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Abstract
Background: Interventional endovascular treatments of dysfunctional arteriovenous (AV) access for hemodialysis can 
cause pain and discomfort to the patients. Ultrasound-guided brachial plexus block (BPB) is an alternative regional 
anesthesia method, but conventional BPB using ropivacaine or bupivacaine may cause long-lasting motor power loss, 
significantly reducing patient satisfaction. This study aimed to introduce BPB using only 1% lidocaine, which induces 
sensory loss while minimizing motor block, and evaluate the efficacy and safety of this procedure.
Methods: This retrospective study was conducted on 277 consecutive patients with dysfunctional AV access requiring 
percutaneous transluminal angioplasty (PTA). Of these, 174 patients underwent the BPB procedure using 1% lidocaine. 
Time data were recorded, and the motor strength grade (MRC scale, grade 0–5) was evaluated. Numeric rating pain 
score (NRPS, grade 0–10) was asked during every PTA, and overall NRPS and satisfaction scores (scale 1–3) were asked 
after the procedure was completed.
Results: Of the 174 patients who received BPB, the success rate was 100%, and there were no significant complications 
related to BPB. The MRC scale measured at the time when the complete sensory loss was achieved was 1.99 ± 0.63, and 
that at the point of sensory recovery when the block effect expired was 3.93 ± 0.62, indicating a good grade of motor 
strength. The average NRPS during PTA in the BPB group was significantly lower than that of the control group without 
BPB (1.04 ± 2.04vs 6.30 ± 2.71, p < 0.001). The overall satisfaction score was significantly higher in the BPB group than 
in the control group (2.79 ± 0.50vs 2.00 ± 0.81, p < 0.001).
Conclusions: BPB using only 1% lidocaine can induce a sensory block while minimizing the effect on motor function. It 
can be applied safely in an outpatient clinic setting with relatively higher satisfaction.
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Introduction

The prevalence of end-stage renal disease (ESRD) con-
tinues to increase worldwide.1–3 The most common form 
of renal replacement therapy is hemodialysis,4 and the 
creation of arteriovenous (AV) access for hemodialysis is 
widely performed across the world. Nevertheless, the 
3-year patency of these AV accesses is less than half,5 and 
the interventional endovascular treatments to restore or 
maintain AV access patency are effective for stenosis-
associated lesions and are gradually replacing surgical 
revisions.6

However, the pain caused by the dilation of blood ves-
sels during interventional endovascular treatment for AV 
access may be a great burden on the patient and reduce the 
patient’s compliance with the procedure.7 Various methods 
such as local anesthesia or systemic anesthetic agents have 
been used to alleviate this pain. However, most ESRD 
patients have multiple comorbidities, and they are more 
susceptible to the adverse effects of systemic anesthesia, 
such as respiratory distress or sudden cardiopulmonary 
arrest.8–10

Ultrasound-guided brachial plexus block (BPB) has 
emerged as an alternate regional anesthesia method, and 
this anesthesia technique has been used for upper extrem-
ity surgeries of the hand and wrist.11 Several studies 
reported the application of this anesthesia technique to 
interventional endovascular treatment for dysfunctional 
AV access.12–14 However, BPB using ropivacaine or bupi-
vacaine has the limitation that the patient’s motor power 
loss lasts for more than 10 h due to the long block duration. 
This is a factor that significantly lowers the patient’s satis-
faction with the procedure. In this study, we introduce 
BPB using only lidocaine, which induces sensory loss 
while minimizing motor block, and retrospective research 
on procedures that apply it.

Material and methods

This retrospective study was approved by the institutional 
review boards of all collaborating institutions, and written 
informed consent was waived (IRB registration No. 
Institution A (Korea University Ansan Hospital): 
2023AS0105, Institution B (Seoul Sun Orthopedic Surgery 
Hospital): 2023-0652-001). Written informed consent for 
interventional procedures was obtained from all patients.

Study design and participants

Two hospital databases were queried from December 2020 
to December 2022, and 277 consecutive patients were iden-
tified who were referred to interventional radiology clinics 
for dysfunctional AV accesses requiring percutaneous 
transluminal angioplasty (PTA) in the endovascular treat-
ment progress. AV access was defined as hemodialysis 

vascular access for renal replacement treatment, including 
arteriovenous fistulas (AVFs) and arteriovenous grafts 
(AVGs).

Five interventional radiologists (S-J.P, H.H.C, Y.H.L, 
S.H.L, W.Y.Y) with at least 5 years of experience in endo-
vascular procedures performed all the procedures. All 
patients undergoing the procedure were monitored for 
electrocardiogram, blood pressure, and oxygen saturation 
throughout the procedure. Two interventional radiologists 
(Y.H.L, W.Y.Y) performed the procedure using BPB, and 
the rest performed it without BPB. The interventional end-
ovascular treatment for AV access whether or not includ-
ing BPB was not performed for the following patients: (1) 
patients with underlying respiratory diseases such as 
COPD or asthma, or (2) patients with abnormal coagula-
tion parameters (PT INR > 2.0, or platelet count <50,000/
mL). In the following cases, reliable pain scale data could 
not be collected, and due to the retrospective nature of the 
study, they were not included: (1) patients who have diffi-
culty in communicating or have significantly poor compli-
ance to evaluate the pain scale, or (2) patients with a 
history of neurological deficit in the arm on the side of the 
procedure. Of the total 277 patients, 174 (62.8%) under-
went the procedure after receiving BPB. Patient demo-
graphics are listed in Table 1. In the control group without 
BPB, only local anesthesia for puncture was administered. 
No additional systemic sedatives or analgesics were used 
for all patients in both groups.

Brachial plexus block procedure

The 174 patients who underwent BPB followed the proce-
dure below. When the patient arrived at the intervention 
room, they were laid in the supine position, and the supra-
clavicular area was exposed. Patients were explained about 
BPB, informed in advance about possible intravascular 

Table 1.  Patient characteristics between groups.

Parameters BPB group Control group p Value

(n = 174) (n = 103)

Age 66.70 ± 12.52 67.18 ± 12.70 0.758
Sex
  Female 98 (56.3%) 54 (52.4%) 0.103
  Male 76 (43.7%) 49 (47.6%)
Type of AV access
  AVF 93 (53.4%) 44 (42.7%) 0.166
    Forearm 51 24
    Upper arm 42 20
  AVG 81 (46.6%) 59 (57.3%)
    Forearm 43 23
    Upper arm 38 36

BPB: brachial plexus block; AV: arteriovenous; AVF: arteriovenous 
fistula; AVG: arteriovenous graft.
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injection symptoms such as tinnitus, circumoral numb-
ness, and lightheadedness, and asked to report symptoms 
immediately when they occurred. BPB was performed 
under aseptic conditions and ultrasound guidance. A linear 
8–17 MHz transducer (E-CUBE 15; Alpinion) was placed 
transversely on the supraclavicular fossa to identify the 
supraclavicular brachial plexus and guide the 26-gauge 
block needle while injecting the 1% lidocaine for BPB. 
The time at which the injection needle pierced the skin for 
the first time was recorded as the BPB start time. The bra-
chial plexus, which appears as a low echoic cluster located 
anterior to the first rib and inferior to the subclavian artery, 
was searched first. The 1% lidocaine solution was first 
injected into the inferior part of the brachial plexus and 
then into the superior part, and the sheath of the brachial 
plexus was surrounded with lidocaine to look like an ane-
choic halo sign (Figure 1). The total amount of 1% lido-
caine injected and the BPB completion time was recorded 
when it was ascertained that the BPB injection was 
sufficient.

The success of BPB was defined in this study as a com-
plete absence of sensation during a light touch test that was 
performed by the examiner at intervals of about 5 min. At 
the time when the sensory loss was achieved, the motor 
function was also evaluated. It was assessed by the exam-
iner and graded according to the Medical Research Council 
(MRC) scale for muscle strength on a grade of 0–5, with 
grade 5 indicating active movement against gravity with 
full resistance (normal), grade 4 indicating active move-
ment against gravity with some resistance (good), grade 3 

indicating active movement against gravity but not resist-
ance (fair), grade 2 indicating active movement only with 
gravity eliminated (poor), grade 1 indicating flicker or 
trace of contraction seen, and grade 0 indicating no 
observed muscle contraction.15

Data collection and image acquisition

Two of the authors (S-J.P, Y.H.L) collected medical record 
information about the type of AV access (AVF or AVG), 
complications during the procedure, where the PTA was 
performed, and which balloon catheter (diameter, length, 
product name) was used during PTA for all cases. Before 
the procedure, each patient was informed about procedure-
related pain evaluation by numeric rating pain score 
(NRPS, grade 0–10) in advance, and NRPS was routinely 
asked and recorded whenever PTA was performed for each 
stenoses target.

Before performing PTA, fistulography was performed 
to select the location of the target and measure its diameter. 
After performing PTA for each target, follow-up fistulog-
raphy was performed to evaluate luminal gain and compli-
cations such as rupture or pseudoaneurysm formation.

After the procedure was completed, the medical staff 
asked each patient about the step that was the most painful 
in the overall procedure, and its NRPS. The satisfaction 
score was on a scale of 1–3; with 1 being not satisfied, 2 
indicating partially satisfied, and 3 being satisfied. The 
efficacy of the BPB, evaluated using the NRPS and satis-
faction score was the primary endpoint of this study. The 

Figure 1.  1% Lidocaine injection around the brachial plexus 1% lidocaine was first injected into the inferior part of the brachial 
plexus ((a), dotted line) and then into the superior part (b), and the sheath of the brachial plexus was surrounded with lidocaine to 
look like an anechoic halo sign ((c), arrows).
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time of complete sensory recovery was recorded, and 
MRC scale at this time was re-evaluated.

Complications were evaluated in accordance with the 
Society of Interventional Radiology (SIR) Classification 
System for Complications by Outcome.16

Statistical analysis

The Statistical Package for the Social Sciences (version 
25.0; IBM Corporation, Armonk, NY, USA) was used for 
all statistical analyses, and p values <0.05 were consid-
ered statistically significant. A Student’s t-test was used for 
continuous data, and a chi-squared test was used to com-
pare categorical data. Simple regression analyses were 
performed between the NRPS and independent variables 
(type of AV access, number of previous PTA, PTA target 
vessel diameter, PTA balloon catheter diameter, and 
injected solution amount).

Results

For the 174 patients in the BPB group, all the BPB pro-
cedures were successful—all patients succeeded in 
reaching sensory loss through supraclavicular BPB per-
formed using 1% lidocaine. The BPB results are listed in 
Table 2. The average time required for the block proce-
dure was 6.4 ± 2.2 min (3–15 min), and the average time 
required for sensory loss from initiation of BPB was 
11.3 ± 3.8 min (5–33 min). The average duration of sen-
sory loss was 52.5 ± 23.9 min (15–165 min). The aver-
age dose of 1% lidocaine required to achieve sufficient 
BPB was 20.4 ± 5.4 mL. There were no minor or major 
complications.

The most important aspect of this study was determin-
ing how much the anesthesia affected the motor function 
while achieving sufficient sensory loss to perform supra-
clavicular BPB. The MRC scale measured at the time 
when the complete sensory loss was achieved was 
1.99 ± 0.63. The MRC scale measured at the point of sen-
sory recovery when the block effect expired was 
3.93 ± 0.62, indicating a good grade of motor strength.

The NRPS was surveyed by the examiner every time 
PTA was performed during the procedure (Table 3). PTA 

was performed on a total of 490 targets, of which 290 pro-
cedures were performed under BPB and 200 were in the 
control group. The average NRPS in the BPB group was 
1.04 ± 2.04, and that in the control group was 6.30 ± 2.71, 
which was a statistically significant difference. The aver-
age NRPS divided by AV access type and location also 
showed a statistically significant difference in both types. 
When a subgroup analysis was conducted to determine 
whether the effect of BPB varies depending on the location 
of AV access, the values were 1.53 ± 2.65 for cases where 
the AV access was located in the forearm, and 2.07 ± 2.99 
for those where it was located in the upper arm. This did 
not show a statistically significant difference (p = 0.075).

Overall NRPS of the patients surveyed after the proce-
dure was 1.33 ± 2.22 on average in the BPB group and 
6.39 ± 2.15 in the control group, showing significantly 
higher pain scores in the control group. The overall satis-
faction score was 2.79 ± 0.50 points on average in the 
BPB group and 2.00 ± 0.81 points in the control group, 
showing significantly higher satisfaction in the BPB group 
(Table 4).

The results from the simple regression analyses between 
the NRPS (dependent variable) and various PTA-related 
variables are listed in Table 5. There were statistically sig-
nificant correlations between NRPS and the ratio of the 

Table 2.  Result of supraclavicular brachial plexus block.

Parameters Average (mean ± SD) Minimum Maximum

BPB procedure time (min) 6.4 ± 2.2 3 15
Time to complete sensory loss (min) 11.3 ± 3.8 5 33
Duration of sensory loss (min) 52.5 ± 23.9 15 165
MRS scale: motor strength grade
  At the time of complete sensory loss 1.99 ± 0.63 0 4
  At the time of sensory recovery 3.93 ± 0.62 3 5

BPB: brachial plexus block, MRS: Medical Research Council.

Table 3.  Comparison of NRPS between BPB and control 
groups at each PTA targets.

Parameters BPB group Control group p Value

(n = 290) (n = 200)

Average NRPS 1.04 ± 2.04 6.30 ± 2.71 <0.001
Average NRPS by AV Access Type
  AVF 1.03 ± 1.95 7.14 ± 2.18 <0.001
    Forearm 1.18 ± 2.08 7.60 ± 0.89 <0.001
    Upper arm 0.88 ± 1.81 6.89 ± 2.67 <0.001
  AVG 1.06 ± 2.14 5.97 ± 2.84 <0.001
    Forearm 1.16 ± 2.29 7.33 ± 1.16 <0.001
    Upper arm 0.96 ± 1.97 5.67 ± 2.76 <0.001

NRPS: Numeric Rating Pain Scores; BPB: brachial plexus block; PTA: 
percutaneous transluminal angioplasty; AV: arteriovenous; AVF: arte-
riovenous fistula; AVG: arteriovenous graft.
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initial diameter of the PTA target vessel to the diameter of 
the balloon catheter in the BPB group.

Discussion

As the number of ESRD patients increases worldwide, AV 
access creation also tends to increase, and accordingly, the 
demand for endovascular treatment to maintain AV access 
patency is bound to increase. The pain accompanying the 
dysfunctional AV access procedure is a significant burden 
for the patients. As mentioned above, most end-stage renal 
failure patients have complex comorbidities and are more 
susceptible to the side effects of general anesthesia, such 
as dyspnea or sudden cardiopulmonary arrest, which 
makes it inconvenient to use these systemic anesthetics in 
an outpatient clinic setting. Therefore, there have been 
recent studies to apply BPB to solve this problem.12–14,17

Bupivacaine or ropivacaine is the preferred long-act-
ing local anesthetic for peripheral nerve block and is also 
used in many BPB studies. These agents exhibit signifi-
cant advantages in postoperative pain management, as 
even the most commonly used concentration of 0.5% can 
reduce opioid consumption while prolonging the duration 
of anesthesia. As a result, they are widely employed as 
local anesthetics.18 Safa et  al. compared the analgesic 
effect (duration and quality) between 0.5% Bupivacaine 
with 1:200,000 Epinephrine (BE), 1% Ropivacaine (R1), 
and 0.5% Ropivacaine (R2) in ultrasound-guided inter-
scalene BPB, and similar results were obtained at equal 
concentration. The results indicated efficacy and proved 
that there is no concentration-dependent difference in 
duration. The mean duration of the motor block reported 
in that study was 17.6 ± 7.7, 18.5 ± 9.7, and 14.9 ± 5.7 h 
for BE, R1, and R2, respectively, confirming that motor 
block was maintained for a considerably long time.19 
Fredrickson et al., who performed an interscalene block 
using ropivacaine, reported that using a higher primary 
ropivacaine bolus dose further deteriorates motor function 
(grip strength) and lowers patient satisfaction.20 They 
believed that motor block was strongly related to patient 
dissatisfaction while performing brachial plexus block in 
the minor wrist and hand surgery and compared cases of 
long-acting block and short-acting blocks. However, they 
concluded that reducing the duration of BPB did not 

improve patient satisfaction.21 They mentioned that the 
biggest factor for the dissatisfaction felt by patients was 
related to motor paralysis, the so-called “dead arm” sensa-
tion, that persisted after the block.

The 1% lidocaine used for BPB in this study is a short-
acting anesthetic and does not completely block motor 
functions. This is valuable since it can minimize the dis-
comfort felt by the patient and increase satisfaction. The 
BPB in this study using only 1% lidocaine preserved the 
MRC scale at around 2 points at the time of complete sen-
sory loss and around 4 points at the time of sensory 
recovery.

Other previously reported studies using only lidocaine 
showed similar results to our study. Chiba et al. used only 
1.8% lidocaine to block the radial nerve and musculocuta-
neous nerve selectively, and transient motor paralysis was 
absent in most cases or appeared in the form of partial 
paralysis, but all recovered completely within 60 min and 
were able to be discharged after 90 min.13 Hull et al. also 
performed supraclavicular BPB in 21 cases using 1% and 
2% lidocaine and reported a BPB duration of 5.1 min and a 
sensory block duration of 77.9 min.17

When the NRPS of the BPB group in this study were 
reviewed, it showed that patients reported more severe pain 
when the initial vessel diameter was smaller. Regression 
analysis of the ratio of initial vessel diameter and balloon 
nominal pressure diameter with NRPS also showed a nega-
tive correlation (Regression coefficient = −2.289, R2 = 0.030, 
p-Value = 0.003). No statistically significant relationship 
was observed for the control group, which is presumed to 
be due to the lower pain discrimination ability as compared 
to the sensory block in the BPB group. In other words, for 
patients who received BPB, their NRPS baseline would be 
significantly lower compared to the control group when 
experiencing the same pain stimulus. Therefore, it was 
hypothesized that under these conditions, when balloon 
PTA was performed, the severity of pain was more pro-
nounced differentiation: BPB might allow for a clearer dis-
tinction between different levels of pain intensity.

This study has several limitations. Firstly, this study 
is retrospective-based design, which may lead to several 
biases such as information or selection bias. Secondly, 
whether BPB was performed or not varied by the opera-
tor—only certain operators performed BPB, and the rest 
performed the procedure under conventional local anes-
thesia. This could act as a bias because it was difficult to 
fundamentally block the possibility of differences in 
pain caused by unspecified differences in treatment 
methods according to specific operators. More rand-
omized, prospective studies will be needed to provide 
more reliable results. Lastly, while this study has demon-
strated that it is possible to induce adequate sensory loss 
in BPB without the use of ropivacaine or bupivacaine, it 
did not make a direct comparison to ascertain whether 
avoiding the use of these drugs leads to improvements in 

Table 4.  Comparison of overall NRPS and satisfaction scores 
between BPB and control groups.

Parameters BPB group Control group p Value

(n = 174) (n = 103)

Overall NRPS 1.33 ± 2.22 6.39 ± 2.15 <0.001
Overall Participant 
Satisfaction Scores

2.79 ± 0.50 2.00 ± 0.81 <0.001

NRPS: Numeric Rating Pain Scores; BPB: brachial plexus block.

RETRACTED



NP6	 The Journal of Vascular Access 26(5)

patient dissatisfaction, such as the “dead-arm” sensation. 
It may be necessary to consider a further study design 
that can verify improvements in patient satisfaction in 
this regard.

In hand or wrist surgery, the motor block of not only the 
forearm and upper arm but also of the hand and fingers are 
essential. However, in AV access endovascular treatment, 
the patient’s cooperation alone, if available, is sufficient, 
and a motor block may not be necessary. The block that 
restricts motor function lowers the patient’s satisfaction. In 
conclusion, supraclavicular BPB using only 1% lidocaine 
can induce a sensory block while minimizing the effect on 
motor function so that it can support endovascular treat-
ment for AV access in ESRD patients relatively safely in an 
outpatient clinic setting with relatively higher satisfaction.
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PTA target vessel to the diameter of the 
balloon catheter

− 2.289 0.173 0.030 0.003 1.129 0.060 0.004 0.677

Injection solution amount 0.012 0.033 0.001 0.573 - - - -

NRPS: Numeric Rating Pain Scores; PTA: percutaneous transluminal angioplasty; BPB: brachial plexus block; AV: arteriovenous; AVF: arteriovenous 
fistula.
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