthetic according to motor
stimulation threshold. The needle tip was located at the intraplexus in
77% of patients in Group 0.2 and 33% of patients in Group 0.5 (P <
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Distribution of Local Anesthetics (%)

circumferential spreading of local anesthetic. Even so, it
should be pointed out that a difference in onset time of
approximately three minutes may have little clinical
significance.

It was noted in previous reports that the effectiveness of
ISBPB with nerve stimulation did not differ when
performed alone or with ultrasound guidance by
experienced anesthesiologists.“’ll Nevertheless, another
study reported a higher success rate and a lower
complication rate using ultrasound-guided ISBPB without
nerve stimulation vs previous studies using ISBPB with
nerve stimulation.'?> In our study, the lower stimulation
threshold was associated with more accurate placement of
the needle tip and a faster block onset time. Therefore, we
suggest that ultrasound-guided ISBPB with nerve
stimulation is a useful technique, but the selection of
stimulation threshold is an important consideration.

When an evoked motor response occurs at a low
stimulation threshold, it is typically assumed that the
needle tip is positioned close to the nerve. The possibility
of intraneural needle tip placement has previously been
reported if the stimulation threshold is < 0.5 mA,">!* and
adequate blocks have been reported at a stimulation
threshold of 1.0 mA and a pulse duration of 0.1 msec.®'
Nevertheless, we did not observe any intraneural needle tip
placement in our study at a stimulation intensity of 0.2 mA.
It is likely that the use of ultrasound to evaluate needle tip
placement and the layers of the nerve is limited.'*'®

100
80 -
60 -
8
40 -
25
20 A 17
0 T T
Group 0.2 Group 0.5
[ Circumferential spreading
[ Intramuscular spreading
B Non-circumferential spreading

0.001). The intramuscular spreading of local anesthetic was 0% in
Group 0.2 and 18% in Group 0.5 (P = 0.007). The circumferential
spreading of local anesthetic was 65% in Group 0.2 and 42% in Group
0.5 (P =0.034)
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Our study has some limitations. First, we cannot exclude
the influence of ultrasound guidance on our results. Despite
standardization of approach, needle insertion point, and
needle advancement, the attending anesthesiologist could
visualize the needle tip and its relationship to the plexus
throughout the block. Direct observation of the needle tip
may override the complementary information from nerve
stimulation. Second, measuring block onset five minutes
after the injection could potentially have masked any onset
time occurring prior to five minutes. Finally, evaluating the
spreading pattern of local anesthetic was difficult because
both intramuscular and intra-sheath spreading of local
anesthetic appeared in some patients. In these cases, we
classified the distribution based on the area with the greater
degree of local anesthetic spread.'®'®

In conclusion, we found that the block onset time for
ultrasound-guided ISBPB was significantly faster with a
motor stimulation threshold of 0.2 mA than with a motor
stimulation threshold of 0.5 mA. The faster onset time was
generally associated with the intraplexus needle tip
location and the circumferential spreading of local
anesthetic.
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