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Outcomes of Ebstein’s Anomaly Patients Treated with
Tricuspid Valvuloplasty or Tricuspid Valve Replacement:
Experience of a Single Center
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Background: The incidence of Ebstein’s anomaly is extremely low, and except for the Mayo Clinic, no cardiac center has reported on
a sufficient number of patients. The aim of our study was to report the outcomes of Ebstein’s anomaly patients treated with tricuspid
valvuloplasty (TVP) or tricuspid valve replacement (TVR).

Methods: TVP or TVR was performed in 245 patients from July 2006 to April 2016. We reviewed patients’ records and contacted patients
via outpatient service and over the telephone.

Results: The mean follow-up time was 43.6 + 32.6 months, and 224 (91.4%) patients underwent follow-up. The mean operative age was
31.2 + 15.7 years. TVR was performed in 23 patients, and TVP was performed in 201 patients. The 30-day mortality rate was 1.3%, and
the overall survival rate was 97.9% at 5 and 10 years. The early mortality rate of the TVP group was lower than that of the TVR group
(0.5% vs. 8.7%, P = 0.028), and the overall mortality rate of the TVP group was lower than that of the TVR group, without statistical
significance (1.0% vs. 8.7%). After propensity score matching, the rates of mortality and New York Heart Association class > I1I were lower
in the TVP group than those in the TVR group without statistical significance. Seven patients with Type B Wolff-Parkinson-White (WPW)
syndrome underwent one-stage surgery, and arrhythmias disappeared. Six patients suffered from episodes of left ventricular outflow tract
obstruction (LVOTO) during surgery. Severe LVOTO could be treated with reoperation of the atrialized right ventricle.

Conclusions: Ebstein’s anomaly patients treated with TVP or TVR can experience optimal outcomes with midterm follow-up. However,
TVP should be the first-choice treatment. Optimal outcomes can be obtained from one-stage operation in patients with Type B WPW
syndrome. Severe LVOTO during surgery might be related to improper operation of the atrialized right ventricle.
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INTRODUCTION might occur in combination with other cardiac anomalies
or arrhythmias. Ebstein’s anomaly combined with an atrial
septal defect (ASD) or a patent foramen ovale (PFO)
accounts for 30-70% of all cases of Ebstein’s anomaly.

Ebstein’s anomaly is a complex congenital heart disease
with an extremely low incidence of 1 per 200,000 live
births.l'? The pathological characteristics of each Ebstein’s
anomaly patient are different, which makes the surgical
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The incidence rate of Ebstein’s anomaly combined with
Wolff-Parkinson-White (WPW) syndrome is 10-29%,
and at least 15% of the patients suffer from episodes of
supraventricular tachycardia.l*¢! In 1988, according to
degree of leaflet tethering, degree of apical displacement,
and degree of dilatation of the atrialized right ventricle,
Carpentier et al.” proposed the classification for Ebstein’s
anomaly. A variety of surgical methods were introduced in
treatment of Ebstein’s anomaly. Those treatments included
TVP or tricuspid valve replacement (TVR) for the principle
element in the treatment of Ebstein’s anomaly and additional
concomitant procedures for the correction of comorbid
anomalies.

The purpose of our study was to report the early and midterm
outcomes of Ebstein’s anomaly patients treated with TVP or
TVR and to compare the outcomes of the TVP group and the
TVR group. The outcome of one-stage surgery for Type B
WPW syndrome and Ebstein’s anomaly would be reported,
and causes of the complication of left ventricular outflow
tract obstruction (LVOTO) occurring during Ebstein’s
anomaly corrective surgery would be analyzed.

MEeTHODS

Ethical approval

The surgical database of Fuwai Hospital in Beijing,
China, which was obtained prospectively, was studied
retrospectively. The study protocol was approved by
the Institutional Review Board of Fuwai Hospital. The
requirement to obtain informed consent was waived because
of the retrospective nature of the study.

Patient selection and data collection

From July 2006 to April 2016, TVP or TVR was performed
in 245 patients. We reviewed patients’ records and contacted
patients via our outpatient service and over the telephone. The
demographic and functional parameters evaluated included
age, gender, body mass index, functional class, presence
of cyanosis, preoperative hemoglobin concentration,
cardiothoracic ratio, the presence of preoperative arrhythmias,
prior operations, echocardiographic data, and Carpentier type
and associated anomalies. Surgical outcome parameters
(including mortality, cause of death, complications, and
functional outcome, when available) were also evaluated.

Indications for surgery

The most important indication for surgery was severe
tricuspid regurgitation (TR). The other indications for
surgery included cyanosis, symptoms of dyspnea and right
heart failure, progressive cardiomegaly, a cardiothoracic
ratio greater than 0.65 and associated anomalies, such as
an ASD, a ventricular septal defect (VSD), and pulmonary
valve stenosis. Surgery was also considered when patients
suffered from tachyarrhythmias.

Surgical technique
The operative management of patients with Ebstein’s
anomaly consisted of: (1) closure of the ASD or PFO or

partial closure of the ASD or PFO when right ventricular
function was poor; (2) surgical division or ablation of
the accessory conduction pathways causing Type B WPW
syndrome; (3) correction of any associated anomalies, such
as a VSD or pulmonary stenosis; (4) consideration of the
plication of the atrialized right ventricle; (5) reconstruction
of the TV when feasible or valve replacement; (6) testing
of the TV via bulb syringe injections of saline into the
right ventricle during pulmonary artery occlusion after
the completion of valve repair; (7) selective excision of the
redundant right atrial wall; and (8) intraoperative assessment
of the TV with routine transesophageal echocardiography
after repair or replacement.

The management of Ebstein’s anomaly depended on the
surgeons’ experience.

Modified Danielson method

A series of pledget-reinforced mattress sutures were placed
at base of the septal and posterior leaflets of the TV. Then,
suturing was continued to plicate atrialized right ventricle
up to the anatomical valve annulus. Stitches were passed
through the annuloplasty ring, and plication sutures were
tied over the annuloplasty ring to remodel the annulus and
obliterate the atrialized right ventricle.

Modified Carpentier’s method

Three-fourths of the enlarged anterior leaflet and as much
of the posterior leaflet as possible were detached from the
annulus. The detached leaflets were everted to expose the
support mechanisms, in which fenestrations were made to
lengthen the chordae and relieve the obstruction below the
leaflets. A unique aspect of the repair was the placement of
pledget-reinforced plication stitches in the atrialized right
ventricle to create a vertical plication. Plication suturing
was continued from the base of the leaflet attachment to the
ventricle to the true annulus. No stitches were placed for
right atrial plication.

Cone technique

First, parts of the anterior and posterior leaflets were
detached so that they could be used to form a single piece.
Then, the posterior leaflet edge was rotated clockwise and
sutured to the septal edge of the anterior leaflet, and the true
tricuspid annulus was plicated. Finally, the completed valve
was attached to the true tricuspid annulus.

Tricuspid valve replacement

The valve was excised. Then, the valve was replaced with
a mechanical prosthesis or a stent-mounted xenograft. The
device was attached to the annulus by pledget-reinforced
mattress sutures. When feasible, the atrialized portion of
the right ventricle was plicated by the sutures used to attach
the prosthesis.

Surgical ablation or division

Surgical ablation or division was performed as described
by Sealy et al.® Briefly, the location of surgical ablation or
division was in the right atrium, 2 mm from the tricuspid
annulus. However, the area in which our surgery was
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performed was slightly wider, as it extended from the internal
part of the displaced anterior leaflet to the coronary sinus.
SD entailed separating the atrium from the annulus after
dissecting away the atrioventricular fat pad. The dissected
areas were then lightly electrocoagulated and repaired by
suturing.

Statistical analysis

All data were analyzed with SPSS Version 18.0
(SPSS Inc., USA). Descriptive statistics for categorical
variables were described as frequencies and percentages,
and continuous data were expressed as the mean + standard
deviation (SD) or as median and range. Categorical variables
were compared using a Chi-square test or Fisher’s exact
test. Midterm survival was demonstrated by Kaplan-Meier
survival curves. Binary logistic regression was carried out
to analyze early (<30 days) mortality, and Cox proportional
hazards models were used to identify the multivariate
predictors of overall mortality. Propensity score matching
was used to match the data for the TVP patients with those
for the TVR patients. P < 0.05 was considered statistically
significant.

ResuLts

Patient characteristics

From July 2006 to April 2016, TVP or TVR was performed
in 245 Ebstein’s anomaly patients. The mean follow-up
time at our center was 43.6 + 32.6 months (range from 1 to
124 months). Twenty-one patients were lost to follow-up,
and the follow-up rate was 91.4%. The mean operative
age of the remaining 224 Ebstein’s anomaly patients was
31.2+15.7 years (range from 7 to 66 years). One hundred and
thirty-four (59.8%) patients were female. Most patients were
symptomatic; 3.6% (8/224) were categorized as New York
Heart Association (NYHA) Class I, 42.9% (96/224) as
Class II, 51.8% (116/224) as Class III, and 1.8% (4/224)
as Class I'V. Cyanosis occurred in 10.7% (24/224) of
the patients. The mean hemoglobin concentration was
147.7 +£ 22.1 g/L (range from 90 to 248 g/L), and the
mean cardiothoracic ratio was 0.59 + 0.08 (range from
0.42 to 0.81). Sixty-three (28.1%) patients had a right
bundle branch block, 17 (7.6%) patients had first-degree
atrioventricular block, 29 (12.9%) patients had WPW
syndrome, 16 (7.1%) patients had atrial fibrillation,
and 8 (3.6%) patients had paroxysmal supraventricular
tachycardia (PSVT). Seven (7.6%) patients had a history
of previous cardiovascular surgery, and 15 (6.7%) patients
had a history of prior radiofrequency catheter ablation
(3 PSVT patients and 12 WPW syndrome patients). The
diagnosis was established by echocardiography. With regard
to Carpentier type, 35.3% (79/224) of patients were classified
as Type A, 53.6% (120/224) as Type B, and 11.2% (25/224)
as Type C. The incidence rate of Ebstein’s anomaly combined
with ASD or PFO was 50.0% (112/224; Table 1). TVP was
performed in 201 (89.7%) patients, and TVR was performed
in 23 (10.3%) patients. The median cardiopulmonary bypass
time was 121 min (mean 126.3 = 47.3 min), and the median

Table 1: Associated cardiac defects in Ebstein’s
anomaly patients (n = 224)

Items Patients, nn (%)
ASD/PFO 112 (50.0)
VSD 6(2.7)
Coronary artery fistula 1(0.4)
Cor triatriatum 1(0.4)
PAPVC 1(0.4)

PS 4(1.8)
Persistent left superior vena cava 1(0.4)
PECD 1(0.4)

ASD: Atrial septal defect; PFO: Patent foramen ovale; VSD: Ventricular
septal defect; PAPVC: Partial anomalous pulmonary venous connection;
PS: Pulmonary valve stenosis; PECD: Partial endocardial cushion
defect.

cross-clamp time was 83.0 min (mean 88.6 +35.1 min). The
preoperative variables in the TVP and TVR group before or
after matching are shown in Table 2.

Early term survival

There were 3 (1.4%) deaths in our cohort during the first
30 days after operation. The first patient was a 13-year-old girl
who underwent TVR (Hancock I 29# bioprosthetic valve)
because she did not have enough leaflet for TVP. She died
of right heart failure despite being treated with continuous
renal replacement therapy (CRRT) and vasoactive agents in
the Intensive Care Unit (ICU).

The second patient was a 33-year-old man who had cyanosis
at rest. Echocardiography and magnetic resonance imaging
showed a PFO with a bidirectional shunt, marked right
ventricular enlargement, and decreased right ventricular
systolic function, with a right ventricular ejection fraction
of 15%. TVP and PFO closure were performed. The patient
died of right heart failure despite the use of CRRT and
extracorporeal membrane oxygenation (ECMO).

The third patient was a 36-year-old man who was diagnosed
with Ebstein’s anomaly, coronary heart disease, remote
myocardial infarction, and a ventricular aneurysm when
he was admitted. Echocardiography revealed that the right
ventricle was markedly dilated; motion of the anterior wall,
anterolateral wall, and apex was absent; the left ventricular
ejection fraction was 62%; the left ventricular end-diastolic
diameter was 49 mm; and mitral regurgitation was absent.
Coronary artery bypass graft, ventricular aneurysm resection,
and TVR (31# bileaflet mechanical prosthetic valve) were
performed. Delayed sternal closure was performed because
the heart was swollen. The patient underwent two emergency
operations in the ICU, one for refractory ventricular
tachycardia and one for unstable circulation. He ultimately
died due to heart failure.

Associated coronary artery disease, TVR, secondary
thoracotomy, the need for CRRT, and the need for ECMO
postoperatively were univariate risk factors in the univariate
fashion. No independent risk factors were identified in the
multivariate model.
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Table 2: Preoperative variables in the TVP and TVR groups

Variables All study patients Matched groups
TVP (n =201) TVR(n=23) t/p P TWP@R=22) TR@MN=22) P

Age (years) 31.0£ 155 32.8+17.3 0.5417 0.589 26.5+12.1 33.2+17.6 1.479"  0.148
Female, n (%) 122 (60.7) 12(52.2) 0.624 0.430 13 (59.1) 11 (50.0) 0.367 0.545
Body surface area (m?) 1.7+£0.3 1.8+0.3 1.2427 0.215 1.7+£0.3 1.8+0.3 —1.2447  0.220
Prior TV surgery 0.5 26.1 * <0.01 0.0 13.6 * 0.021
Cyanosis (%) 10.4 13.0 * 0.721 22.7 13.6 * 0.698
Preoperative AF (%) 5.0 26.1 13.869 <0.01 0.0 273 * 0.021
Preoperative WPW syndrome (%) 13.4 8.7 * 0.747 13.6 9.1 * 1.000
NYHA class >III (%) 51.2 73.9 4.264 0.039 72.7 72.7 * 1.000
Preoperative hemoglobin (g/L) 147.4+22.3 150.4 +20.3 0.608f 0.544 147.4 +19.0 151.3+£203 —-0.659" 0.513
Preoperative C/R 0.59 +0.08 0.62+0.10 2.030° 0.044 0.58 +0.08 0.62+0.10 -1.439"  0.158
TR > moderate (%) 94.5 87.0 * 0.162 100.0 86.4 * 0.233
Carpentier type (%)

Type A 36.3 26.1 * 0.001 18.2 22.7 * 0.068

Type B 55.7 34.8 68.2 36.4

Type C 8.0 39.1 13.6 40.9

*Fisher’s exact test. : ¢ value. TV: Tricuspid valve; AF: Atrial fibrillation; NYHA class: New York Heart Association class; C/R: Cardiothoracic ratio;
TR: Tricuspid regurgitation; TVP: Tricuspid valvuloplasty; TVR: Tricuspid valve replacement; WPW: Wolff-Parkinson-White.

Tricuspid valvuloplasty versus tricuspid valve replacement

The early mortality rate was 0.5% in the TVP group and
8.7% in the TVR group (Fisher’s exact test, P = 0.028).
The patients in the TVP group had shorter intubation
times (1= 3.354, P=0.003) and lengths of ICU stay (r=2.245,
P =0.026) than those in the TVR group. The rates of the
following complications were lower in the TVP group
than in the TVR group: urgent thoracotomy in the ICU
(Fisher’s exact test, P=0.010), third-degree atrioventricular
block (Fisher’s exact test, P = 0.025), and need for
CRRT (Fisher’s exact test, P=0.008). The rate of secondary
thoracotomy in the TVP group was lower than that in the
TVR group (Fisher’s exact test, P = 0.083). There was no
significant difference in the rate of need for ECMO between
the two groups (Fisher’s exact test, P = 1.000) [Table 3].

Overall survival

There were 3 early deaths because of heart failure, and there
was 1 late death due to cardiac arrest. The overall survival
rate was 97.9% at 5 and 10 years [Figure 1]. With regard
to the independent predictors of overall mortality (1.8%),
TVR, secondary thoracotomy, the need for ECMO, and the
need for CRRT were identified by univariate analysis, but
no independent predictors were identified by multivariable
analysis.

Tricuspid valvuloplasty versus tricuspid valve replacement

The overall mortality rate in the TVP group (1.0%) was lower
than that in the TVR group (8.7%); however, this difference
was not statistically significant (Fisher’s exact test, P=0.053).
The reoperation ratio was 1.0% in the TVP group and 0.0%
in the TVR group (Fisher’s exact test, P = 1.000). The rate
of rehospitalization for arrhythmia was lower in the TVP
group (6.5%) than in the TVR group (9.5%); however, this
difference was not statistically significant (Fisher’s exact test,
P =0.641). During the follow-up period, the rate of NYHA
class > III in the TVP group was lower than that in the TVR

Overall Survival

100+

Follow-up Time(months)

Figure 1: The survival curve of the Ebstein’s anomaly patients with
tricuspid valvuloplasty or tricuspid valve replacement.

group (Fisher’s exact test, P = 0.510). The rate of recurrent
TR in the TVP group (16.6%) was higher than that in the TVR
group (4.8%); however, this difference was not statistically
significant (Fisher’s exact test, P = 0.212; Table 3).

Tricuspid valvuloplasty versus tricuspid valve
replacement (propensity score matching)

There were significant differences in the rate of NYHA > 111
and in Carpentier type between the TVP and TVR groups.
When the rate of NYHA > III and Carpentier type were taken
into account, propensity score matching was performed in
a 1:1 manner. Then, 22 patients were extracted from each
group.

Before matching, more patients in the TVR group than in the
TVP group had NYHA class > I1I (> = 4.264, P =0.039),
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Table 3: Perioperative and follow-up variables in the TVP and TVR groups

Variables All study patients Matched groups
TVP (1 =201) TVR(n=23) P TWP@=22) TVR(n=22 ¢ P

ICU stay time (days) 22427 35+2.6 2245  0.026 2.1+13 3.6+2.7 —2.245 0.030
Intubation time (h) 17.5+14.3 342+233 3354 0.003 153+74 349 +23.6 =3.727  0.001
Secondary thoracotomy (%) 1.5 8.7 * 0.083 0.0 9.1 * 0.488
Urgent thoracotomy (%) 0.0 8.7 * 0.010 0.0 9.1 * 0.488
Postoperative third-degree AVB (%) 2.0 13.0 * 0.025 0.0 9.1 * 0.488
Postoperative CRRT (%) 1.0 13.0 * 0.008 0.0 13.6 * 0.233
Postoperative mechanical support (%) 1.0 0.0 * 1.000 0.0 0.0 *

Early mortality (%) 0.5 8.7 * 0.028 0.0 9.1 * 0.488
Overall mortality (%) 1.0 8.7 * 0.053 0.0 9.1 * 0.488
Recurrent TR (%) 16.6 4.8 * 0.212 18.2 5.0 * 0.346
Follow-up NYHA class >III (%) 3.0 4.8 * 0.510 0.0 5.0 * 0.476

*Fisher’s exact test. ICU: Intensive Care Unit; AVB: Atrioventricular block; CRRT: Continuous renal replacement therapy; TR: Tricuspid regurgitation;
NYHA: New York Heart Association; TVP: Tricuspid valvuloplasty; TVR: Tricuspid valve replacement.

the cardiothoracic ratio of the TVR group was larger than
that of the TVP group (¢ = 0.044, P = 0.044), and there was
a significant difference in Carpentier type between the TVR
and TVP groups (Fisher’s exact test, P = 0.001) [Table 2].
After propensity score matching, no significant differences in
the rate of NYHA > III (Fisher’s Exact Test, P = 1.000), the
cardiothoracic ratio (t=—1.439, P=0.158), or the Carpentier
type (Fisher’s exact test, P = 0.068) were observed [Table 2].
The operative and postoperative data after propensity score
matching are presented in Table 3.

The early mortality rate was 0.0% in the TVP group and
9.1% in the TVR group (Fisher’s exact test, P = 0.488).
The intubation time and length of ICU stay in the TVR
group were longer than those in the TVP group (1 =-3.727,
P=0.001 and ¢t =—-2.245, P = 0.030, respectively). During
the perioperative period, the rates of secondary thoracotomy,
urgent thoracotomy in the ICU, third-degree atrioventricular
block, and need for CRRT in the TVR group were higher
than those in the TVP group; however, these differences
were not statistically significant. No complications requiring
mechanical support occurred in the two groups.

The overall mortality rate was 0.0% in the TVP group and
9.1% in the TVR group (Fisher’s exact test, P = 0.488).
During follow-up period, no reoperations were performed
in the two groups. The rehospitalization rate was same
between the two groups (9.1%). The rate of recurrent TR
in the TVP group (18.2%) was higher than that in the TVR
group (5.0%) (Fisher’s exact test, P = 0.346). The rate of
NYHA class > III in the TVP group (0.0%) was lower than
that in the TVR group (5.0%); however, this difference was
not statistically significant.

Arrhythmias

Seven (3.1%) patients with Type B WPW syndrome had a
one-stage surgery for arrhythmia and Ebstein’s anomaly.
The midterm outcomes were optimal, and all patients
were free from recurrence [Table 4]. However, the other
patients developed new-onset arrhythmias after operation.
Specifically, seven patients developed atrial fibrillation

(two patients underwent successful radiofrequency
ablation, and the others were treated with drugs), and one
patient developed paroxysmal ventricular tachycardia
(she was treated with drugs, and the arrhythmia disappeared
3 months after operation).

In the early postoperative period, third-degree atrioventricular
block occurred in seven patients (TVP 4 vs. TVR 3;
P = 0.025), five of whom were treated with permanent
pacemakers. Two patients refused pacemaker placement;
however, they were asymptomatic during the follow-up
period. In addition, one patient was implanted with a
permanent pacemaker because of sinus bradycardia.

Left ventricular outflow tract obstruction

A total of six patients in our cohort experienced episodes
of LVOTO during corrective surgery for Ebstein’s anomaly
[Table 5]. Severe LVOTO was observed in three patients,
whose left ventricle outflow tract gradient >50 mmHg
(1 mmHg = 0.133 kPa). There were no early or late deaths.
Four patients were given conservative treatment, including
supplementing blood volume, increasing blood pressure, and
stopping using inotropes, during corrective surgery, three
of these patients had uneventful recoveries. However, one
patient had a difficult recovery; this patient’s echocardiogram
showed that the middle part of the ventricular septum still
protruded into the left ventricular during the follow-up
period. Conservative treatment was unsuccessful in
two patients with transverse plication. These patients
subsequently underwent surgery, in which the plication
stitches of the ventricular septum were removed, and good
results were obtained.

Discussion

Wilhelm Ebstein’s scholarly description of the TV
abnormality bearing his name was published in 1866.
Ebstein’s anomaly is a rare congenital heart disease. Although
the disease has general characteristics, each affected patient
has different pathologic and hemodynamic characteristics,
resulting in different natural histories. Patients with mild
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Table 4: Outcome of surgical ablation and surgical division in seven patients

Number Age Current operations Rhythm Postoperative NYHA class
(years) (SA1, SD2) Before After During follow-up/ medication preoperati\_lely/
operation  operation follow-up time (months) postoperatively
1 21 2 WPW NSR, CRBB  NSR, CRBB/3 None w1
2 8 2 WPW NSR, CRBB  NSR, CRBB/84 None 1/1
3 10 1 WPW NSR NSR/4 None TI/11
4 13 1 WPW NSR, CRBB  NSR, CRBB/41 None 1/
5 44 2 WPW NSR NSR/51 None TI1/1
6 11 2 WPW NSR NSR/10 None /1
7 40 2 WPW NSR NSR/8 None 1/1

SA: Surgical ablation; SD: Surgical division; WPW: Wolff-Parkinson-White; NSR: Normal sinus rthythm; CRBB: Complete right branch block; NYHA:

New York Heart Association.

Table 5: Characteristics of the six patients with LVOTO

Number ARVP LVOT gradient SAM LVOT (Y, N) Intraoperative/ NYHA class
(L) (mmHg) (Y. N) During operation Discharge Follow-up results/time (months) postoperative treatment  (pre/post)

1 T 100 Y Y N N/116 Surgical treatment /1

2 T 100 Y Y N N/114 Surgical treatment /11

3 L >30 Y Y N N/6 Conservative treatment /1

4 L >30 Y Y N N/92 Conservative treatment v

5 T 32 Y Y N N/73 Conservative treatment /1L

6 L 140 Y Y N N/51 Conservative treatment 1

1 mmHg = 0.133 kPa. ARVP: Atrialized right ventricle plication; T: Transverse; L: Longitudinal; LVOTO: Left ventricle outflow tract obstruction;
SAM: Systolic anterior motion; Y: Yes; N: No; LVOT: Left ventricle outflow tract; NYHA: New York Heart Association.

forms of Ebstein’s anomaly can be symptom free throughout
their lives, but patients with severe forms can die in utero.
As there are no randomized trials of patients with Ebstein’s
anomaly, the current international guidelines are restricted by
a lack of definitive evidence.l'*!" In our study, 224 children
and adults participated in midterm follow-up. Except for
the Mayo Clinic, no cardiac center has reported on a larger
number of Ebstein’s anomaly patients. Therefore, the
outcome data from our center may supplement those used
for the treatment of Ebstein’s anomaly.

Survival

Surgical outcomes differ markedly between neonates and
nonneonates. In a study involving 80 neonates, the in-hospital
mortality rate was 14%, and the overall estimated 15-year
survival rate was 67%."2 Another cardiac center reported
that the in-hospital mortality rate was as high as 31%.[%
At our center, in a population with a mean operative age of
31.2 4+ 15.7 years, the early mortality rate was 1.3%, and the
overall survival rate was 97.9% at 5 and 10 years. The early
and overall mortality rates were fairly low, perhaps owing to
the older age of the sample. Other studies with nonneonates
had similar results. In a study including 48 patients with a
median operative age of 5.6 years, the in-hospital mortality
rate was 4.2%, and the overall mortality rate was 8.3%.'* In
a study of a Mayo Clinic population with a mean operative
age of 24 years, the early mortality rate was 6%, and the
10-year survival rate was 85%.5!

There were four deaths at our center. Three patients died
due to heart failure in the early postoperative stage, and

one patient died due to cardiac arrest of an unknown cause
during the follow-up period. Based on our findings and those
of other reports, we concluded that the main cause of death
was heart failure.!'>1”

Tricuspid valvuloplasty versus tricuspid valve
replacement

Whether TVP or TVR is the better treatment for Ebstein’s
anomaly remains controversial. Brown et al.®! reported that
62.5% of 539 patients underwent TVR and that both TVP
and TVR were associated with good long-term survival.
They argued that one must resist the temptation to conclude
that valve repair is inherently superior to valve replacement
and that TVR can eliminate the volume overload affecting
the right heart more effectively than TVP. However, when
TVR is performed, the following complications may
occur: thrombotic events, bleeding incidents, bioprosthesis
degeneration, and mechanical valve dysfunction. We thought
that the goal of the operation should be to improve the
NYHA class and mortality outcomes and decrease the rate
of complication. In our study, the length of ICU stay and
intubation time were longer in the TVP group than in the
TVR group, and the rates of urgent thoracotomy in the ICU,
third-degree atrioventricular block, and need for CRRT in the
TVP group were lower than those in the TVR group. These
results proved that recovery proceeded more smoothly in
the TVP group than in the TVR group and explain why the
early mortality rate in the TVP group was lower than that
in the TVR group. The overall mortality rate in the TVP
group was lower than that in the TVR group. In addition,
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the rates of NYHA class > III and mortality were lower in
the TVP group than in the TVR group after propensity score
matching, despite that there were no significant differences
in these rates between the two groups. Given the findings
mentioned above, the outcomes of the TVP group were
superior to those of the TVR group. Malhotra et al.l'
reported that 57 nonneonatal patients underwent Ebstein’s
anomaly repairs and that optimal results were obtained. They
argued that avoiding prosthetic TVR was a major guiding
force in their philosophy regarding the surgical management
of Ebstein’s anomaly.

Arrhythmias

Downward displacement of the septal leaflet of the TV is
associated with discontinuity between the central fibrous body
and the septal atrioventricular ring, which are joined by direct
muscular connections, thus creating a potential substrate for
accessory atrioventricular connections and pre-excitation.['”!
These atrioventricular accessory conduction pathways are
located at the true tricuspid annulus, which corresponds
to the location of the atrialized right ventricle. Khositseth
et al.? found that all of the accessory conduction pathways
were on the right side. The following two approaches were
used to eliminate the accessory conduction pathways with
the special pathological characteristics: radiofrequency
catheter ablation, and surgical ablation or division.*'?? The
outcomes of surgical ablation or division may be superior
to those of radiofrequency catheter ablation.” In our study,
the optimal outcomes of the one-step surgery proved the
effectiveness of surgical ablation or division. Furthermore,
as most of the accessory conduction pathways were on the
right side, for Ebstein’s anomaly patients with Type B WPW
syndrome, one-stage surgery could be performed without
intraoperative electrophysiologic mapping. However, the
number of patients in whom this procedure was performed
was small; our findings need to be verified by more studies.

Not only TVR but also TVP might lead to third-degree
atrioventricular block. Luu et al.!' reported that 5 (10%)
patients were treated with a permanent pacemaker, and
Legius et al.[*®! reported that 10% of patients needed
treatment with a permanent pacemaker. In our cohort, the rate
of pacemaker placement in the TVP group was significantly
lower than that in the TVR group, which indicated that the
conduction bundle was more vulnerable in the TVR group.

Left ventricular outflow tract obstruction

Although leftward displacement of the ventricular septum
may be common, to our knowledge, there are no reports
on the occurrence of LVOTO as a complication during
corrective surgery for Ebstein’s anomaly. Hirata et al.*¥
reported a case of Ebstein’s anomaly complicated by LVOTO
secondary to a deformed basal septum attributable to an
atrialized right ventricle, and Waterhouse!®! described a
case of dynamic LVOTO due to severe TR. Although the
atrialized right ventricle was also large in our patients, no
LVOTO occurred before operation. As good results were
obtained after the plication stitches of ventricular septum

were removed in Patients 1 and 2, we speculated that the
LVOTO was caused by the transverse plication stitches of
the ventricular septum in the two patients. The transverse
plication stitches of the ventricular septum might change
the shape of the ventricular septum to some extent and thus
cause LVOTO. Patient 6, whose atrialized right ventricle
was longitudinally folded, also experienced LVOTO, which
could be attributed to the shortening of the long axis of
the right ventricle. We speculated that the shortening of
the longitudinal axis of the right ventricle might lead to
changes in the shape of the ventricular septum, causing it
to protrude into the left ventricular outflow tract. Patient 6
had a difficult recovery because the LVOTO was not treated
surgically, which indicated that intraoperative intervention
for the atrialized right ventricle is necessary in patients with
severe LVOTO.

Limitations

Due to its retrospective nature, we did not have follow-up
on RV function, and last, novel echocardiographic
techniques were not used to assess RV function due to
their unavailability. Some parts of the data collection were
retrospective, and hence, missing values were inevitable.
The number of the TVR group is relatively small, which may
cause bias. As the number of patients with the complication
of LVOTO or Type B WPW is small, longer follow-up and
expanded size are needed.

In conclusion, Ebstein’s anomaly patients treated with TVP
or TVR can experience optimal outcomes with midterm
follow-up. However, as the outcome of the TVP group
was superior to that of the TVR group, TVP should be the
first-choice treatment when available. Optimal outcomes can
be obtained in patients with Type B WPW syndrome who
undergo a one-stage operation. The occurrence of severe
LVOTO during corrective surgery for Ebstein’s anomaly
might be related to improper operation of the atrialized
right ventricle.
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