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Abstract: 

Background - Left cardiac sympathetic denervation (LCSD) reduces risk in long QT syndrome 

(LQTS) and catecholaminergic polymorphic ventricular tachycardia (CPVT).  Side effects and 

patient satisfaction have not been systematically analyzed in this population.  Study aims 

included documenting physical and psychological side effects and patient satisfaction after 

LCSD for LQTS or CPVT.

Methods and Results - Patients with LQTS (40) and CPVT (7) underwent video-assisted 

thoracoscopic LCSD, median follow-up 29 months (range: 1-67).  Clinical records were 

reviewed, 44 completed a telephone survey. 25/47 (53%) were symptomatic pre-operatively 

(syncope 15, near drowning 7, resuscitated sudden death 3). Indications:  beta-blocker 

intolerance (15, 32%) or non-adherence (10, 21%), disease factors (18, 38%; CPVT (6), near 

drowning (2), exertional syncope (1), symptoms on therapy (2), LQT3 (1), QTc>520 

milliseconds (ms) (6)).  Others proceeded due to competitive sports participation (2), family 

history of sudden death (1), other (1).  QTc did not change (461±60ms to 476±54ms (P=0.49)). 

Side effects were reported by 42 of 44 (95%).  29 (66%) reported left sided dryness, 26 (59%) a 

Harlequin-type (unilateral) facial flush, 24 (55%) contralateral hyperhidrosis, 17 (39%) 

differential hand temperatures, 5 (11%) permanent ptosis (4 (9%) transient ptosis). 5 (11%) have 

thermoregulation difficulties, 4 (9%) a sensation of left arm paraesthesia and 3 (7%) lost their 

sympathetic flight/fright response. Post-operative satisfaction: 38 (86%) were happy with

procedure, 33 (75%) felt safer and 40 (91%) recommend the procedure.  40 (91%) patients were 

happy with their scar.   

Conclusions - Despite significant morbidity resulting from LCSD, patients with LQTS and 

CVPT have high levels of post-operative satisfaction.  

Keywords: long QT syndrome, catecholaminergic polymorphic ventricular tachycardia, 
sympathectomy, side effects, video-assisted thoracoscopic 
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Introduction

Video-assisted thoracoscopic (VATS) sympathectomy is used to treat various disorders, most 

commonly focal hyperhidrosis and facial blushing.1  The procedure (when the lower part of the 

left stellate ganglion and first 4-5 thoracic ganglia are ablated) also significantly reduces the 

occurrence and frequency of symptoms in long QT syndrome (LQTS) and catecholaminergic 

polymorphic ventricular tachycardia (CPVT), even in very high risk populations.2-7  

Side effects of sympathectomy have been well documented in the hyperhidrosis and 

blushing populations, and include compensatory/reflex hyperhidrosis, pain, gustatory sweating 

and Horner’s syndrome.8-10  However, there is scant acknowledgement of these symptoms in 

cardiology literature. In order to make a balanced decision regarding the risk-benefit ratio for this 

procedure, and to counsel our patients appropriately to make an informed choice, clinicians need 

to appreciate the experience of patients who have had the procedure previously for the same 

indications. This study reports the physical and psychological consequences, and impression of 

satisfaction among patients who have undergone video assisted thoracoscopic left cardiac 

sympathetic denervation (LCSD) in the management of either LQTS or CPVT. To our 

knowledge, it is the first study to do so.

Methods

Study population

All forty-seven patients who have undergone a minimally invasive video-assisted LCSD for the 

treatment of LQTS or CPVT in New Zealand were included. All were enrolled in the New 

Zealand Cardiac Inherited Diseases Registry and consented to their data being used for 

research.11  Procedures were performed between 2008-2014 by one of two surgeons; median age 

at time of LCSD was 17 years (range 2-64), 34 females (72%) and 13 males. Patients who had 

cardiology literature. In order to make a balanced decision regarding the risk-bennnefififittt rararatititiooo fofofor tthis

proceddure,,, andn  to o counsel our patients appropriatelylyy to make an informeded choice, clinicians need

ooo aaappppreciate e thththeee exexe pepeeriririenenencecece oof f f papapatititienene tststs wwwhooo hhhavaa e hahahad thhhe e e prprprococo eddduurure e e prprprevevevioioiouslylyly fffororor tttheheh sssamamamee e 

nnndididicacc tions. TThisss sstudyyy rrereportrtrts tht e phphhysyssicccal aaanddd psyyyccchololologogogiciccalll connnseequennnccees,s,, aanndn  impmpmprrressssiiion ofofof 

atisfactiionono  amooongngng pppatatatieieentn s whhooo have undergogogonenee vvvididideo assssisi ted thorrracaa oscopipipic leeeftftf  cardiac 

yyympmpmpatatatheheetitit cc c dededenenenervrvrvatatatioioonn n (L(L( CSCSCSD)D)) iinn n ththt eee mamamanananagegegememementntnt oooff eieie ththt ererer LLLQTQTQTSS S ororor CCCPVPVPVT.T.T. TTToo o ououour r r
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the same procedure for other indications, or who had open surgery, were excluded.  Pre-

treatment counselling was carried out by the senior author and the surgeon performing the 

procedure. 

 An experienced clinician made a clinical diagnosis of LQTS or CPVT, and genotyping 

has subsequently been attempted in all but one patient.11 Referral for LCSD was made as deemed 

clinically appropriate.  

Data collection 

Patient information 

Demographic and clinical data was obtained from medical records, most of which was stored 

prospectively as part of the registry. Clinical diagnosis, genotype, mutation, most severe 

symptom pre LCSD, medical therapy pre and post procedure, indication for and details about 

procedure were recorded. Unless otherwise specified, age is at LCSD and mean/median QTc is 

for LQTS patients only.  

Physical and psychological consequences of LCSD 

A single questionnaire was administered via telephone by the first author to subjects over 18 

years of age (n=25), or their parent if younger at the time of the survey (n=18) (see Supplemental 

Material). One teenager responded alone with parental consent. Questions were constructed to 

retrospectively assess baseline level of psychosocial stress, overall satisfaction and physical and 

psychological sequelae from the procedure. Half of the questions provided scores out of five. In 

regards to feelings of anxiety or depression, adult and paediatric patients and parents were asked 

to rate how often they felt anxious or depressed where 1 was ‘none of the time’ and 5 was ‘all of 

the time’. Answers were documented, analyzed for common themes and notable side effects.  

Institutional ethical approval was gained prior to survey administration. 

prospectively as part of the registry. Clinical diagnosis, genotype, mutation, mossttt seseeveeererere  

ymptot m prpp e e LCCSDS , medical therapy pre and post ppprocedure, indicationn ffor and details about 

prprprocccedure weeereree rrrecececorrrdededed.d.d. UUUnlnlesesess s s otototheheherwrwrwisii e ee spspspecee iffiiieddd, aagegege iiis s s ataa LLLCSCSCSD DD anananddd mem ananan/m/m/mededediaan n n QTQTQTcc c isisis 

fofoor r LLLQTS pattiei nnnts onlyyy. 

Physicall aaand pppsysysycholollogogogical conononsequuences ofofo LLLCSCSCSDD

AAA sisis ngngnglelee qqqueueuestststioioonnnnnnaiaiairerere wwwasasas aaadmdmd ininisissteteterrrededed vvviaiaa tttelele epepephohoonenene bbbyy y ththt ee e fifirsrsrst t t auauauthththororor tttoo o sususubjbjbjececectststs ooovevever rr 181818  
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ECG analysis 

12-lead ECG analysis was performed by the first author blinded to patient identity, genotype and 

clinical situation. The QT interval was measured from the beginning of the QRS complex to the 

end of the T-wave (defined using the “tangent technique” where the tangent of the steepest slope 

of the second limb of the T-wave crosses the isoelectric line).12 Bazett’s correction was used, 

and the longest measurement of lead II or V5 was taken from ECGs taken the day before and 

after LCSD, or as near to this time as possible.

Statistical analyses 

Assumptions of the t-test were tested, and all data analyzed by unpaired parametric and non-

parametric tests as appropriate, including 2-way ANOVA, unpaired t-test and column statistics.

Statistical analyses were performed using GraphPad Prism version 6.0e for Mac, GraphPad 

Software, La Jolla California USA, www.graphpad.com and with SAS version 9.4, Cary, North 

Carolina, USA. 

Surgical technique

Surgeons performed the procedures using VATS surgical approaches with double lumen 

endotracheal intubation and selective deflation of the left lung. Resection of the sympathetic 

chain was performed using minimally invasive techniques via either one or three axillary ports. 

The proximal extent of sympathectomy was either “aggressive” which included sacrificing the 

lower third to lower half of the stellate ganglion (n=13, 28%) or “conservative” which involved 

sparing the majority of the lower third of the stellate ganglion (n=34, 72%). The mean age was 

lower in the “aggressive” group compared with the “conservative” group (16.5 years versus 26 

years, P=0.04). When comparing the “aggressive” and “conservative” groups there were no 

significant differences according to sex (with a preponderance of females in both groups, 8 

parametric tests as appropriate, including 2-way ANOVA, unpaired t-test and colllummmnn n stststatatatisisistititics.

Statistit cal annalysysese  were performed using GraphPadad Prism version 6.0e fofor Mac, GraphPad 

SoSoSoftftftware, Laa JJololollalala CCalalalifififororornininia USUSUSA,A,A, wwwwwww.ww grgrgrapapaphph addd.cccommm aaandndnd wwittthh h SASASASS veveversrr ion n n 9.9.9.4,4,4, CCCararry,y,y, NNNorororththth 

CaCaCaroroolil na, USA.A

Surgicalll tttece hniiiququque

SuSuSurgrgrgeoeoeonsnsns ppperererfofoormrmrmededed ttthehee ppprororocececedududurereress s usususiningg g VAVAVATSTSTS sssurururgigig cacacall apapapprprproaoaoachchcheseses wwwititthh dododoububublelee llumumumenenen  
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(69%) versus 25 (74%), P=0.3) or underlying disease (LQTS versus CPVT, P=1.0). 

Intraoperative intercostal drains were not used and at the end of the procedure air was evacuated.  

Patients were admitted to the intensive care unit post operatively, and discharged home after a 

median of 1 day (range 0-13 days).  One patient self-discharged on day 0, and the 13 day 

admission was due to complex management issues in a patient with Jervell and Lange-Neilsen 

syndrome, unrelated to LCSD.  All other patients had 1-2 days of post-operative stay.  

Results

Clinical cohort

All patients had unequivocal phenotypic evidence of disease, 40 with LQTS and 7 with CPVT.11

Further details of the study cohort are shown in Table 1 and Figure 1.  

 The most common indication for LCSD related to medical therapy: 15 (32%) were 

unable to take beta-blockers due to intolerance or contraindication such as asthma, and a further 

10 (21%) were non-adherent with therapy.   

Baseline psychological status 

Self-reported retrospective scores of anxiety and depression were provided by adult patients, and 

by parents of affected children on behalf of themselves and their child if the patient was less than 

18 years old at the time of the survey.   

Adult patients (>18 years) 

24 of 25 adults answered the questions about pre-operative anxiety and depression;  median 

anxiety score was 2.5 (range 1-4: i.e. anxious none to most of the time respectively) and baseline 

depression median score was 1 (range 1-4).  Seven adults (29%) reported feelings of anxiety 

related to LQTS/CPVT most of the time and 6 (25%) reported feeling depressed most of the 

time.

All patients had unequivocal phenotypic evidence of disease, 40 with LQTS and 777 wwwititith h h CPCPCPVTVTVT.11

Further details of the study cohort are shown in Table 1 and Figure 1.  

The mmmost common indication for LCSD relllattted to medicaaalll tttherappy:yy  15 (3( 2%) were 

unununababable to take beeetaaa-bloocockkers dduuue to intoooleeerannceee or cccooontraiaiaindndndiiicaaationn ssuch asss asssththhma, aaanddd aaa fffurthhherrr 

10 (212121%%%)) ) wweree nnonon a-adhdhdherereent wiwiiththth tthherapypyy.  

Baselinenee pppsysysychchchololologogogicicicalalal ssstatatatututusss

 by guest on August 5, 2015http://circep.ahajournals.org/Downloaded from 

http://circep.ahajournals.org/


DOI: 10.1161/CIRCEP.115.003159

7

Paediatric patients

Nineteen of the 26 paediatric patients were still less than 18 years old at the time of the survey 

and for this cohort, parents were asked about their own and child’s baseline scores.  However, 

one child was too young (4 years old) at the time of surgery for the parents to assess 

psychological status, one parent was unable to answer the questions on behalf of their child and 

one teenager answered the questions by herself (after parental consent).  Retrospectively, 

parents’ self-reported median anxiety and depression scores were 3 (range 1-4). They rated their 

child’s pre-operative baseline anxiety and depression with median scores of 1 (range 1-5). Five 

children were given a score by their parents of 4 or 5 out of 5 for anxiety and/or depression.  Out 

of the 17 paired parent/child responses, baseline psychological scores were similar except in 5 

cases where anxiety/depression was much higher in 3 parents than their children and much 

higher in 2 children. 

 Patient’s depression and anxiety was highly correlated amongst the cohort (Spearman 

correlation 0.84). 

Post-operative course

Follow-up by telephone survey and review of case notes was performed after a median of 29 

months following LCSD (range 1-67 months). Table 2a shows patient comments regarding side-

effects.

General recovery

Most (79%) patients were very satisfied with their operation overall when considering pain 

relief, side effects, physical and emotional recovery and economic considerations, see Table 3.

There was no significant relationship between satisfaction and pre-operative depression or 

anxiety (P=0.12 and 0.08 respectively), length of post-operative follow-up (P=0.17) or severity 

of the 17 paired parent/child responses, baseline psychological scores were simillarar eeexcxccepepeptt t ininin 555 

cases whw ere ana xiiete y/depression was much higher in n 3 parents than their cchih ldren and much 

hihihighhher in 2 chchhilldrdrdrenee . 

Patientn ’s ddeepreeessssion ananand dd anxixiiete yyy wwwas hihiighlyy ccorrrrererelllateeddd ammmonngst tttheee cococohhhort (SpSpSpeaeaarmrmman 

correlatiooon nn 0.844).).). 

PoPoPoststst-opopoperereratatativiviveee cococoururursesese
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of pre-operative symptoms (P=0.61). Figure 2 and Table 3 show the 44 patients who completed 

the survey, their side effects and survey response scores.   

 Follow-up occurred over a median of 29 months post-operatively (range 1 month-5 years 

and 7 months).  There was no peri operative mortality or major complications requiring surgical 

reintervention.  One death occurred 47 months following LCSD, but this was non-cardiac and 

unrelated to the procedure. 

Cardiac events

During 116 patient-years of follow-up, 1 patient with LQTS, 1 with Jervell and Lange-Nielsen 

LQTS and three with CPVT experienced cardiac events (i.e. 1+1/40 LQTS patients,5%; 3/7 

CPVT patients, 43%). This did not vary with degree of sympathetic resection (LQTS P=0.45, 

CPVT P=0.43). The patient with single mutation LQTS was 17 years old at LCSD, carries the 

KCNQ1 c.797T>C missense mutation and her longest QTc pre-operatively was 522 milliseconds 

(ms). QTc prior to procedure was 483ms and 431ms two years following.  Both pre and post 

operatively she has been adherent with controlled release metoprolol, and her worst symptom (in 

both time periods) was classic arrhythmic syncope which resulted in implantable cardioverter 

defibrillator insertion following the post-operative event. Five of the seven CPVT patients had 

their procedure performed before flecainide was known to be therapeutic.13 Of the three patients 

with CPVT who experienced post-operative cardiac events; one refused medical therapy, one 

was on low dose beta-blockade without up-titration due to failure to attend follow-up 

appointments, and the third was on both nadolol and flecainide at the time of her arrest.  There is 

no relationship between degree of sympathetic resection and occurrence of post-operative 

symptoms.

CPVT patients, 43%). This did not vary with degree of sympathetic resection (LQQQTSTSTS PPP=0=0=0.4.4.45,5,5, 

CPVTT P=0.443). ThT e patient with single mutation LLQTQQ S was 17 years oldd at LCSD, carries the 

KKCKCNNNQ1 c.79997T7T7T>C>C>C mmmisisissesesensnsnse e mumumutatatatititiononon aaandnn hhhererer lonngegegest QQQTcTcTc ppprer -o-oopepeerararatiivevevelylyl wwasasas 555222222 mimiillllllisisisecececononondsd

mmsms).).)  QTc priior ttoo proooceeedureee wwwas 48883m3m3ms anddd 44431mmmsss twwwo o o yeararars fooollooowinggg.  BoBooththh pre aannnd pooost 

operativelelely y y she hahah s beeeenenen adherrenenent with contrrroloo leeed d d rererelease memm toprpp olololol, , and heheher r wooorst syyymppptom (in

boboboththt tttimimee e pepepeririododods)s)s) wwwasasas ccclalaassssssicicc aaarrrrrrhyhyyththt mimiccc sysysyncncncopopopee e whwhw icicchh rereresususultlttededed iinn n imimimplplplananantatatablblb ee e cacacardrdrdioioiovevevertrtrtererer  
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Electrocardiographic changes

Pre-operatively, median QTc amongst LQTS patients was 461±60ms and post-operatively was 

476±54ms (P=0.49). 

Physical sequelae

Dry skin

The most common reported effect from the procedure was dry skin on the left side of the body 

(67%).  Twenty-nine patients reported a dry left hand, including 3 who also reported a dry face 

(left side), and 3 with dry left foot.  Seven patients volunteered using extra (or stronger) 

moisturiser on the left side. 

Harlequin type facial flush

The second most common effect was having a marked Harlequin type demarcation in colour on, 

at least, the face (63%).  Seventeen reported this on the face only, 3 on the hand only, 5 on the 

whole body, and 8 reported the phenomenon worsening after exertion (see Figure 3a).  

Compensatory hyperhidrosis

Fifty-five percent reported problems with excessive right sided sweating (see Figure 3b).

Lifestyle adjustments include use of heavy-duty antiperspirant (including the lumbar back), 

always carrying a towel, and using grip aids to play sport (with the dry left hand losing grip).  

One said they use grip aids due to sweaty right hand, another said they slip due to dry left hand, 

and a third uses sticky stuff on her hand whilst playing netball (parent unsure of side). 

Pain

Five patients reported severe pain in hospital necessitating extra analgesia (11%).  Three patients 

(7%) experienced a shooting type of pain down the left side resolving after 1-8 months. No 

patients have chronic pain and one patient reported resolution of her pre-existing chronic upper  

Harlequin type facial flush

The seecond mmost t coc mmon effect was having a marrkek d Harlequin type ddememarcation in colour on, 

atatat leeeast, the fafafacecee (((6366 %)%)%). SSSevevevenennteteteenenen rrrepepporororteted dd thththis oon tthee fffacacace e e onoo lylyy, , 333 onono ttthehehe hannnd d d onononlylyly,, 555 ononon ttthehehe 

whwhwhololole body, ana ddd 888 reppporrrted ttthehee phenononommemenonnn wwworsennninggg afafafteeer exeerrtiiion (sseeee FiFiiguguure 3aaa).).).  

Compennnsasasatoryryy hhhypypypererrhihihidrosiss

FiFiftfttyyy-fifiveveve pppererercececentntnt rrrepepepororortetetedd d prprprobobobleleemsmsms wwwititthh exexexcececessssssivivveee ririghghg tt t sisis dedededd d swswsweaeaeatitit ngngng (((seseseeee FiFigugugurerere 333bbb).).).
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back pain. 

Hand temperature

Eleven patients (25%) reported significant differences in the temperature of their hands, although 

which hand was warm and which was cold differed between the group, and not all able to recall.    

Thermoregulation difficulties

Five patients (11%) reported a definite hot and cold side of the body (50:50 for right/left).  They 

commented that it was difficult to regulate their body temperature, particularly in bed or in cold 

weather.  

Ptosis

Nine patients reported left sided ptosis.  In four individuals, this was transient lasting between 3 

days and approximately 6 months.  Five patients (11%) have permanent ptosis (at median of 26 

months follow up, range 9-55 months), all report as very mild and none report disappointment 

(see Figure 4).  One patient reports the ptosis worsens when fatigued. 

Sensation of paraesthesia

Two women (5%) report a sensation of “reduced feeling and tingling” in the left fingers and arm 

up to the elbow.   

Emotional/psychological sequelae 

Loss of sympathetic flight/fright response 

Three women (7%) reported that they are much calmer in situations that previously would have 

been alarming or frightening.  One also feels detached in sad or angry circumstances.

Satisfaction 

The majority of patients were satisfied post-operatively, feeling positive, safer and happy to 

recommend the procedure to others (see Figure 2 and Table 2b for patient comments).  

Nine patients reported left sided ptosis.  In four individuals, this was transient lassstitiingnn bbbetetetweweweenee  3 

days aand apppppproxiimam tely 6 months.  Five patients (1(11%1 ) have permanentt ppptosis (at median of 26 

mmmonnnths folloow ww upupup,, raangngngeee 9-9-9-55555 mmmonononththths)s)), , , alala l rererepopoport aaas vev ryryry mmmililild dd annnddd nonononenene rrrepepe ort t t dididisasasappppppoioiintntntmemementntnt

sseseee FiF gure 4).)) OnOnOne paaatiiient rrreppoports thththe ptttosisss wwworsssennns wwwhehhennn ffafatigguueeed.

Sensatioon n n of ppparararaestthehehesiss a
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Symptom duration

Three patients volunteered that their symptoms were worst in the first year (or two), and then 

improved. 

Comparison of side effects according to degree of resection

When comparing the “aggressive” versus “conservative” resection groups, there were no 

significant differences between occurrence of dry skin (P=0.14), Harlequin-type facial flush 

(P=0.72), compensatory hyperhidrosis (P=1.0), differences in hand temperature (P=0.47), pain 

(P=0.32), thermoregulation difficulties (P=1.0), sensation of paraesthesia (P=0.56) or loss of 

sympathetic drive (P=0.55).  When both transient and permanent ptosis are included there is a 

significant difference between “aggressive” (n=5/10) and “conservative” (n=3/31, P=0.009). 

Discussion

The left cardiac sympathectomy, first described in 1971,14 has recently re-emerged as an 

important therapeutic option for both LQTS and CPVT, and can now be performed 

thoracoscopically.  The procedure is both safe 10 and efficacious. 5 For some patients it becomes 

first line therapy when beta blockers are contraindicated or cannot be tolerated. In our New 

Zealand population, poor long term adherence to therapy, a major hazard in those severely 

affected, 15 remains a significant problem. The fact that three of our patients who underwent 

LCSD for non-adherence can no longer be traced, underscores the potential value of this 

procedure in patients who only intermittently engage with health services.  Nevertheless, this is a 

procedure with side effects, most of which are permanent, so accurate counselling prior to the 

procedure is essential.

 The present study documents high rates of morbidity related to side effects, sometimes 

associated with significant levels of embarrassment and distress. The side effects described by 

ignificant difference between “aggressive” (n=5/10) and “conservative” (n=3/311,1, PPP=0=0=0.0.0.0090909).).). 
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our cohort are consistent with those when the sympathectomy is done for other reasons, 2, 8-10, 16

and may be more severe due to the necessary ablation of the second thoracic ganglion which is 

associated with more pronounced compensatory hyperhidrosis. 10, 17 However most other 

indications, such as hyperhidrosis, involve bilateral sympathectomy so the harlequin effect does 

not tend to occur. Furthermore, patients with LQTS and CPVT tend to have underlying anxiety 18

and sometimes depression 19 related indirectly to their condition and also to the sacrifices and life 

style changes they must make.  They often also have a traumatic personal or family history. This

background, confirmed by the baseline psychological profile in this study, may explain the 

overall satisfaction amongst patients with LQTS and CPVT who have undergone LCSD.  The 

sympathectomy gives them a sense of safety and a sense that they can lead a relatively normal 

life. Some of the patients’ quotes lend support to this, particularly “I see sympathectomy as a 

passage back to normal life”.   

 Prior to this investigation, we and others have tended to counsel our patients that 

permanent ptosis was the most significant (but uncommon) side effect.20 However, in this study, 

patients often recalled their side effects with some distress. They describe embarrassment, 

inconvenience and annoyance.  We are now able to give a more thorough and honest account of 

life after a LCSD. The findings of this review has resulted in a change of emphasis in our 

consenting practice, being careful to highlight the compensatory hyperhidrosis, Harlequin type 

facial flush etc., as well as the less common and very mild ptosis. Advising them of the 

overwhelming patient satisfaction is as important as warning of the side effects. Regarding the 

occurrence of Horner’s syndrome, we found no difference in development of permanent ptosis 

according to surgical technique, but given the low prevalence, a larger series may be needed to 

clarify this.

ympathectomy gives them a sense of safety and a sense that they can lead a relaaattitivevev lylyy nnnororormamm lll 

ife. Soome of f the e papp tients’ quotes lend support to thihis,s  particularly “I seee sysyympathectomy as a 

papapassssage backkk tooo nononormmmalalal lllififife”e”e .  
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 This study adds a new perspective to the side effects experienced from sympathectomy.  

In LQTS and CPVT populations, previous reports suggest the side effects of LCSD are “mild” 

and “very limited”. 21 In comparison, previous reports of side effects in the large cohorts where 

sympathectomy is performed for hyperhidrosis or facial flushing, reporting of side effects has 

been physician based; 8, 9 patient commentary is excluded and satisfaction may be perceived 

differently as the procedure was cosmetic. 10  The majority of patients in our cohort would 

strongly disagree that side effects are minimal, but agree that they are outweighed by the 

benefits. 21

This study was not designed to examine assess efficacy of reducing cardiac events, 

nevertheless there are still important findings.  In case reports and small series, LCSD has 

significantly reduced the occurrence of cardiac events in patients with CPVT. 2, 7, 22-27 In the 

largest and most recent series published, 54 symptomatic patients with CPVT underwent LCSD.  

Although the number of patients who had an incomplete LCSD was small, the authors report that 

those who had a complete LCSD were much less likely to suffer post-operative cardiac events 

compared with those who had an incomplete denervation (8/47 (17%) vs 5/7 (71%), P<0.01).27

Six patients (86%) were symptomatic pre-operatively, and 3/7 (43%) were symptomatic post 

operatively (post-operative follow-up median 45 months, range 6-67months, 24 patient years).  

Therefore it should be emphasised that long term adherence with medical therapy, importantly 

containing flecainide, is paramount in the care of individuals with CPVT. 

A limitation of this study is the reliance on patient reporting and lack of objective 

measures. This may result in a higher incidence of reported side effects when compared with 

other series. Non-confidential responses may introduce bias, but given the high morbidity 

reported, we feel the impact of this would be minimal. Furthermore, no validated questionnaire 

nevertheless there are still important findings.  In case reports and small series, LLLCSCSCSDDD hahahasss

ignifici antly y reduucec d the occurrence of cardiac evenents in patients with CPCPVT. 2, 7, 22-27 In the
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hose whhhoo o had a a a coc mpmpmpleleletett  LCSSSDDD were much h h lell ssssss lllikikikely y tooo suffer popopostss -oppperatatativii e cacc rdiac events 

cococompmpparara ededed wwwititthh ththt ososose ee whwhw oo o hahaadd d ananan iincncncomomomplplp etetetee e dededenenenervrvrvatatatioioonn n (8(8(8/4/4/ 777 (1(1(17%7%7%))) vsvsvs 555/7/7/7 (((717171%)%)%),,, P<P<P<0.0.0.010101).).).27
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was suitable for this study cohort.  Whilst there are inherent challenges with interviewing 

children and there may be a discordance between parental and child responses, we performed an 

ordinal logistic regression excluding parental data to minimise this issue. Follow-up is variable 

and less than one year in 23% of the cohort, a time when side effects are more pronounced (both 

in our series and others).8

Conclusion 

This study documents for the first time, side effects and patient satisfaction relating to minimally 

invasive video-assisted thoracoscopic left cardiac sympathetic denervation in LQTS and CPVT 

populations. Whilst morbidity was high (most commonly due to dry skin, compensatory 

hyperhidrosis and Harlequin type facial flush), so too was patient satisfaction, with 91% of 

patients recommending the procedure to a similarly affected person. Extent of surgical resection 

influenced risk of ptosis, but not other outcomes. This study enables us to better counsel patients 

prior to undergoing this treatment. 
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Table 1: Baseline characteristics of the study cohort

LQTS (n=40) CPVT (n=7)

Males Females Total Males Females Total

Genotype and Sex
KCNQ1 6 17 23 - - -
KCNH2 3 8 11 - - -
SCN5A 0 1 1 - - -
Gene negative 3 2 5 - - -
RyR2 - - - 1 5 6
Untested - - - 0 1 1

Pre-operative symptoms
Cardiac arrest 2 1
Near drowning 6 1
Syncope 12 4
Asymptomatic 20 1

Pre-operative beta-blockade
Nadolol 14 3
Metoprolol controlled release 9 2
Atenolol 1 0

Indications for LCSD for the entire cohort (n=47)
Medical therapy

Beta-blocker intolerance or contraindication 14 1
Beta-blocker non-adherence 10 0

Disease related factors 
Disease 1* 6†
Aggressive disease 3‡ 0
Symptoms on medical therapy 2 0
QTc>550ms 5 0
QTc>520ms and near drowning 1 0

Patient choice
Family history SCD 1 0
Desire to perform high level sports 2 0
For increased sense of safety 1 0

Indications for LCSD for the asymptomatic cohort (n=21)
Medical therapy

Beta-blocker intolerance or contraindication (%) 7 0
Beta-blocker non-adherence 5 0

Disease related factors 1* 2†
3

Patient choice (%) 3

*LQT3; †CPVT; ‡3 paediatric patients presenting respectively with near drowning, syncope during running race and syncope under water
§ SCD: sudden cardiac death
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Table 2a: Patient and caregiver comments describing side effects occurring after LCSD for LQTS or CPVT

Dry skin
Old lady skin on the left side. 

My left hand doesn’t crinkle, even in the pool. 

Harlequin type facial split
Jekyll and Hyde. 

Embarrassing. 

Compensatory hyperhidrosis
It’s really bizarre.  I’m a freak, a smelly freak on the right hand side. 

Embarrassing!  I’d get the other side done, but then where would all the sweat go?! 

Differential hand temperatures Ice cold left hand. 

Difficulties in temperature 
regulation One hot side and one cold side make it difficult in bed.

Emotional and psychological 
sequelae

Now I get butterflies in my stomach instead of fast heart beats and faints/seizures.  I feel 
more detached, and don’t feel embarrassed, sad, angry or disappointed anymore.  Not 
getting angry is a bonus with a 15 year old daughter.  At times I know that I’m angry, 
but I don’t have a fright/flight response, I have no startle response, and have a dull thud 
feeling instead.  I don’t actually feel sad when I hear sad/bad news.  I recognize the 
situation is a sad one, so cognitively adjust my behaviour and response accordingly. 

I don’t get really anxious anymore, no more sudden adrenaline surges. 

I used to hate getting a fright, but now there is much less of a jolt, and I’m much calmer 
with frights.

lequin type facial split
Embarrassing.

mpensatoryyy hypypperhidrdrosis
It’s really bizarre. I’m a freak, a smelly freak on the right hand side.

Embarrassing!  I’d get theee ooothheer side done, but thhene  wheheererere wwould all the sweat go?! 

eeerennntial hand tempmpmpereraatururresee IcIcceee cocoldldld lllefefeftt hhah nnnd. 
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ulaaatititiononn OnOnne e hot sisisided anndnd onnee cccold sssideee mmmakakake e it dddiffffficulltt t innn bed.

NoNoNoww w III gegg t bububuttttterererflflf ieieesss ini mmmy y y stststomommacacchh h inininstststeaeaead d d ofofof fffasasast t hehehearara t t t bebebeatatatsss ananandd d fafafaininintsts/s/s/seieieizuzuzurerer s.  I fee
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Table 2b: Patient and caregiver comments describing satisfaction having had LCSD for LQTS or CPVT 

I see sympathectomy as a passage back to normal life.

Peace of mind for parents.  Do it the “sooner the better”.  Extra insurance.

Made my life better.  I wish it was done earlier.  Ends suffering. 

Reduces risk of sudden death, its lifesaving, and the benefits far outweigh the side effects. 

Might as well have it done, because no difference afterwards (back to normal).  I’m safe; it’s an extra thing to be safe.

Eliminates worry, and if something happens in the future, I don’t have to think ‘what if?’ 

Helps keep you alive, wouldn’t want to be left wondering. 

It’s given me confidence; I’ve done something to make me safer.

hhht aasas well have it dodod nnne,,, beecacaaussseee nonono ddifififfefeferenccce e aafa teeerwwwardss (bbback ttto nnnormmmalalal).  III’mmm safefee; iiit’s an eexe ttrtra thththininng to bbbe sass feee.

de my life better.  I wish it was done earlier.  Ends suffering. 

uces riririsksksk ooofff sususudddddden dddeaeaeath, its lifesaving, and the benefits far outututweweweigi h the side effects. 

minatatateseses wwworororryryry,,, ananand d ififif somomometetethhhingngng hhhappeeensnsn iiin thththee fututuurere, , II I doddon’n’n’t t t hahahavvve tttooo thththinnnkk k ‘w‘w‘whahahat t t iff??’?’ 

ps keep yyououou aaalililivveve,,, wowowoulululdndndn’’t’t wwwananantt t tototo bbbe e e leleleftftft wwwononndededeririringngng.. . 
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Table 3: Post-operative physical and psychological consequences of LCSD, post-operative satisfaction

Post-operative physical and psychological sequelae of LCSD n (%)

Dry skin 29 (67%) 

Harlequin type flush 27 (63%) 

Hyperhidrosis 24 (56%) 

Pain 8 (19%) 

Difference in hand temperature 11 (26%)

Thermoregulation difficulties 5 (12%) 

Ptosis (permanent plus transient) 9 (21%) 

Ptosis (permanent) 5 (12%) 

Ptosis (transient) 4 (9%)

Paraesthesia 2 (5%)

Loss of sympathetic flight/fright response 3 (7%)

Post-operative satisfaction 34/43 (79%) 

Feel happy with their surgical scar appearance (score 1,2 or 3 out of 5) 41/44 (93%) 

Feel positive after procedure (positive versus negative) 35/41 (85%) 

Feel safer after procedure (score 1 or 2 out of 5; the remainder felt the same as pre-operatively, score 3/5) 33/44 (75%) 

Feel happy the procedure happened (score 1 or 2 out of 5) 38/44 (86%) 

Feel no regret that the procedure happened (score 4 or 5 out of 5) 40/44 (91%) 

Would recommend the procedure to someone like you/your child (yes versus no, unsure) 40/44 (91%) 

erence in hand temperature 111111 (2(2(266%6 )

rmoregulation difficulties 5 5 5 (1(1(12%2%2%)))

is (permanent plus transient) 9 (21%)

is (((pepepermrmrmanenennt)t)t) 5 (12%)

isisis (trtrtransient) 444 (9(9(9%)%%

eese thhhesia 2 (555%%%)

s ooof sysysympathetic c flflf ighhht///frighttt reeesponssse 3 (777%%%)

t-operaraatititiveveve sssatatisfafaactctctioioionnn 343434/4/4/4333 (7(7(79%9%9%

happy wititth h h thththeieieir r r sususurgrggicicicalalal ssscacacar r apapappepepearararananancecece (((scss orrreee 1,1,1,222 ororor 333 outtt oooff f 5)5)5) 414141/44 (93%

positive aafafteerr pprococededdururree e ((p(pososositititivivi e e veversrsusus nnnegegattivivive)e)e) 33535/41 (85%

safer after procedure (score 1 or 2 out of 5; the remainder felt the same as pre-operatively, score 3/5) 33/44 (75%%
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Figure Legends: 

Figure 1: Major indication for each patient for LCSD included beta-blocker intolerance/contra-

indication, beta-blocker non-adherence, disease related factors and patient choice.  Disease 

related factors include those with CPVT, LQT3, those who experienced symptoms whilst 

compliant with medical therapy, or those with a prolonged QTc (>550ms, or >520ms with 

another indication).  Patient choice includes those patients who had family history of sudden 

cardiac death, wished to perform high-level sport, or other.  

Figure 2: Results from forty-four patients who completed the telephone follow-up survey.  

Black boxes represent symptoms, grey boxes indicates transient symptoms.  Ticks represent that 

patients are happy the procedure happened (score 4-5 out of 5) and would recommend the 

procedure to a similarly affected person.  Question marks represent that the patients feel neutral 

towards the procedure or recommending it to others.  Crosses represent the patient was unhappy 

that the sympathectomy occurred (score 2 out of 5) or that they would not recommend the 

procedure to others.

Figure 3: Patient 10 following 10.1METS of exercise demonstrating (a) the Harlequin type 

facial flush, with flushed right side of face, and normal/pale left side and (b) the differences in 

sweating, with sweaty right side of face and dry left side.

Figure 4: Patient 3 has permanent left eyelid ptosis and miosis.  

Figure 2: Results from forty-four patients who completed the telephone follow-uupup ssururrvevevey.y.y.  

Black boxes reprprese ent symptoms, grey boxes indiccatates transient symptomms.  Ticks represent that 

papapatiiieeents are hhhapapappypypy thehehe ppprororocececeduuurerere hhhapapappepepenenened (s(s(scococ re 44--5-5 ooututut ooof f f 5)55 aaanndnd wwwououuldldld rrecomomommememendndn ttthehehe 

prprrococcede ure to aa simimimilarllyly affecccteeed persrsrsonnn.  Quuuessstionnn mmmarkrkrksss reeeprrreseeenttt that thhehe pppatattients   fefeeell nnneutrrralll 

owards thththe e prpp occcede ure e e ororor recommmmemm nding gg it to o o ottthehehersrsrs.  Crosssss es repppreseses nt the pppatieeentnn  was unhappy 

hhatatat ttthehee sssymymympapapaththt ececectototomymymy oooccccccurururrereredd d (s(s(scococorerere 222 oooututut oooff 5)5)5) ooorr r ththt atatat tttheheeyy y wowowoululu dd d nononott t rererecococommmmmmenenendd d thththee e 
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