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ABSTRACT
Background: The present study was designed to test the hypothesis that 
botulinum toxin would prolong the duration of a lumbar sympathetic block 
measured through a sustained increase in skin temperature. The authors per-
formed a randomized, double-blind, controlled trial to investigate the clinical 
outcome of botulinum toxin type A for lumbar sympathetic ganglion block in 
patients with complex regional pain syndrome.

Methods: Lumbar sympathetic ganglion block was conducted in patients 
with lower-extremity complex regional pain syndrome using 75 IU of botuli-
num toxin type A (botulinum toxin group) and local anesthetic (control group). 
The primary outcome was the change in the relative temperature difference 
on the blocked sole compared with the contralateral sole at 1 postoperative 
month. The secondary outcomes were the 3-month changes in relative tem-
perature differences, as well as the pain intensity changes.

Results: A total of 48 participants (N = 24/group) were randomly assigned. 
The change in relative temperature increase was higher in the botulinum toxin 
group than in the control group (1.0°C ± 1.3 vs. 0.1°C ± 0.8, respectively; 
difference: 0.9°C [95% CI, 0.3 to 1.5]; P = 0.006), which was maintained at 
3 months (1.1°C ± 0.8 vs. –0.2°C ± 1.2, respectively; P = 0.009). Moreover, 
pain intensity was greatly reduced in the botulinum toxin group compared with 
the control group at 1 month (–2.2 ± 1.0 vs. –1.0 ± 1.6, respectively; P = 
0.003) and 3 months (–2.0 ± 1.0 vs. –0.6 ± 1.6, respectively; P = 0.003). 
There were no severe adverse events pertinent to botulinum toxin injection.

Conclusions: In patients with complex regional pain syndrome, lumbar 
sympathetic ganglion block using botulinum toxin type A increased the tem-
perature of the affected foot for 3 months and also reduced the pain.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Complex regional pain syndrome is a poorly understood condition 
sometimes responsive to sympathetic blockade

•	 Botulinum toxin blocks cholinergic transmission and sympathetic 
outflow if administered near sympathetic ganglia

What This Article Tells Us That Is New

•	 Lumbar sympathetic ganglion block with botulinum toxin type A 
caused a greater increase in temperature in the blocked limb at 1 
month than did levobupivacaine

•	 Botulinum toxin administration also provided better analgesia at 1 
and 3 months after injection than did levobupivacaine, while no 
adverse events were observed

Complex regional pain syndrome is a chronic pain dis-
order characterized by sensory, vasomotor, sudomo-

tor/edema, and/or motor/trophic symptoms.1 Although 
the pathophysiology of this unique pain syndrome remains 
unclear, it could involve an erroneous coupling between 
peripheral efferent sympathetic and afferent sensory neu-
rons, which causes sympathetic overflow.1,2 Sympathetic 
blocks are effective in the management of complex regional 
pain syndrome3,4; however, pivotal studies have hardly 
reported its effect in clinical practice.

Lumbar sympathetic ganglion block is a widely used 
treatment for patients with complex regional pain syndrome 
in their lower extremities.3,5 It uses a local anesthetic exert-
ing a temporary blocking effect in patients with chronic 
refractory complex regional pain syndrome. To achieve pro-
longed pain relief, neurodestructive procedures, including 
radiofrequency thermocoagulation or chemical neurolysis, 
can be subsequently considered.3,6 However, the technical 
uncertainty while stimulating the lumbar sympathetic gan-
glion during radiofrequency thermocoagulation could be 
confusing for physicians.6 Furthermore, neurodestructive 
procedures result in potential morbidities, such as geni-
tofemoral neuralgia7–9 and postsympathectomy neuralgia.10

In addition to its cosmetic uses, botulinum toxin is an 
emerging treatment option for numerous pain conditions.11 
It results in muscle tone relaxation and pain reduction 
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in certain headache types11–13 by inhibiting exocytosis of 
acetylcholine and other mediators within the neuromus-
cular synapse.11 It also improved certain neuropathic pain 
attributed to protecting the peripheral and central sensi-
tization.14,15 Further, small pilot and retrospective studies 
have reported prolonged pain relief without severe adverse 
events in patients with complex regional pain syndrome16–18 
after botulinum toxin injection onto the lumbar sympa-
thetic ganglia. Because presynaptic fibers of the sympathetic 
ganglia are cholinergic, these positive outcomes of the bot-
ulinum toxin could be attributed to its prolonged blocking 
effect on the lumbar sympathetic ganglia.16 In a rabbit study, 
botulinum toxin blocked the superior cervical sympathetic 
ganglion for 1 month or longer without pathologic cellu-
lar changes.19 However, clinical reports have described pro-
longed botulinum toxin effects based on self-reported pain 
intensity rather than its sympathetic blocking effects.14,16–18 
It remains unclear whether the sympathetic blocking effect, 
including increased temperature or blood flow, is prolonged 
after botulinum toxin injection accompanying pain relief in 
clinical practice.

Further, there is low-level evidence regarding the use 
of botulinum toxin for sympathetic block in the manage-
ment of complex regional pain syndrome. In this study, we 
hypothesized that the injection of botulinum toxin type A 
would prolong the sympathetic blocking effect when com-
pared to local anesthetic for lumbar sympathetic ganglion 
block. Therefore, we aimed to assess the clinical effect of 
botulinum toxin type A on the lumbar sympathetic ganglia 
for maintaining temperature increase and pain reduction 
in patients with complex regional pain syndrome in their 
lower extremity.

Methods and Methods
Study Design and Participants

This investigator-initiated, randomized, double-blind, con-
trolled, parallel-group clinical trial was approved by the 
institutional review board of the Seoul National University 
Hospital (Seoul, Republic of Korea) and registered in the 
Clinical Research Information Service (https://cris.nih.
go.kr/cris/index.jsp; Identifier: KCT0003569; principal 
investigator: J. Y. Moon; released on February 28, 2019). All 
the methods and results have been reported based on the 
Consolidated Standards of Reporting Trials guidelines.20 
We included patients diagnosed with complex regional 
pain syndrome at a single pain management center between 
April 2019 and November 2020. Written informed consent 
was obtained from each participant before enrollment. The 
study complied with the Declaration of Helsinki.

The inclusion criteria were as follows: (1) patients aged 
18 to 85 yr who were diagnosed with unilateral lower- 
extremity complex regional pain syndrome based on the 
Budapest clinical criteria,1 a revised version initially pro-
posed by the International Association for the Study of Pain 

(Washington, D.C.); (2) an average 11-pointed numerical 
rating scale pain score of 4 or higher within the previous 
week from the screening day; (3) complex regional pain 
syndrome-attributable pain duration of at least 6 months 
despite conventional pain management; (4) confirmed 
temperature increase (greater than 1.5°C in 20 min) in the 
ipsilateral foot during the screening lumbar sympathetic 
ganglion block, which was conducted on the same day 
of the randomization; and (5) ability to comprehend the 
questionnaires. The exclusion criteria were as follows: (1) 
history of peripheral vascular diseases (e.g., Burger’s disease 
or thromboangitis obliterans) or neuromuscular junction 
disorders (e.g., myasthenia); (2) having undergone neurode-
structive procedures using radiofrequency thermocoag-
ulation, chemicals, or botulinum toxin injection onto the 
lumbar sympathetic ganglia; (3) having received botulinum 
toxin injections for cosmetic or other medical purposes 
within 6 months; (4) ongoing treatment with aminogly-
cosides, curare, or topical therapy (cream or patch) on their 
foot; (5) having significant anatomic variations on their 
lumbar spines; (6) allergic to local anesthetics or botulinum 
toxin; (7) females who were pregnant, breastfeeding, or not 
using a reliable contraception method; (8) having coagula-
tion disorders or any infectious condition; and (9) partici-
pating in another clinical trial within 30 days of registration.

Concomitant analgesic medications were maintained 
if they had been used at stable doses for at least 4 weeks 
before enrollment. However, new analgesics, vasoactive 
drugs, or interventions, including intravenous prostaglan-
din or lidocaine infusion, were not permitted throughout 
the study period. Acetaminophen was provided as a res-
cue medication, as appropriate. The initial analgesic dosage 
could be altered after obtaining the primary outcome at 
the 1-month follow-up visit. The corresponding author  
(J. Y. Moon) evaluated eligibility, obtained informed consent,  
and enrolled the participants before the screening lumbar 
sympathetic ganglion block.

Randomization and Masking

Randomization was conducted in an operating room after 
the screening lumbar sympathetic ganglion block on the 
same day. After obtaining consent in a preoperative holding 
room, the patient was transferred to the operating room. 
Initially, screening lumbar sympathetic ganglion blocks were 
performed at the L2 and L3 vertebral levels using 1.5 ml 
of 0.5% levobupivacaine. The patient was considered eligi-
ble if there was a temperature increase (greater than 1.5°C 
in 20 min) in the ipsilateral foot and randomly assigned 
(1:1) into the control group or the botulinum toxin group.  
A pharmacist who was not involved in the study or data 
analysis prepared a concealed allocation schedule for ran-
dom treatment assignments based on computer-generated  
random numbers. According to the group allocation 
code, the pharmacist aseptically formulated the syringe  
with active treatment and control solutions, which were 

Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/136/2/314/694019/20220200.0-00016.pdf by guest on 09 April 2024

https://cris.nih.go.kr/cris/index.jsp
https://cris.nih.go.kr/cris/index.jsp


316	A nesthesiology 2022; 136:314–25	 Yoo et al.

PAIN MEDICINE

transparent and indistinguishable. All the patients and inves-
tigators were blinded to treatment assignment.

Procedures

To minimize procedural variations, a pain physician (Y. Yoo) 
with more than 5 years of experience in lumbar sympa-
thetic ganglion block performed all the procedures. Before 
randomization, screening lumbar sympathetic ganglion 
blocks were performed in the operating room with fluoro-
scopic guidance. Here, the patients were prone positioned 
on a table with a pillow underneath the abdomen to allevi-
ate lumbar lordosis; further, temperature probes were tightly 
attached to both soles using transparent patches. The patient 
subsequently received an intravenous infusion of lactated 
Ringer’s solution and was monitored through pulse oxim-
etry, electrocardiogram, and blood pressure measurements. 
After sterilizing the skin around the puncture sites, the body 
was covered using a sterile surgical drape for temperature 
stabilization. Subsequently, a 21-gauge 15-cm Chiba needle 
(Cook Inc., USA) was advanced at the L2 vertebral level 
after skin infiltration with 1% lidocaine under fluoroscopy- 
guided oblique projection. When the needle reached the 
target site (anterolateral border of the L2 vertebral body), 
1 to 2 ml of the contrast agent was injected to confirm 
adequate spread around the target. A similar process was 
conducted at the L3 vertebral level; subsequently, 1.5 ml of 
0.5% levobupivacaine was injected into both needles. After 
identifying a temperature increase in the ipsilateral sole 
within 20 min, treatment or control solution was injected 
into the Chiba needles, as appropriate. Specifically, 8 ml 
of 0.25% levobupivacaine and botulinum toxin type A 75 
IU (Nabota, Daewoong, South Korea) mixed with 8 ml of 
nonpreserved saline solution (both 4 ml into each Chiba 
needle) were injected in the patients in the control and bot-
ulinum toxin groups, respectively.

Outcomes

The primary outcome was the change in the relative tem-
perature difference on the affected sole compared with the 
unaffected sole at 1 postprocedure month (∆t at 1 month, 
°C), as follows: ∆t (°C) = (between-sole temperature differ-
ence at baseline) – (between-sole temperature difference at 
1 month).3 Temperatures were measured using digital infra-
red thermography (IRIS 9000, MEDICORE Inc., South 
Korea) by a research nurse blinded to the group allocation. 
We measured the temperature at five or more sites in each 
foot as the region of interest and calculated the average 
temperature difference (Supplemental Digital Content 1, 
http://links.lww.com/ALN/C756). Using the same digi-
tal infrared thermography, the temperature was measured 
before the procedure, immediately after the procedure, 
after 1 month, and after 3 months. All the measurements 
were conducted in the same room with a temperature and 
humidity of approximately 23°C and 50%, respectively, 

without direct sunlight or radiant heat sources. During the 
measurements, the patients’ feet were clean, dry, and not 
blocked. Before all the measurements, the patient stayed 
in the testing room for 30 min, except the postprocedure 
temperature, which was measured immediately after the 
procedure.

The secondary outcomes included changes in the 
between-sole temperature asymmetries from the baseline to 
the 3-month follow-up visits, using the aforementioned for-
mula. Mean pain intensity attributable to complex regional 
pain syndrome over the previous 24 h was assessed using an 
11-point numerical rating scale pain score (0 = no pain,  
10 = maximum pain imaginable)21 at baseline, 1 month, 
and 3 months by asking “what was your average pain score 
over the past 24 h?” The peak systolic velocity (cm/s) of 
the ipsilateral popliteal artery was measured in the central 
portion of the popliteal fossa before the procedure, as well 
as immediately, 1 month, and 3 months after the procedure. 
One medical doctor (J. Kim) performed the measurements 
of peak systolic velocities using the pulsed-wave spectral 
Doppler ultrasound mode of an ultrasound device (Philips 
Ultrasound, USA) with a 5- to 12-MHz linear transducer. 
The patients were assessed using the 6-item modified cold 
intolerance symptom severity questionnaire at baseline, 1 
month, and 3 months.22 We excluded the first item, which 
assesses the symptom type (pain, numbness, stiffness, ach-
ing, swelling, and skin color change), from the scoring, and 
multiple symptoms could be answered concurrently. The 
remaining items measured the symptom frequency, occur-
rence time, behavior change for symptom relief, symptom 
aggravation degree when performing certain activities, and 
the effect of symptoms on their daily lives. Their scores were 
classified as mild (4 to 25), moderate (26 to 50), severe (51 
to 75), and very severe (76 to 100).22 The patient’s global 
impression of change after the procedure was obtained using 
a 5-point Likert scale at 1 month and 3 months; moreover, 
we calculated the proportion of “very much improved” 
(score 5) and “much improved” (score 4). We collected 
changes in analgesic dosages after the 1-month visit.

Demographic characteristics, comorbidity (hyperten-
sion, diabetes mellitus, hyperlipidemia, and neuropsychiat-
ric disorders, including depression and anxiety), smoking 
status, previous surgical history on the affected foot, and 
pain characteristics attributable to complex regional pain 
syndrome (types, onset, etiology, side, relevant litigation 
status, and current medications) were collected at baseline. 
Considering the safety, possible procedure-related com-
plications (e.g., lower-leg motor weakness assessed by the 
manual muscle testing scored from 0 for normal to 3 for 
complete loss of strength, sensory change, and genitofemo-
ral neuralgia) were recorded throughout the study period.

Statistical Analysis

The sample size was calculated based on pilot data obtained 
from 10 patients with a 1.5°C (SD 1.2) temperature increase 
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in the ipsilateral foot at 1 month after lumbar sympathetic 
ganglion block with botulinum toxin type A 100 IU. We 
hypothesized an average temperature increase of 1.3°C 
(SD 1.2) and 0°C (SD 1.2) at 1 month in the botulinum 
toxin and control groups, respectively. We calculated that 
19 patients/group were required to yield a 90% statistical 
power for detecting differences in a two-sample two-tailed t 
test with a type I error of 0.05. Considering a 20% dropout 
rate, we included 48 participants (24 in each group).

The clinical effect and safety outcomes were analyzed 
for all the participants. Demographic and baseline clinical 
characteristics were analyzed based on the intent-to-treat 
population, which comprised all patients who received 
any study treatment. Fisher’s exact test or t test was used, as 
appropriate. Analyses for effectiveness were performed on 
both the intent-to-treat and per-protocol population for 
the primary endpoint. Only the intent-to-treat population 
was analyzed for secondary endpoints.

For the primary outcome, an independent t test with a 
last-observation-carried-forward imputation was employed 
(∆t at 1 month, °C). For the secondary outcomes, we  
investigate the changes in the relative between-sole tem-
perature differences, changes in the numerical rating scale 
pain scores from the baseline, and cold intolerance symp-
tom severity scores, and the peak systolic velocity (cm/s) 
using the linear mixed model analyses with the group, time, 
and interaction between group and time as fixed effects and 
subject as a random effect to account for multiple mea-
surements per subject. They are presented as the means and 
standard error. The Bonferroni adjustment procedure was 
employed for follow-up analysis to control for type I errors 
for multiple measurements in terms of temperatures, pain 
scores, and cold intolerance questionnaire with an adjusted 
P value of less than 0.025 as significant. The frequencies 
(%) of symptoms in the cold intolerance symptom severity 
questionnaire and the patient’s global impression of change 
scores were assessed using a generalized linear mixed model 
with the group, time, and interaction between group and 
time as fixed effects and subject as a random effect. In the 
post hoc subanalysis, we used Spearman’s Rho to explore 
correlations among clinical variables and measurements, 
including temperature asymmetries, numerical rating scale 
pain scores, cold intolerance symptom severity scores, and 
blood flow velocity.

Categorical, normally distributed, nonnormally distrib-
uted variables were presented as proportions (%), means ± 
SD (95% CI for the primary endpoint), and medians with 
interquartile ranges, respectively. Data normality was assessed 
using the Shapiro–Wilk test. Categorical and continuous 
variables were analyzed using the chi-square/Fisher’s exact 
test and independent t test, respectively. Statistical signifi-
cance was set a two-sided P value of <0.05. Statistical anal-
yses were performed using R version 3.6.1 (R Foundation 
for Statistical Computing, Austria) and SPSS version 22.0 
(IBM Corp., USA).

Role of the Funding Source

The study funders provided botulinum toxin and study- 
related costs; however, they had no role in study design, 
data collection, data analysis, data interpretation, or report 
writing. All the authors had full access to the study data and 
agreed to the submission for publication.

Results
Between April 2019 and November 2020, we screened 64 
participants with lower-extremity complex regional pain 
syndrome (fig. 1); among them, we excluded 16 participants 
owing to declining (N = 2), undergoing botulinum toxin 
injection for cosmetic purposes within 6 months (N = 2), 
previous lumbar sympathetic ganglia neurodestructive pro-
cedures (N = 3), and failure to obtain a temperature increase 
from the screening lumbar sympathetic ganglion block  
(N = 9). Consequently, we randomly assigned 48 partici-
pants (N = 24/group). Enrollment ceased when the target 
sample size was obtained. After randomization, 1 patient in 
the botulinum toxin group withdrew consent before solu-
tion administration in the operating room; therefore, 24 in 
the control group and 23 patients in the botulinum toxin 
group were included in the analyses. All the participants 
visited at 1 month; however, at 3 months, 2 patients in the 
control group and 1 patient in the botulinum toxin group 
dropped out; therefore, 22 patients in each group finally 
remained, and 3 individuals had incomplete data at the 
3-month follow-up visit.

There was no between-group difference in the demo-
graphics and pain characteristics (table  1). Both groups 
reported mean baseline pain scores higher than 7 of 10, 
which indicated severe pain intensity. Both groups showed 
a higher frequency of complex regional pain syndrome type 
I than type II. More than half (N = 27, 57%) of the patients 
had comorbid neuropsychiatric disorders, including depres-
sion and anxiety. There was no between-group difference 
in the temperature asymmetries in both soles, which was 
relatively lower in the affected sole than in the nonaffected 
sole (–0.6°C ± 1.1 and –0.9°C ± 0.9 in the control and 
botulinum toxin groups, respectively; P = 0.273). Although 
there were no significant between-group differences in 
the baseline cold intolerance symptom severity scores  
(P = 0.091), they reached “very severe” (77.6 ± 9.9) in the 
botulinum toxin group but “severe” (70.3 ± 17.7) in the 
control group. Overall, pain was the most frequent symp-
tom in the cold intolerance symptom severity questionnaire  
(N = 46 of 47, 98%), followed by aching (N = 32 of 47, 
68.1%), stiffness (N = 28 of 47, 60%), color change (N = 22 
of 47, 47%), numbness (N = 20 of 47, 43%), and swelling 
(N = 16 of 47, 34%), without between-group differences 
at baseline. There was no between-group difference in the 
initial peak systolic velocity at the popliteal artery of the 
affected leg (P = 0.783). Both groups showed increased 
postprocedural temperatures and peak systolic velocity 
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on the affected foot without significant between-group 
differences in the temperature increase from the baseline 
(P = 0.272); however, the control group showed a more 
increased peak systolic velocity (P = 0.049) immediately.

Considering the primary outcome, both groups showed 
a temperature increase in the blocked foot compared with 
the contralateral foot at the 1-month follow-up visit (fig. 2). 
However, the botulinum toxin group showed a greater 

increase (1.0°C ± 1.3; 95% CI, 0.4 to 1.5) from the baseline 
temperature asymmetry than the control group (0.1°C ± 
0.8; 95% CI, –0.3 to 0.4), with a significant between-group 
difference (0.9°C; 95% CI, 0.3 to 1.5; P = 0.006). There was 
no missing data for the 1-month time point. The increased 
temperature in the affected sole remained in the botulinum 
toxin group at 3 months, with a relative change of 1.1°C ± 
0.8 from the baseline asymmetry. Contrastingly, the control 

Fig. 1.  Consolidated Standards of Reporting Trials (CONSORT) diagram.
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group showed no temperature increase (–0.2°C ± 1.2) at 
3 months. The group × time interaction showed statisti-
cal significance (P < 0.001; table 2). There were significant 
between-group differences in the changes in the relative 
temperature asymmetries at each visit (P = 0.020 and  
P = 0.009 at 1 and 3 months, respectively).

Both groups showed a decrease in the 3-month 
11-pointed numerical rating scale pain scores (table  2; 
fig. 3). However, the botulinum toxin group showed sig-
nificantly larger changes in the pain score than the control 
group (P = 0.002 for group × time) at 1 month (–2.1 ± 1.0 
vs. –1.0 ± 1.6, respectively; P = 0.004) and 3 months (–2.0 
± 1.0 vs. –0.6 ± 1.6, respectively; P = 0.003). At 1 month, 
the cold intolerance symptom severity scores decreased 
in both groups without a between-group difference  
(P = 0.038; table 2; fig. 4); however, at 3 months, it increased 

and continued decreasing in the control and botulinum 
toxin groups, respectively, with a significant between-
group difference (P < 0.001). Considering the peak systolic 
velocity at the affected popliteal artery, there was a post-
procedural increase; however, it returned to baseline lev-
els at 1 and 3 months without between-group differences  
(P = 0.795 and P = 0.919, respectively; table 2).

Considering symptoms in the cold intolerance symp-
tom severity questionnaire, unlike the control group, the 
botulinum toxin group showed reduced frequency in all 
symptoms except for “pain” within 3 months (fig. 5). There 
were significant between-group differences of “aching” and 
“numbness” in group × time (P = 0.002 and P = 0.041, 
respectively). In post hoc analyses, those changes were statis-
tically significant at the 3-month follow-up visit (P = 0.014 
for “aching” and P = 0.015 for “numbness”). In the patient’s 

Table 1.  Demographics and Baseline Clinical Characteristics

 
Control Group  

(N = 24)
Botulinum Toxin  
Group (N = 23)

Age, yr 43.7 ± 12.3 44.8 ± 12.2
Male/female 12 (50)/12 (50) 12 (52)/11 (48)
Body mass index, kg/cm2 25.7 ± 4.6 24.6 ± 3.7
Hypertension 2 (8) 4 (17)
Diabetes mellitus 1 (4) 2 (9)
Dyslipidemia 4 (17) 5 (22)
Smoking 7 (29) 5 (22)
Previous surgical history on the affected foot 5 (21) 5 (22)
Neuropsychiatric disease* 12 (50) 15 (65)
Litigation 11 (46) 8 (35)
Diagnosis   
  Complex regional pain syndrome type I 22 (92) 20 (87)
  Complex regional pain syndrome type II 2 (8) 3 (13)
Pain duration, months 25.2 ± 10.7 26.7 ± 10.3
Laterality, left/right 13 (54)/11 (46) 10 (44)/13 (56)
Temperature on the affected sole, °C 31.0 ± 2.7 31.0 ± 2.7
Temperature asymmetry on the blocked sole compared to the contralateral sole, °C –0.6 ± 1.1 –0.9 ± 0.9
Eleven-point numerical rating scale pain score (0 to 10) 7.2 ± 1.5 7.6 ± 1.4
Concomitant medications   
  Opioids 14 (58) 16 (70)
  Calcium channel blocker 16 (67) 12 (52)
  Serotonin–norepinephrine reuptake inhibitors 5 (21) 6 (26)
  Tricyclic antidepressants 5 (21) 4 (17)
  Nonsteroidal anti-inflammatory drugs 5 (21) 4 (17)
  Others† 5 (21) 5 (22)
Cold Intolerance Symptom Severity score (0 to 100) 70.3 ± 17.7 77.6 ± 9.9
Cold Intolerance Symptom Severity symptoms   
  Pain 23 (96) 23 (100)
  Numbness 7 (29) 13 (57)
  Stiffness 15 (63) 13 (57)
 A ching 14 (58) 18 (78)
  Swelling 7 (29) 9 (39)
  Color change 8 (33) 14 (61)
Peak systolic velocity on the popliteal artery, cm/s 26.6 ± 6.8 27.1 ± 4.4
Postprocedure measurement   
  Numerical rating scale pain score (0 – 10) 4.0 ± 2.8 3.9 ± 2.0
  Temperature increase from baseline, °C 7.5 ± 2.3 6.9 ± 3.2
  Peak systolic velocity increase from baseline, cm/s‡ 14.4 ± 7.1 8.7 ± 7.6

The data are presented as proportions (%) for categorical variables or means ± SD for normally distributed variables.
*Neuropsychiatric disorder includes depression and anxiety. †Others include oral aspirin, limaprost, beraprost, clopidogrel, cilostazol, and sarpogrelate. ‡P < 0.05.
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global impression change, there were more frequent “very 
much improved” or “much improved” responses in the 
botulinum toxin group than in the control group (78% vs. 
54% at 1 month and 70% vs. 46% at 3 months, respec-
tively). However, there were no significant between-group 
differences at any time points (P = 0.081 at 1 month and  
P = 0.100 at 3 months).

Considering correlations among clinical measurements 
(Supplemental Digital Content 2, http://links.lww.com/
ALN/C757), there were no correlations between the tem-
perature increase and a reduction of the numerical rating 
scale pain score at any time points (r = –0.16, P = 0.302 
at 1 month; r = –0.21, P = 0.194 at 3 months). However, 
there were positive correlations between the initial and 
postprocedural immediate peak systolic velocities (r = 0.64,  
P < 0.001), as well as between the initial peak systolic veloc-
ity and decrease in the 1-month cold intolerance symptom 
severity score (r = 0.56, P < 0.001), which suggested that 
a patient with a higher baseline peak systolic velocity pre-
sented a greater improvement in cold tolerance after the 
lumbar sympathetic ganglia procedure.

Considering the safety, nine patients reported mild post-
procedure dizziness (six patients in the control and three 

patients in the botulinum toxin group; P = 0.461); however, 
it was transient and disappeared before discharge. No patient 
presented genitofemoral neuralgia, new postprocedural 
neuralgia, or muscle weakness. Three patients complained 
of back pain around the injection site at 1 month; however, 
it was tolerable without additive analgesics and improved 
within 3 months, with two patients requiring acetamino-
phen. Considering the changes in oral medications, four 
patients (three in the botulinum toxin group and one in 
the control group) and three patients (one in the botulinum 
toxin group and two in the control group) increased and 
decreased their analgesic dosages after 1 month, respectively.

Discussion
We found that botulinum toxin type A injection onto the 
lumbar sympathetic ganglia increased the affected foot 
temperature, which remained for 3 months. Contrastingly, 
local anesthetic alone did not cause prolonged temperature 
increases with significant between-group differences at 1 
and 3 months. The pain intensity and cold intolerance, as 
well as “aching” and “numbness” symptoms, were more 
improved in the botulinum toxin group than in the control 

Fig. 2.  Changes of relative temperature asymmetries from baseline on the affected foot. ∆t (°C) = [between-sole temperature difference at 
baseline] – [between-sole temperature difference at 1 month]. The asterisks indicate significant between-group differences in the changes 
of the relative temperature asymmetries at 1 month (P = 0.020) and 3 months (P = 0.009).
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group during the 3-month follow-up period. Popliteal 
arterial velocity increased postprocedurally in both 
groups; however, it returned to the initial level at 1 month. 
Although the botulinum toxin group showed numerous 
“much” or “very much improved” responses, there was no 
significant between-group difference in the patient’s global 

impression change at any time point. There were no severe 
adverse events regarding the botulinum toxin injection or 
procedures.

Botulinum toxin is preferred for its analgesic properties 
in various pain conditions. Previous studies on botulinum 
toxin for blocking sympathetic ganglia have reported a 

Fig. 3.  Changes of the 11-pointed numerical rating scale pain score from baseline. The asterisks indicate significant between-group differ-
ences in the changes of the 11-pointed numerical rating scale pain score at 1 month (P = 0.003) and 3 months (P = 0.003).

Table 2.  Follow-up Data of Clinical Variables

 

Control Group  
(N = 24)

Botulinum Toxin  
Group (N = 23)

P Value between  
the Groups* P Value 

(Group × 
Time)Baseline 1 Month 3 Months Baseline 1 Month 3 Months 1 Month 3 Months

Temperature asymmetry on  
the blocked sole, °C†

–0.6 ± 1.1 –0.4 ± 0.9 –0.9 ± 1.4 –0.9 ± 0.9 0.2 ± 0.9 0.1 ± 0.9 0.020‡ 0.009‡ < 0.001

Eleven-pointed numerical rating 
scale pain score, 0 to 10

7.2 ± 1.5 6.3 ± 2.1 6.6 ± 2.0 7.6 ± 1.4 5.4 ± 1.8 5.6 ± 2.1 0.004‡ 0.003‡ 0.002

Cold Intolerance Symptom 
Severity score, 0 to 100

70.3 ± 17.7 68.9 ± 19.0 71.7 ± 19.6 77.6 ± 9.9 71.0 ± 11.9 67.3 ± 13.7 0.038 < 0.001‡ < 0.001

Peak systolic velocity, cm/s§ 26.6 ± 6.8 28.5 ± 7.4 26.0 ± 7.1 27.1 ± 4.4 28.9 ± 4.4 27.1 ± 4.9 0.795 0.919 0.972

The data are presented as means ± SD or a proportion (%).
*The comparison of the changes from baseline between the control and botulinum toxin groups. †Relative temperature difference on the affected sole compared to the contralateral 
sole, by using the following formula: ∆t (°C) = [difference of temperatures between both soles] – [difference of temperatures between both soles]. ‡Adjusted P < 0.025 was considered 
to be statistically significant to minimize the chance of a type I error. §Peak systolic velocity was measured at the popliteal artery in the affected leg.
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prolonged effect on self-reported pain reduction,16–18 which 
indirectly presents the botulinum toxin effect on sympa-
thetic ganglia. A rabbit study showed an extended blocking 
effect of botulinum toxin, including miosis, on the superior 
cervical sympathetic ganglia without histological changes.19 
Botulinum toxin type A dissolves the synaptosomal- 
associated protein 25, which is essential for membrane fusion  
with the synaptic vesicle.10 Subsequently, it suppresses the 
exocytosis of acetylcholine and other neurotransmitters in 
the autonomic cholinergic synapse, neuromuscular junc-
tion, and sensory neurons.11,12 Sympathetic overflow is a 
possible complex regional pain syndrome pathophysiology 
that exaggerates peripheral blood circulation through cho-
linergic, adrenergic, and substance P–related pathways.1,2,23 
This may be ameliorated by botulinum toxin type A injec-
tion onto the lumbar sympathetic ganglia, which might 
enhance peripheral microcirculation with a subsequent 
temperature increase in the ipsilateral foot.

Although botulinum toxin type A can attenuate vari-
ous pain types, including headaches, postherpetic neu-
ralgia, trigeminal neuralgia, and complex regional pain 
syndrome,11,13–18,24,25 it is only approved for treating chronic 
migraines.11 Moreover, scarce randomized, double-blind 
trials on botulinum toxin exist in pain medicine. This is the 

first randomized, double-blind study on the clinical effect 
of botulinum toxin type A to confirm prolonged tempera-
ture increase and pain reduction in complex regional pain 
syndrome, a rare but intractable pain syndrome. Unlike 
previous studies on botulinum toxin,16–18 our primary out-
come was the temperature increase rather than pain reduc-
tion. This is because patients with complex regional pain 
syndrome do not always respond to lumbar sympathetic 
ganglia procedures3,26,27; rather, most patients present tem-
perature increase after lumbar sympathetic ganglion block.3 
Moreover, to avoid cases of incorrectly performed proce-
dures, we excluded patients without an initial temperature 
increase during the screening block. Consequently, our 
results have the reliability to determine the effect of botuli-
num toxin type A on lumbar sympathetic ganglia in human 
beings.

Along with the continuous temperature increase, the 
botulinum toxin injection had a nonnegligible prolonged 
pain reduction in our study. Because this was a double- 
blinded study on patients with chronic and highly refrac-
tory complex regional pain syndrome, we suggest that small 
differences in pain reduction between the groups could 
have clinical value. Although botulinum toxin injection 
onto the lumbar sympathetic ganglia exerted pain reduction 

Fig. 4.  Changes of the cold intolerance symptom severity score from baseline. The asterisk indicates a significant between-group difference 
in the change of the cold intolerance symptom severity score at 3 months (P < 0.001).
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and temperature increase, they were weakly correlated in 
our results, as shown in the previous studies.3,25 Further, it 
improved cold intolerance, according to the cold intoler-
ance symptom severity questionnaire. Therefore, there are 
multiple domains for assessing responses to botulinum toxin 
injection onto the lumbar sympathetic ganglia, includ-
ing pain reduction and cold intolerance, in patients with 
complex regional pain syndrome. Notably, the initial peak 
systolic velocity and its postprocedural change, which are 
indicative of vascular integrity,28 were strongly correlated 
with reduced cold intolerance symptom severity scores 
after botulinum toxin injection; therefore, they could be 
alternative factors for anticipating the blocking effect.

Contrastingly, the postprocedural increase in popliteal 
arterial velocity was not maintained after botulinum toxin 
injection. Sun et al.29 reported that chemical neurolysis, as 
well as continuous lumbar sympathetic ganglion block with 
local anesthetic and dexamethasone, enhanced peripheral 
microcirculation by improving skin temperature, capillary 
filling time, and blood oxygen saturation. Most likely, mea-
surement of the peak systolic velocity in the popliteal artery 
could not reflect the capillary microcirculation changes. In 
addition, Sun et al.29 reported that chemical lumbar sympa-
thetic ganglion neurolysis decreased plasma norepinephrine, 
serotonin, and substance P levels in patients with diabetes. 
Further studies are warranted to determine whether botu-
linum toxin injection onto the lumbar sympathetic ganglia 
can reduce these vasoactive and pain-modulating mediators.

Attal et al. reported that subcutaneous injection of bot-
ulinum toxin type A reduced the peripheral neuropathic 
pain intensity.14 Considering the pain characteristics, allo-
dynia and hyperalgesia were improved in their study.14 
Since botulinum toxin injection did not significantly alter 
substance P and calcitonin gene-related peptide levels in 
skin punch biopsies, its clinical effect could involve a cen-
tral mechanism.14 Further, a small-scale study reported that 
subcutaneous or intramuscular botulinum toxin injections 
improved pain intensity in patients with complex regional 
pain syndrome.25,26 Our results have added that botulinum 
toxin type A injection onto the lumbar sympathetic gan-
glia improved sensory symptoms, including “aching” and 
“numbness.” Future studies should investigate whether 
simultaneous botulinum toxin injections (subcutaneous + 
blocking sympathetic ganglia) improve multiple symptom 
domains in patients with complex regional pain syndrome. 
Currently, there are various botulinum toxin injection 
techniques, including transdermal, subcutaneous, perineu-
ral, and sympathetic ganglion injections.11 Therefore, more 
studies are required to investigate the most effective route 
and site of its injection for pain reduction.

This study has several limitations. First, this was a single- 
center small-scale trial. Our patients had highly intractable 
complex regional pain syndrome, which required visits to 
a tertiary university-based hospital. This limits the general-
izability of our results in widespread pain practice. Second, 
this was a randomized, double-blinded, comparative study 

Fig. 5.  Frequencies of symptoms in the cold intolerance symptom severity questionnaire. The asterisks indicate significant between-group 
differences in “aching” and “numbness” at the 3-month follow-up visit (P = 0.014 for “aching” and P = 0.015 for “numbness”).
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that did not include a placebo group. Instead, we included 
patients in the control group, which underwent additive 
local anesthetic injection after the screening block. This 
could have resulted in the postprocedural between-group 
differences of peak systolic velocity in the popliteal artery 
(more increased in the control group) or frequent dizzi-
ness associated with a larger local anesthetic dosage in the 
control group. Normal saline injection instead of additive 
local anesthetic might have been a more appropriate pla-
cebo. Third, although we reported a prolonged effect of 
botulinum toxin type A for lumbar sympathetic ganglion 
block, our follow-up duration was only 3 months. There 
is a need for studies with a longer follow-up to investi-
gate the more prolonged effect of botulinum toxin type 
A. Moreover, further studies are warranted to evaluate 
whether repeated botulinum toxin injections would exert 
better therapeutic effects for lumbar sympathetic ganglion 
block, similar to the study by Attal et al..14 Fourth, we did 
not examine inflammatory cytokines or pain-related medi-
ators, nor electrophysiologic tests for verifying changes in 
sensory symptoms. As aforementioned, the patients’ self- 
reported pain score and symptoms allowed subjective 
assessment of the clinical effect of botulinum toxin type 
A for lumbar sympathetic ganglion block. Finally, 75 IU 
botulinum toxin type A may not be sufficient for exerting 
its full effectiveness for lumbar sympathetic ganglia block. 
As shown in the animal study, botulinum toxin might have 
a dose-dependent blocking effect.18 Compared to previous 
clinical studies on botulinum toxin,14,16 75 IU is a relatively 
small amount. Considering the lack of clear guidelines on 
the dose and route, as well as the number of injections, fur-
ther well-designed randomized double-blinded studies are 
warranted.

In conclusion, compared with local anesthetic, injections 
of botulinum toxin type A onto the lumbar sympathetic gan-
glia increased temperature on the affected foot for 3 months, 
which was accompanied by pain reduction and cold toler-
ance improvement. Moreover, we found that it improved 
“aching” and “numbness.” There were no severe adverse 
events pertinent to botulinum toxin injection. Lumbar sym-
pathetic ganglion block using botulinum toxin type A could 
be considered a therapeutic alternative for patients with 
complex regional pain syndrome with prolonged effects.

Acknowledgments

The authors thank the Medical Research Collaborating 
Center of Seoul National University Hospital, Seoul, 
Republic of Korea, for statistical consultation.

Research Support

Supported by Daewoong Pharmaceutical Co. Ltd. (Seoul, 
South Korea). The funder was not involved in develop-
ing the protocol, conduct of the study, data analysis, or 
submission.

Competing Interests

The authors declare no competing interests.

Reproducible Science

Full protocol available at: jymoon0901@gmail.com. Raw 
data available at: jymoon0901@gmail.com.

Correspondence

Address correspondence to Dr. Moon: Seoul National 
University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 
03080, Republic of Korea. jymoon0901@gmail.com. 
This article may be accessed for personal use at no charge 
through the Journal Web site, www.anesthesiology.org.

References

	 1.	 Harden NR, Bruehl S, Perez RSGM, Birklein F, 
Marinus J, Maihofner C, Lubenow T, Buvanendran 
A, Mackey S, Graciosa J, Mogilevski M, Ramsden C, 
Chont M, Vatine JJ: Validation of proposed diagnostic 
criteria (the “Budapest Criteria”) for complex regional 
pain syndrome. Pain 2010; 150:268–74

	 2.	 Bruehl S: Complex regional pain syndrome. BMJ 2015; 
351:h2730

	 3.	 Dev S, Yoo Y, Lee HJ, Kim DH, Kim YC, Moon JY: 
Does temperature increase by sympathetic neurolysis 
improve pain in complex regional pain syndrome?: 
A retrospective cohort study. World Neurosurg 2018; 
109:e783–91

	 4.	 Yoo Y, Lee C-S, Kim Y-C, Moon JY, Finlayson RJ: A 
randomized comparison between 4, 6 and 8 mL of 
local anesthetic for ultrasound-guided stellate ganglion 
block. J Clin Med 2019; 8:1314

	 5.	 Lee HJ, Lee CS, Yoo Y, Noh JM, Yu JH, Kim YC, 
Moon JY: Complex regional pain syndrome in the 
young male population: A retrospective study of 200 
Korean young male patients. Korean J Pain 2019; 
32:292–300

	 6.	 Haynsworth RF Jr, Noe CE: Percutaneous lumbar 
sympathectomy: A comparison of radiofrequency 
denervation versus phenol neurolysis. Anesthesiology 
1991; 74:459–63

	 7.	 Manjunath PS, Jayalakshmi TS, Dureja GP, Prevost 
AT: Management of lower limb complex regional 
pain syndrome type 1: An evaluation of percutaneous 
radiofrequency thermal lumbar sympathectomy versus 
phenol lumbar sympathetic neurolysis–A pilot study. 
Anesth Analg 2008; 106:647–9

	 8.	 Feigl GC, Dreu M, Ulz H, Breschan C, Maier C, Likar 
R: Susceptibility of the genitofemoral and lateral fem-
oral cutaneous nerves to complications from lumbar 
sympathetic blocks: Is there a morphological reason? 
Br J Anaesth 2014; 112:1098–104

Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/136/2/314/694019/20220200.0-00016.pdf by guest on 09 April 2024

mailto:jymoon0901@gmail.com
mailto:jymoon0901@gmail.com
mailto:jymoon0901@gmail.com


	A nesthesiology 2022; 136:314–25	 325

Botulinum Toxin Injection onto Sympathetic Ganglia

Yoo et al.

	 9.	 Kim WO, Yoon KB, Kil HK, Yoon DM: Chemical 
lumbar sympathetic block in the treatment of plantar 
hyperhidrosis: A study of 69 patients. Dermatol Surg 
2008; 34:1340–5

	10.	 Rocco AG: Radiofrequency lumbar sympatholysis. 
The evolution of a technique for managing sympathet-
ically maintained pain. Reg Anesth 1995; 20:3–12

	11.	 Matak I, Bölcskei K, Bach-Rojecky L, Helyes Z: 
Mechanisms of botulinum toxin type A action on pain. 
Toxins (Basel) 2019; 11:459

	12.	 Do TP, Hvedstrup J, Schytz HW: Botulinum toxin: A 
review of the mode of action in migraine. Acta Neurol 
Scand 2018; 137:442–51

	13.	 Morra ME, Elgebaly A, Elmaraezy A, Khalil AM, 
Altibi AM, Vu TL, Mostafa MR, Huy NT, Hirayama 
K: Therapeutic efficacy and safety of botulinum toxin 
A therapy in trigeminal neuralgia: A systematic review 
and meta-analysis of randomized controlled trials. J 
Headache Pain 2016; 17:63

	14.	 Attal N, de Andrade DC, Adam F, Ranoux D, Teixeira 
MJ, Galhardoni R, Raicher I, Üçeyler N, Sommer C, 
Bouhassira D: Safety and efficacy of repeated injec-
tions of botulinum toxin A in peripheral neuropathic 
pain (BOTNEP): A randomised, double-blind, place-
bo-controlled trial. Lancet Neurol 2016; 15:555–65

	15.	 Fabregat G, De Andrés J, Villanueva-Pérez VL, Asensio-
Samper JM: Subcutaneous and perineural botulinum 
toxin type a for neuropathic pain: A descriptive review. 
Clin J Pain 2013; 29:1006–12

	16.	 Lee Y, Lee CJ, Choi E, Lee PB, Lee HJ, Nahm FS: 
Lumbar sympathetic block with botulinum toxin type 
A and type B for the complex regional pain syndrome. 
Toxins (Basel) 2018; 10:164

	17.	 Choi E, Cho CW, Kim HY, Lee PB, Nahm FS: Lumbar 
sympathetic block with botulinum toxin type B for 
complex regional pain syndrome: A case study. Pain 
Physician 2015; 18:E911–6

	18.	 Carroll I, Clark JD, Mackey S: Sympathetic block with 
botulinum toxin to treat complex regional pain syn-
drome. Ann Neurol 2009; 65:348–51

	19.	 Kim HJ, Seo K, Yum KW, Oh YS, Yoon TG, Yoon SM: 
Effects of botulinum toxin type A on the superior cer-
vical ganglia in rabbits. Auton Neurosci 2002; 102:8–12

	20.	 Schulz KF, Altman DG, Moher D: CONSORT 2010 
statement: Updated guidelines for reporting parallel 
group randomised trials. J Pharmacol Pharmacother 
2010; 1:100–7

	21.	 Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole 
MR: Clinical importance of changes in chronic pain 
intensity measured on an 11-point numerical pain rat-
ing scale. Pain 2001; 94:149–58

	22.	 Kim AR, Kim DY, Kim JS, Lee H, Sung JH, Yoo C: 
Application of cold intolerance symptom sever-
ity questionnaire among vibration-exposed workers 
as a screening tool for the early detection of hand-
arm vibration syndrome: A cross-sectional study. Ann 
Occup Environ Med 2019; 31:6

	23.	 Gibbs GF, Drummond PD, Finch PM, Phillips JK: 
Unravelling the pathophysiology of complex regional 
pain syndrome: Focus on sympathetically maintained 
pain. Clin Exp Pharmacol Physiol 2008; 35:717–24

	24.	 Kharkar S, Ambady P, Venkatesh Y, Schwartzman RJ: 
Intramuscular botulinum toxin in complex regional 
pain syndrome: Case series and literature review. Pain 
Physician 2011; 14:419–24

	25.	 Lessard L, Bartow MJ, Lee J, Diaz-Abel J, Tessler OES: 
Botulinum toxin A: A novel therapeutic modality for 
upper extremity chronic regional pain syndrome. Plast 
Reconstr Surg Glob Open 2018; 6:e1847

	26.	 van Eijs F, Geurts J, van Kleef M, Faber CG, Perez RS, 
Kessels AG, Van Zundert J: Predictors of pain reliev-
ing response to sympathetic blockade in complex 
regional pain syndrome type 1. Anesthesiology 2012; 
116:113–21

	27.	 Lee HJ, Lee KH, Moon JY, Kim YC: Prevalence of 
autonomic nervous system dysfunction in complex 
regional pain syndrome. Reg Anesth Pain Med 2021; 
46:196–202

	28.	 Wang YX, Fitch RM: Vascular stiffness: Measurements, 
mechanisms and implications. Curr Vasc Pharmacol 
2004; 2:379–84

	29.	 Sun H, He M, Pang J, Guo X, Huo Y, Ma J: Continuous 
lumbar sympathetic blockade enhances the effect of 
lumbar sympatholysis on refractory diabetic neuropa-
thy: A randomized controlled trial. Diabetes Ther 2020; 
11:2647–55

Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/136/2/314/694019/20220200.0-00016.pdf by guest on 09 April 2024


