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    Abstract     Video-thoracoscopic sympathectomy is an effective therapy for patients 
with severe primary palmar hyperhidrosis who are reaching the latter part of their 
teenage years. However, the best level, the extent of sympathectomy, and the opti-
mal technique used to interrupt the sympathetic chain remain subjects of debate. 
Our review shows that single resection should be preferred to multiple levels of 
resection. In cases of isolated palmar hyperhidrosis, T3 is the level of choice, 
although T4 may be also reasonable. All procedures have similar outcomes, but 
sympathicotomy may be preferred because it is more simple and less extensive than 
others.  

  Keywords     Palmar   •   Hyperhidrosis   •   Excessive sweating   •   Surgery   •   Thoracoscopy   • 
  Sympathectomy   •   Sympathicotomy   •   Sympathotomy   •   Clipping   •   Ramicotomy  

        Introduction 

 Primary palmar hyperhidrosis (PH) is an excessive eccrine sweat production that 
often results in serious disruption of a patient’s social and occupational behavior. 
It is a condition of unknown origin that begins in childhood, occurs in adolescence, 
and without specifi c treatment persists throughout life. Medical management is not 
very effective, often leading many patients to try multiple unsuccessful treatment 
modalities. Advances in video-assisted thoracoscopic surgery have allowed video- 
thoracoscopic sympathectomy (VTS) to become a viable fi rst-line therapy for PH, 
but at present signifi cant controversy remains regarding the best operation as sug-
gested by recent reviews [ 1 ,  2 ], a Cochrane protocol [ 3 ] and an Expert Consensus 
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Report [ 4 ]. The best level for sympathectomy, the extent of surgery, and the optimal 
technique used to interrupt the sympathetic chain remain the subjects of debate in 
relation to the treatment effi cacy and the limitation of unwanted side-effects, espe-
cially compensatory hyperhidrosis (CH), the most frequent and feared complication. 
The goal of the present chapter is to provide answers for such issues.  

    Search Strategy 

 In a patients with PH, what is the best level, the proper extent, and the optimal surgical 
technique to obtain resolution of symptoms and limit CH? To identify all scientifi c 
literature that addressed such issues, a search was done on PubMed, EMBASE and 
Cochrane databases using the following terms: palmar, palm, hand, hyperhidrosis, 
excessive sweating, surgery, thoracoscopy, sympathectomy, sympathicotomy, sympa-
thotomy, clipping, ramicotomy, and clinical outcomes. The time frame was restricted 
to articles published in the last decade (from January 2003 to July 2013). Cited refer-
ences of review articles on PH treatment were manually examined to fi nd additional 
articles not found in the computerized databases. Additional articles were identifi ed 
from reference lists of selected articles. Clinical end-points of interest were defi ned a 
priori and included both operative and longitudinal outcomes of procedural success, 
long-term recurrence of symptoms, patient satisfaction with the operation and per-
ceived quality of life, and adverse events. Non-English language papers, case reports, 
abstracts only, letters, reviews, incomplete reports (studies that did not specify more 
than one outcomes of interest among sympathectomy for PH) and unpublished data 
were excluded. In addition, studies were excluded if (i) the population studied included 
patients with secondary PH in the setting of other medical conditions or (ii) if sympa-
thectomy was performed for other reasons, such as refractory angina pectoris, 
Buerger’s disease, and Raynaud’s phenomenon. More than 350 English language 
abstracts were found using the search criteria above reported; of these, 62 papers were 
selected for the present review and divided in three groups as follows: papers report-
ing clinical outcomes after single or multiple levels of VTS (Table  57.1 ); papers com-
paring the results of different levels of VTS (Table  57.2 ); and papers evaluating the 
outcomes of different VTS procedures (Table  57.3 ).

         Results 

    Overview 

 Only a small percentage of patients with PH should be considered for surgery. 
Careful patient selection and preoperative counseling are important to ensure a 
 satisfactory outcome. When evaluating a candidable patient for VTS, it is important 
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to determinate through clinical history, physical examination, and appropriate 
laboratory tests if hyperhidrosis is primary or secondary in origin, focal or general-
ized, the anatomic location (single or multiple sites), the severity, and any contrain-
dications to surgery. Detailed quality of life assessment tests and/or tests quantifying 
sweat produce (Iodine test, Gravimetric test, etc.) are not routinely performed in 
clinical practice, yet they may helpful in making the diagnosis and/or in directing 
surgical treatment in selected cases. Finally, patients should also be told of the suc-
cess and failure rates, and long-term results. 

 The bulk of the randomized trials and non-randomized comparisons identifi ed 
the “ideal candidates” for VTS as those who have onset of hyperhidrosis at an early 
age (usually before 16 years of age), are reaching the latter part of their teenage 
years at the time of surgery (usually >18 years old), have an appropriate body mass 
index (<28), report no sweating during sleep, are relatively healthy (no other signifi -
cant co-morbidities), and do not have bradycardia (resting heart rate <55 beats per 
minute) [ 4 ].  

    Choice of Level 

 Once the decision is made for VTS, one main question is: at what level should we 
perform surgery? For many years, it was believed that the ideal treatment for PH 
would be sympathectomy at T2, because it was thought that the T2 ganglion was the 
only one responsible for sympathetic innervation of the upper limbs [ 5 – 14 ]. 
Subsequently, Lin and Telaranta [ 67 ] proposed that CH could be secondary to the 
interruption of the afferent fi bers to the anterior part of the hypothalamus. Since the 
interruption of the interganglionic T3-T4 trunk did not abolish the sympathetic tone 
to the hypothalamus, and given that most of the fi bers for the hand originate from 
T4, the best level of section to achieve good results in terms of effi ciency and lower 
CH rate was exactly between T3-T4. Thus, various levels of the procedure from T2 
to T4 were performed in recent years [ 15 – 34 ] and several papers showed a correla-
tion between the severity of CH and higher resection levels. 

 Schmidt et al. [ 35 ] demonstrated that changing the sympathectomy level from 
T2-4 to T3-5 decreased CH from 19.1 to 4.9 % (p < 0.05). Dewey et al. [ 17 ] evalu-
ated 222 patients, of whom 60 had PH. The level of sympathectomy depended 
upon clinical symptoms: T2 for face/scalp, T3 for palmar, and T4 for axillary 
hyperhidrosis, or a combination of levels for multiarea sweating. Compared with 
those with other levels, patients with a T2 lesion were signifi cantly more likely to 
have severe CH (48.8 % versus 16.1 %; p < 0.001) and lower degree of satisfaction. 
Sugimura et al. [ 36 ] evaluated 727 patients with hyperhidrosis, of whom 538 suf-
fered from PH. The level of sympathetic clipping was T2 in 399, T2-3 in 55, and 
T3-4 in 273 cases. When compared with T2 or T2–3 levels, clipping at the T3-4 
levels was associated with a higher satisfaction rate (p < 0.01), and a lower rate of 
severe CH (p < 0.05). Similarly, Reisfl ed et al. [ 37 ] found that clamping at T3-T4 
level had higher rate of success and a lower risk of severe CH compared to T2-T3 
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levels. Thus, if surgery is required at T2 or T3 levels, Chou et al. [ 38 ] strongly 
recommended the clipping method because of its potential reversibility. The main 
limit of these papers [ 17 ,  35 – 38 ] is that the level of sympathectomy depended upon 
clinical symptoms: T2 for face/scalp, T3 for palmar hyperhidrosis, and T4 for axil-
lary hyperhidrosis, or a combination of levels for multiarea sweating. Thus, in 
theory the location of the primary sweating rather than the level of resection may 
affect the outcomes. 

 Other studies including patients having only PH confi rmed that T2 resection 
resulted in a higher incidence and more degree of CH than lower levels. Yazbeck 
et al. [ 39 ] evaluated T2 (n = 30) versus T3 (n = 30) sympathectomy. The T3 group 
presented a lower degree of CH in the assessment 1 month (p < 0.001), 6 months 
(p = 0.033), and 20 months (p = 0.007) after the operation. Baumgartner et al. [ 40 ] in 
T2 sympathicotomy group (n = 61) found a higher incidence of CH than in T3 group 
(95 % versus 58 %, respectively). Similar results were reported by other authors 
[ 41 – 43 ]. Chang et al. [ 44 ] retrospectively compared the results of T2 (n = 86); T3 
(n = 78), and T4 (n = 70) sympathectomy. All three levels of sympathectomy 
achieved comparable improvement of PH (p = 0.1). The T4 group had the lowest 
incidence of CS (p = 0.03), presented the least severity of CS (p = 0.002); and felt the 
least palmar over dryness (p < 0.001). However, the T3 and T4 group had a similar 
level of satisfaction. Mahdy et al. [ 45 ] compared T2; T3; and T4 sympathectomy 
(20 patients in each group). Treatment success was 90 % for T2; 95 % for T3; and 
100 % for T4 groups. In the T2 (60 %) and T3 (45 %) groups a higher incidence of 
CH was observed than in T4 (10 %; p = 0.01). The CH was mild in T4 group, 
whereas moderate and/or severe CH was more common in the T2 and T3 groups. 
All patients in the T4 group were satisfi ed, while 40 % of T2 and 25 % of T3 were 
unsatisfi ed with their operation. Kim et al. [ 46 ] compared T3 (n = 56) versus T4 
(n = 63) sympathectomy. Both procedures had similar success but T4 sympathec-
tomy resulted in less CH than T3 (82.5 % versus 17.9 %; p < 0.01). Liu et al. [ 47 ] 
evaluated T3 (n = 68) versus T4 (n = 73) sympathicotomy. The success was 100 % in 
both groups but the incidence of CH and overly dry hands were both lower in the T4 
than in the T3 group (56.5 % versus 77.4 %, p = 0.011 and 1.4 % versus 12.9 %, 
p = 0.013, respectively). The “very satisfi ed” rate was higher in T4 than in the T3 
group (p < 0.0001) while the “partially satisfi ed” rate was similar between two 
groups. Ishy et al. [ 48 ] reported similar success for T3 versus T4 sympathectomy 
but the incidence of CH was higher in the T3 than in the T4 group (100 % versus 
74 %; p = 0.047). These results were also corroborated by Wolosker et al. [ 49 ] and 
Yang et al. [ 50 ].  

    Single or Multiple Levels of Resection 

 The need for a combined approach towards the T2 and T3 ganglia has been based 
on the description of the Kuntz nerve (postganglionic fi bers that would go from the 
T2 or T3 to the brachial plexus). For this reason, in the past some authors have 
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advocated sympathectomy including T2-T3 levels while others proposed more 
extensive approach going from T2 to T4. Then, several studies reported on the rela-
tionship between the extent of thoracic sympathectomy and the severity of CH with 
a growing consensus that limiting the extent of sympathectomy maximized patient 
satisfaction and minimized the risk of severe CS [ 31 ,  51 – 58 ]. 

 Neumayer et al. [ 51 ] found that the degree of satisfaction was greater in patients 
treated at single level than in those treated at multiple levels (100 % versus 80 %), 
but especially in the fi rst group the incidence of CH was much lower (8 % vs. 52 %). 
Gossot et al. [ 31 ] reported CH rates of 72.2 % in the T2-T4 group and 70.9 % in the 
T4 group, but severe CH able to infl uence normal daily activities was described in 
27 % of patients in the fi rst group and in 13 % in the second group. Weksler et al. 
[ 52 ] showed that patients with more than one ganglion transected demonstrated a 
trend toward a higher incidence of CH, a signifi cantly higher CH score, and were 
more dissatisfi ed with VTS. Age, surgery on T2, and high CH score were indepen-
dent predictors of patient’s dissatisfaction. A trial comparing T2-T3 (n = 24) versus 
T3 (n = 30) sympathicotomy was reported by Yoon et al. [ 53 ] The success rate was 
100 % in both group. CH was higher in the T2-T3 group than the T3 group (45 % 
versus 16 %; p = 0.034). 86.7 % of the T3 group and 66.7 % of the T2-T3 group 
were satisfi ed with their operation (p = 0.03). Yano et al. [ 54 ] compared T2-T3 
(n = 39) versus T2 sympathectomy. All patients experienced early relief of their 
symptoms. The recurrence rates at 2 years were 3 and 19 % in the T2-3 group 
and the T2 groups, respectively. CH was observed in 100 % (T2-3 group) and 90 % 
(T2 group); the incidence of severe CH was 76 and 49 % in the T2-T3 and in the T2 
groups, respectively. Li et al. [ 55 ] compared T3 (n = 117) versus T2-4 (n = 115) sym-
pathectomy. The incidence of severe CH was signifi cantly lower in the T3 versus 
the T2-4 group (3 % versus 10 %; p < 0.05). As for satisfaction rate, group T3 was 
superior to group T2-4 (96.6 % versus 89.6 %, p < 0.05). Aoki et al. [ 56 ] confi rmed 
that VTS at a single level compared to two levels reduced the incidence and the 
severity of CH. Katara et al. [ 57 ] and Turhan et al. [ 58 ] reported no difference in 
terms of outcome, recurrence, CH, and satisfaction between single and multiple 
levels, validating that preserving the T2 ganglion was safe and did not compromise 
the effectiveness of the procedure.  

    Type of Denervation 

 The technique of sympathetic denervation has been modifi ed during the last decade, 
with a trend towards minimizing the extent of surgery from open to minimally inva-
sive approaches, and from resection of ganglion to ablation (sympathectomy), 
transection (sympathicotomy), differential dissection (ramicotomy), and clipping. 
The rationale of ramicotomy is to achieve a selective division of the sympathetic 
postganglionic fi bers that supply the eccrine glands of the upper extremity. Lee 
et al. [ 43 ] compared patients undergoing T2 sympathicotomy vs T3 ramicotomy. 
CH was approximately two-thirds lower in ramicotomy group but a lower rate of 
success was reported in ramicotomy than in sympathicotomy group (93 % versus 
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68 %, respectively). Cho et al. [ 59 ] found that the incidence of severe CH was lower 
in ramicotomy than sympathicotomy group (54 % versus 92 %, respectively) but the 
fi rst group presented a higher recurrence rates (21 % versus 6 %, respectively). 
Recently, Hwang et al. [ 60 ] compared T3 sympathicotomy (n = 43) versus T2-3 
ramicotomy (n = 43) showing that sympathicotomy had better outcomes than rami-
cotomy in terms of success (82 % versus 25 %, respectively); CH (80 % versus 
95 %); and satisfaction (91 % versus 79 %, respectively). 

 The less than optimal results may be due to poor visualization of the anatomy of 
the sympathetic chain and the communicating fi bers with conventional videothora-
coscopy. Thus, Coveliers et al. [ 32 ] proposed the use of robotic technology to magnify 
visualization of the surgical fi eld and facilitate complex maneuvers. Thirty-six patients 
underwent robotic T2-4 ramicotomy. The success rate was 100 %; the incidence of 
CH was 8.3 %. However, the main limit of robotic procedure is the high cost. 

 The theoretical possibility of procedural reversibility with clamping or clipping 
the nerve instead of other procedures in the event of severe CH has led some authors 
to advocate leaving the nerve in continuity. Neumayer et al. [ 51 ] found a signifi -
cantly decreased incidence of CH (86 % versus 100 %) and higher rate of satisfac-
tion (80 % versus 100 %, respectively) in clipping compared to sympathicotomy 
group. Lin et al. [ 14 ] reported a success of 98 % after T2 block. In two cases with 
severe CH a full reversibility was obtained after unclipping. Conversely, other 
authors did not show any advantage of clipping versus sympathectomy or sympathi-
cotomy. Findikcioglu et al. [ 61 ] compared T3 sympathectomy (n = 28) versus T3 
clipping (n = 32). Both clipping and cauterization were highly effective for the treat-
ment of PH with success rates of 93 % and 100 %, respectively. The methods were 
comparable in terms of effectiveness and side effects despite the fact that the recur-
rence rate was higher in the cauterization than clipping group (19 % versus 6 %, 
respectively, p = 0.01). Inan et al. [ 62 ] evaluated four different VTS procedures at 
the T2-4 level including: resection (n = 20), transection (n = 20), ablation (n = 20), 
and clipping (n = 20). No signifi cant differences were seen between the four groups 
with regard to success or complication rates. The overall success rate of the opera-
tion was 95 %; no recurrence was observed; and more than 20 % of patients com-
plained of CH irrespective of the surgical technique adopted. Yanagihara et al. [ 63 ] 
compared T3 sympathectomy versus T3 clamping. Among two groups, there were 
no differences in any outcome, including CH and quality of life. Similar results 
were reported by Scognamillo et al. [ 64 ]. 

 Despite the initial enthusiasm, the presumption that the patient can return for 
“surgical reversal” by removing the clip appears dubious. Chou et al. [ 38 ] and 
Sugimura et al. [ 36 ] reported a resolution of CH in 76 and 47 %, respectively, of 
patients undergoing the reversal procedure. The clip reversal procedures are imper-
fect with only a limited window in which the opportunity for reversal exists. If the 
clip has produced cell body death or reorganization within the spinal cord, then 
the abnormal modulation of sympathetic output causing CH will likely not resolve. 
The fi ndings of a recent animal study [ 68 ] showed that after unclipping, although 
the nerve appeared to recover normal morphology, and although local infl ammatory 
cells disappear, there was a striking and almost complete absence of amyelinate 
fi bers suggesting that there was no nerve regeneration. 
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 Sympathicotomy intentionally does not remove or injure ganglia of the chain or 
axons from spinal cord neurons innervating the ganglia. Thus, some authors [ 13 ,  15 ,  27 ] 
supported that such procedure had a potential lower risk of CH than sympathectomy 
due to the less extensive areas of skin anhydrosis. However, Inan et al. [ 62 ] showed no 
clear differences among two procedures. Assalia et al. [ 65 ] found that sympathectomy 
may achieve slightly better long term results than sympathicomy. Because both tech-
niques were used in the same patient, the differences between techniques as to the 
occurrence of CH could not be assessed in this study [ 65 ]. The authors [ 66 ] found no 
signifi cant difference between two procedures in terms of success, recurrence and CH 
but sympathectomy compared to sympathicotomy resulted in a sub-clinical distur-
bance of bronchomotor tone and cardiac function theoretically correlated with the 
extent of denervation.   

    Recommendations 

 From the analysis of the literature, surgery is indicated in patients with severe  primary 
hyperhidrosis who are reaching the latter part of their teenage years (usually >18 years 
old) and in whom all secondary causes of hyperhidrosis have been ruled out. CH is 
signifi cantly more likely to be severe in those patient who had the T2 ganglia excised 
[ 17 ,  35 – 43 ]. Seven studies compared the T3 versus the T4 level [ 44 – 50 ]. Resolution 
of symptoms was favored in the T3 groups in three studies [ 44 ,  46 ,  49 ] and the T4 
group in one study [ 45 ]. Three studies were similar in outcomes [ 47 ,  48 ,  50 ]. However, 
all seven studies [ 44 – 50 ] reported a reduction of CH in the T4 groups. Nine papers 
compared the occurrence of CH after sympathetic chain resection at a single levels 
versus multiple levels [ 31 ,  51 – 58 ]. All papers but two [ 57 ,  58 ] showed a strong cor-
relation between the number of levels excised and the degree of CH. Eleven papers 
compared different techniques of sympathetic chain resection [ 38 ,  43 ,  51 ,  59 – 66 ]. In 
one paper [ 51 ] clipping was superior to sympathicotomy and in another [ 43 ] rami-
cotomy was superior to sympathicotomy. However in both studies, the procedures 
were attended at different anatomical level that may affected the results. Nine papers 
[ 38 ,  59 – 66 ] found no signifi cant differences among the various procedures. In the 
light of these results, single resection is preferred to multiple levels of resection. In 
case of isolated PH, T3 is the level of choice although T4 interruption may be also 
reasonable. Sympathicotomy may be preferred to sympathectomy because it is more 
simple and less extensive and has similar outcomes.

     A Personal View of the Data 

 The literature on VTS must be carefully interpreted. Most of the current evidences 
comes from observational studies. Some papers comparing different level of resec-
tion present a lack of uniformity in patient populations. Not all studies assess and/
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 Recommendations 

•     Surgery is indicated in patients with severe primary palmar hyperhidrosis 
who are reaching the latter part of their teenage years (Evidence quality 
moderate; strong recommendation)  

•   Single resection is preferred over multiple levels of resection. (Evidence 
quality low; weak recommendation)  

•   T3 is the level of choice, althoughT4 interruption may be also reasonable. 
(Evidence quality moderate; weak recommendation)  

•   Sympathicotomy is preferred over sympathectomy because it is more sim-
ple, is less extensive, and has similar outcomes. (Evidence quality low; 
weak recommendation)    

or quantify the degree of CH similarly or at the same point postoperatively. Because 
the incidence of recurrence and/or of CH may increase with time regardless of the 
level resected, the differences in the follow-up period among different papers may 
interfere in the analysis of the outcomes. In theory, the shortest duration of follow-
 up may account for the lowest incidence of recurrence and/or of CH after surgery. 
Objective specifi c tests and/or questionnaires to quantify the sweating and the clini-
cal improvement after surgery are rarely used, and most papers simply rely on sub-
jective reporting by the patient. Some authors do not use the term sympathectomy 
with extreme precision; sometimes a sympathicotomy is done, leaving the ganglion 
intact. Thus the true level of sympathectomy/sympathicotomy is also something 
that should not always be presumed accurate in various reports. Especially in nov-
ices, confusion may arise as to the true ganglion or rib level, and published errors or 
questions of level exist. Although the differentiation may seem subtle, the clinical 
implications are huge and may well impact on the mishmash of confl icting conclu-
sions regarding the level and the extent of resection. 

 We currently limit the extent of our resection for isolated PH to a single level, 
generally T3 at the top of the third rib. In the event that patient has multisite sweat-
ing (i.e. palmar associated with facial or axillar hyperhidrosis) and requires multi-
level resections, we advise the patient regarding the increased risk of CH. We have 
not tested clip blocking in our unit, because we are unsure of its reversibility. 
Sympathectomy is the procedure of choice; however, in selected cases sympathi-
cotomy may be preferred for the lower incidence of adverse effects, especially on 
cardio-respiratory function. We believe that in the future a standardized nomencla-
ture (i.e. for the level of resection and/or the procedures adopted) and follow-up 
algorithms or surveys should be adopted in order to allow surgeons from all over the 
world to better communicate with one another and compare their results.      
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