
Introduction

Essential or primary hyperhidrosis affects between 0.5
and 1% of the population [25]. It is characterized by
profuse sweating on the palmar surface of the hands,
armpits, groin and feet, which can have psychological
consequences. It is a problem of sympathetic dysre-
gulation [4, 6, 8, 12, 14, 22, 24, 27, 32] that may have
an underlying genetic component [14].

To control their sweat production, patients initially
try non-surgical therapies, such as anticholinergic
drugs, topical astringents and/or absorbing powders,
biofeedback, iontophoresis or botulinum toxin injec-
tions [26, 29–31]. However, unless their symptoms are
mild, these approaches are rarely successful and the
problem persists.

After unsuccessfully attempting at least one non-
surgical therapy [22, 23], many patients then seek a
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j Abstract Endoscopic thoracic
sympathectomy is routinely used
to treat severe hyperhidrosis. It is
usually performed at the T2–T3
level of the nerve, but may pro-
duce less severe compensatory
hidrosis if performed at a lower
level.

This study evaluates the out-
come of 1,274 patients who
underwent endoscopic thoracic
sympathectomy for plamar, plan-
tar, axillary or facial hyperhidro-
sis/blushing. Half of the patients
were clamped at the T2–T3 level
and half were clamped at the T3–
T4 level. Postsurgical symptoms
and side effects were assessed by
interview.

All of patients with palmar
hyperhidrosis were cured or im-
proved. Patients with plantar and
axillary hyperhidrosis were more
likely to be improved at T3–T4
level clamping. Patients with facial
hyperhidrosis were more likely to
be cured at T2–T3 level, but did

show improvement at the T3–T4
level. Overall satisfaction was
higher in the T3–T4 group. Some
degree of mild compensatory
sweating occurred in all patients.
However, severe compensatory
sweating was more common in the
T2–T3 group. Around 2% of
patients requested a reversal of
their surgery.

Endoscopic thoracic sympa-
thectomy is a safe and effective
treatment for hyperhidrosis.
Clamping at the T3–T4 level has a
more successful outcome. In par-
ticular, it appears to reduce the
incidence of severe compensatory
hidrosis.
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surgical approach to manage their hyperhidrosis.
Surgical sympathectomies have been carried out for
more than 100 years [10], and have been available for
the treatment of hyperhidrosis in the last decades [1,
5, 11, 16]. In the 1990s, advancement in endoscopic
techniques revolutionized sympathetic surgery,
allowing the surgeon to view the sympathetic ganglia
through a small incision.

Instead of permanently transecting or cauterizing
the sympathetic trunk, some surgeons now apply
clamps [17]. These clamps generate pressure on the
sympathetic ganglia, which blocks the transmission of
sympathetic impulses. The advantage of the clamps is
that they can be removed [18], or repositioned [3], if the
postsurgical side effects are intolerable. The clamping
method (the term ‘‘clamping’’ is used as ‘‘clipping’’
could be conceived as cutting) may be more successful
than permanent sympathetic cauterization [18] and
has no greater incidence of adverse effects [23].

Endoscopic thoracic sympathectomy is now the
standard procedure chosen by physicians for the
treatment of severe hyperhidrosis [9, 11, 13, 15, 21]. It
is safe and successful in almost 98% of cases, only 1–
2% of patients experience recurrence of their hyper-
hidrosis [16, 23, 28]. All patients develop some degree
of compensatory sweating after surgery. In most this
is mild and tolerable; however, in 3–5% of patients it
is severe and intolerable [7]. Endoscopic thoracic
sympathectomy is minimally invasive, reducing
postoperative pain, and can be performed on an
outpatient basis [23, 28].

Although the surgical techniques have been re-
fined, there is still debate as to exactly what level the
sympathectomy should be performed. In retrospec-
tive analysis of a large cohort of patients undergoing
endoscopic thoracic sympathectomy for hyperhidro-
sis, the results of clamping at either the T2–T3 level or
T3–T4 level are compared.

Materials and methods

j Subjects

A total of 1,274 patients (29.3 ± 9.5 years, range 10.4–61.7) with
essential hyperhidrosis underwent endoscopic thoracic sympa-
thectomy. 618 patients (48.5%) were clamped at the T2–T3 level
(1.5% of these were clamped only at the T2 level). The remaining
656 patients (51.5%) were clamped at the T3–T4 level (five cases
also included additional T2 clamping for facial symptoms). The
level of clamping was based on the chronological order of the cases.
From June 1999 to December 2001 patients received T2–T3
clamping, and from October 2001 to March 2004 T3–T4 clamping,
with some overlap during the first few months of introducing the
T3–T4 technique.

Prior to surgery in an attempt to control their hyperhidrosis,
83.4% had tried topical medications (e.g., Drysol), 31.2% had tried
the Drionic electrical iontophoresis device, 11.9% had tried anti-

cholinergic agents, 11.3% had tried anti-anxiety medications, 5.2%
had tried beta-blockers, and 5.2% had tried Botox. Table 1 sum-
marizes patient characteristics.

The majority of patients (91.7%) had palmar sweating, 88.8% had
plantar sweating, 19.3% had axillary sweating, 12.6% had facial
sweating and 8.7% had facial blushing. 7.9% (n = 100) had facial
symptoms alone; 94% of these patients were clamped at the T2–T3
level.

All patients gave written surgical consent. Patients received only
the standard clinical procedure. After surgery, patients were fol-
lowed up by a standard practice telephone interview. All data were
stored on an electronic database and analyzed with patient iden-
tification removed.

j Surgical procedures

All surgical procedures were performed at an outpatient surgical
center. Briefly, an 8 to 10 mm incision was made in the fourth
intercostal space of the axillary fold (beneath the pectoralis muscle),
to initiate insufflation with a surgical CO2 insufflator. Adult patients
were insufflated with 0.6 l CO2, while in pediatric patients, 0.4–0.5 l
CO2 was used. Through the incision, a 10/11 mm trocar (TroGARD
Finesse Dilating Trocar System, CONMED Corp., Utica, NY) and a
10 mm endoscope with a working channel (Olympus 10 mm oper-
ating scope A5240, Olympus America Inc., Melville, NY) were in-
serted. A custom designed 5 mm diameter metal nerve hook was
introduced and used to elevate the nerve. The hook was specifically
designed to allow precise positioning of the jaws of the clamp
applicator on the nerve, while at the same time limit the damage to the
surrounding tissues. Typically, two clamps (5 mm autosuture
endoscopic clips) were applied at the upper level (either T2 or T3) and
two clamps below the lower rib (either T3 or T4), so that the whole
segment, between the two ribs, was eliminated. After the pleural space
was exsufflated, the lung was inflated back to the chest wall and skin
sites were closed. The procedure was then repeated on the other side.

The entire procedure was complete in less than 30–45 minutes.
After 60–90 minutes of recovery, chest X-rays were taken to rule
out a pneumothorax or hemothorax and check the positioning of
the clamps. Following this, patients were discharged. As the pro-
cedure inflicted limited tissue damage, postoperative pain was
typically mild to moderate and treated with oral pain medications
(e.g., ibuprofen or codeine-containing drugs).

j Postoperative outcome scores

Data was collected by review of medical charts, telephone inter-
views, and e-mail or mail correspondence. During an interview,
patients were asked to state whether they considered their

Table 1 Patient characteristics

Level All
(n = 1274)

T2–T3
(n = 618)

T3–T4
(n = 656)

T2–T3 vs.
T3–T4

Age (years) 29.3 ± 9.5 29.4 ± 9.4 29.0 ± 9.8 NS
Sex (Male/Female) 50.9%/49.1% 54.5%/45.5% 47.6%/52.4% P £ 0.014
Ethnicity NS

Caucasian 70.3% 69.7% 70.7%
Asian 15.0% 15.9% 14.2%
Hispanic 12.9% 13.1% 12.7%
African American 1.7% 1.0% 2.4%
Other 0.2% 0.3% 0.0%

Family history 45.8% 43.7% 47.7% NS
Follow up (months) 12.9 ± 8.7 17.9 ± 9.3 8.2 ± 4.6 P £ 0.001

All data are mean ± SD. Characteristics of 1,274 patients undergoing endo-
scopic thoracic sympathectomy for hyperhidrosis using the clamping method,
overall and by level of sympathectomy
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symptoms to be �cured’, �improved’, or �unchanged’. Based on a
series of questions, patient satisfaction was rated on a 5-point
scale ranging from �very unsatisfied’ to �very satisfied’. Any
occurrence of gustatory sweating, compensatory sweating, and
recurrence was noted. Based on the patient’s comments, �severe’
compensatory hidrosis was indicated when the patient mentioned
that sweating interfered with their normal activity, for example,
when clothing had to be changed two or three times per day.
�Moderate’ compensatory hidrosis was noted when the patient
indicated that their sweating was not bothersome. �Mild’ com-
pensatory hidrosis was considered when the patient did not
mention dampness or made only a brief reference to their
sweating. The effect of compensatory hidrosis on their quality of
life was rated as �mild’, �moderate’ or �severe’. Finally, the patients
were asked whether they would recommend the procedure to a
friend. In those few cases where a second, or ‘‘redo’’ operation
was performed, the final outcome was reported.

j Data analysis

Unless otherwise stated, all data are expressed as mean ± SD or as
percentages. Descriptive and inferential statistical analyses were
performed, using both parametric and nonparametric procedures, as
appropriate. Comparisons of categorical/ordinal variables were
performed using Chi-Square. Satisfaction ratings were grouped
simply as �satisfied’ or �unsatisfied’ for statistical comparison. Con-
tinuous variables were compared using an independent group t-test.
Criterion for statistical significance was set at P £ 0.05, two-tailed.

Results

Not all patients could be reached for follow-up. In
total, 95% of patients with palmar symptoms and
100% of patients with only facial symptoms were
followed up. Treatment efficacy was assessed in 1,199
of the 1,274 patients (94%). Mean time to follow up
was 17.9 ± 9.3 months for the T2–T3 group and
8.2 ± 4.6 months for the T3–T4 group.

j Postsurgical outcomes

Symptoms

A total of 99.5% of patients considered their palmar
hyperhidrosis to be cured. The remaining 0.5% con-
sidered themselves ‘‘improved’’ but not completely
cured.

The majority of patients with plantar sweating, at
both clamping levels, stated that they were �improved’
but not �cured’. Patients clamped at the T3–T4 level
reported more improvement in plantar sweating com-
pared to those clamped at the T2–T3 level (P < 0.01).

Of the 239 patients with axillary sweating, those
clamped at the T3–T4 level had a higher rate of
improvement (P < 0.01).

Most of the 218 patients with facial sweating or
blushing, reported being improved or cured. How-
ever, those clamped at the T2–T3 level were more
likely to report being cured than those clamped at the
T3–T4 level (57.1% vs. 3.5%; P < 0.001)

When the 100 patients with only facial symptoms
are examined separately, 50% (three out of six) of the
T3–T4 clamped patients reported that they were ‘‘un-
changed’’, compared to only 3.2% (3 out of 94) of the
T2–T3 clamped patients. Table 2 shows sympathec-
tomy level and symptoms outcomes for all patients.

Patient satisfaction

Most patients were satisfied with the outcome of their
sympathectomy (Table 3). When both groups were
combined, the overall satisfaction rate was 96.2%. The
unsatisfied rate was highest in patients who under-
went surgery for facial symptoms alone. When these
facial symptom patients were excluded, the satisfac-
tion rate rose to 97.6%. Those clamped at the T3–T4
level showed a slightly higher rate of satisfaction

Table 2 Postsurgical outcome-symptoms

Level All T2–T3 T3–T4 T2–T3 vs.
T3–T4

Palmar (n = 1111) NS
Cured 99.5% 99.6% 99.3%
Improved 0.5% 0.4% 0.7%
Plantar (n = 1067) P £ 0.001

Cured 2.7% 5.9% 0.0%
Improved 78.2% 65.8% 88.8%
Unchanged 19.1% 28.3% 11.2%

Axillary (n = 239) P £ 0.001
Cured 2.1% 3.0% 1.4%
Improved 86.6% 71.7% 97.1%
Unchanged 11.3% 25.3% 1.4%

Face (n = 218)* P £ 0.001
Cured 43.1% (33.1%) 57.1% (56.7%) 3.5% (2.0%)
Improved 52.3% (63.6%) 39.8% (40.3%) 87.7% (94.1%)
Unchanged 4.6% (3.4%) 3.1% (3.0%) 8.8% (3.9%)

Palmar hyperhidrosis was cured in almost all patients similarly in the T2–T3 and
T3–T4 groups. Patients with Plantar and axillary hyperhidrosis were more likely
to be improved at the T3–T4 level. Patients with facial hyperhidrosis were more
likely to be cured at the T2–T3 level, but they did show improvement at the
T3–T4 level. * Values in parentheses are excluding those with facial symptoms
only (n = 100)

Table 3 Postsurgical outcome - satisfaction

Level All T2–T3 T3–T4 T2–T3 vs.
T3–T4

Satisfaction ratings
Very satisfied 64.4% 53.5% 75.9%
Somewhat satisfied 25.1% 29.7% 20.3%
Satisfied 6.6% 10.6% 2.4%
Somewhat unsatisfied 2.8% 4.4% 1.0%
Very unsatisfied 1.1% 1.8% 0.3%
Overall satisfaction P £ 0.001
Satisfied 96.2% 93.8% 98.6%
Unsatisfied 3.9% 6.2% 1.3%
Recommendation to friend 84.6% 85.1% 84.1% NS

More patients were satisfied with the results of their surgery after T3–T4
clamping.
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compared to those clamped at the T2–T3 level (98.6%
vs. 93.8%, P < 0 .001). However, patients clamped at
the T3–T4 level had a higher rate (75.9%) of being
�very satisfied’ compared to the T2–T3 group (53.5%,
P < 0.001). 84.6% of patients said they would rec-
ommend the procedure to a friend.

Complications

Surgical complications were rare. There was no inci-
dence of hemothorax and only four cases (0.3%) of
pneumothorax (three in the T2–T3 group). There
were no cases of gustatory sweating in the T3–T4
group, however, the prevalence was 2.1% in the T2–T3
group (P < 0.001). Symptoms reoccurred in a small
number of patients (1.4%). Eleven patients (0.9%)
eventually had their operation redone. Recurrence
and redo rates did not differ between groups.

Compensatory hidrosis

As expected, there was some degree of compensatory
hidrosis in all patients. Severe compensatory hidrosis
was uncommon and occurred in 5.5% of all patients.
However, only 1.4% of patients indicated that their
compensatory hidrosis was severe enough to interfere
with everyday life.

As shown in Figure 1, the rate of mild compensa-
tory sweating was highest in the T3–T4 group while
moderate and severe compensatory sweating were
more common in the T2–T3 group (P < 0.001) (se-
vere = 8.2% and 2.7% for T2–T3 and T3–T4, respec-
tively).

As compensatory hidrosis may develop over time
and the follow up time in the T2–T3 group was longer,

secondary analysis using only those patients who
were followed up after 12 months (396 patients in the
T2–T3 group and 109 patients in the T3–T4 group)
was performed. Whilst the number of patients who
reported severe compensatory hidrosis increased, the
rate remained higher in the T2–T3 group (9.9% vs.
5.5%, T2–T3 vs. T3–T4; P < 0.001).

Around 2% (n = 25) of patients (3.6% of the T2–
T3 patients and 0.5% of the T3–T4 patients) were
unsatisfied with their surgery, most due to compen-
satory hidrosis, and underwent removal of the
clamps. Despite being happy with their postsurgical
sweating, two males in the T2–T3 group had the
clamps removed as they could no longer achieve their
desired heart rates during exercise.

A later study of 31 patients who underwent reversal
of clamps at our institution found that 80.6% reported
that they were improved after follow-up, although no
objective assessment of how their sweating resumed
was obtained. More recent experience by the author
suggests that the actual improvement rate after clamp
removal may be lower (65–70%).

Discussion

j Implications

Endoscopic thoracic sympathectomy is a safe treat-
ment for hyperhidrosis. These results indicate that
T3–T4 level clamping has the highest rate of post-
surgical success and the lowest rate of moderate to
severe compensatory hidrosis.

Palmar hyperhidrosis was nearly always cured. An
equal percentage of patients were cured when
clamped at the T2–T3 level or the T3–T4 level. Plantar
or axillary hyperhidrosis was more likely to be im-
proved, rather than cured, and the rate of improve-
ment was higher at the T3–T4 level. Facial symptoms
were more likely to be cured with T2–T3 clamping,
but they were improved at the T3–T4 level. Overall
postoperative satisfaction was higher in the T3–T4
group, and this was probably due to the lower rate of
moderate or severe compensatory hidrosis. Recur-
rence rates were lowest in the T3–T4 group. These
results suggest that T3–T4 clamping is preferable to
T2–T3 for palmar, plantar and axillary hyperhidrosis.

Until recently, patients with palmar hyperhidrosis
or facial hyperhidrosis/blushing were clamped at the
same level. However, surgical indications have chan-
ged [22, 23]. In theory, as most of the sympathetic
innervation to the head area originates from the T2
ganglia, it is thought that the T2 should be sympa-
thectomized to treat craniofacial hyperhidrosis and/or
facial blushing. Patients with facial symptoms
clamped at the T2–T3 level are more likely to be
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Figure 1 The prevalence of compensatory hidrosis after sympathectomy. Mild
compensatory hidrosis was more common and severe compensatory hidrosis
less common in the T3–T4 group (P < 0.001)
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cured, but more likely to suffer from more severe
compensatory hidrosis. Whereas, patients with facial
symptoms clamped at T3–T4 are improved (but not
cured), but do have a lower risk of severe compen-
satory hidrosis. The overall outcome favors T3–T4
clamping. In patients with facial symptoms alone,
sympathectomy is rarely successful and symptoms
can worsen over time. As in our clinical practice,
perhaps we should all avoid sympathectomy in pa-
tients with only facial symptoms.

j Postsurgical side effects

After sympathectomy, we assume that all patients
experience some degree of compensatory sweating,
due to the disruption of sympathetic activity. The rate
of severe compensatory hidrosis is lower using the
clamping method [2, 23]. The white rami comuni-
cantes and its axons from cells in the intermedolateral
column can be damaged when permanent sympat-
hecomy techniques, such as cauterization, are used
[2]. As a consequence, cell bodies in the spinal cord
may die or reorganize, and the resultant neuronal
remodeling may lead to enhance sympathetic tone in
other areas. With the clamping technique used in this
study, the dissection was minimal and lateral coagu-
lation is only used when the clamps are activated,
which reduces the risk of damage to the delicate
surrounding areas. Moreover, the specific design of
the custom nerve hook, used in these surgeries, fur-
ther reduces surrounding tissue damage. This may
also explain why the rate of severe compensatory
hidrosis is lower with the clamping method [2, 23].

In theory, after sympathectomy, there is decreased
sympathetic activity from the lower ganglia to the
head, which may then cause increased sweating in
other body areas to maintain adequate temperature
regulation. When the sympathectomy is carried out
below T2, there may be more intact sympathetic
supply to the head and less anhydrosis in the upper
body, and as a result less compensatory hidrosis. This
theory is supported by these results, as severe com-
pensatory hidrosis was lower in the T3–T4 group
compared to the T2–T3 group.

Gustatory sweating is also a relatively common
side effect after interrupting sympathetic activity [23].
However, it is normally mild and tolerable. The
pathophysiology of gustatory sweating is not com-
pletely known, but may be due to collateral sprouting
at the stellate ganglion or parasympathetic sprouting

of the 9th and 10th nerves [19]. Clamping has reduced
the rate of gustatory sweating, and clamping at the
T3–T4 level further reduces its incidence. In this
study, none of the patients in the T3–T4 group re-
ported this side effect. Minimal tissue damage and
intact T2 nerves may explain the absence of post-
surgical gustatory sweating.

Disrupted sympathetic activity after sympathec-
tomy can lead to Horner’s syndrome [1]. Lower level
clamping at T3–T4 probably explains the absence of
Horner’s syndrome in our patients, as sympathetic
innervation to the eye remained intact.

One complication that did occur in two of these
patients was the inability to reach a desired maximal
heart rate during exercise. This has previously been
reported [20].

j Limitations

The outcome of the patients was subjective, and not
measured objectively by quantitively assessing post-
surgical sweating. However, interviews are routinely
used and data was entered prospectively into a data-
base. This hopefully reduces the risk of bias.

The direct comparison of two different surgeries
(i.e., sympathectomy levels) is often difficult when
different surgeons are involved. However, in this
study, the surgeon, the specific techniques and
instrumentation were the same, thus it was just the
location of the clamps that differed and not the
‘‘surgical skill’’.

The lower rate of compensatory hidrosis in the T3–
T4 group should be interpreted with caution as they
were followed up sooner than the T2–T3 group.

j Conclusions

Endoscopic thoracic sympathectomy using the
clamping method is a safe and effective treatment for
hyperhidrosis. Recurrence rates are low and patient
satisfaction is high. All patients experience some de-
gree of mild compensatory hidrosis; however, rates of
severe compensatory hidrosis are low using the
clamping method. Clamping at the T3–T4 level has a
higher rate of success and a lower risk of severe
compensatory hidrosis.

j Acknowledgments Karen I. Berliner, Ph.D. for data analysis and
help with manuscript editing. RR performed all surgeries.
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