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Abstract
Background: Palmar hyperhidrosis (PH) is a common sympathetic disorder that reduces patient’ quality of life. Video-assisted
thoracoscopic sympathectomy (VTS) is a popular and effective treatment for PH. However, there is substantial controversy about the
treatment of PH with VTS at the T3 or T4 level. We will compare the quality metrics of VTS at T3 versus T4 to determine the optimal
level for VTS.

Methods:Wewill search PubMed, Scopus,Web of Science, Embase, Cancerlit, the Cochrane Central Register of Controlled Trials,
and the Google Scholar databases for relevant clinical trials published in any language before March 31, 2019. Randomized
controlled trials (RCTs), quasi-RCTs, propensity score-matched comparative studies, and prospective cohort studies of interest,
published or unpublished, that meet the inclusion criteria will be included. Subgroup analysis of the type of operation, sex of patient,
and ethnicity of patient will be performed.

Results: The results of this study will be published in a peer-reviewed journal.

Conclusions:The results of this study will provide reliable evidence for the development of optimal treatment strategies for patients
with PH. Owing to the characteristics of disease and intervention methods, randomized controlled trials may not be sufficient. We will
include high-quality nonrandomized controlled trials, but this may lead to high heterogeneity and may affect the reliability of the
results.

PROSPERO registration number: CRD42018116607.

Abbreviations: CI = confidence interval, development and evaluation, GRADE = Grading of Recommendations, Assessment,
Development and Evaluation, MeSH =Medical Subject Heading, PH = Palmar hyperhidrosis, PRISMA = Preferred Reporting Items
for Systematic Reviews and Meta-Analyses, PRISMA-P = Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols, RCTs = randomized controlled trials, VTS = video-assisted thoracoscopic sympathectomy.
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1. Introduction

palmar hyperhidrosis (PH) is a common symptom of sweat
gland hypersecretion caused by sympathetic nerve dysfunction,
which seriously adversely affects patient social and quality of
life.[1] The sympathetic nerve that controls sweat glands in the
hand comes from the second thoracic ganglion (T2) ∼fifth
thoracic ganglion (T5), and most of the control comes from the
T2. The preganglionic fibers of the arm mainly originate from
the third to sixth segments of the spine.[2] Early thoracic
sympathectomy is performed at the level of T2,[3–6] but the
postoperative complications including hand trunk, compensa-
tory hyperhidrosis and other complications have increased
significantly.[7,8] Currently, video-assisted thoracoscopic sym-
pathectomy (VTS) at the T3 or T4 level is widely performed for
the treatment of PH worldwide with a better effectiveness and
safety profile than at the T2 level,[9–14] however, the optimal
level in which to perform VTS remains controversial. Excessive
high-level VTS may lead to dry hands and compensatory
hyperhidrosis, but low-level VTS may result in a poor surgical
outcome.[15–20] To determine the optimal level of VTS, we will
conduct a systematic review and meta-analysis of published or
unpublished related studies.
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2. Objective

A meta-analysis and systematic review will be conducted to
compare the efficacy and safty of T3 versus T4 VTS for PH.
3. Methods

This protocol was designed to adhere to the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) statement.[21] The results of this study will be
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.[22]
3.1. Patient and public involvement

This studywill be based on published studies, unpublished studies,
and records and will not directly involve patients or the public.
3.2. Eligibility criteria
3.2.1. Types of studies. We will include published or unpub-
lished randomized controlled trials (RCTs) or quasi-RCTs,
propensity score-matched comparative studies, and prospective
cohort studies.

3.2.2. Types of participants. The participants included will be
patients diagnosed with PG that were treated with VTS at the T3
or T4 levels. No restrictions regarding sex, ethnicity, economic
status, and education will be applied.

3.2.3. Types of interventions. All forms of VTS at the T3 level
were compared with VTS at the T4 level for the treatment of PH.

3.2.4. Types of outcome measures

3.2.4.1. Primary outcomes. We will assess symptom resolution
and the satisfaction of patients with PH after treatment with 2
different levels of VTS. This will be reported as the symptom
resolution rate and the degree of patient satisfaction.

3.2.4.2. Secondary outcomes. Compensatory hyperhidrosis,
dry hands, and gustatory sweating, all common postoperative
complications associated with the level of VTS and other
postoperative complications associatedwithVTS,will be included.
We will assess these complications and the recrudescence of PH.
This will be reported as the complication rate and recurrence rate.
3.3. Information sources

We will search Embase, Scopus, Pubmed (Medline), Google
Scholar, and the Cochrane Central Register of Controlled Trials
Table 1

PubMed search strategies.

Query

# 1 hyperhidrosis OR palmar hyperhidrosis OR PH OR palmar sweat gland di
# 2 video-assisted thoracoscopic sympathectomy OR thoracoscopic sympathe

OR denervation, sympathetic OR denervations, sympathetic OR sympa
# 3 “randomized controlled trial“[pt] OR ”controlled clinical trial“[pt] OR

”clinical trials as topic“[mesh] OR ”random allocation“[mesh] OR ”double
”clinical trial“[pt] OR ”research design“[mesh:noexp] OR ”comparative stu

studies“[mesh] OR ”cross-over studies“[mesh]OR ”clinical trial“[tw] OR
placebo∗[tw] OR random∗[tw] OR ”control“[tw] OR ”controls"[tw] OR

# 4 # 1 AND # 2 AND # 3

2

for related studies published in any language before March 31,
2019.
3.4. Search strategy

We will search the electronic databases mentioned above for
eligible studies without any language restrictions. The relevant
keywords of the search are related to Medical Subject Heading
(MeSH) terms. The search strategies for PubMed are shown in
Table 1.
3.5. Data collection and analysis

We will summarize the evidence using the methods described in
the Cochrane Handbook for Systematic Reviews of Interven-
tions.[23]
3.6. Study selection

Two review authors (SC, PPZ) will independently screen titles and
abstracts of all studies searched and exclude those which do not
meet the inclusion criteria. The reasons for exclusion will be
documented by SC and PPZ. The full text of all possible eligible
studies will be retrieved and the 2 authors (SC, PPZ) will
independently assess the eligibility of the retrieved articles.Wewill
resolve disagreements between the 2 reviewers by discussion. If
necessary, we will consult the third review author (MQK). The
selection processwill be shown in the PRISMA flow chart in detail.

3.6.1. Data extraction and management. The following data
will be extracted independently by two review authors (SC, PPZ)
from the included studies: study characteristics and methodology
(the first author, publication date, country, study design,
randomization, periods of data collection, total duration of
study, follow-up duration, withdrawals, among others); partic-
ipants (sex, age, weight, height, classification of PH, inclusion
and exclusion criteria, among others); interventions (the level of
VTS, manners of sympathectomy, location of surgical incision,
duration, thoracic drainage, among others); outcomes and other
data (symptom resolution, satisfaction of patients, length of
hospitalization, compensatory hyperhidrosis, dry hands, gusta-
tory sweating, recurrence rate, other postoperative complica-
tions, among others). There will be no difference in data
extraction for different sympathectomy techniques. We will
extract all of the relevant data and record it in a predesigned
table. If the reported research data are unclear or missing, we will
consult the authors by e-mail to determine whether the relevant
data will be included.
Search term

sease
ctomy OR VTS OR sympathectomy OR sympathectomies OR sympathetic denervation
thetic denervations

-blind method“[mesh] OR ”single-blind method“[mesh] OR
dy“[pt] OR ”evaluation studies“[pt] OR ”follow-up studies“[mesh] OR ”prospective
((singl∗[tw] OR doubl∗[tw] OR trebl∗[tw]) AND (mask∗[tw] OR blind∗[tw])) OR

prospectiv∗[tw] OR volunteer∗[tw]
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3.7. Assessment of risk of bias in the included studies

Two review authors (SC, PPZ) will evaluate the risk of bias of
each study independently using the Cochrane Handbook for
Systematic Reviews. They will assess the risk of bias indepen-
dently according to the following domains: random sequence
generation (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance bias),
blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective outcome reporting
(reporting bias), and other bias. They will assess each domain
independently and report as high, low, or uncertain risk of bias,
and the assessment results will be recorded in the risk of bias table
in detail.
3.8. Data analysis

Review Manager 5.3 software will be used to process and
analyze the data gathered from the included clinical trials. We
will use the Cochran Q and I2 statistic to assess heterogeneity
among the studies versus matched pairs for the standard meta-
analysis. If there is obvious heterogeneity (x2 or I2 statistic
>50%), the trials will be judged to have high heterogeneity and
we will use a random-effects model to analyze the data.
Otherwise, the fixed-effect model will be adopted to analyze the
data. We will utilize the Mantel-Haenszel method to pool the
binary data. We will report the results in the form of relative
risk within the 95% confidence interval (CI) of the data. We
will utilize the inverse variance analysis method to pool
continuous data and the results will be shown in the form of
standardized mean difference within the 95% confidence
interval (CI) of the data.

3.8.1. Subgroup analysis. If there is obvious heterogeneity, and
the available data are sufficient, then we will conduct subgroup
analysis to search for possible causes of heterogeneity. If
available data are sufficient, then we will conduct subgroup
analysis according to the grading of symptoms, patient sex, and
region.

3.8.2. Sensitivity analysis. We will conduct sensitivity analysis
to evaluate the robustness and reliability of the aggregation
results by excluding trials with a high risk of bias.

3.9. Publication bias

If there are at least 10 studies included, we will utilize a funnel
plot and Egger test to investigate publication bias. If publication
bias is suspected, we will contact the study investigators to obtain
more information. If bias does exist, the use the fill and trim
method to analyze reporting bias in the trials.[24]
3.10. Evidence evaluation

All evidence will be evaluated by the criteria of GRADE (study
limitations, imprecision, consistency of effect, publication and
indirectness bias) and the quality of overall evidence will be
judged at 4 levels (high, moderate, low, and very low).[25]
4. Discussion

PH is a symptom of excessive secretion of the hand sweat
glands caused by sympathetic nerve dysfunction that controls
hand sweat glands. It has a negative effect on the quality of
3

life of PH patients. The routine medical treatment of PH
cannot achieve the desired outcome. Thoracic sympathectomy
is the most effective treatment for PH. With further study and
better understanding of PH, traditional T2 level thoracic
sympathectomy, which only has the goal of symptom
resolution but has a high risk of postoperative complications
(such as compensatory hyperhidrosis and dry hands) can be
replaced by T3 or T4 level VTS with fewer complications and
better outcomes.[26]

VTS is the preferred surgical treatment for PH, but VTS at
different levels has different outcomes after surgery. However,
VTS at level T3 or T4 remains controversial. Therefore, we will
conduct a systematic review and meta-analysis of published or
unpublished related clinical studies to determine the optimal level
of VTS and to provide guidance for clinical surgeons in choosing
the best surgical approach.
Author contributions

Conceptualization: Sui Chen, Peipei Zhang, Tianci Chai.
Data curation: Sui Chen, Peipei Zhang, Tianci Chai, Zhimin

Shen.
Formal analysis: Sui Chen, Peipei Zhang, Tianci Chai, Zhimin

Shen, Mingqiang Kang.
Funding acquisition: Mingqiang Kang.
Investigation: Sui Chen, Peipei Zhang.
Methodology: Sui Chen, Peipei Zhang.
Project administration: Sui Chen, Peipei Zhang, Mingqiang

Kang.
Resources: Sui Chen, Peipei Zhang.
Software: Sui Chen.
Supervision: Sui Chen.
Validation: Sui Chen.
Visualization: Sui Chen.
Writing – original draft: Sui Chen.
Writing – review & editing: Mingqiang Kang.
References

[1] Rajesh Y, Pratap C, Woodyer . Thoracoscopic sympathectomy for
palmar hyperhidrosis and Raynaud’s phenomenon of the upper limb and
excessive facial blushing: a five year experience. Postgrad Med J
2002;78:682–4.

[2] Gray H. Lewis WH. The sympathetic nerves. Anatomy of the Human
Body 20th ed.Philadelphia: Lea, Febiger; 2000;1292–9.

[3] Hazelrigg SR, Cetindag IB, Viegas ML. Patient Selection and Optimal
Extent of Surgery for Hyperhidrosis. Springer London; 2011.

[4] Lin Torng-Sen . Video-assisted thoracoscopic “resympathicotomy” for
palmar hyperhidrosis: analysis of 42 cases. Ann Thorac Surg
2001;72:895–8.

[5] Atkinson JLD, FodeThomas NC, Fealey RD, et al. Endoscopic
transthoracic limited sympathotomy for palmar-plantar hyperhidrosis:
outcomes and complications during a 10-year period. Mayo Clin Proc
2011;86:721–9.

[6] Ong W, Lee A, Tan WB, et al. Long-term results of a randomized
controlled trial of T2 versus T2-T3 ablation in endoscopic thoracic
sympathectomy for palmar hyperhidrosis. Surg Endosc 2016;30:1–7.

[7] Baumgartner FJ, Reyes M, Sarkisyan GG, et al. Thoracoscopic
sympathicotomy for disabling palmar hyperhidrosis: a prospective
randomized comparison between two levels. Ann Thorac Surg
2011;92:2015–9.

[8] Turhan K, Cakan A, Cagirici U. Preserving T2 in thoracic sympathi-
cotomy for palmar hyperhidrosis: less tissue trauma, same effectiveness.
Thorac Cardiovasc Surg 2011;59:353–6.

[9] Neumayer CH, Bischof G, Függer R. Efficacy and safety of thoracoscopic
sympathicotomy for hyperhidrosis of the upper limb. Results of 734
sympathicotomies. Ann Chir Gynaecol 2001;90:195–9.

http://www.md-journal.com


Chen et al. Medicine (2019) 98:42 Medicine
[10] Lin M, Tu YR, Li X, et al. [Comparison of curative effects of
sympathectomy at different segments on palmar hyperhidrosis].
Zhonghua Yi Xue Za Zhi 2006;86:2315–7.

[11] Miller DL, Force SD. Outpatient microthoracoscopic sympathectomy for
palmar hyperhidrosis. Ann Thorac Surg 2007;83:1850–3.

[12] Ishy A, de Campos JR, Wolosker N, et al. Objective evaluation of
patients with palmar hyperhidrosis submitted to two levels of
sympathectomy: T3 and T4. Interact Cardiovasc Thorac Surg 2011;
12:545–8.

[13] Mahdy T, Youssef T, ElmonemHA, et al. T4 sympathectomy for palmar
hyperhidrosis: looking for the right operation. Surgery 2008;143:784–9.

[14] Purtulo�glu T, Deniz S, Atım A, et al. A new target of percutaneus
sympathic radiofrequency thermocoagulation for treatment of palmar
hyperhidrosis: T4. Eur J Pain Suppl 2012;5(S1):193–193.

[15] Schmidt J, Bechara FG, Altmeyer P, et al. Endoscopic thoracic
sympathectomy for severe hyperhidrosis: impact of restrictive denerva-
tion on compensatory sweating. Ann Thorac Surg 2006;81:1048–55.

[16] Horslen LC, Wilshire CL, Louie BE, et al. Long-term impact of
endoscopic thoracic sympathectomy for primary palmar hyperhidrosis.
Ann Thoracic Surg 2018;106:1008–12.

[17] Liu Y, Yang J, Liu J, et al. Surgical treatment of primary palmar
hyperhidrosis: a prospective randomized study comparing T3 and T4
sympathicotomy. Eur J Cardiothorac Surg 2009;35:398–402.

[18] KimWO, Kil HK, Yoon KB, et al. Influence of T3 or T4 sympathicotomy
for palmar hyperhidrosis. Am J Surg 2010;199:166–9.
4

[19] Jung HS, Lee DY, Park JS. Alternative surgical methods in patients with
recurrent palmar hyperhidrosis and compensatory hyperhidrosis. Yonsei
Med J 2018;59:345–8.

[20] Abd Ellatif ME, Hadidi AE, Musa AM, et al. Optimal level of
sympathectomy for primary palmar hyperhidrosis: T3 versus T4 in a
retrospective cohort study. Int J Surg 2014;12:778–82.

[21] Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015: elaboration and explanation. BMJ
2016;354:i4086.

[22] Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. BMJ 2009;339:
b2700.

[23] Shuster JJ. Review: Cochrane handbook for systematic reviews for
interventions, Version 5.1.0, published 3/2011. Julian P.T. Higgins and
Sally Green, Editors. Research Synthesis Methods. 2011; 2(2):126-130.

[24] Chaimani A, Salanti G. Using network meta-analysis to evaluate the
existence of small-study effects in a network of interventions. Res Synth
Methods 2012;3:161–76.

[25] Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collabo-
ration’s tool for assessing risk of bias in randomised trials. BMJ
2011;343:d5928.

[26] Ambrogi V, Campione E, Mineo D, et al. Bilateral thoracoscopic T2 to
T3 sympathectomy versus botulinum injection in palmar hyperhidrosis.
Ann Thorac Surg 2009;88:238–45.


	T3 versus T4 video-assisted thoracoscopic sympathectomy for palmar hyperhidrosis
	1 Introduction
	2 Objective
	3 Methods
	3.1 Patient and public involvement
	3.2 Eligibility criteria
	3.2.1 Types of studies
	3.2.2 Types of participants
	3.2.3 Types of interventions
	3.2.4 Types of outcome measures
	3.2.4.1 Primary outcomes
	3.2.4.2 Secondary outcomes


	3.3 Information sources
	3.4 Search strategy
	3.5 Data collection and analysis
	3.6 Study selection
	3.6.1 Data extraction and management

	3.7 Assessment of risk of bias in the included studies
	3.8 Data analysis
	3.8.1 Subgroup analysis
	3.8.2 Sensitivity analysis

	3.9 Publication bias
	3.10 Evidence evaluation

	4 Discussion
	Author contributions
	References


