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Background: Compensatory hyperhidrosis is the main cause of patients’ dissatisfaction following
sympathectomy for primary hyperhidrosis. Therefore, thoracoscopic sympathetic nerve block before
sympathectomy can be used to predict compensatory hyperhidrosis after sympathectomy. The objective of this
study is to review our recent experience with the nerve block procedure, describing efficacy, safety and validity.
Methods: We retrospectively reviewed the medical records of 107 patients who underwent thoracoscopic
sympathetic nerve block with a local anesthetic for primary palmar and craniofacial hyperhidrosis using a
2-mm needlescope from March 2017 to November 2019. A week later, the patients were interviewed, and a
decision made as to whether to proceed with sympathectomy. We analyzed the perioperative data of patients
who underwent the predictive procedure either followed, or not followed, by sympathectomy.

Results: Primary hyperhidrosis was relieved in all patients by the predictive procedure without severe
complications. Compensatory hyperhidrosis happened to 32 patients (29.9%). Seventy-eight patients
(72.9%) decided to undergo sympathectomy (group A) and 29 padents (27.1%) refused the sympathectomy
(group B). Group B tended to have higher average body mass index (24.5 versus 23.2 kg/m’, P=0.082) and
compensatory hyperhidrosis rate after predictive procedure (37.9% versus 26.9%, P=0.269) compared
to group A. The compensatory hyperhidrosis rate after sympathectomy in group A was 76.9%. The
effective duration of sympathetic block was significantly longer in group A than in group B (33.5 versus
13.9 hours, P=0.001). The predictive procedure had 94.4% specificity and 33.3% sensitivity for prediction of
compensatory hyperhidrosis.

Conclusions: Thoracoscopic sympathetic block may be safe and feasible as a procedure for predicting
compensatory hyperhidrosis after sympathectomy, and beneficially, it allows the patients to experience the
effect of sympathectomy on primary hyperhidrosis and occurrence of compensatory hyperhidrosis. However,
a longer effective duration of sympathetic block is needed to help patients to decide whether to proceed with
the surgery.
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Introduction

Thoracoscopic sympathectomy is the preferred treatment
for severe primary hyperhidrosis (PH) (1,2). Compensatory
hyperhidrosis (CH) is one of the severe complications
that can occur after thoracoscopic sympathectomy and
happens in 55-92% of patients (3-6). There have been
several strategies to reduce CH, including limited level
sympathectomy (7,8) or lower level sympathectomy (9,10).
Postsympathectomy CH has been the major cause of
dissatisfaction for patients (7,11).

Even though there have been reports on attempts to
reverse the effect of sympathetic surgery by clip removal,
reversibility of CH was seen in only half the patients (12).
A report of sympathetic nerve reconstruction after
sympathectomy showed similar rates of CH improvement (13).
A temporary thoracoscopic sympathetic block was
performed as a means to determine postsympathectomy
CH (14). We started thoracoscopic sympathetic nerve
block under local anesthesia, which we have labelled a
predictive procedure, to predict the likelihood of CH after
sympathectomy since 2009. Based on our initial studies
(15,16), we were convinced that our predictive procedure
could be helpful to patients in anticipating the occurrence
and severity of CH after sympathectomy.

There are currently very few published studies about
the efficacy of this thoracoscopic nerve block. The purpose
of this study is to review our recent experience with this
predictive procedure, describing efficacy, safety and validity.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-229).

Methods
Patients

We retrospectively reviewed the medical records of 107
patients with severe primary palmar and craniofacial
hyperhidrosis who underwent the thoracoscopic
sympathetic nerve block performed by the same surgeon
from March 2017 to November 2019. All patients had grade
3 or 4 symptoms on the hyperhidrosis disease scale (17). We
excluded CH or recurrent hyperhidrosis patients who had
previous treatments as well as patients who required multi-
level sympathetic nerve blocks due to multiple symptom
sites with the exception of palmar or craniofacial. We sorted
the patients based on the algorithm shown in Figure 1. The
study was conducted in accordance with the Declaration
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of Helsinki (as revised in 2013). The study was approved
by the Institutional Review Board (IRB) of our medical
institution (IRB approval number: OC20RASI0095).
Informed consent was waived due to the retrospective
nature of the current study.

Thoracoscopic sympatbetic block

Patients were placed in the prone position with both
arms abducted 90° and with both elbows flexed less than
90° (Figure 2A). Temperature probes (Skin Temperature
Probe D-S18A, Exacon Scientific, Roskild, Denmark) were
applied on both palms. Under local anesthesia with 0.5%
lidocaine infiltrated into the fifth intercostal space at the
mid-axillary line, a surgical trocar (MiniPort 2 mm, Tyco
Healthcare UK Ltd., Gosport, UK) was inserted. After CO,
insufflation into the pleural space, a 2-mm thoracoscope
was inserted. Visually confirming with the videoscope, a
spinal needle (23 Gx89 mm, Hakko Co. Ltd., Chikuma,
Japan) was introduced onto the sympathetic nerve just
above the parietal pleura through the intercostal space from
the patient’s back (Figure 2B). About 10 mL of a mixture
(ropivacaine 37.5 mg, dexamethasone 5 mg and 0.05 mL of
0.1% epinephrine solution) was injected through the spinal
needle around both target sympathetic chains and ganglia.
After confirming the temperature of the hands started to
elevate, we sucked out the air through the trocar while
the patient in Valsalva maneuver and removed the trocar.
Patients were discharged from the hospital on the day of
operation without severe complications requiring chest tube
after the procedure.

Thoracoscopic sympathectomy

Under endotracheal general anesthesia, patients were placed
in the supine position with both arms abducted 90° and with
the temperature probes applied on both palms. After CO2
insufflation into the pleural space through a surgical trocar,
a 2-mm thoracoscope was inserted. While confirming
surgical field with the videoscope, a 2-mm endoscissors
(Scissors 2 mm, Richard Wolf Medical Instruments Co.,
Vernon Hills, IL, USA) was introduced to cut the target
sympathetic chain. After sucking out the air through the
trocar it was removed.

Post-procedure and postsympathectomy interview

A week after the predictive procedures, patients were
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Excluded:
¢ Recurrent hyperhidrosis

Craniofacial: 27 patients
Palmar: 80 patients

Y

Thoracoscopic predictive procedure
208 sympathetic blocks

e Compensatory hyperhidrosis
* Multi-level sympathectic nerve block

Y

Thoracoscopic sympathectomy
78 patients (Group A)

Palmar : 58 patients
Craniofacial: 20 patients

l

No thoracoscopic sympathectomy
29 patients (Group B)

Due to:
e short duration (19 patients)

e compensatory hyperhidrosis (10 patients)

Figure 1 Thoracoscopic predictive procedure and sympathectomy for primary hyperhidrosis

Figure 2 Thoracoscopic sympathetic block of left sympathetic nerve with the patient placed in prone position. (A) Operative field; (B)

intraoperative findings; T3, third rib; T4, fourth rib; Arrows, sympathetic chains.

interviewed about the effect of PH, complications and
occurrence of compensatory sweating. The patients decided
whether to proceed with sympathectomy. One week
after sympathectomy, their satisfaction was reassessed. In
interviews, compensatory sweating was graded, as one of
the followings: absent, mild, moderate and severe. In our
data analysis, ‘absent’ and ‘mild” were not classified as CH,
while ‘moderate’ and ‘severe’ were classified as CH.

© Journal of Thoracic Disease. All rights reserved.

Statistical analysis

We retrospectively analyzed the perioperative data of patients
who underwent the predictive procedure either followed,
or not followed, by sympathectomy. Continuous variables
are presented as means with standard deviations, and
categorical variables are presented as counts and percentages.

Continuous variables were analyzed using the independent-
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Table 1 Perioperative characteristics of all patients who underwent
predictive procedure

Characteristic Value
Male:female 66 (61.7):41 (38.3)
Age, years 32.3+13.9
BMI, kg/m’ 23.5+3.43
Hyperhidrosis site

Craniofacial 27 (25.2)

Palmar 80 (74.8)
Sympathetic level of target

T3 106 (99.1)

T4 1(0.9)
Procedure time of PP, minutes 32.6+9.4
Relief of primary hyperhidrosis 107 (100.0)
Effective duration of the PP, hours 28.1+41.5
Compensatory hyperhidrosis 32 (29.9)
Pneumothorax 5(4.8)
Temporary ptosis 9 (8.4)

Values are number (%) or mean + SD. BMI, body mass index;
PP, predictive procedure.

sample t-test and categorical variables were analyzed using
the chi-square or Fisher exact test for comparisons between
groups. Statistical significance was defined by P values <0.05.
All statistical analyses were performed using IBM SPSS ver.
26.0 IBM Corp., Armonk, NY, USA),

Results
Predictive procedure

Of 107 patients, 66 (61.7%) were male and 41 (38.3%)
were female (Table I). The mean age of patients was 32.3
(from 14 to 67) years. Eighty patients (74.8%) had palmar
hyperhidrosis and 27 patients (25.2%) had craniofacial
symptom. Thoracoscopic sympathetic blocks were done
for 106 patients at T3 level and 1 patient at T4 level. The
mean procedure time of the predictive procedure was
32.6 minutes. PH was relieved in all patients by the
procedure without severe complications requiring chest
tube. The mean effective duration of nerve block was 28.1
(range 6-168) hours. CH occurred in 32 patients (29.9%)
and did not occur in 52 patients (48.6%). Twenty-three

© Journal of Thoracic Disease. All rights reserved.

Lee et al. Prediction of compensatory hyperhidrosis

patients (21.5%) were unsure of the presence of sweating.
Pneumothorax occurred in 5 patients (4.8%). All the five
patients did not require chest tube insertion and were
discharged postoperatively after one day. Temporary ptosis
occurred in 9 patients (8.4%) and they all improved within
one day.

Operation decision

After the predictive procedure, 78 patients (72.9%) decided
to have sympathectomy (group A). Twenty-nine patients
(27.1%) of group B chose not to proceed due to short
duration of sympathetic block effect and CH (Figure I). By
comparing group A with group B, we evaluated the factors
contributing to patients’ decision making for proceeding
with sympathectomy (7azble 2). Characteristics including sex,
age and hyperhidrosis site were not significantly different
between the two groups. Group B tended to have higher
average body mass index (BMI) (24.5 versus 23.2, P=0.107)
and CH rate (37.9% versus 26.9%, P=0.269) compared to
group A. Twenty-one patients of group A and 11 of group
B were experienced CH after nerve block. However, the
differences were not significant. The longer effective duration
of sympathetic block was a statistically significant factor for
deciding to have surgery (33.5 versus 13.9 hours, P=0.001).

Sympathectomy

All 78 patients who underwent sympathectomy (group
A) had positive effects on PH and of these 76.9%
(60 patients) experienced CH after sympathetic surgery. In
20 patients who had CH after both predictive procedure
and sympathectomy, 4 experienced worse compensatory
sweating after sympathectomy than nerve block, and
the others reported same degree of compensatory
sweating after both procedures. Six patients (7.7%) had
mild pneumothorax on chest X ray which was resolved
spontaneously. One patient (1.3%) had temporary
subcutaneous emphysema.

In 78 patients of group A, CH was considered a positive
sign after predictive procedure and sympathectomy,
respectively (Table 3). Based on Table 3, the validity of our
predictive procedure is summarized in Tzble 4. During
the study period, our predictive procedure had 94.4%
specificity and 33.3% sensitivity for prediction of CH after
sympathectomy. 95.2% of positive predictive rate and 29.8%
negative predictive rate of the predictive procedure were
founded in this study. By dividing the group A into two groups
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Table 2 Perioperative characteristics of patients based on choice with regard to sympathectomy

Characteristic Group A (N=78) Group B (N=29) P value
Male 49 (62.8) 17 (58.6) 0.691
Age, years 32.2+13.8 32.4+14.3 0.958
BMI, kg/m’ 23.2+3.26 24.5+3.76 0.082
Hyperhidrosis site 0.874

Craniofacial 20 (25.6) 7 (24.1)

Palmar 58 (74.4) 22 (75.9)
Sympathetic level of target 1.000

T3 77 (98.7) 29 (100.0)

T4 1(1.3) 0
Procedure time of PP, minutes 32.5+£9.4 32.9+9.4 0.860
Relief of primary hyperhidrosis 78 (100.0) 29 (100.0) 1.000
Effective duration of the PP, hours 33.5+47.0 13.9+12.1 0.001
Compensatory hyperhidrosis 21 (26.9) 11 (37.9) 0.269
Pneumothorax 4(5.1) 1(3.4) 1.000
Temporary ptosis 6 (7.7) 3(10.3 0.701
Sympathectomy results

Time interval from PP, days 11.17£12.47

Success rate 78 (100.0)

Pneumothorax 6 (7.7)

Subcutaneous emphysema 1(1.3)

Compensatory hyperhidrosis 60 (76.9)

Satisfaction 66 (84.6)

Values are number (%) or mean + SD. Group A: Patients who underwent sympathectomy after predictive procedure. Group B: Patients
who did not have sympathectomy after predictive procedure. BM, body mass index; PP, predictive procedure; N, number.

according to primary symptom site, we analyzed differences
in the CH and satisfaction rate after sympathectomy (Zable 5).
The satisfaction rate was higher for the palmar hyperhidrosis
group than the craniofacial hyperhidrosis group (91.4% versus
65.0%, P=0.010). However, the CH rates after sympathectomy
showed no significant difference in the two groups. Just as the
results of CH rate after sympathectomy (7able 5), there was no
statistically significant difference in CH rate after predictive
procedure between palmar and craniofacial group in this study
(Tble 6).

Discussion

Postsympathectomy CH is an irreversible complication.

© Journal of Thoracic Disease. All rights reserved.

There are several reports on reversibility of thoracic
sympathetic surgery. Kara and colleagues (18) performed
bilateral thoracic sympathetic clipping in 183 patients with
PH and removed the clips in 8 patients who had disabling
CH after clipping. They showed that only 2 patients (25%)
had favorable satisfaction results after clip removal.
Rantanen and Telaranta (19) reviewed the records of 150
patients who underwent sympathetic nerve transplantation
for severe side effects of sympathectomy for PH. Only
19 patients responded to the follow-up questionnaire.
Among them, 7 patients (36.8%) were found to have had
significantly reduced compensatory sweating after nerve
reconstruction. Miller and colleagues (14) reported a
temporary thoracoscopic sympathetic block as a predictive
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Table 3 Compensatory hyperhidrosis after both predictive procedure and sympathectomy in group A

CH after PP
Occurrence of CH (Total 78 patients)
Positive Negative
CH after sympathectomy
Positive Total 20 Total 40
Palmar 12 Palmar 32
Craniofacial 8 Craniofacial 8
Negative Total 1 Total 17
Palmar 1 Palmar 13

Craniofacial 0 Craniofacial 4

CH, compensatory hyperhidrosis; PP, predictive procedure.

Table 4 Validity of predictive procedure for prediction of
compensatory hyperhidrosis after sympathectomy

Validity Value (%)
Sensitivity 33.3
Specificity 94.4
Positive predictive rate 95.2
Negative predictive rate 29.8

procedure. They used a local anesthetic agent for reversing
sympathetic block. All patients had temporary relief of
hyperhidrosis and three patients had temporary CH after
the sympathetic block in their study. Our institution has
also elected to use the predictive procedure from July
2009 to help patients decide whether to proceed with
sympathectomy.

We have attempted the use of several local anesthetic
agents for sympathetic nerve block to find good local
anesthetics which have proper effective duration. Too short
a duration of sympathetic block could make it difficult for
patients to experience dryness and compensatory sweating.
Alternatively too a long duration becomes inconvenient for
patients awaiting recovery of symptoms [for example, using
botulinum toxin A (20)]. In March 2017, we established our
protocol for the local anesthetics, by combining ropivacaine,
epinephrine and dexamethasone. We adjusted the dose
of ropivacaine (37.5 mg) with reference to Kuthiala’s
report (21). The steroid agent (dexamethasone) was used for
prolonging the duration of nerve block. And epinephrine
was for preventing peripheral absorption of anesthetic agent
(ropivacaine). We have now reviewed the outcomes of the

© Journal of Thoracic Disease. All rights reserved.

predictive procedures in our institution to analyze recent
experience using the protocol.

All our predictive procedures and sympathectomies were
done effectively and safely. Even cases with complications
were not required the thoracostomy tube drainage, and
most patients were discharged on the operative day. Indeed,
all other complications including ptosis were temporary.

However, CH rate after the predictive procedure was
much lower than that seen with sympathectomies (29.9%
versus 76.9%). The short duration of the sympathetic
block effect might have not allowed the compensatory
reaction to occur in patients. The effective duration was
significantly shorter in patients who refused to proceed the
sympathectomy emphasizing the importance of getting the
duration right. As we used same dose of ropivacaine for
all patients regardless of their BMI, the patients of group
B who had have higher average BMI might have shorter
duration of nerve block effect. Compared with our early
experience (15,16) the average effective duration of the
predictive procedure in this study was not longer. This
means that we did not improve the block duration time by
defining a new protocol for the local anesthetics.

In a study by Miller and colleagues (14), temporary
relief of hyperhidrosis happened to all 25 patients. The
occurrence rate of CH after predictive procedure was
12% (3 patients) in their study. One patient (4%) with
severe CH after predictive procedure decided not to
proceed with the sympathectomy in Miller’s report (14).
All but one (24 patients) elected to proceed with the
planned sympathectomy. And two (8.33%) had CH after
sympathectomy. In our study, the total 107 patients had
29.9% of CH rate after nerve block and group A had 76.9%
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Table 5 Compensatory hyperhidrosis and satisfaction rates after sympathectomy based on primary symptom site in group A
Site of primary symptom Palmar hyperhidrosis (N=58) Craniofacial hyperhidrosis (N=20) P value
CH after sympathectomy 44 (75.9) 16 (80.0) 1.000
Satisfaction 53 (91.4) 13 (65.0) 0.010
Values are number (%). N, number; CH, compensatory hyperhidrosis.
Table 6 Compensatory hyperhidrosis rates after predictive procedure based on primary symptom site in all patients
Site of primary symptom Palmar hyperhidrosis Craniofacial hyperhidrosis P value
Total N=107 80 27

CH after PP 21 (26.3) 11 (40.7) 0.155
Group A N=78 58 20

CH after PP 13 (22.4) 8 (40.0) 0.126
Group B N=29 22 7

CH after PP 8 (36.4) 3 (42.9) 1.000

Values are number (%). N, number; CH, compensatory hyperhidrosis; PP, predictive procedure.

of CH rate after sympathectomy.

We had just a week of mandatory follow up period
after both predictive procedure and sympathectomy. Even
though longer outpatient clinic follow-up period is judged
to be important to assess compensatory sweating of patients,
the outpatient visits are voluntarily left to the patients at
our department. We were somewhat convinced of that the
duration of the outpatient follow up did not significantly
affect the patient's satisfaction.

In terms of validity, our predictive procedure had both
high specificity (94.4%) and high positive predictive rate
(95.2%) for CH. So, the patients who present with CH
after the predictive procedure might need to be informed of
the strong chance of CH occurrence after sympathectomy.
We believe that the too low CH rate after predictive
procedures led to the low sensitivity value of the procedure.
If the average effect time of the procedure was longer, the
sensitivity might have been higher by elevating the CH rate
after predictive procedure.

Araujo and colleagues (22) reported that higher BMI
is related to patients’ dissatisfaction after thoracoscopic
sympathectomy. That observation might account for the
relationship between higher BMI and higher tendency
of patient refusal for sympathectomy in our study. Even
though CH rate of sympathectomy was higher than that of
the predictive procedure (76.9% versus 26.9%) in group A
(1able 2), the satisfaction rate was 84.6%. The cause of high

© Journal of Thoracic Disease. All rights reserved.

satisfaction rate may have been influenced by that some
have already experienced CH from predictive procedure,
and the others had heard the detailed preoperative
explanation of CH after sympathectomy.

Regardless of higher success rate of T2 sympathectomy
for craniofacial PH, we tend to be reluctant to practice T2
sympathectomy for craniofacial cases due to complications
including severe CH related to high level sympathectomy.
As we performed mostly T3 sympathectomy in both
craniofacial and palmar hyperhidrosis during our study
period, we expected lower satisfaction rate in craniofacial
group (Table 5).

This study has several limitations, including the
retrospective design, the short period of follow-up, and lack
of comparing of these results with our early experiences.

Conclusions

The predictive procedure was safely performed on all
patients. Sympathetic nerve block before sympathectomy
gave patients an opportunity to experience the effect of
sympathectomy on PH and occurrence of CH. In addition,
consecutive sympathectomy provided high satisfaction for
our patients. However, the duration of sympathetic nerve
block was too short. As one of the main factors for patients
in making a decision to proceed with the surgery was nerve
block effect duration, longer duration would help patients
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to decide whether to undergo the operation. Finally, a
randomized, prospective, comparative study with long-term
follow-up is necessary to confirm the clinical advantages of
the predictive procedure for CH.
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