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Abstract

Background Traditional endoscopic thoracic sympa-

thicotomy is usually performed through an axillary incision

with 5-mm thoracoscope under general anesthesia with

endotrachea intubation. Nonintubated transareolar single-

port thoracic sympathicotomy with a needle scope has

rarely been attempted. The objective of this study is to

evaluate the feasibility and safety of this minimally inva-

sive technique in managing primary palmar hyperhidrosis

(PPH).

Methods From May 2012 to May 2014, a total of 85 male

patients with severe PPH underwent transareolar single-

port thoracic sympathicotomy by use of a 2-mm needle

scope under total intravenous anesthesia without endotra-

chea intubation.

Results All procedures were successfully performedwith a

mean operating time of 13.5 min. The palms of all patients

became dry and warm as soon as the sympathetic chain was

cut off. There were no sore throat, and all the patients

regained consciousness rapidly after surgery. Eighty-two

patients (96.5 %) were discharged from the hospital on the

first postoperative day. The postoperative complications

were minor, and no patients developed Horner’s syndrome.

At 6 months postoperatively, there is no obvious surgical

scar on the chest wall, and none of the patients complained

about postoperative pain. Compensatory sweating appeared

in 31 patients. No recurrent symptoms were observed in our

study. One-year follow-up revealed an excellent cosmetic

result and degree of satisfaction.

Conclusions Nonintubated transareolar single-port

needlescopic thoracic sympathicotomy is a safe, effective

and minimally invasive therapeutic procedure, which can be

performed in routine clinical practice for male PPH patients.

Keywords Primary palmar hyperhidrosis � Single-port
sympathicotomy � Needlescopic surgery � Areolar
approach � Intravenous anesthesia

Primary palmar hyperhidrosis (PPH) is a disorder charac-

terized by excessive perspiration beyond physiological need,

leading to severe psychological, social and occupational

dysfunction [1, 2]. The excessive sweating is primarily of the

palms but may involve sole and axilla as well [3, 4]. The

degree of sweating is variable, ranging in severity from

moderate moisture to severe dripping. Patients sweat in

response to thermal and emotional stimuli but also sponta-

neously without apparent trigger. PPH has an estimated

prevalence of nearly 0.6–1.0 % in theWestern population [5,

6]. In one of our nationwide survey [7], the PPH prevalence

rate of adolescents was 2.08 % in mainland China, and

positive family history was found in 25.40 % of PPH cases.

The cause of PPH still remains unknown. Many evidences

imply that PPH could be a genetic disorder with an autosomal

dominant mode of transmission [8, 9]. Recently, we have

identified a novel locus on chromosome 2q31.1 and have

provided direct evidence that PPH is a clinically and genet-

ically heterogenous group of disorders [10].
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Endoscopic thoracic sympathicotomy is currently the

only effective and sustainable surgical treatment for dis-

abling palmar hyperhidrosis [11, 12]. Under general anes-

thesia with endotracheal intubation, 1–3 port thoracic

sympathicotomy with 5-mm thoracoscope offers a high

level of safety and has reached a high therapeutic standard.

But, this traditional procedure still leaves visible scars on

the chest wall as well as pain on the trocar sites, and

sometimes even causes complications associated with

endotracheal intubation.

Current development in video-assisted thoracoscopic

surgery and anesthesia using video-assisted thoracoscopic

surgery without endotracheal intubation are safe and feasible

for the diagnosis and treatment of pleural diseases [13, 14],

including nonintubated needlescopic thoracic surgery. Such

procedures can last up to half an hour with adequate patient

tolerance. This led us to question whether such a procedure

could be applied to the simple surgery of thoracic sympa-

thicotomy. Such an approach could reduce surgical invasion,

produce better cosmetic results and decrease the complica-

tions associated with endotracheal intubation.

In this article, we report our initial experience with

nonintubated transareolar single-port needlescopic thoracic

sympathicotomy.

Patients and methods

Patient selection

Between May 2012 and May 2014, 85 male patients with

severe PPH underwent nonintubated transareolar single-

port thoracic sympathicotomy with needlescopic instru-

ments (Fig. 1) exclusively at our institution. Patient char-

acteristics are presented in Table 1. This study was

approved by the institutional review board and ethics

committee of The First Affiliated Hospital of Fujian

Medical University (no. 2012-17). All the patients received

a preoperative routine blood examination, cardiological

consulting and chest computed tomography scan to exclude

lung, pleural and heart diseases. A detailed medical history,

the degree of symptoms and distribution of excessive

sweating were also documented. All patients signed their

informed consent at least 1 day before operation after

careful explanation of the procedure and goals of the study.

Criteria for inclusion of the study were: age C16 years and

B50 years; male patients with severe palmar hyperhidrosis

that significantly affects their daily life; absence of thoracic

surgery history and severe chest wall deformity. Criteria

for exclusion were: plantar, axillary hyperhidrosis without

palmar hyperhidrosis; upper airway and maxillofacial

injury or deformity, and patients who cannot cooperate

with face mask ventilation; lung, pleural and heart diseases

that could increase surgical risk; secondary hyperhidrosis

including hyperthyroidism, acute and chronic infections,

malignancy and immunologic disorders.

Surgical procedure

Surgery was performed under total intravenous anesthesia

with face mask (Fig. 2A), which was fixed with belts to

prevent air leakage. Anesthesia was induced with intra-

venous fentanyl (1–1.5 lg/kg to maximum of 100 lg),
propofol (2–3 mg/kg) and cisatracurium (2–4 mg).

Throughout the surgical procedure, oxygen was delivered

via face mask ventilation, and remifentanil (4–12 lg/kg/h)
and propofol (4–12 mg/kg/h) were given by target-con-

trolled infusion. All patients were placed on the operating

Fig. 1 Needlescopic instruments versus traditional instruments

Table 1 Patient characteristics

Characteristics Value

No. of patients 85

Mean age/range (years) 23 (16–45)

History of nonsurgical treatments, n (%) 47/55.2

Positive family history (yes/no) 12/73

Distribution of hyperhidrosis, n (%)

Palmar hyperhidrosis only 25/29.4

Plus plantar hyperhidrosis 32/37.6

Plus axillary hyperhidrosis 8/9.4

Plus plantar and axillary hyperhidrosis 20/23.5
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table in a semi-sitting position, thus exposing areola to

allow a sequential bilateral procedure without the need for

turning. A palmar temperature probe (Infrared Ther-

mometer GM700, Shenzhen, China) was placed on the

thenar eminence and taped in place. Before operation,

palmar temperature was kept \30 �C by immersing the

hand in water at 4 �C. Before skin incision, baseline palmar

temperature was recorded. The transareolar incision was

characterized by a 5-mm incision delineated along the

areola margin on the operative side of surgery. After

temporarily disconnecting the ventilation pipe of anesthe-

sia machine, a 3-mm trocar with blunt obturator was

introduced into the thoracic cavity. Open pneumothorax

was achieved when the trocar’s obturator was pulled out.

Ventilation stopped for 10 s, and the lung deflated from the

vertex of thoracic cavity under gravity. A 2-mm 30� tho-

racoscope (Karl Storz, Tuttlingen, Germany) then was

introduced into the thoracic cavity. When the trocar was

pulled out from the incision, a 2-mm cautery hook was

inserted into the thoracic cavity through the same port

(Fig. 2B). The sympathetic chain was identified at the level

of the crossing of the second, third and fourth costal heads.

The parietal pleura was opened, and the sympathetic chain

crossing the third rib (R3) was simply transected by the

cautery hook (Fig. 2C). The incision was routinely exten-

ded laterally for approximately 3 cm on the corresponding

costa to include any accessory nerve fibers (the nerve of

Kuntz). A palmar temperature increase of 1.5 �C confirmed

adequate sympathicotomy. Once sympathicotomy was

completed, the cautery hook was pulled out and the trocar

was inserted along the thoracoscope into the thoracic

cavity. Then, the thoracoscope was removed leaving the

trocar in position as a vent for retained air. The surgical

procedure was completed by insertion of an 8F chest tube

into the thoracic cavity through the trocar (Fig. 2D). The

chest tube was aspirated while the anesthesiologist venti-

lated the patient manually, exerting continuous positive

pressure for a few seconds, to prevent pneumothorax

before the drainage was subsequently removed. At the end

of the procedure, the incision was tightly pressed for a few

seconds to make sure there was no active bleeding. Then,

the incision was closed with Dermabond Skin Adhesive

(Ethicon, LLC, USA) (Fig. 3A, B). No sutures or dressing

was needed. The entire procedure was then repeated on the

opposite side without changing the position of the patient

or the operation setting.

Data collection and follow-up

The operating time, resuscitation time, sore throat, palmar

temperature rise, resolution of palmar hyperhidrosis, hos-

pital stay and complications were collected after surgery.

The operating time was calculated from the time of skin

incision to the application of the dressing over the wound.

This excluded anesthesia induction and reversal time.

All patients were followed up at the time of discharge, 6

and 12 months after the operation. A detailed questionnaire

(Table 2) was completed by study patients. Cosmetic

Fig. 2 A Total intravenous

anesthesia with a face mask (2S-

MZ-A, Shanghai, China).

B Transareolar single-port

procedure. C Thoracoscopic

view of R3 ablation with 2-mm

needle scope. D Drainage the

retained air before closing the

incision
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results, postoperative pain, compensatory sweating (CS)

and satisfaction scores were evaluated by hospital visits,

telephone or e-mail.

Results

During the operation, the vital signs of all patients were

stable, and none of them needed conversion to endotracheal

intubation. All patients regained consciousness rapidly (the

mean resuscitation time was 4.5 ± 0.8 min) and did not

complain about sore throat after surgery. All procedures

were successfully performed with a mean operating time of

13.5 min. The palms of all patients became dry and warm

immediately after surgery. The average rise in probe tem-

perature after nerve ablation was 2.2 �C. It usually occur-

red 1–5 min after the ablation. There were no operative

mortality and conversion to open procedure. Hospital stay

was very short, with 82 patients (96.5 %) discharged on the

first postoperative day, and the remainder discharged on

postoperative day 2. Postoperative pneumothorax was

found on the chest X-ray in 5 patients, 2 of them resolved

Fig. 3 A Transareolar incision

was closing with Dermabond

skin adhesive. B A 5-mm

transareolar incision after

closing. C There was no

obvious surgical scar on the

chest wall of a patient 6 months

after surgery. D A 5-mm

surgical scar was hidden in the

areola 6 months after surgery

Table 2 Follow-up questionnaire

Question response

1. Cosmetic results

Verbal response scale (VRS): 1 dissatisfied/2 accepted/3 satisfied/4 perfect

2. Postoperative pain

Visual analogue scale (VAS) pain score: from 0 ‘‘no pain’’ to 10 ‘‘worst pain imaginable’’

Severity: mild (1–4)/moderate (5–7)/severe (8–10)

3. Compensatory sweating

No/yes

Location: back, abdomen, lower extremities, thorax, other part of body___

Degree: mild/moderate/severea

4. Satisfaction

Analogue visual scale (AVS): very satisfied (9–10)/satisfied (6–8)/dissatisfied (3–5)/very dissatisfied (0–2)

a The degree of postoperative compensatory sweating was classified as follows: mild, undergarments remained dry despite heavy sweating;

moderate, undergarments were sometimes soaked with excessive sweat but were tolerable; severe, undergarments were sometimes soaked with

excessive sweat and became intolerable, requiring changes more than twice a day
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with pleural drainage, and others did not required further

intervention. No patients had intraoperative bleeding.

Horner’s syndrome was not observed in the study. None of

the patients had an infection of his wound.

Follow-up was 100 % completed. The great majority of

the patients returned the questionnaires immediately, and

the remainder returned the questionnaires after a reminder

or repeated mailing. The response rates at the time of

discharge, 6 and 12 months postoperatively were 100 %.

The effectiveness of the surgery is presented in Table 3. No

recurrent symptoms were observed in our study. Postop-

erative pain at the time of discharge affected 33 patients

(38.8 %). According to visual analogue scale (VAS) pain

score, 30 cases (90.9 %) were considered mild (the mean

VAS score was 2.03 ± 0.85) and 3 cases (9.1 %) were

considered moderate (the mean VAS score was

5.67 ± 0.58). No patient required analgesia. None of the

patients complained about postoperative pain 6 months

after surgery. CS occurred in 31 patients (36.5 %). Among

them, 25 cases (80.6 %) were mild and 6 cases (19.4 %)

were moderate. The most frequent locations were the back

(54.8 %), abdomen (48.4 %), thorax (32.3 %) and lower

extremities (25.8 %). As far as the evolution over time, 5

patients (16.1 %) reported improvement, 24 (77.4 %) had

no change and 2 patients (6.5 %) got worse. Our procedure

had an excellent cosmetic result (Table 3; Fig. 3C, D) and

degree of satisfaction (Table 3) during follow-up.

Discussion

Thoracoscopic sympathetic ganglion resection is an effec-

tive treatment for patients suffering from PPH. Its thera-

peutic mechanism might be to interrupt the transmission of

impulses from sympathetic ganglia to eccrine sweat glands

[15]. Under general anesthesia with endotracheal intuba-

tion, conventional endoscopic thoracic sympathicotomy is

usually employed in the treatment of patients with severe

PPH. Although widely accepted, the procedure has some

shortcomings to be improved. To begin with, endotracheal

intubation is easy to cause postoperative sore throat, dys-

phagia, and even possible cardiopulmonary complications.

Next, the cost of anesthesia with endotracheal intubation

can run as high as 5000 RMB, which is more than nonin-

tubated one. Finally, traditional endoscopic thoracic sym-

pathicotomy via 2–3 incisions still leaves visible scars on

the chest wall that results in a permanent cosmetic defect,

postoperative wound-related pain, numbness or paresthe-

sia. It is reported that the frequency of dysesthesias and

pain in the thoracic wall is variable (5–78 %) and the main

reason for these chronic postoperative problems is inter-

costal nerve injury when the trocars are introduced into the

intercostal space [16, 17]. As PPH is prevalent in young

people, cosmetic outcome is an important consideration in

ETS. Attempts at further reducing access trauma and

improving cosmetic outcome have resulted in the devel-

opment of a series of minimally invasive surgical proce-

dures, including transaxillary single-port endoscopic

thoracic sympathicotomy [18] and transumbilical endo-

scopic thoracic sympathicotomy [19]. These surgical

approaches enable a smaller wound size or allow for the

positioning of the wound in areas of cosmetic benefit.

However, the transareolar approach has a better cosmetic

result by hiding a surgical scar in the areola and has rarely

been reported in endoscopic thoracic sympathicotomy.

In order to overcome the shortcomings mentioned above,

under total intravenous anesthesia without intubation, we

performed transareolar single-port thoracic sympathicotomy

with needlescopic instruments. The results are in line with

previous reports of endoscopic thoracic sympathicotomy

[20–22]. All patients waked up quickly from anesthesia, and

none of them complained about sore throat after surgery. The

effectiveness of palmar hyperhidrosis was 100 %with a rate

of total satisfaction (satisfied plus very satisfied) of 97.6 % at

the time of 12 months postoperatively. Complications were

minor, and none of them required an open surgery. Pneu-

mothorax was the most common early postoperative com-

plication, and only 2 cases required a pleural drainage for

1 day. However, an exertion of continuous positive pressure

for a few seconds in coordination with the anesthesiologist

and the application of a mild suction to the temporary chest

tube before the closing of the skin incision are essential to

prevent pneumothorax [23, 24]. The frequency of Horner’s

syndrome is variable (0.5–17 %), and its pathogenesis is

direct or indirect lesions of the stellate ganglion [25, 26]. In

our study, no patients developed Horner’s syndrome, and the

possible reason was that the sympathetic level of R3 tran-

section is far from the stellate ganglion. Incidence rates of

recurrence vary considerably and have been described as

ranging 1–27 % [27]. The most common causes are incom-

plete thoracic sympathicotomy, anatomic variability of the

Table 3 Outcomes of postoperative follow-up

Demographics Discharge 6 months 12 months

Resolution of symptoms, n (%)

Palmar hyperhidrosis 85 (100) 85 (100) 85 (100)

Axillary hyperhidrosis 27 (96.4) 24 (85.7) 21 (75.0)

Plantar hyperhidrosis 49 (94.2) 38 (73.1) 35 (67.3)

Mean cosmetic score, VRS 3.1 ± 0.7 3.5 ± 0.4 3.8 ± 0.6

Degree of satisfaction, n (%)

Very satisfied 85 (100) 81 (95.3) 76 (89.4)

Satisfied 0 (0) 4 (4.7) 7 (8.2)

Dissatisfied 0 (0) 0 (0) 2 (2.4)

Very dissatisfied 0 (0) 0 (0) 0 (0)
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sympathetic chain or nerve regeneration [28]. In our series,

there was no recurrence observed during the follow-up per-

iod. The reason was that the sympathetic ganglion was

completely ablated. CS is the most common and undesirable

side effect of thoracic sympathicotomy and is characterized

by excessive sweating from some regions of the body where

it had not been observed preoperatively. The incidence of CS

varies between 4.9 and 100 % [29–33]. This wide variability

may be attributable to heterogeneous patient populations,

emotional stress, climatic conditions or, more importantly,

different surgical procedures. In our experience, CS occurred

in 36.5 % of patients and most of them are mild or moderate.

But the symptoms were not severe enough to interfere with

lifestyle, and this required no further treatment. The patho-

genesis of CS is still unknown. It is postulated that this

phenomenon is caused by a temperature-regulating com-

pensatory mechanism in the body and is correlated with the

extent of sympathectomy [15].

In recent years, thoracic natural orifice transluminal

endoscopic surgery (NOTES) has attracted great attention

for its potential to avoid chest wall incisions, reduce

postoperative wound-related pain and improve cosmetic

results. In 2013, Zhu et al. [19] reported his initial expe-

rience of transumbilical thoracic sympathicotomy in a

series of 38 patients. However, concerns about longer

operative time, complicated surgical skills and increased

risk of diaphragmatic hernia impede the widespread

adoption of this new procedure. So far, most of thoracic

NOTES procedures are still in the early stages of devel-

opment and limited to animal experiments [12, 34–36]. Our

transareolar approach avoids the risk of esophageal punc-

ture-site fistula, mediastinitis or diaphragmatic hernia—the

shortcomings of thoracic NOTES—and could work as a

viable intermediate step before thoracic NOTES.

Additionally, our procedure has several potential

advantages. Firstly, an analgesic and an amnestic,

remifentanil and propofol, are used in total intravenous

anesthesia without endotracheal intubation, and patients

did not experience or remember pain. After surgery, most

of the patients regained consciousness quickly from anes-

thesia, and none of them complained about sore throat.

Therefore, the procedure could greatly reduce the costs of

anesthesia and analgesia for patients. Secondly, with a

single 5-mm incision on the areola margin hidden in the

color of the areola, transareolar single-port endoscopic

thoracic sympathicotomy is nearly scarless and achieves an

excellent cosmetic effect. Thirdly, this procedure with

needlescopic instruments only needs a single small

transareolar incision, which greatly reduces postoperative

wound-related pain. Lastly, this newly designed transare-

olar incision avoids the defect that the trocar restricts the

operative direction of thoracoscope and electrocautery in

other type of single-port endoscopic thoracic sympathico-

tomy during operation. As a mutual fulcrum, the

transareolar single incision could work as a role of two

incisions and make the operation more convenient. As a

result, our technique could simplify the surgical procedure

and offer a high level of safety.

While an improvement over the traditional method, the

described procedure still has some flaws. First of all, as this

was the primary evaluation of such a technique, we restricted

the criteria for inclusion to male patients. Moreover, 2-mm

needle scope is comparatively fragile and easily to be broken

during the operation. Care must be taken to avoid damaging

the fragile endoscope. Finally, this study has a small number

of patients and a short follow-up time. More patients with a

longer follow-up are needed to evaluate the long-term out-

comes of this procedure.

Conclusions

This study demonstrates that nonintubated transareolar

single-port needlescopic thoracic sympathicotomy is a safe,

effective and minimally invasive therapeutic procedure for

PPH, which gives an excellent cosmetic and clinical out-

come. This procedure is a promising approach and can be

performed in routine clinical practice for male patients.
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