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Abstract
Background: Left cardiac sympathetic denervation (LCSD) has been proposed as 
useful therapy for long QT syndrome (LQTS) and catecholaminergic polymorphic 
ventricular tachycardia (CPVT), in addition to anti‐arrhythmic agents and implant‐
able cardioverter defibrillators. This study aimed to assess the current evidence for 
LCSD and compare the open vs the video‐assisted thoracoscopic surgery (VATS) 
approaches.
Methods: MEDLINE, Embase and Cochrane library databases were searched up to 
December 2018 for studies reporting the long‐term outcomes of LCSD in LQTS, 
CPVT patients. The incidence of cardiac events (CEs) before and after surgery, the 
change in QTc interval, and surgical complications were pooled to estimate the effi‐
cacy of LCSD. Meta‐regression was used to estimate the effects of surgical approach 
(open vs VATS) on outcomes following LCSD.
Results: Twenty‐seven papers met our inclusion criteria (647 patients). VATS was 
used in 408 patients (63.1%), open surgery in 239 (36.9%). Mean follow‐up was 
32.3 ± 32.5 months. Postsurgery, 398/585 patients (68.0%) were free of CEs and 
QTc decreased from 522 ± 61.6 ms to 494 ± 52.3 ms. Meta‐regression showed no 
differences between the two approaches in the incidence of CEs and surgical compli‐
cations. VATS was associated with a smaller reduction in QTc (β‐coefficient −20.04, 
95% CI −36.82 to −3.27, P = .019).
Conclusions: LCSD was associated with a reduction in the incidence of CEs in LQTS, 
CPVT patients and in the duration of QTc. Open surgery was associated with a greater 
reduction in QTc. Due to the limitations that hindered our study, a randomized trial is 
warranted to fully establish LCSD safety and efficacy.
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1  | INTRODUC TION

Long QT syndrome (LQTS) and catecholaminergic polymorphic ven‐
tricular tachycardia (CPVT) are two major cardiac channelopathies. 
LQTS affects 1/2500 people and is caused by mutations in genes 
encoding ion channels involved in the control of ventricular repo‐
larization.1 CPVT affects 1/ 10,000 people, with mutations in the 
sarcoplasmic calcium channel ryanodine receptor 2 gene typically 
responsible for the condition.2

LQTS is characterized by prolonged ventricular repolarization, 
thus increasing the QT interval and predisposing patients to tor‐
sades de pointes and sudden cardiac death (SCD), whereas CPVT is 
characterized by ventricular tachycardia precipitated by exercise or 
emotional stress. Both entities are triggered under conditions of in‐
creased sympathetic activity.3,4 Clinically, they present as episodic 
syncope, usually during physical activity or an emotional situation 
and at a young age. SCD is the most extreme presentation and can 
occur in previously asymptomatic patients.4

The management of LQTS and CPVT is difficult. β‐blockers pro‐
vide an effective first line treatment option.5 However, up to 25% 
of patients are refractory to high‐dose β‐blocker therapy and side 
effects or intolerance to β‐blockers may also limit their use, partic‐
ularly in the severely asthmatic and elderly.6 In such cases, other 
antiarrhythmic drugs have been suggested and the most recent 
guidelines for inherited primary arrhythmia syndromes recommend 
flecainide as a class IIb treatment for patients with LQTS and as a 
class IIa for CPVT patients.5 When optimal medical treatment does 
not control symptoms, the insertion of an implantable cardioverter 
defibrillator (ICD) is performed.7 However, this device presents im‐
portant comorbidities, such as infections, psychological stress, mal‐
functions, inappropriate discharges, and the risk of electrical storm 
by repeated discharges.7

Faced with conditions refractory to medical therapy, left cardiac 
sympathetic denervation (LCSD) may have a role in directly reduc‐
ing adrenergic stimulation.8‐10 The rationale for this intervention lies 
in the arrhythmogenic potential of the left stellate ganglion11 and 
the demonstration of the antifibrillatory effect of left stellectomy.12 
Currently, with the rise of video‐assisted thoracoscopic surgery 
(VATS), new approaches have emerged. This meta‐analysis aims to 
evaluate the VATS approach vs open surgery for LCSD in LQTS and 
CPVT patients and to assess the evidence underpinning this.

2  | METHODS

2.1 | Search strategy

The review protocol was registered in PROSPERO (CRD42017064621).  
The review adhered to PRISMA (preferred reporting items for 
systematic reviews and meta‐analyses) guidelines.13 MEDLINE/
PubMed, Embase and Cochrane Library were searched, without lan‐
guage restriction, from inception to December 19, 2018. Grey lit‐
erature such as conference proceedings were excluded due to the 
high risk of incomplete data. Key words and MeSH terms pertinent 

to the exposure of interest were used in the following combination: 
(LQTS or LQTS or CPVT or Polymorphic catecholergic ventricular 
tachycardia) AND (LCSD or cardiac denervation or sympathectomy). 
References of all eligible studies were also screened to identify rel‐
evant resources that were not previously identified. As this study 
used publicly available data, no informed consent was required.

2.2 | Selection criteria

Two authors (AS, PLA) identified studies eligible for further review 
by performing an initial screen of titles/abstracts. Articles were 
considered for inclusion if they reported original data on the clinical 
outcomes after LCSD in patients with LQTS or CPVT. All LQTS gen‐
otypes were included. The following study designs were included: 
prospective cohort, retrospective cohort, case series, controlled 
and randomized clinical trial. Reviews, editorials, and case reports 
were excluded. A second screening based on detailed full‐text re‐
view was performed. Any disagreement was resolved by consensus. 
The exposure of interest was open or VATS approach. The primary 
outcomes of interest were the postoperative percentage of patients 
with major cardiac events (CEs) despite optimal medical therapy and 
the rate of recurrence of major CEs after surgery.

2.3 | Data extraction and quality assessment

Year of publication, study design, country, sample size, recruitment 
period, baseline patient demographics, surgical approach, and out‐
comes among relevant subgroups of patients were extracted. The 
NIH Quality Assessment Tool for Case Series Studies was used to 
assess study quality.14

2.4 | Outcomes

The outcomes of interest were defined as follows. Patients were 
considered responsive to treatment if they experienced less CEs in 
the postoperative period compared to before surgery. For this analy‐
sis, a CE was defined as either ICD shock, syncope, aborted cardiac 
arrest (ACA), or SCD. Patients were considered symptomatic for 
their underlying arrhythmic disease if they had at least one syncope 
or ACA or SCD during the follow‐up. Patients not experiencing any 
CEs after surgery were defined free of CEs. The surgery side effects 
of interest were the clinical diagnosis, either temporary or definitive, 
of Horner's syndrome and asymmetric facial sweating.

2.5 | Statistical analysis

The event rates were extracted from primary studies for binary 
outcomes, and means and standard deviations for continuous out‐
comes. Operative approach (VATS or open surgery) was taken as the 
explanatory variable. When the included studies reported the me‐
dian, range and sample size, the mean and standard deviation were 
estimated using Luo et al and Wan et al methods, respectively.15,16 
To obtain a numerical estimate which would be of use for future 
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trials and research in the field, in addition to quantifying the hetero‐
geneity contained within study populations, we planned to conduct 
a meta‐analysis of incidence rates and average change. To avoid bias 
from low event rates and sample sizes, studies included in the meta‐
analysis had to include ≥10 patients. For binary outcomes, incidence 
rates of the outcome of interest were divided by length of follow‐
up (measured in person years) to give summarized incidence rates 
per person years. Incidence rate meta‐regression was performed, 
using a residual maximum likelihood model (random effects), with 
operative approach set as the explanatory variable of interest. The 
effect estimate is presented as change in incidence rate per person 
years. Estimates are expressed in terms of average incidence rate 
change for each operative approach. For continuous variables, the 
weighted mean difference was estimated using a residual maximum 
likelihood model. For all meta‐regression, the effect of the open ap‐
proach was also the model intercept. Statistical heterogeneity was 
evaluated using the I2, with <25% indicating low heterogeneity, 
50%‐75% moderate heterogeneity, and 7˃5% high heterogeneity. 
Substantial statistical heterogeneity between studies was defined as 
when I2 > 50%. Meta‐regression analysis of outcomes based on type 
of surgical approach (open vs VATS) was performed. All analyses 
were performed using R version 3.2.2 (R Foundation for statistical  
computing, Vienna, AUT) with the metafor package version 1.9‐8.  
P values <.05 were considered statistically significant a priori.

3  | RESULTS

3.1 | Study selection and characteristics

We identified 557 potentially relevant studies (Figure 1). By review‐
ing title/abstract, 519 articles were excluded. The full text of the re‐
maining articles was reviewed and 11 of these were subsequently 
excluded. Twenty‐seven studies with 647 patients were included in 
our study. The characteristics and surgical outcomes of the included 
studies are listed in Tables 1 and 2, respectively.

Thirteen enrolled both LQTS and CPVT patie
nts,17,18,20‐22,26‐28,34,35,38,40,42 11 only LQTS19,24,25,29‐32,36,37,39,41 and 
three only CPVT.23,33,43 In 16 studies, VATS was the preferred appr
oach17‐20,22,24,26‐28,30‐32,34,40‐42 while in 8 studies open surgery was 
performed.25,30,33,36‐39,43 In three studies, patients were operated 
either with a thoracoscopic or an open approach, but only in one of 
them data were presented divided in VATS and open subgroups.21 
Therefore, the data of the remaining two studies (De Ferrari et al, no. 
of patients = 63; Olde Nordkamp et al, no. of patients = 16) were not 
included in the meta‐analysis.23,35 Twenty‐four studies were rated 
Good according to the NIH Quality Assessment Tool for Case Series 
Studies and three were rated Fair (Table 1).

We identified 512/647 (79.1%) patients with LQTS and 135 
(20.9%) with CPVT. Most patients were on β‐blockers at the 

F I G U R E  1   PRISMA flow diagram showing identification and exclusion process for review



     |  1105SGRÒ et al.

TA
B

LE
 1

 
Ba

se
lin

e 
ch

ar
ac

te
ris

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es

Fi
rs

t a
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
pe

rio
d

St
ud

y 
ty

pe
Sa

m
pl

e 
si

ze
Fe

m
al

e 
(%

)
A

ge
, y

 
(m

ea
n 

± 
SD

)

Po
pu

la
tio

n
Ti

m
e 

of
  

fo
llo

w
‐u

p,
 m

o 
(m

ea
n 

± 
SD

)

In
he

rit
ed

 
ar

rh
yt

hm
ic

 
di

se
as

e
Q

Tc
, m

s 
(m

ea
n 

± 
SD

)

Sy
m

pt
om

at
ic

 
be

fo
re

  
su

rg
er

y,
 n

 (%
)

Th
er

ap
y 

be
fo

re
 

su
rg

er
y

In
di

ca
tio

n 
fo

r 
tr

ea
tm

en
t

Q
ua

lit
y 

as
se

ss
m

en
t

A 
= 

ad
ul

ts
, C

 =
  

ch
ild

re
n,

 I 
= 

in
fa

nt
s

A
nt

ie
l e

t a
l17

20
16

U
SA

N
ov

 2
00

5‐
M

ay
 

20
13

C
S

62
38

 (6
1%

)
21

.0
 ±

 1
6.

6
A 

= 
36

, C
 =

 2
6

37
.2

 ±
 4

0.
8

LQ
TS

, C
PV

T
N

A
N

A
β‐

bl
oc

ke
rs

 N
A

, I
C

D
 

29
/6

1 
(4

8%
)

PP
 1

4/
62

 (2
3%

), 
SP

 
48

/6
2 

(7
7%

)
G

oo
d

A
ta

lla
h 

et
 a

l18
20

08
U

SA
20

00
‐2

00
8

C
S

9
5 

(5
6%

)
8.

6 
± 

6.
9

A 
= 

1,
 C

 =
 8

18
.8

 ±
 1

9.
9

LQ
TS

, C
PV

T
46

3 
± 

72
8/

9 
(8

9%
)

β‐
bl

oc
ke

rs
 9

/9
 

(1
00

%
), 

IC
D

 5
/9

 
(5

6%
)

PP
 1

/9
 (1

1%
), 

SP
 

8/
9 

(8
9%

)
G

oo
d

B
os

 e
t a

l19
20

13
U

SA
N

ov
 2

00
5‐

D
ec

 
20

10
C

S
52

28
 (5

4%
)

14
.1

 ±
 1

0.
0

A,
 C

43
.2

 ±
 1

5.
6

LQ
TS

52
8 

± 
74

34
/5

2 
(6

5%
)

β‐
bl

oc
ke

rs
 5

1/
52

 
(9

8%
), 

IC
D

 1
6/

52
 

(3
1%

)

PP
 3

3/
52

 (6
3%

), 
SP

 
19

/5
2 

(3
7%

)
G

oo
d

C
ol

em
an

 e
t a

l20
20

12
U

SA
N

ov
 2

00
5‐

D
ec

 
20

11
C

S
18

9 
(5

0%
)

14
.0

 ±
 7

.2
A 

= 
4,

 C
 =

 1
4

19
.2

 ±
 1

8.
0

LQ
TS

, C
PV

T
N

A
13

/1
8 

(7
2%

)
β‐

bl
oc

ke
rs

 1
6/

18
 

(8
9%

), 
IC

D
 6

/1
8 

(3
3%

)

PP
 5

/1
8 

(2
8%

), 
SP

 
13

/1
8 

(7
2%

)
G

oo
d

C
ol

lu
ra

 e
t a

l21
20

09
U

SA
N

ov
 2

00
5‐

N
ov

 
20

08
C

S
20

8 
(4

0%
)

9.
1 

± 
9.

7
A 

= 
1,

 C
 =

 1
6,

 I 
= 

3
16

.6
 ±

 9
.5

LQ
TS

, C
PV

T
51

8 
± 

70
16

/2
0 

(5
5%

)
β‐

bl
oc

ke
rs

 1
1/

20
 

(5
5%

), 
IC

D
 8

/2
0 

(4
0%

)

PP
 9

/2
0 

(4
5%

), 
SP

 
11

/2
0 

(5
5%

)
G

oo
d

C
os

te
llo

 e
t a

l22
20

15
U

SA
M

ay
 2

01
1‐

A
pr

 
20

14
C

S
10

N
A

11
.1

 ±
 6

.0
C 

= 
10

14
.3

 ±
 1

1.
3

LQ
TS

, C
PV

T
48

2 
± 

48
8/

10
 (8

0%
)

β‐
bl

oc
ke

rs
 1

0/
10

 
(1

00
%

), 
IC

D
 5

/1
0 

(5
0%

)

PP
 0

/1
0 

(0
%

), 
SP

 
10

/1
0 

(1
00

%
)

G
oo

d

D
e 

Fe
rr

ar
i e

t a
l23

20
15

W
or

ld
w

id
e

19
88

‐2
01

4
C

S
63

31
 (5

1%
)

14
.3

 ±
 4

.5
N

A
43

.6
 ±

 2
8.

2
C

PV
T

N
A

54
/6

3 
(8

6%
)

β‐
bl

oc
ke

rs
 6

1/
63

 
(9

7%
), 

IC
D

 3
2/

63
 

(5
1%

)

PP
 9

/6
3 

(1
4%

), 
SP

 
57

/6
3 

(8
6%

)
G

oo
d

D
es

im
on

e 
et

 a
l24

20
15

U
SA

N
ov

 2
00

5‐
M

ay
 

20
12

C
S

72
40

 (5
4%

)
14

.0
 ±

 1
0.

0
N

A
26

.4
 ±

 2
0.

4
LQ

TS
50

5 
± 

56
38

/7
2 

(5
3%

)
β‐

bl
oc

ke
rs

 6
7/

72
 

(9
3%

), 
IC

D
 1

8/
72

 
(2

8%
)

PP
 3

4/
72

 (4
7%

), 
SP

 
38

/7
2 

(5
3%

)
G

oo
d

Ep
st

ei
n 

et
 a

l25
19

96
U

SA
N

A
C

S
5

5 
(1

00
%

)
28

.0
 ±

 3
.0

A 
= 

5
18

.0
 ±

 1
2.

0
LQ

TS
64

0 
± 

54
5/

5 
(1

00
%

)
β‐

bl
oc

ke
rs

 4
/5

 (8
0%

), 
Pa

ce
m

ak
er

 3
/5

 
(6

0%
)

PP
 0

/5
 (0

%
), 

SP
 5

/5
 

(1
00

%
)

G
oo

d

G
ar

ve
y 

et
 a

l26
20

18
U

SA
Ja

n 
20

08
‐J

ul
y 

20
17

C
S

8
4 

(5
0%

)
8.

2 
± 

5.
8

A 
= 

1,
 C

 =
 7

47
.0

 ±
 2

3.
9

LQ
TS

, C
PV

T
N

A
8/

8 
(1

00
%

)
β‐

bl
oc

ke
rs

 8
/8

 
(1

00
%

), 
IC

D
 6

/8
 

(7
5%

)

PP
 0

/8
 (0

%
), 

SP
 8

/8
 

(1
00

%
)

G
oo

d

H
of

fe
rb

er
th

 e
t a

l27
20

14
U

SA
A

ug
 2

00
0‐

D
ec

 
20

11
C

S
22

13
 (5

4%
)

13
.1

 ±
 7

.7
A 

= 
7,

 C
 =

 1
6,

 I 
= 

1
32

.0
 ±

 2
8.

8
LQ

TS
, C

PV
T

51
8 

± 
69

20
/2

2 
(9

2%
)

β‐
bl

oc
ke

r 2
2/

22
 

(1
00

%
), 

IC
D

 1
3/

22
 

(5
9%

)

PP
 2

/2
2 

(8
%

), 
SP

 
20

/2
2 

(9
2%

)
G

oo
d

Ja
ng

 e
t a

l28
20

17
So

ut
h 

Ko
re

a
N

ov
 2

01
0‐

Ja
n 

20
15

C
S

15
11

 (7
3%

)
24

.6
 ±

 1
0.

5
A 

= 
13

, C
 =

 2
27

.6
 ±

 1
1.

6
LQ

TS
, C

PV
T

59
4 

± 
70

9/
15

 (5
7%

)
β‐

bl
oc

ke
rs

 1
5/

15
 

(1
00

%
)

PP
 6

/1
5 

(4
0%

), 
SP

 
9/

15
 (6

0%
)

G
oo

d

Li
 e

t a
l29

20
05

C
hi

na
20

02
C

S
5

3 
(6

0%
)

21
.6

 ±
 7

.0
A 

= 
4,

 C
 =

 1
21

.0
 ±

 0
.0

LQ
TS

59
0 

± 
50

5/
5 

(1
00

%
)

β‐
bl

oc
ke

rs
 5

/5
 

(1
00

%
)

PP
 0

/5
 (0

%
), 

SP
 5

/5
 

(1
00

%
)

G
oo

d

Li
 e

t a
l30

20
08

C
hi

na
D

ec
 2

00
2‐

M
ay

 
20

07
C

S
11

10
 (9

1%
)

28
.5

 ±
 1

4.
8

A 
= 

9,
 C

 =
 2

37
.0

 ±
 2

6.
3

LQ
TS

N
A

11
/1

1 
(1

00
%

)
β‐

bl
oc

ke
rs

 1
1/

11
 

(1
00

%
)

PP
 0

/1
1 

(0
%

), 
SP

 
11

/1
1 

(1
00

%
)

G
oo

d

Li
 e

t a
l31

20
03

C
hi

na
20

01
C

S
4

3 
(7

5%
)

32
.5

 ±
 1

7.
9

A 
= 

3,
 C

 =
 1

3.
0 

± 
0.

0
LQ

TS
53

8 
± 

76
4/

4 
(1

00
%

)
β‐

bl
oc

ke
rs

 3
/4

 (7
5%

)
PP

 0
/4

 (0
%

), 
SP

 4
/4

 
(1

00
%

)
G

oo
d

(C
on

tin
ue

s)



1106  |     SGRÒ et al.

Fi
rs

t a
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
pe

rio
d

St
ud

y 
ty

pe
Sa

m
pl

e 
si

ze
Fe

m
al

e 
(%

)
A

ge
, y

 
(m

ea
n 

± 
SD

)

Po
pu

la
tio

n
Ti

m
e 

of
  

fo
llo

w
‐u

p,
 m

o 
(m

ea
n 

± 
SD

)

In
he

rit
ed

 
ar

rh
yt

hm
ic

 
di

se
as

e
Q

Tc
, m

s 
(m

ea
n 

± 
SD

)

Sy
m

pt
om

at
ic

 
be

fo
re

  
su

rg
er

y,
 n

 (%
)

Th
er

ap
y 

be
fo

re
 

su
rg

er
y

In
di

ca
tio

n 
fo

r 
tr

ea
tm

en
t

Q
ua

lit
y 

as
se

ss
m

en
t

A 
= 

ad
ul

ts
, C

 =
  

ch
ild

re
n,

 I 
= 

in
fa

nt
s

Li
 e

t a
l32

20
18

C
hi

na
N

ov
 2

00
7‐

Ja
n 

20
16

C
S

8
5 

(6
3%

)
20

.0
 ±

 8
.1

A 
= 

5,
 C

 =
 3

7.
0 

± 
3.

2
LQ

TS
53

4 
± 

53
8/

8 
(1

00
%

)
β‐

bl
oc

ke
rs

 8
/8

 
(1

00
%

)
PP

 1
/8

 (1
3%

), 
SP

 
7/

8 
(8

7%
)

G
oo

d

M
ar

ai
 e

t a
l33

20
15

Is
ra

el
20

10
C

S
3

1 
(3

3%
)

17
.3

 ±
 0

.6
A 

= 
1,

 C
 =

 2
13

.0
 ±

 6
.2

C
PV

T
N

A
3/

3 
(1

00
%

)
β‐

bl
oc

ke
rs

 3
/3

 
(1

00
%

), 
IC

D
 2

/3
 

(7
6%

)

PP
 0

/3
 (0

%
), 

SP
 3

/3
 

(1
00

%
)

Fa
ir

M
cN

am
ar

a 
et

 a
l34

20
17

Ir
el

an
d

N
A

C
S

5
2 

(4
0%

)
34

.2
 ±

 2
1.

1
A 

= 
3,

 C
 =

 2
12

.4
 ±

 7
.4

LQ
TS

, C
PV

T
N

A
5/

5 
(1

00
%

)
β‐

bl
oc

ke
rs

 5
/5

 
(1

00
%

), 
ca

rd
ia

c 
ab

la
tio

n 
3/

5 
(6

0%
)

PP
 0

/5
 (0

%
), 

SP
 5

/5
 

(1
00

%
)

G
oo

d

O
ld

e 
N

or
dk

am
p 

et
 a

l35
20

14
N

et
he

rla
nd

s
N

ov
 2

00
5‐

Fe
b 

20
13

C
S

17
10

 (5
9%

)
19

.0
 ±

 1
4.

0
N

A
43

.0
 ±

 4
9.

3
LQ

TS
, C

PV
T

47
2 

± 
95

16
/1

7 
(9

4%
)

β‐
bl

oc
ke

rs
 1

7/
17

 
(1

00
%

), 
IC

D
 8

/1
7 

(4
7%

)

PP
 1

/1
7 

(6
%

), 
SP

 
16

/1
7 

(9
4%

)
G

oo
d

O
ur

ie
l e

t a
l36

19
95

U
SA

Fe
b 

19
90

‐A
ug

 
19

93
C

S
10

4 
(4

0%
)

17
.1

 ±
 1

2.
9

N
A

15
.6

 ±
 3

.6
LQ

TS
52

0 
± 

10
10

/1
0 

(1
00

%
)

β‐
bl

oc
ke

rs
 9

/1
0 

(9
0%

), 
pa

ce
m

ak
er

 
4/

10
 (4

0%
)

PP
 1

/1
0 

(1
0%

), 
SP

 
9/

10
 (9

0%
)

Fa
ir

Sc
hn

ei
de

r e
t a

l37
20

16
U

SA
Se

p 
20

06
‐J

ul
y 

20
15

C
S

13
8 

(6
2%

)
21

.0
 ±

 1
1.

0
A,

 C
62

.4
 ±

 1
9.

2
LQ

TS
49

0 
± 

47
9/

13
 (6

9%
)

β‐
bl

oc
ke

rs
 8

/1
3 

(6
2%

), 
IC

D
 6

/1
3 

(4
6%

)

N
A

G
oo

d

Sc
hn

ei
de

r e
t a

l38
20

12
G

er
m

an
y

O
ct

 2
00

7‐
N

ov
 

20
11

C
S

10
3 

(3
0%

)
17

.7
 ±

 1
2.

3
A 

= 
1,

 C
 =

 9
27

.4
 ±

 1
2.

8
LQ

TS
, C

PV
T

48
0 

± 
49

10
/1

0 
(1

00
%

)
β‐

bl
oc

ke
rs

 1
0/

10
 

(1
00

%
), 

IC
D

 2
/1

0 
(2

0%
)

PP
 0

/1
0 

(0
%

), 
SP

 
10

/1
0 

(1
00

%
)

G
oo

d

Sc
hw

ar
tz

 e
t a

l39
20

04
W

or
ld

w
id

e
19

70
‐2

00
2

C
S

14
7

10
1 

(6
9%

)
17

.7
 ±

 1
2.

0
A,

 C
95

.4
 ±

 7
2.

0
LQ

TS
54

3 
± 

65
14

5/
14

7 
(9

9%
)

β‐
bl

oc
ke

rs
 1

21
/1

42
 

(8
5%

), 
pa

ce
m

ak
er

 
12

/1
42

 (8
%

), 
IC

D
 

4/
14

2 
(3

%
)

PP
 2

/1
47

 (1
%

), 
SP

 
14

5/
14

7 
(9

9%
)

G
oo

d

Ta
rr

ad
o 

et
 a

l40
20

14
Sp

ai
n

20
11

‐2
01

3
C

S
5

5 
(1

00
%

)
8.

8 
± 

6.
0

C,
 I

20
.0

 ±
 1

0.
2

LQ
TS

, C
PV

T
N

A
3/

5 
(6

0%
)

β‐
bl

oc
ke

rs
 3

/3
 

(1
00

%
)

PP
 2

/5
 (4

0%
), 

SP
 

3/
5 

(6
0%

)
Fa

ir

U
pa

dy
a 

et
 a

l41
20

16
In

di
a

N
A

C
S

3
2 

(6
7%

)
14

.0
 ±

 1
0.

0
A 

= 
1,

 C
 =

 2
9.

0 
± 

0.
0

LQ
TS

N
A

3/
3 

(1
00

%
)

β‐
bl

oc
ke

rs
 3

/3
 

(1
00

%
)

PP
 0

/3
 (0

%
), 

SP
 3

/3
 

(1
00

%
)

G
oo

d

W
ad

de
ll‐

Sm
ith

 
et

 a
l42

20
15

N
ew

 Z
ea

la
nd

20
08

‐2
01

4
C

S
47

34
 (7

2%
)

28
.3

 ±
 4

7.
4

A,
 C

32
.5

 ±
 5

0.
5

LQ
TS

, C
PV

T
46

1 
± 

60
25

/4
7 

(5
3%

)
β‐

bl
oc

ke
rs

 3
0/

47
 

(6
4%

)
PP

 2
2/

47
 (4

7%
), 

SP
 

25
/4

7 
(5

3%
)

G
oo

d

W
ild

e 
et

 a
l43

20
08

W
or

ld
w

id
e

N
A

C
S

3
1 

(3
3%

)
17

.0
 ±

 1
.0

A 
= 

1,
 C

 =
 2

13
0.

0 
± 

10
5.

4
C

PV
T

N
A

3/
3 

(1
00

%
)

β‐
bl

oc
ke

rs
 3

/3
 

(1
00

%
), 

IC
D

 1
/3

 
(3

3%
)

PP
 0

/3
 (0

%
), 

SP
 3

/3
 

(1
00

%
)

G
oo

d

A
bb

re
vi

at
io

ns
: C

S,
 c

as
e 

se
rie

s;
 C

PV
T,

 c
at

ec
ho

la
m

in
er

gi
c 

po
ly

m
or

ph
ic

 v
en

tr
ic

ul
ar

 ta
ch

yc
ar

di
a;

 IC
D

, i
m

pl
an

ta
bl

e 
ca

rd
io

ve
rt

er
 d

ef
ib

ril
la

to
r; 

LQ
TS

, l
on

g 
Q

T 
sy

nd
ro

m
e;

 P
P,

 p
rim

ar
y 

pr
ev

en
tio

n;
 S

P,
 s

ec
on

da
ry

 
pr

ev
en

tio
n.

TA
B

LE
 1

 
(C

on
tin

ue
d)



     |  1107SGRÒ et al.

TA
B

LE
 2

 
Su

rg
ic

al
 o

ut
co

m
es

 o
f i

nc
lu

de
d 

st
ud

ie
s

Fi
rs

t a
ut

ho
r

Ye
ar

In
he

rit
ed

 a
r‐

rh
yt

hm
ic

 d
is

ea
se

Su
rg

ic
al

 
ap

pr
oa

ch

Pa
tie

nt
s r

e‐
sp

on
si

ve
 to

 
tr

ea
tm

en
t, 

n 
(%

)

Ra
te

 o
f c

ar
di

ac
 e

ve
nt

s a
ft

er
 s

ur
ge

ry
, 

n 
(%

)
Ra

te
 o

f s
ur

vi
va

l 
fr

ee
 o

f c
ar

di
ac

 
ev

en
ts

 a
ft

er
 

su
rg

er
y,

 n
 (%

)

Q
Tc

 a
ft

er
 

su
rg

er
y,

 m
s 

(m
ea

n 
± 

SD
)

Ra
te

 o
f s

ur
gi

ca
l c

om
pl

ic
a‐

tio
ns

, n
 (%

)

Sy
nc

op
e

A
bo

rt
ed

 
ca

rd
ia

c 
ar

re
st

Su
dd

en
 

ca
rd

ia
c 

de
at

h
H

or
ne

r 
sy

nd
ro

m
e

A
sy

m
m

et
ric

 
fa

ci
al

 
sw

ea
tin

g

A
nt

ie
l e

t a
l17

20
16

LQ
TS

, C
PV

T
VA

TS
N

A
N

A
N

A
N

A
N

A
N

A
22

/6
1

36
/6

0

A
ta

lla
h 

et
 a

l18
20

08
LQ

TS
, C

PV
T

VA
TS

7/
8

N
A

N
A

0/
8

6/
8

46
4 

± 
78

0/
9

0/
9

Bo
s 

et
 a

l19
20

13
LQ

TS
VA

TS
44

/5
2

N
A

12
/5

2
0/

52
40

/5
2

N
A

4/
52

N
A

C
ol

em
an

 e
t a

l20
20

12
C

PV
T

VA
TS

18
/1

8
N

A
2/

18
0/

18
16

/1
8

N
A

3/
18

N
A

C
ol

lu
ra

 e
t a

l21
20

09
LQ

TS
, C

PV
T

VA
TS

 (1
8/

20
)

16
/1

8
0/

18
2/

18
0/

18
16

/1
8

50
8 

± 
62

0/
18

0/
18

O
pe

n 
(2

/2
0)

2/
2

0/
2

1/
2

0/
2

1/
2

0/
2

0/
2

C
os

te
llo

 e
t a

l22
20

15
LQ

TS
, C

PV
T

VA
TS

 (1
0/

10
)

7/
10

1/
10

2/
10

0/
10

7/
10

46
9 

± 
41

0/
10

4/
10

D
e 

Fe
rr

ar
i e

t a
l23

20
15

C
PV

T
VA

TS
 (2

9/
63

)
50

/6
3

1/
63

13
/6

3
1/

63
50

/6
3

N
A

0/
63

0/
63

O
pe

n 
(3

4/
63

)

D
es

im
on

e 
et

 a
l24

20
15

LQ
TS

, C
PV

T
VA

TS
N

A
N

A
N

A
N

A
55

/7
2

49
1 

± 
40

N
A

N
A

Ep
st

ei
n 

et
 a

l25
19

96
LQ

TS
O

pe
n

5/
5

0/
5

0/
5

0/
5

3/
5

53
2 

± 
10

8
0/

5
N

A

G
ar

ve
y 

et
 a

l26
20

18
LQ

TS
, C

PV
T

VA
TS

6/
8

N
A

N
A

0/
8

N
A

N
A

2/
8

1/
8

H
of

fe
rb

er
th

 e
t a

l27
20

14
LQ

TS
, C

PV
T

VA
TS

16
/2

2
N

A
5/

22
0/

22
12

/2
2

50
4 

± 
46

0/
22

N
A

Ja
ng

 e
t a

l28
20

17
LQ

TS
, C

PV
T

VA
TS

13
/1

5
1/

15
1/

15
0/

15
13

/1
5

57
9 

± 
69

0/
15

15
/1

5

Li
 e

t a
l29

20
05

LQ
TS

O
pe

n
4/

5
1/

5
0/

5
0/

5
4/

5
48

0 
± 

40
0/

5
N

A

Li
 e

t a
l30

20
08

LQ
TS

VA
TS

9/
11

2/
11

0/
11

1/
11

7/
11

N
A

0/
11

N
A

Li
 e

t a
l31

20
03

LQ
TS

VA
TS

4/
4

0/
4

0/
4

0/
4

4/
4

51
2 

± 
57

0/
4

N
A

Li
 e

t a
l32

20
18

LQ
TS

VA
TS

8/
8

4/
8

4/
8

0/
8

4/
8

48
6 

± 
35

0/
8

0/
8

M
ar

ai
 e

t a
l33

20
15

C
PV

T
O

pe
n

0/
3

3/
3

0/
3

0/
3

0/
3

N
A

1/
3

N
A

M
cN

am
ar

a 
et

 a
l34

20
17

LQ
TS

, C
PV

T
VA

TS
4/

5
0/

5
0/

5
1/

5
4/

5
N

A
1/

5
N

A

O
ld

e 
N

or
dk

am
p 

et
 a

l35
20

14
LQ

TS
, C

PV
T

O
pe

n 
(7

/1
7)

14
/1

6
N

A
N

A
1/

17
8/

16
48

1 
± 

82
1/

17
1/

17

VA
TS

 (1
0/

17
)

O
ur

ie
l e

t a
l36

19
95

LQ
TS

O
pe

n
9/

10
1/

10
0/

10
1/

10
9/

10
49

0 
± 

10
9/

10
N

A

Sc
hn

ei
de

r e
t a

l37
20

16
LQ

TS
O

pe
n

10
/1

3
N

A
3/

13
0/

13
10

/1
3

45
1 

± 
34

N
A

N
A

Sc
hn

ei
de

r e
t a

l38
20

12
LQ

TS
, C

PV
T

O
pe

n
10

/1
0

1/
10

0/
10

0/
10

9/
10

47
3 

± 
43

1/
10

N
A

Sc
hw

ar
tz

 e
t a

l39
20

04
LQ

TS
O

pe
n

93
/1

47
46

/1
47

24
/1

47
10

/1
47

67
/1

47
50

4 
± 

11
N

A
N

A

Ta
rr

ad
o 

et
 a

l40
20

14
LQ

TS
, C

PV
T

VA
TS

5/
5

0/
5

0/
5

0/
5

5/
5

N
A

0/
5

0/
5

U
pa

dy
a 

et
 a

l41
20

16
LQ

TS
VA

TS
3/

3
0/

3
0/

3
0/

3
3/

3
N

A
N

A
N

A

W
ad

de
ll‐

Sm
ith

 e
t a

l42
20

15
LQ

TS
, C

PV
T

VA
TS

47
/4

7
5/

47
0/

47
0/

47
42

/4
7

47
6 

± 
54

9/
47

27
/4

7

W
ild

e 
et

 a
l43

20
08

C
PV

T
O

pe
n

3/
3

0/
3

0/
3

0/
3

3/
3

N
A

N
A

N
A

A
bb

re
vi

at
io

ns
: C

PV
T,

 c
at

ec
ho

la
m

in
er

gi
c 

po
ly

m
or

ph
ic

 v
en

tr
ic

ul
ar

 ta
ch

yc
ar

di
a;

 L
Q

TS
, l

on
g 

Q
T 

sy
nd

ro
m

e;
 V

AT
S,

 v
id

eo
‐a

ss
is

te
d 

th
or

ac
os

co
pi

c 
su

rg
er

y.



1108  |     SGRÒ et al.

maximum tolerated dose at the time of LCSD (513/578, 88.8%) and 
an ICD was implanted in 161/533 (30.2%). The main indication for 
LCSD was secondary prevention (495/632, 78.3%) and the mean age 
at LCSD was 18.3 ± 13.9 years. The surgical technique was thoraco‐
scopic in 408/647 (63.1%) and open in 239 (36.9%). Patients were 
observed for a mean follow‐up of 32.3 ± 32.5 months.

Fourteen studies had a sample size ≥10 and 507/647 
patients (78.4%) were therefore included in the meta‐ 
regression.17,19‐22,24,27,28,30,36‐39,42 The VATS approach was used in 
10 studies, 327/507 patients (64.5%), and the open approach in 4, 
180/507 patients (35.5%). Baseline characteristics of the studies 
included in the meta‐regression are depicted in Table 3. The results 
of the meta‐regression are shown in Table 4.

3.2 | Patients' responsiveness to treatment

Twenty‐five studies included data regarding the number of patients 
responsive to treatment and 357/511 (69.9%) were identified as re‐
sponsive to the surgical procedure. Of these, 12 papers had a sample 
size ≥10 and were included in the quantitative synthesis. In the VATS 
and open groups, 170/193 patients (88.1%) and 122/180 (67.8%), 
respectively, experienced less life‐threatening CEs after LCSD. 
Meta‐regression demonstrated no difference in responsiveness to 
treatment between the VATS and open approaches (β‐coefficient 
2.75, 95% CI −2.85 to 8.35, P = .336, I2 = 89.09%).

3.3 | Patients symptomatic before vs postsurgery

Twenty‐five studies included data regarding the number of patients 
with CEs before and after surgery. Overall, 473/585 (80.9%) were 
symptomatic before treatment and 187/585 (32.0%) after treat‐
ment. Thirteen articles met the meta‐regression inclusion criterion. 
In the meta‐regression, patients symptomatic before and after sur‐
gery were 172/265 (64.9%) and 57/265 (21.5%) in the VATS group 
vs 174/180 (96.7%) and 85/180 (47.2%) in the open group. One ap‐
proach did not provide an advantage over the other in terms of the 
likelihood of being asymptomatic after surgery (β‐coefficient −1.26, 
95% CI −6.25 to 3.72, P = .619, I2 = 85.45%).

3.4 | QTc before vs postsurgery

Sixteen studies reported the mean QTc before and after sur‐
gery for LQTS patients, which was 522 ± 61.6 ms before surgery 
and 494 ± 52.3 ms after surgery. Ten studies were included in the 
meta‐regression. When thoracoscopic and open surgery were com‐
pared, the mean QTc before and after surgery was 511 ± 61.3 ms vs 
503 ± 51.5 ms in the VATS group, and 508 ± 47.3 ms vs 480 ± 28.4 ms 
in the open group. Patients operated with the VATS approach had 
a significantly smaller shortening of QTc duration (β‐coefficient 
−20.04, 95% CI −36.82 to −3.27, P = .019).

3.5 | Patients free from CEs after surgery

Twenty‐five studies included data regarding the number of patients 
free from CEs after surgery. Overall, at the end of the follow‐up 

period, 398/585 patients (68.0%) were free from CEs. Thirteen stud‐
ies were included in the quantitative synthesis. In the VATS group, 
208/265 patients (78.5%) had a postoperative period free of cardiac 
event vs 95/180 (52.8%) in the open group. Patients who underwent 
VATS did not have a higher likelihood of being free from CEs dur‐
ing the follow‐up period (β‐coefficient 4.55, 95% CI −2.08 to 11.18, 
P = .178, I2 = 93.04%).

3.6 | Syncope episodes after surgery

Eighteen studies included data regarding the number of patients 
experiencing syncope episodes after surgery and 66/374 patients 
(17.6%) had one or more episodes. Of these, eight papers were in‐
cluded in the meta‐regression. The event rate of one or more syn‐
cope episodes in the postoperative period was 9/101 (8.9%) in the 
VATS group and 48/167 (28.7%) in the open group. There was no de‐
tectable difference in the number of patients experiencing syncope 
episodes between the VATS and open approaches (β‐coefficient 
−1.39, 95% CI −3.84 to 1.06, P = .268, I2 = 87.06%).

3.7 | ACA after surgery

Twenty‐two studies included data regarding the number of patients 
experiencing ACA after surgery and 69/479 patients (14.4%) had one 
or more episodes. Twelve papers were included in the quantitative 
synthesis. In the VATS group, 24/193 patients (12.4%) had one or 
more ACAs vs 27/180 (15.0%) in the open group. Meta‐regression 
demonstrated that there was no difference in the number of pa‐
tients experiencing ACAs between the VATS and open approaches 
(β‐coefficient .09, 95% CI −1.22 to 1.41, P = .89, I2 = 80.94%).

3.8 | SCD after surgery

Twenty‐five studies included data regarding the number of SCD 
after surgery and 15/512 patients (2.9%) died of SCD during the 
follow‐up. Twelve papers were included in the quantitative synthe‐
sis. One patient out of 193 (0.5%) died of SCD in the VATS group vs 
11/180 (6.1%) in the open group. No difference in the number of 
SCDs between the two groups was found (β‐coefficient −.02, 95% 
CI −0.34 to 0.30, P = .894, I2 = 1.15%).

3.9 | Horner's syndrome

Twenty‐two studies included data regarding the number of pa‐
tients that were diagnosed with either transient or persistent 
Horner's syndrome after surgery and 53/408 patients (13.0%) 
developed Horner's syndrome during the follow‐up. Ten studies 
had a sample size ≥10 and were included in the quantitative syn‐
thesis. A diagnosis of Horner's syndrome was made in 38/254 pa‐
tients (15.0%) operated with VATS and in 10/20 (50.0%) operated 
with an open approach. No difference in the number of patients 
diagnosed with Horner's syndrome between the two groups was 
identified (β‐coefficient −.003, 95% CI −0.013 to 0.007, P = .563, 
I2 = 94.94%).
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3.10 | Asymmetric facial sweating

Eleven studies included data regarding the number of patients that 
developed asymmetric facial sweating after surgery and 84/262 
patients (32.1%) developed asymmetric facial sweating during the 
follow‐up. Five studies were included in the quantitative synthesis 
and all belonged to the VATS group: 82/150 patients (54.7%) op‐
erated on with VATS LSCD developed asymmetric facial swelling 
postoperatively (β‐coefficient 6.24, 95% CI 2.01 to 10.46, P = .004, 
I2 = 91.21%). A comparison between the two approaches was not 
possible because no studies with a sample size ≥10, and that used an 
open surgery approach, reported data on this variable.

4  | COMMENT

The management of LQTS, CPVT patients who continue to have CEs 
despite maximal medical therapy is complex. LCSD has proven to 
be an additive treatment option for patients with potentially life‐
threatening channelopathies given its antifibrillatory effect.23,39 The 
purpose of this meta‐analysis was to assess the long‐term outcomes 
of LCSD for LQTS, CPVT patients. We also aimed to investigate 
whether there was any significant difference in outcomes between 
the VATS and open approaches.

4.1 | Rationale and mechanism of action of LCSD

Multiple mechanisms have been identified at the basis of the antiar‐
rhythmic and antifibrillatory effect of LCSD.11 This is mainly due to its 

antiadrenergic effect at the ventricular levels, therefore preventing 
early afterdepolarizations and re‐entry mechanisms.44,45 Thus, LCSD 
has been introduced in the clinical practice as a therapeutic measure 
used in high‐risk LQTS/CPVT patients to decrease the risk of CEs, es‐
pecially in those refractory to maximal medical therapy. The findings 
of our meta‐regression reinforce the concept that life‐threatening ar‐
rhythmias might be prevented or reduced by LCSD.

4.2 | LCSD and CEs

More than two thirds of LQTS/CPVT patients 357/511 (69.9%) ex‐
perienced a reduction in the number of CEs after surgery. Although 
this technique decreases the risk of CEs (80.9% presurgery vs 32.0% 
postsurgery), it does not eliminate it and some patients still experi‐
enced life‐threatening arrhythmias during the follow‐up. However, 
in some high‐risk patients and in those who have several ICD dis‐
charges while being treated with β‐blockers and an ICD, the decline 
in the number of CEs carries strong implications in terms of quality of 
life. Previous studies have proved this in their LQTS/CPVT cohorts 
undergoing LCSD as the majority of their patients were happy with 
the procedure and felt safer.17,42 From our findings, both approaches 
appeared to be equally effective in reducing the occurrence of CEs 
in the postoperative period.

4.3 | LCSD and the QT interval

LCSD shortened QTc duration in LQTS patients from 522 ± 61.6 ms 
to 494 ± 52.3 ms. Thus, LCSD seems to have a positive action also 

TA B L E  3   Baseline characteristics and surgical outcomes of studies included in the meta‐regression analysis grouped by operative 
approach

VATS (n = 10) Open (n = 4)

No. patients, n (%) 327/507 (64.5%) 180/507 (35.5%)

LQTS, n (%) 272/318 (85.5%) 175/180 (97.2%)

CPVT, n (%) 46/318 (14.5%) 5/180 (2.8%)

Age at surgery, years (mean ± SD) 17.7 ± 18.0 18.4 ± 12.1

Medical therapy before surgery (β‐blockers), n (%) 231/265 (87.1%) 148/175 (84.6%)

Indication for surgery, n (%) Primary: 123/327 (37.6%) Primary: 3/167 (1.8%)

Secondary: 204/327 (62.4%) Secondary: 164/167 (98.2%)

Follow‐up, months (mean ± SD) 28.4 ± 26.5 50.2 ± 37.8

Symptomatic before surgery, n (%) 172/265 (64.9%) 174/180 (96.7%)

Symptomatic after surgery, n (%) 57/265 (21.5%) 85/180 (47.2%)

QTc before surgery, ms (mean ± SD) 511 ± 61.3 508 ± 47.3

QTc after surgery, ms (mean ± SD) 503 ± 51.5 480 ± 28.4

Patients responsive to treatment, n (%) 170/193 (88.1%) 122/180 (67.8%)

Post‐op syncope, n (%) 9/101 (8.9%) 48/167 (28.7%)

Post‐op aborted cardiac arrest, n (%) 24/193 (12.4%) 27/180 (15.0%)

Post‐op sudden death, n (%) 1/193 (0.5%) 11/180 (6.1%)

Survival free of cardiac events after surgery, n (%) 208/265 (78.5%) 95/180 (52.8%)

Post‐op Horner's syndrome, n (%) 38/254 (15.0%) 10/20 (50.0%)

Post‐op asymmetric facial sweating, n (%) 82/150 (54.7%) NA

Abbreviations: CPVT, catecholaminergic polymorphic ventricular tachycardia; LQTS, long QT syndrome; VATS, video‐assisted thoracoscopic surgery.
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on the arrhythmogenic substrate represented by QT interval dura‐
tion. Since patients with a QTc ≥500 ms are associated with lower 
event‐free survival rates and a higher yearly rate of SCD,39 LCSD 
could have a protective effect not only by interfering with the re‐
lease of norepinephrine, but also by reducing the duration of the 
QT interval. Open surgery was associated with a significant greater 
reduction in QTc (508 ± 47.3 vs 480 ± 28.4) with respect to VATS 
(511 ± 61.3 vs 503 ± 51.5). This might be due to the longer duration 
of the follow‐up period in the open group (50.2 ± 37.8 months vs 
28.4 ± 26.5 months) or to the surgical technique itself.

4.4 | Surgical complications

Potential surgical complications of LCSD are Horner's syndrome and 
asymmetric facial sweating, whose incidences have been estimated 
by our analysis to be 13.0% and 32.1%, respectively. This indicates 
how the side effects of LCSD are not minimal as suggested by previ‐
ous studies,8 even though they are likely outweighed by the benefits, 

and warrants a counseling comprehensive of surgical complications 
for patients undergoing this treatment. The low number of papers 
that reported the occurrence of such complications has hindered 
the comparison between the two approaches. Future studies should 
focus more on the surgical side effects as not reporting them might 
lead to an underestimation of their entity.

4.5 | Study limitations

This meta‐analysis examined retrospective case series with vari‐
able sample size and follow‐up. Due to the intrinsic nature of case 
series, potential bias exists in the selection on patients for LCSD. 
Due to the rarity of the disease and the superiority of the medical 
therapy, a randomized controlled trial comparing VATS and open 
approaches has never been conducted. With all included studies 
being case series, our study lacked a true control group, hindering 
therefore the outcomes of our analysis. The inclusion of old stud‐
ies in the analysis might have negatively affected the results due 

TA B L E  4   Results of the meta‐regression analysis

Variable No. studies Sample size Coefficient (95% CI) Standard error P value I2 (%)

Symptomatic after surgery

Open 4 180 −6.57 (−10.66 to −2.48) 2.09 .002 85.45

VATS 9 265 −1.26 (−6.25 to 3.72) 2.55 .619

Responsiveness to treatment

Open 4 180 6.15 (1.66 to 10.64) 2.29 .007 89.09

VATS 8 193 2.75 (−2.85 to 8.35) 2.86 .336

Post‐op syncope

Open 3 167 2.19 (0.25 to 4.14) 0.99 .027 87.06

VATS 5 101 −1.39 (−3.84 to 1.06) 1.25 .268

Post‐op aborted cardiac arrest

Open 4 180 0.96 (−0.07 to 1.99) 0.52 .067 80.94

VATS 8 193 0.09 (−1.22 to 1.41) 0.67 .89

Post‐op Horner's syndrome

Open 2 20 0.007 (−0.002 to 0.016) 0.005 .15 94.94

VATS 9 254 −0.003 (−0.013 to 0.007) 0.005 .563

Post‐op asymmetric facial sweating

Open 0 0 – – – 91.21

VATS 5 150 6.24 (2.01 to 10.46) 2.15 .004

Post‐op sudden cardiac death

Open 4 180 0.24 (0.0006 to 0.47) 0.12 .049 1.15

VATS 8 193 −0.02 (−0.34 to 0.30) 0.16 .894

Survival free of cardiac events after surgery

Open 4 180 5.24 (−0.20 to 10.68) 2.77 .059 93.04

VATS 9 265 4.55 (−2.08 to 11.18) 3.38 .178

Post‐op QTc change

Open 4 180 28.39 (15.36 to 41.43) 6.65 <.0001 NA

VATS 6 184 −20.04 (−36.82 to −3.27) 8.56 .019

Abbreviations: CI, confidence interval; VATS, video‐assisted thoracoscopic surgery.
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to the evolution of surgical techniques and tools over the years. 
Due to none of the analyzed studies reporting data on the short‐
term surgical outcomes not LCSD related, it was not possible to 
conclude which approach is associated with a lower occurrence 
of side effects such as pain, pulmonary complications, bleeding 
or subcutaneous emphysema, and to a reduced length of hospital 
stay. A reporting bias was also observed for the patients' base‐
line characteristics, surgical outcomes and side effects related to 
LCSD. Standardized reporting guidelines for patients undergoing 
LCSD could ensure that future studies include all relevant preop‐
erative and postoperative details.

5  | CONCLUSIONS

After LCSD the majority of LQTS/CPVT patients seems to remain 
free of CEs. In patients who continue to experience CEs, LCSD, 
even without affording 100% protection, may reduce the num‐
ber of CEs. In LQTS patients, LSCD seems to be associated with 
a shortening of the QTc interval. Compared to traditional LCSD, 
VATS does not seem to offer a safer and more effective treatment 
option. Due to the limitations that hindered our study, a rand‐
omized trial is warranted to fully establish the safety and efficacy 
of LCSD.
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