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Impact of stand-alone minimally invasive radiofrequency ablation
with left atrial appendectomy on left atrial function assessed by
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Background: Stand-alone minimally invasive radiofrequency (RF) ablation with left atrial (LA)
appendectomy has been an effective surgical intervention for non-paroxysmal atrial fibrillation (AF) (NPAF)
in patients with a medical history of thromboembolism for secondary stroke prevention. This study sought
to assess the impact of this surgery on LA function.
Methods: A total of 37 NPAF patients with a medical history of stroke or thromboembolism were enrolled
in this prospective observational study, all of whom underwent stand-alone minimally RF ablation with LA
appendectomy. Echocardiography was used to evaluate LA function preoperatively and 1 week and 3 months
postoperatively. All patients were divided into two groups (Group AF and Group SR) according to whether
sinus rhythm (SR) was restored after the surgery.
Results: The surgery had no impact on LA function in Group AF. Once NPAF patients were restored
to SR, LA minimal volume (LAVmin) decreased immediately compared with pre-operation (22.98±13.76 vs.
17.68±9.52 mL; P<0.05) and consequently LA reservoir function increased, including LAEF (37.69%±12.53%
vs. 46.71%±8.53%, P<0.05) and LAEI (66.54%±34.39% vs. 92.15%±31.37%, P<0.05). PA-TDI of Group
SR, indicating LA electromechanical coupling, were improved at three months of follow-up because of atrial
stunning after the surgery (160.55±26.19 vs. 143.82±20.923 ms, P<0.05). LA contractile function was also
improved at three months of follow-up (A-TVI: 2.95±1.16 vs. 5.10±1.85 cm, P<0.05).
Conclusions: Stand-alone minimal invasive RF ablation with LA appendectomy had no impact on LA
function in AF patients who could not be restored to SR. However, once AF patients were restored to
SR after the surgery, LA function could recover better. Meanwhile, thromboembolic events could also be
reduced after the surgery.
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Introduction

AF is thromboembolism, which leads to high morbidity

Atrial fibrillation (AF) is a common arrhythmia disease
in clinic practice (1). The most serious complication of

and mortality rates in the general population (2). The left
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atrial (LA) appendage (LAA) is the most common site of
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thrombosis formation in patients with nonvalvular AF. In
patients with AF, anticoagulation drugs are used to prevent
the onset of thromboembolism. However, these drugs
also increase the risk of bleeding. Thus, it is important to
weigh the advantages and disadvantages of anticoagulation
drugs. Recently, thoracoscopic LA appendectomy was
confirmed to be effective in preventing cardiogenic
stroke (3). Radiofrequency (RF) energy applied through
bilateral thoracoscopy in a procedure called stand-alone
minimally invasive RF ablation was proven to be a useful
and safe approach in the treatment of AF with cardiogenic
stroke (4). In a 2013 systemic review, per the results from 23
observational studies involving 752 patients who underwent
this surgery, the operative mortality rate was 0.4% and
the complication rate was 3.2% (5). This surgery included
both RF ablation and LAA resection. Some researchers
have proposed that the LAA plays an important role in
LA function, including in reservoir (6,7), conduit (7), and
contractile function (8). Elsewhere, other research supports
that LAA resection did not negatively affect the cardiac
function (9).
Previous studies have focused on changes in LA
function with RF ablation (10) or simple LAA resection
by thoracoscopic stand-alone LA appendectomy (9). The
effect of stand-alone minimally invasive RF ablation on LA
function remains unclear, while previous research suggests
that postoperative LA function in AF patients holds a role in
predicting AF recurrence (11). LA function includes reservoir
function on systole, conduit function on early diastole, and
contractile function on later diastole. Meanwhile, the total
atrial conduction time (TACT) could help to facilitate future
AF detection in patients with cryptogenic stroke (12). It is
also a parameter of atrial function. The aim of our study was
to explore the impact of this surgery on LA function.

In total, we enrolled 37 patients. All patients consented to
undergo minimally invasive surgical treatment of their AF.
The study protocol was approved by the institutional review
board of Jiangsu Province Hospital. NPAF was defined as
involving AF episodes lasting longer than 7 days according
to the European Society of Cardiology guidelines (13).
Prior to enrollment, all patients underwent cardiac structure
and function evaluations by electrocardiography, 24hour Holter monitoring, and echocardiography. Patients
with primary valvular heart disease, heart failure, severe
pulmonary disease, uncontrolled arterial hypertension,
uncontrolled thyroid disease, systemic inflammatory
diseases, or poor echocardiographic visibility were excluded.
Meanwhile, patients with LA thrombosis were excluded
by transesophageal echocardiography or cardiac computed
tomography. All patients underwent stand-alone minimally
invasive RF ablation with LA appendectomy. Anticoagulants
were discontinued after LA appendectomy. Amiodarone was
administered for 3 months if the heart rate was more than
50 bpm postoperatively. All enrolled patients visited the outpatient department for regular examinations. Postoperatively,
48-hour Holter monitoring and echocardiography were
performed to evaluate resurgence of AF and LA function at
1 week and 3 months after surgery. Three months after
surgery was chosen as a time point for evaluation because
short atrial stunning was anticipated postoperatively to last
about 4 to 6 weeks. During this period, the patient’s condition
may fluctuate greatly (14). Cardiac computed tomography
and cranial magnetic resonance imaging were performed at
1 year post-operation to assess thromboembolic events, such
as stroke, transient ischemic attack, and bleeding. Depending
on whether sinus rhythm (SR) was restored after the surgery
at 3 months, we stratified patients into two groups, Group
AF (n=15) and Group SR (n=22).

Methods

Surgical procedure

Patients
Patients with non-paroxysmal AF (NPAF) between 18 and
80 years of age were selected on the basis of the following
inclusion criteria from March 2017 to February 2018 in
our institution: history of cerebrovascular events, high
thromboembolic risk (CHA2DS2-VASc score ≥3 points), high
bleeding risk (HAS-BLED score ≥3 points), drug-refractory
AF, left ventricular ejection fraction of 50% or greater, able
to provide written informed consent, life expectancy of at
least 2 years, and able to attend scheduled follow-up visits.
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The patients were placed in the supine position—albeit,
modified to a bit higher by 15° on the left lateral side.
General anesthesia was administrated with a double-lumen
endotracheal tube. Transesophageal echocardiography was
performed to verify the absence of an LA thrombus before
the procedure and adequacy of LAA excision at the end of
the procedure. The chest was entered in the third, fourth,
and sixth intercostal spaces using 5-, 5-, and 12-mm ports,
respectively. On the right side, the first and third incisions
are on the midaxillary line and the second incision is on the
posterior axillary line. While on the left side, the first and
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third incision are on the anterior axillary line and the second
incision is on the midaxillary line. The second incision was
made for thoracoscopy and another two incisions were
established for operating instruments. Insufflation was
delivered at approximately 8 mmHg to assist in resorptive
atelectasis. A 10-mm 30° thoracoscope was introduced
through the fourth intercostal. Thoracoscopy of the
right side was done prior to the left side. The technique
used was as originally described by Yilmaz et al. (15).
The atrial rhythm was determined by placing the Max 3
bipolar pen (AtriCure Inc., Mason, OH, USA) on the LA
and recordings were made using an electrophysiological
analyzer (General Electric, Boston, MA, USA) (16). First,
the pericardium was opened from the superior vena cava to
inferior vena cava 1 cm anterior to the phrenic nerve. Blunt
dissection of the right pulmonary veins was accomplished
under thoracoscopic guidance. The isolation of right
pulmonary veins was performed using a bipolar RF clamp
(Atricure Inc., Mason, OH, USA) placed on the antrum
of the pulmonary veins and three to six ablation lesions
were established. A roof line and a floor line were created
using the Max 3 bipolar pen (Atricure Inc., Mason, OH,
USA) through the transverse and oblique sinuses. The
procedure was repeated on the left side with the addition
of division of the ligament of Marshall and exclusion of
the LAA with liner cut staplers (Johnson & Johnson, New
Brunswick, NJ, USA). As a result, a box lesion (pulmonary
vein isolation with roof and inferior lines) was created. The
electrophysiology endpoint was entrance and exit block
for the box lesion. If SR was not restored at the end of the
procedure, a synchronized direct-current shock was applied
for three times at maximum.
Baseline data collection
Baseline demographic and clinical data were collected for all
patients, including age, height, weight, duration of AF, New
York Heart Association class, CHA2DS2-VASc score, HASBLED score, and medical history.
Echocardiography
The GE VIVID E9 ultrasound instrument with an M5S
probe was used along with an EchoPAC digital workstation
(GE Healthcare, Chicago, IL, USA) for offline analysis.
All patients were placed in the left lateral decubitus
position. All images were electrocardiogram-triggered and
stored in a cine-loop format with five cardiac cycles. LA
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dimension (LAD) was measured in the parasternal longaxis view. Right atrial dimension (RAD) was measured in
the apical four-chamber according to American Society of
Echocardiography criteria (17). Mitral valve pulse-wave
(PW) were acquired in the clip of the mitral valve. Tissue
Doppler was applied on the septal and lateral walls on the
mitral annulus level. E/e’ was associated with left ventricular
filling pressure in AF patients (18). LA volumes index were
obtained from apical views by modified Simpson’s rule
and indexed to body surface area (BSA) according to the
American Society of Echocardiography criteria (17).
LA function
LA phasic function can be described by changes in LA
volume (19). The maximum LA volume occurs just before
mitral valve opening (LAVmax), minimum LA volume occurs
at mitral valve closure (LAV min), and LA volume at the
onset of the P-wave on electrocardiography (LAV-p). LA
emptying fraction (LAEF) and left expansion index (LAEI)
reflect the LA reservoir function. LA active ejection fraction
(LAAEF) represents LA contractile function. LA conduct
function includes all blood volume flowing through the LA
and could not be calculated only by changes in LA volume
(19). Therefore, we used the LA conduit volume to evaluate
LA conduit function. The formulae of these parameters are
as follows:
LAEF = (LAVmax − LAVmin)/LAVmax
LAEI = (LAVmax − LAVmin)/LAVmin
LAAEF = (LAV-p − LAVmin)/LAV-p. (19)
For AF patients, only LA reservoir and conduit function
could be assessed. Conversely, among those restored to
SR after the surgery, we could also evaluate LA contractile
function.
Tissue Doppler and LA function assessment
For those patients restored to SR, the recovery of
LA contractile function was important. Buber et al.
reported that the absence of LA mechanic contraction
was independently associated with an increased risk for
thromboembolic stroke (20). Besides being calculated by
LA volume, TDI can also be used to assess LA contraction
function (19). Trans-mitral peak velocity and time-velocity
integral (TVI) of the early (E) and late (A) filling waves were
measured in the apical four-chamber view. If the A-wave
appeared, we observed its velocity and TVI to evaluate the
recovery of LA contractile function.
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Table 1 Baseline characteristic of all patients
Parameters

PA-TDI

PA-TDI

e’

a’
peak a’

Age (year)

63.7±8.0

Male, n (%)

25 (67.57)

Weight (kg)

70.69±11.83

Height (cm)

167.77±7.78

BSA (m²)
Onset of P-wave

CAF (n=37)

CHA2DS2-VASc

Figure 1 Measurement of PA-TDI (the interval of P wave and

HAS-BLED

lateral a’).

Duration of AF (month)

1.89±0.18
3±1.9
3.4±0.6
20.69±17.90

NYHA class, n (%)

TACT
TACT can only be measured in SR. In the patients with SR
after the surgery, we evaluated TACT to assess interatrial
conductional function after surgery. To estimate TACT,
the interval of P and lateral a’ (PA-TDI) was measured. To
assess the PA-TDI, we placed the cursor on the LA lateral
wall just above the mitral annulus and measured the time
interval between the onset of the P-wave in lead II on the
electrocardiogram to the peak a’-wave (Figure 1).

I

19 (51.35)

>I

18 (48.65)

HCM, n (%)

3 (8.11)

Hypertension, n (%)

21 (56.76)

CAD, n (%)

4 (10.81)

Diabetes, n (%)

5 (13.51)

BSA, body surface aera; HCM, hypertrophy cardiomyopathy;
CAD, coronary heart disease.

disease through cardiac angiography, and five patients
(13.51%) had diabetes.

Statistical analysis
Continuous variables are presented as means ± standard
deviations. Statistical analysis was performed using
IBM SPSS 20.0 (IBM Corp, Armonk, NY, USA). The
preoperative data of the two groups were compared by use
of a t-test. Univariate repeated analysis of variance was used
to compare preoperative and postoperative data between the
two groups, respectively. The postoperative data of Group
SR were compared by paired t-test. Finally, P values of less
than 0.05 were considered to be statistically significant.
Results

LA function in Group AF before the surgery and 1 week
after and 3 months after the surgery
Table 2 presents the echocardiographic parameters of
Group AF before the surgery and 1 week and 3 months
after surgery. There was no difference in LA size (including
LAD and LA volume) or left function (reservoir function
and conduit function). E/e’ also showed no statistically
significant difference.

Baseline characteristic of all patients before surgery

LA function in Group SR before the surgery, 1 week after,
and 3 months after the surgery

Table 1 lists the baseline information of all enrolled
patients. Among 37 patients (mean age: 63.7±8.0 years),
there were 25 male and 12 female patients whose duration
of AF was 20.69±17.90 months. Three patients (8.11%)
were diagnosed with hypertrophic cardiomyopathy
(HCM), 21 patients (56.76%) had hypertension, four
patients (10.81%) were diagnosed with coronary artery

For patients in Group SR, there was no change seen
in LAD or LAVI max between preoperation, 1 week
postoperation, and 3 months postoperation. On the
contrary, LAVImin was significantly decreased at 1 week
after surgery when compared with preoperation
(22.98±13.76 vs. 17.68±9.52 mL; P=0.011), although there
was no significant change in LAVImin between 1 week and
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Table 2 Changes of parameters of left atrial size and function of Group AF pre-operation and 1 week and 3 months after surgery
Parameter

Preoperation (n=15)

1 week after surgery (n=15)

3 months after surgery (n=15)

F

P

LAD (mm)

47.20±5.87

46.47±5.73

47.80±5.58

1.326

0.223

RAD (mm)

41.27±4.65

41.67±6.56

41.73±4.83

0.16

0.853

E (cm/s)

76.33±15.04

73.33±14.08

73.53±15.33

0.482

0.499

AvE/e’

8.19±2.08

7.71±1.88

7.63±2.26

1.226

0.287

59.14±30.49

55.54±27.02

54.21±23.68

2.441

0.141

LAVImin (mL/m )

43.61±26.64

39.68±22.96

38.79±20.82

3.196

0.095

LAEF (%)

28.47±10.84

30.95±12.21

30.85±11.42

1.003

0.333

42.96 ± 22.42

49.43 ± 28.11

48.81 ± 27.54

0.975

0.34

15.52 ± 6.86

15.87 ± 6.99

15. 42 ± 5.45

0.105

0.901

16.89 ± 7.77

15.16 ± 7.00

15.63 ± 6.28

0.503

0.490

LAVImax (mL/m2)
2

LAEI (%)
2

Reservoir volume index (mL/m )
2

Conduit volume index (mL/m )

LAD, left atrial diameter; RAD, right atrial diameter; LAVI, left atrial volume index; LAEF, left atrial emptying fraction; LAEI, left atrial
expansion index.

Table 3 Changes of parameters of left atrial size and reservoir and conduit function of Group SR pre-operation and 1week and 3months after
surgery
Parameter

Preoperation (n=22)

1 week after surgery (n=22)

3 months after surgery (n=22)

F

P

LAD (mm)

39.91±4.89

40.45±3.27

39.91±4.39

0.276

0.762

34.96±14.99

32.42±14.58

33.26±14.28

1.422

0.265

22.98±13.76

17.68±9.52

#

19.35±9.13

5.977

0.035

46.71±8.53

#

45.63±6.66*

5.77

0.011

83.25±21.95*

3.553

0.041

LAVImax (mL/m2)
2

LAVImin (mL/m )
LAEF (%)

37.69±12.53

LAEI (%)

#

66.54±34.39

92.15±31.37

Reservoir volume index (mL/m )

11.98±4.52

14.74±6.02

14.84±5.84

1.578

0.238

Conduit volume index (mL/m2)

17.78±9.04

20.00±8.04

23.36±11.32

1.258

0.306

2

#

, compared with preoperation, P<0.05; *, compared with preoperation, P<0.05. LAD, left atrial diameter; RAD, right atrial diameter; LAVI,
left atrial volume index; LAEF, left atrial emptying fraction; LAEI, left atrial expansion index.

3 months postoperation (17.68±9.52 vs. 19.35±9.13 mL;
P=0.476). Because of reduced LAVImin, LAEF, and LAEI,
reflecting reservoir function, were significantly increased
at 1 week postoperation and maintained as such until
3 months postoperation, it is suggested that reservoir
function increased immediately once the patient was
restored to SR. Due to the reduction in LAVImin, reservoir
volume and conduit volume were increased at 1 week
postoperation, but showed no statistically significant
difference relative to preoperation (Table 3).
Besides LA size, we should also pay more attention to
the recovery of LA contractile function after surgery, which
is important to left ventricular filling and cardiac output.
Table 4 focused on the recovery of LA contractile function
in Group SR after surgery. As soon as SR was restored in
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AF patients, better LA contractile function immediately
appeared, which was reflected in the rapid recovery of
volume parameters such as LAAEF. However, improved
recovery of contractile function was more dependent on
parameters related to the electromechanical coupling of the
LA such as total atrial conduction time and the appearance
of the mitral valvular A-wave. In our study, it was found
that the recovery of electromechanical activity of the
LA occurred relatively slowly. PA-TDI was significantly
shortened at 3 months post-operation when compared with
1 week after surgery (160.55±26.19 vs. 143.82±20.923 ms;
P=0.014). The peak of A-wave velocity and A-TVI caused by
LA mechanical contraction were improved at 3 months from
1 week postoperation (31.09±10.35 vs. 48.91±13.32 cm/s;
P=0.000 and 2.95±1.16 vs. 5.10±1.85 cm; P=0.000).
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Table 4 Changes of parameters of left atrial contractile function and total conduction time of Group SR 1 week and 3 months after surgery
Parameter

1 weeks (n=22)

3 months (n=22)

T

P

E (cm/s)

78.27±17.38

80.73±22.37

−0.424

0.68

A (cm/s)

31.09±10.35

48.91±13.32

−11.553

0

E/A

2.67±1.07

1.78±0.68

4.335

0.001

A-TVI (cm)

2.95±1.16

5.10±1.85

−6.890

0

AvE/e’

8.75±2.26

8.81±2.43

−0.112

0.913

PA-TDI (ms)

160.55±26.19

143.82±20.923

2.983

0.014

LAAEF (%)

27.269±9.102

25.546±7.819

0.567

0.583

LAAEF, left atrial active emptying fraction.

Discussion
Stand-alone minimally invasive RF ablation with LA
appendectomy had been reported to boast a success rate
of 69% (95% CI: 58–78%) (5). In our research, however,
the success rate was 59.5% possibly, due to the carefully
selected study population.
Many studies have indicated that AF load is positively
correlated with LA size and negatively with LA function (21).
Therefore, the assessment of LA size and function is
important among AF patients both preoperatively and
postoperatively. The conclusions of this study are discussed
below in detail.
Effects of the surgery on LA function
Some studies have postulated that LAA resection could
lead to decreased LA reservoir and conduit function (7).
However, in our study, we found that the LA reservoir and
conduit function did not change regardless of whether the
patient recovered to SR. The reason for this inconsistency
with previous literature may be a difference in the patients
enrolled and the variable methods used to evaluate LA
function. In our study, we selected NPAF patients and
some could not attain SR after the surgery, so the speckletracking imaging mentioned in previous studies could not
be used. In order to have greater comparability, we used the
change in LA volume parameters to evaluate LA function.
It was found that LA appendectomy had no influence on LA
reservoir or conduit function after the surgery in Group AF.
Meanwhile, no clinical events, such as stroke, TIA, systemic
thromboembolism, bleeding and call-cause mortality,
happened during 1 year of follow-up after the surgery. This
suggested that, for the same patients with NPAF, excision
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of the LAA may reduce the incidence of events. Previous
literature has also reported that LAA excision could reduce
thrombosis risk (22,23). At the same time, all patients in this
group received oral anticoagulation before the surgery and
no anticoagulant was needed after the surgery, reducing the
risk of bleeding.
In Group SR, it was found LA volume parameters,
especially minimum volume of the LA, had changed
significantly and decreased immediately at 1 week
postoperation. Due to the reduction in the minimum
volume, LAEF and LAEI, reflecting the reservoir function,
both recovered to a good level at 1 week postoperation with
no further significant change at three months postoperation.
LA reservoir function played an important role in patients
with AF. One recent study proposed that the occurrence
of unexplained stroke in patients with paroxysmal AF
was related to a decline on LA reservoir function. LA
reservoir function may provide more information besides
CHA2DS2-VASc (24). Meanwhile, reservoir volume and
conduit volume increased, although the difference was not
statistically significant. From this point of view, only using
volume to assess LA function is inadequate. We found that
the minimum volume of the LA played an important role
in the recovery of LA function in AF patients. It has been
reported that LA minimum volume was more predictive of
clinical cardiovascular adverse events than LA maximum
volume (25,26).
For patients in Group SR, LA contractile function
immediately appeared after the surgery because we
could successfully calculate the LAAEF on SR. It has
been mentioned in one study that the average LAAEF
in the normal population is 43%±18.2% (27). In our
study, LAAEF in Group SR was at the lowest level of the
normal range at 1 week postoperation and experienced
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no significant change at 3 months postoperation. We
calculated that volume parameters reflecting LA function
were relatively insensitive to early predictions of disease
relative to Doppler and strain analyses as was mentioned in
a previous study (28). Therefore, to accurately evaluate the
recovery of LA contractile function, we should also observe
the recovery of LA electromechanical coupling.
In our study, PA-TDI was used to evaluate the recovery
of LA electrical conduction and A-wave peak velocity and
A-wave TVI of the mitral valve were considered to evaluate
LA mechanical contraction.
It was found that electromechanical coupling of the LA
was in an abnormal state at 1 week postoperation in our study.
Indicators including PA-TDI, A-wave velocity, and A-wave
TVI were all of low value, which may be related to atrial
stunning (29). Atria stunning could be improved within a few
minutes to 4 to 6 weeks, depending on the duration of AF,
atrial size, and presence or absence of structural heart disease.
Of note, atrial stunning can lead to thromboembolism after
cardioversion. We should pay close attention to patients
during this period to prevent adverse events. In our research,
patients were followed up with until 3 months postoperation
to ensure sufficient time for atrial recovery. It was found that
electromechanical coupling parameters were significantly
better at this point than at only 1 week after surgery.
The extension of TACT was also a major mechanism of
AF, it has been reported that PA-TDI of more than 160 ms
was related to the recurrence of AF (30). In our study, it
was found that the mean value of P-TDI was greater than
160 ms at 1 week postoperation, which may be related to
atrial stunning. P-TDI was significantly reduced at 3 months
postoperation. Thus, the probability of recurrence of AF
was reduced. It has also been reported that the recurrence
of AF was significantly lower in patients with shorter P-εCT
than those patients with persistently longer P-εCT for
6 months (31). This also indicates that TACT could play a
guiding role in the recurrence of AF after the surgery.
A-wave velocity and A-wave TVI reflected the mechanical
contraction of the LA. The absence of the A-wave was
related to thromboembolism and the deterioration of heart
failure (20). In our study, patients in Group SR all presented
A-waves after the surgery. Meanwhile, these two parameters
were significantly increased at 3 months postoperation
when compared with 1 week postoperation. This could
predict the low probability of thromboembolic events. It
was suggested that parameters of the acute phase were not
sensitive to predicting clinical events and could not be used
to guide clinical decision-making.
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Recurrent thromboembolic events
During 1 year of follow-up, no clinical events, including
stroke, transient ischemic attack, bleeding, or systemic
thromboembolism occurred in any of our patients and no
positive findings on cardiac computed tomography and
cranial magnetic resonance imaging were found.
Limitations
The limitations of this study are as follows: Firstly, few
patients were enrolled. Secondly, since there was no
preoperative control for LA contractile function of patients
in Group SR, it was not possible to determine whether
stand-alone minimally invasive RF ablation had an impact
on LA contractile function.
Conclusions
Stand-alone minimally invasive RF ablation with LA
appendectomy had no significant effect on LA size, LA
function, or left ventricular diastolic function, even though
it could not restore all patients to SR. Meanwhile, no
thromboembolic events were observed in Group AF after
the discontinuation of anticoagulant drugs during 1 year of
follow-up, indicating that removal of the LAA could reduce
thromboembolic events.
In NPAF patients restored to SR after the surgery, left
reservoir function recovered. LA electromechanical coupling
was in an abnormal state at 1 week postoperation due to atrial
stunning but gradually recovered by 3 months postoperation.
In our study, no thromboembolic events occurred during
1 year of follow-up, suggesting that the surgery was effective.
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