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Background: Primary lower-extremity hyperhidrosis (PLEH) can be treated by CT-guided lumbar sympathetic nerve modu-
lation using absolute ethanol. However, doses of ethanol that are too high can cause nerve injury, and doses
that are too low have suboptimal results. The present study aimed to investigate the dose-effect relationship
of CT-guided lumbar sympathetic nerve modulation with absolute ethanol for PLEH.

Material/Methods: The study was conducted at the First Affiliated Hospital of Jiaxing University between 07/2014 and 02/2017.
Twenty participants were enrolled in each group. The doses of absolute ethanol were 2.0 mlin the R, group,
2.5 mlin the R, group, 3.0 mlin the R, group, 3.5 mlin the R, group, and 4.0 mlin the R; group. Treatment ef-
fectiveness was assessed according to the time to complete hyperhidrosis relief: <10 min, effective; >10 min,
non-effective.
Results: The patient characteristics among the 5 groups were not statistically different (P>0.05). The onset time and
time to complete hyperhidrosis relief decreased significantly with increasing dose of absolute ethanol (P<0.05).
The effective rates in the 5 groups were 15.0%, 35.0%, 60.0%, 90.0%, and 100.0%, respectively. The ED,; and
ED,, were 2.306 ml (95% Cl: 2.003-2.512 ml) and 3.343 ml (95% Cl: 3.051-3.962 ml), respectively.

Conclusions: This was the first dose-effect pilot study of consecutive PLEH patients treated by CT-guided lumbar sympathet-
ic nerve modulation. CT-guided lumbar sympathetic nerve modulation with 2.306 ml (ED, ) and 3.343 ml (ED,,)
of absolute ethanol showed treatment efficacy for PLEH. No complications were seen.
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Background

Hyperhidrosis is a benign skin condition of overproduction of
sweat beyond the required thermoregulatory response. It may
be focal or generalized and could be idiopathic (primary) or
secondary to a variety of causes [1-4]. Hyperhidrosis affects
1-3% of individuals in the United States, but only about 50% of
these individuals consult a physician [3,5]. Generalized hyper-
hidrosis is often caused by systemic diseases (e.g., autonom-
ic dysreflexia, cerebrovascular accident, Parkinson’s disease,
lymphoma, carcinoid, pheochromocytoma, hyperthyroidism,
acromegaly, tuberculosis, or heart failure), medications (e.g.,
antidepressants or opiates) or toxins (alcohol) [1-4]. Focal hy-
perhidrosis affects discrete sites such as the palms, soles, axil-
lae, and head, and is caused by overactivity of the sudomotor
system (cholinergic innervation of the parasympathetic ner-
vous system prominent in eccrine sweat glands) [1-4]. It is of-
ten idiopathic and triggered by emotion. Hyperhidrosis severe-
ly influences emotions, socialization, and quality of life [6,7].
Primary lower-extremity hyperhidrosis (PLEH) refers to spon-
taneous sweating of the lower extremities.

Beyond lifestyle counseling [4], treatments for PLEH include
topical aluminum chloride hexahydrate [1,3,4], topical anti-
cholinergics [3], botulinum toxin type A injection [8], tap wa-
ter iontophoresis, oral anticholinergics [3,4], and lumbar sym-
pathetic nerve modulation [3,4].

In recent years, the innovation team of the Pain Management
Department of our hospital developed computed tomography
(CT)-guided lumbar sympathetic nerve modulation with abso-
lute ethanol to treat PLEH, which achieved good efficacy and
improved the satisfaction degree of the patients [9-11]. Using
high-dose absolute ethanol for lumbar sympathetic nerve mod-
ulation could lead to permanent injuries of the sciatic nerve,
as well as severe complications such as spinal injuries if eth-
anol enters the spinal canal. On the other hand, if the dose is
too low, the treatment efficacy could be suboptimal.

Therefore, this study aimed to investigate the dose-effect re-
lationship of CT-guided lumbar sympathetic nerve modula-
tion with absolute ethanol in treating PLEH, and to provide
evidence for the appropriate selection of absolute ethanol
dose in such patients.

Material and Methods

Study design and patients

This was a dose-effect pilot study of the most appropriate
dose of absolute ethanol for CT-guided lumbar sympathetic
nerve modulation in treating PLEH. Consecutive patients with
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PLEH treated with CT-guided lumbar sympathetic nerve mod-
ulation for the first time at the Pain Management Department
of the First Affiliated Hospital of Jiaxing University between
July 2014 and February 2017 were included. The study was ap-
proved by the Ethics Committee of the First Affiliated Hospital
of Jiaxing University (No. 2011-037). All participants provided
signed informed consent.

The inclusion criteria were: 1) diagnosis of PLEH [12]; 2) hy-
perhidrosis severity score (HDSS) grade 3-4 [13]; and 3) PLEH
refractory to drug therapy. The exclusion criteria were: 1) se-
vere cardiac, pulmonary, liver, or renal dysfunction; 2) coagu-
lation disorders or infection of the puncture site; 3) allergy to
lidocaine hydrochloride, iohexol, or absolute ethanol; 4) sec-
ondary hyperhidrosis; or 5) history of lumbar sympathectomy.

Grouping

The patients were divided into 5 groups (Group R, Group R,,
Group R,, Group R,, and Group R,) using a random number ta-
ble. The patients were blinded to grouping.

Treatment method

After the patients were transferred to the operating room, they
were placed on the CT scanning table in the prone position. A
multi-functional vital signs monitor (Radical-7 monitor, Masimo,
Irvine, CA, USA) was used to monitor the non-invasive blood
pressure, heart rate, pulse blood oxygen saturation, tempera-
ture of bilateral feet, and pulse perfusion index of the patients.
CT (Siemens Somatom Emotion system, Siemens Healthcare,
Malvern, PA, USA) was used for the positioning of the interver-
tebral space of L2-L3. The puncture needle was inserted un-
til reaching the anterolateral margin of the L3 vertebral body
(Figure 1A). When no blood, liquid, or gas was found during
withdrawal, 1 ml of 30% iohexol was injected, and plain CT
scanning was conducted for the anterolateral L3 vertebral body
covered by iohexol. Then, a 1: 10 mixture of iohexol (batch
number: 13385619, General Electric Pharmaceutical Shanghai
Co., Ltd, Shanghai, China) and absolute ethanol (batch num-
ber: 20160911, Qingshan Chemical Reagent Factory, Lin’an,
China) was injected into the bilateral sides (Figure 1B). The
dose of absolute ethanol in previous studies was about 3
ml [9-11,14-17], so the median dose of absolute ethanol in
this study was chosen accordingly, and increased or decreased
in the different groups by increments of 0.5 ml across the var-
ious groups (2.0, 2.5, 3.0, 3.5, and 4.0 ml for the R, R, R, R,,
and R, groups, respectively). Three-dimensional reconstruc-
tion of CT images was performed to assess the distribution
of the fluid to the anterolateral L3 vertebral body (Figure 1C).
Treatments in all patients were conducted by the same chief
physician, who has 20 years of experience in clinical practice.
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Figure 1. (A) Puncture for access to the lumbar sympathetic nerve. The puncture needle was inserted into the anterolateral L3
vertebral body. (B) Drug injection after puncture of the lumbar sympathetic nerve. The drug was distributed outside the
psoas major muscle and covered the anterolateral L3 vertebral body. (C) Three-dimensional reconstruction of CT images
showed that the fluid was distributed to the anterolateral L3 vertebral body.
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Table 1. Comparison of the general characteristics of the participants.

Characteristics R(‘ni?(;l)p R(’nil;:)p
Age (years), mean+SD 30.7+£10.7 28.3+7.8 26.8+6.5 27.6+6.4 28.9+8.6 0.621*
Sex (MalefFemale),n ms o om 812 o 0841
 Disease course (months), meanSD 1221120  1188+108  1235:141 12094118  1136:152 0102
Diabetes,n (%) 160 o o o 1 50 o548
Hypertension,n %)) 1 60 2000 o o o 0.240%
Famiy history,n %8) 8(400)  6(300)  7(350) 5050  6(300)  0879%

* ANOVA; ** Chi-square test.

Table 2. Comparison of onset time and time for complete hyperhidrosis relief in the participants.

R, group R, group R, group
Outcomes ) (n=20) (n=20)
Onset time (min), mean+SD 3.3+1.0 2.7+0.8 1.2+0.5 1.0+£0.3 0.5+0.2 <0.001a
Time for complete hyperhidrosis 121419 10.1+1.5 9.2+1.5 6.9+1.4 4.6+0.9 <0.001a
relief (min), mean+SD
Effective rate, n (%) 3 (15.0) 7 (35.0) 12 (60.0) 18 (90.0) 20 (100.0)  <0.001b

* ANOVA; ** Chi-square test.

Data collection unit method was used to estimate the ED_, and ED,,, as well

as the corresponding 95% confidential interval.

95’

The same investigator (an attending physician with 10 years
of experience in clinical practice) assessed the onset time for

drug effects, time to complete hyperhidrosis relief, and adverse
effects during the treatment period. An increase in skin tem-
perature by 1°C after injection of absolute ethanol was con-
sidered to indicate that ethanol had started to act. The onset
time of ethanol effects referred to the time from injection of
absolute ethanol to an increase in temperature of the skin of
the bilateral foot soles by 1°C. Time to complete hyperhidro-
sis relief referred to the time from injection of absolute etha-
nol to the achievement of dryness of the skin of the bilateral
foot soles. Treatment effectiveness was assessed according to
time to complete hyperhidrosis relief, with <10 min being con-
sidered effective and >10 min being considered non-effective.

Statistical analysis

SPSS 19.0 (IBM, Armonk, NY, USA) was used for statistical
analysis. Continuous data with a normal distribution were
presented as mean and standard deviation (SD), and ana-
lyzed by one-way analysis of variance (ANOVA) with post hoc
q test. Categorical data were presented as numbers and per-
centages, and were analyzed by the chi-square test. P<0.05
was considered statistically significant. The probit probability

Results

Characteristics of the participants

A total of 112 patients were recruited, and 12 were subse-
quently excluded. Therefore, 100 patients (including 51 males
and 49 females) were divided into 5 groups (n=20/group). The
participants were 18 to 55 years old, with disease courses of
10 to 20 years. The characteristics of the participants were not
statistically different among the 5 groups (P>0.05) (Table 1).

Comparison of onset time and time to complete
hyperhidrosis relief

The onset time and time to complete hyperhidrosis relief were
both reduced significantly with increasing dose of absolute
ethanol (P<0.05) (Table 2).

Treatment efficacy and complications

The effective rates in the 5 groups were 15.0%, 35.0%, 60.0%,
90.0%, and 100.0%, respectively. None of the patients showed
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complications, including alcohol intoxication, hypotension,
numbness of lower limbs, movement disorders, dyspnea, or
spinal cord injury.

ED,, and ED,,

The ED,, and ED,, were 2.306 ml (95% Cl: 2.003-2.512 ml) and
3.343 ml (95% Cl: 3.051-3.962 ml), respectively.

Discussion

PLEH can be treated by CT-guided lumbar sympathetic nerve
modulation using absolute ethanol [9-11], but too high a dose
of ethanol can cause nerve injury, and too low a dose can have
suboptimal effects. Therefore, the aim of this pilot study was
to investigate the dose-effect relationship of CT-guided lum-
bar sympathetic nerve modulation with absolute ethanol for
PLEH. The results suggested that CT-guided lumbar sympathet-
ic nerve modulation with absolute ethanol has clear treatment
efficacy in PLEH, with no evident complications. The ED,  and
ED,, were 2.306 ml and 3.343 m|, respectively.

CT can display the sites of puncture according to the anatomic
positions of the lumbar sympathetic nerve. Thus, CT-guided in-
sertion was conducted to insert the puncture needle at the an-
terolateral margin of the L3 vertebral body. The contrast agent
was able to effectively display the spread of ethanol. The cur-
rent study showed that the effective rates of the treatment in
the 5 groups were 15.0%, 35.0%, 60.0%, 90.0%, and 100.0%.
No patient had complications, including alcohol intoxication,
numbness of lower limbs, dyspnea, or spinal cord injury in-
duced by the entry of drugs into the spinal canal. Therefore,
CT-guided lumbar sympathetic nerve modulation with abso-
lute ethanol had clear treatment efficacy in PLEH, while no
complications were found in the current patients. These re-
sults are similar to those seen in the literature. Huang et al. [9]
and Guo et al. [10] treated patients with palmar hyperhidro-
sis using CT-guided thoracic sympathetic blockade, achieving
success rates of 84% and 97%. CT-guided sympatholysis us-
ing ethanol was successfully applied for axillary and palmar
hyperhidrosis in 8 out of 9 patients, with a primary efficacy of
74% at 1 year [11]. Brock et al. [18] reported a technical suc-
cess rate of 100% and an overall efficacy of 60%; they used
2.0 ml of ethanol. Therefore, this method seems to achieve ap-
propriate access to the nerve bundle and efficacy, but the dose
of ethanol is probably an important factor affecting efficacy.

CLINICAL RESEARCH

The use of high-dose absolute ethanol can possibly induce
severe complications such as permanent alcohol intoxication
and spinal cord injury due to ethanol entering the spinal ca-
nal. Previous studies have reported paraplegia, hypotension,
and sensory and/or motor disorders in the lower limbs in some
patients [14-16]. In vitro studies have shown that ethanol
could damage membrane proteins using lipid rafts or caveo-
lae as localization sites for signaling molecules (such as neu-
rotransmitters, growth factors, cytokines, and G-protein cou-
pled receptors). Specifically, ethanol induces the substitution of
such proteins, thereby leading to various pathological chang-
es in the nervous system, heart, and other tissues [19]. Ayer-
Ringler et al. [20] reported that ethanol exposure plays a role
in inducing evident changes of proteins involved in the trans-
duction of opioid peptide signals. In addition, new pathways
that involve mitochondrial functions and lipid/cholesterol me-
tabolism were revealed [20]. In the present study, the highest
dose of 4.0 ml still did not induce detectable toxicity, but this
observation must be taken with caution since the sample size
was small, and no follow-up was performed.

There were several limitations in this study. For instance, etha-
nolis liquid and thus uncontrollable to some degree; therefore,
the drug might not distribute as anticipated. The use of iohex-
ol, mixed with absolute ethanol, can indicate exactly where
the ethanol is distributed but also could dilute ethanol and
influence the study findings. Furthermore, the lasting time of
the surgical efficacy could be influenced by ethanol dose, but
no follow-up was conducted in this study. Moreover, although
cost-effectiveness analysis is important in similar studies, this
was a preliminary (pilot) trial with a very small sample for such
assessment. Therefore, further studies are required to exam-
ine the efficacy and safety, including in the long-term, of this
method. Nevertheless, this pilot study provides useful infor-
mation for future trials, including the ED,  and ED,, values of
absolute ethanol in this context.

Conclusions

CT-guided lumbar sympathetic nerve modulation with absolute
ethanol has clear treatment efficacy in PLEH, with no evident
complications. The ED,  and ED,, of this method are 2.306 ml
and 3.343 m|, respectively.
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