
found. EA may also co-exist with more complex congenital

heart diseases, such as conotruncal abnormalities (e.g.,

congenitally corrected transposition of the great arteries).

Surgery, either by TV repair or replacement, is the

definitive management in well-selected patients with

progressive symptoms. Data and predictors of survival have

been previously published on the outcome of TV surgery

in EA, mostly from institutions with surgical expertise in
congenital heart disease."?

Most recent guidelines from the American Heart

Association/American College of Cardiology (2008),

Canadian Cardiovascular Society (2009), and the European

Society of Cardiology (2010) have enumerated similar

indications for TV surgery with or without closure of PFO
or ASD and arrhythmia surgery.t"?
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Early and Late Outcome of Surgery for Ebstein Anomaly: A 20-year
Experience in Philippine Tertiary Centers
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Chiong, MD*
*Philippine General Hospital, Manila; **Philippine Heart Center, Quezon City

BACKGROUND Ebstein Anomaly (EA) is a rare congenital heart disease. Clinical presentation depends on the severity
of tricuspid valve displacement and associated intracardiac congenital anomalies. Surgical indications
have been described on recent guidelines, resulting in favorable outcomes in well-selected patients.
There is no published experience in tricuspid valve surgery for EA in the Philippines.

OBJECTIVES To describe the clinical profile of patients who underwent cardiac surgery for EA from 1992 ro
2012 in the Philippines, and to compare the clinical characteristics of survivors and immediate
non-survivors of tricuspid valve surgery for EA.

METHODOLOGY This was a retrospective cohort study on patients who underwent cardiac surgery from 1992 to 2012,
at the Philippine Heart Center and Philippine General Hospital. Characteristics berween survivors
and non-survivors were compared.

RESULTS Twenty-eight patients underwent cardiac procedures for EA from 1992 to 2012 in the Philippines.
The mean age at operation was 12 years. Majority of the patients were males (57%) and were at
least 18 years old (75%). Among the 28 patients, 21 were identified to have undergone a definitive
treatment (i.e., either tricuspid valve (TV) repair or replacement. Mean total bypass time was 148.71
minutes ± 133.31. Mean total cross-clamp time was 89.89 minutes ± 46.65. The most common
surgical complications were prolonged intubation (32%) and atrial arrhyrhmias (21%). The average
length of hospital stay was 20.67 days ± 11.64. Follow-up was possible in 20 our of the 21 patients
(95%). There were three early deaths « 30 days), all of whom had TV repair. Of the 18 survivors,
15 underwent TV repair while three underwent TV replacement. Non-survivors had significantly
lower arterial oxygen saturation (p=0.045), more post-operative bleeding (p=0.014), and greater
post-operative need for hemodialysis (p=O.O14). Exact logistic regression did not reveal any significant
predictor of mortality among the various characteristics analyzed, probably due to the small number
of patients in this study.

Ebstein Anomaly (EA) is a rare congenital heart

disease occurring in 1 to 5 per 200,000 live births. It is

characterized by apical displacement of the tricuspid valve

(TV) of more than 8 mm/rrr' of body surface area.v' Its

severity is determined by the degree of TV malformation and

displacement. In severe forms, patients do not survive past

fetal life, while those with less severe abnormalities survive

into adulthood with minimal symptoms.

EA may also present with a spectrum of other abnormalities

aside from TV displacement, including abnormalities of the

right ventricle (RV) (RV hypokinesia or dyskinesia), left

ventricle (LV) (dysfunction, mitral valve abnormalities),

and pulmonary arteries (pulmonary atresia, pulmonary valve
stenosis). 1.2 Intracardiac lesions, most commonly atrial septal

defect (ASD) and patent foramen ovale (PFO), may also be
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No previous data has been published on the experience

of EA surgery in the Philippines aside from one case report.!'

Our study aimed to describe the clinical features of EA

patients among all age groups who underwent TV surgery
and related procedures, and determine predictors of mortality

in this unique patient population.

METHODOLOGY
This is a retrospective cohort study on patients

that underwent surgery for EA from 1992 when it was

first performed in the country, up to December 2012.

Demographic and other patient-related data were obtained

from medical records using a standardized data collection

form. Follow-up information was obtained from records of
clinic visits and phone calls to patients.

Outcome measure was early or late death. Early death was
defined as death at any time during the index hospitalization,

or within 30 days after surgery. Late death was death after

30 days.
Results were encoded via Microsoft Excel program.

Continuous variables were expressed as means ± standard

deviation. Median values were also determined for continuous

variables, and were used for non-parametric tests to compare
characteristics on the merit of a small sample size. Categorical

variables were expressed as percentages and proportions.

Statistical analysis involved comparison of survivors and

non-survivors. To compare continuous variables, the exact

Wilcoxon test was used. On the other hand, for qualitative

variables, the Fisher's exact test was used. In determining the

predictors of mortality, exact logistic regression was used to

compute for odds ratio and 95% confidence intervals.

RESULTS
Patient characteristics

Twenty-eight patients underwent cardiac procedures

for EA from 1992-2012 in the Philippines. These surgeries.

were performed at the Philippine Heart Center or at the

University of the Philippines-Philippine General Hospital.

These procedures were performed by a total of 10 surgeons.

The mean age at the time of surgery was 12 years (range:

5 weeks to 46 years). Majority of the patients were males

(57%) and belong to the pediatric age group of at least 18

years old (75%).

Among the 28 patients, 21 were identified to have

undergone a definitive treatment (i.e., either TV repair or

replacement) (Table 1). The other seven patients who did not

undergo TV repair or replacement underwent the following

procedures: bidirectional Glenn shunt (n=5), Blalock-Taussig

shunt w/ balloon atrial septostomy (n= 1), and permanent

pacemaker insertion (n= 1). TV repair or replacement is often
accompanied by a concomitant ASD patch or ventricular

septal defect (VSD) closure (48%), or bidirectional Glenn

shunt (29%).

Symptoms presented during childhood III 89% of

patients, with the age on onset developing at aged 5.08 years
± 10.59. The average age of diagnosis was at age 7.79 years ±

10.88. The average time interval from symptom presentation

to diagnosis was 4.21 years ± 10.88. The most common

symptoms reported were cyanosis (57%), heart failure (39%),
palpitations (14%) and syncope (4%). Of those with heart
failure, 82% were in New York Heart Association (NYHA)
class 1-11. Only rwo patients had marked symptoms prior to

surgery.

All patients had pre-operative electrocardiogram,

chest x-ray, complete blood count, and arterial blood gas

analysis. Most patients are in sinus rhythm (93%) with right

ventricular hypertrophy (54%) by voltage criteria. The QRS

duration was wide in 43% of patients, and there was evidence
of pre-excitation in rwo patients (7%). On chest x-ray, 82%

presented with cardiomegaly. The average pre-operative

hemoglobin (157.7 mg/dL ± 29.7), hematocriti0.48 ± 0.09),
and platelet counts (249.96 ±101.76 x 109 perliter) were all

within normal limits. Arterial blood gas analyses, however,

showed low mean oxygen saturation (89.46% ± 8.6) and an
acceptable mean PO

l
(91.71 mmHg ± 66.42).

Echocardiography done pre-operatively showed

Table 1. Surgical procedures performed.

Surgical procedures N(%)

Tricuspid valve surgery
Tricuspid valve repair 18 (64%)

Tricuspid valve replacement 3 (11%)

None 7 (25%)

Others cardiac surgical procedures
Bidirectional Glenn shunt 10 (36%)

ASD patch closure 9 (32%)

VSD closure 2 (7%)

Blalock-Taussig shunt 4 (14%)

Pulmonary valvotomy 2 (7%)

Others (atrial plication, RV reduction, RV 4 (14%)
infundibulecromy, PP!, BAS)

ASD=atrial septal defect; VSD=ventricular septal defect; RV=right ventricle;
PPI=permanent pacemaker insertion; BAS=balloon atrial septostomy.
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morphologic abnormalities of the TV, RV, LV, pulmonary

valve, pulmonary artery, and other associated lesions

like intracardiac shunts (Table 2). The mean maximal

displacement of the septal leaflet of the TV was 28.89 mm ±

10.01 mm. Other echocardiographic findings are summarized .

in Table 2.

Total bypass time was 148.71 mins ± 133.31, and total

cross-clamp time was 89.89 mins ± 46.65. The most common

surgical complications are prolonged intubation (>48 hours)

(32%) and atrial arrhythmias (21 %). Need for re-operation,

Table 2. Baseline echocardiographic characteristics.

Echocardiographic Findings Measurement

Tricuspid Yalve
TV displacement (mm) 28.89 ± 10.01
aRVarea (mrrr') 29.08 ± 14.93
aRV + fRy (mrrr') 64.49 ± 23.25

TV leaflet displaced (n, %)

Septal 20 (71%)
Septal + Anterior 5 (18%)
Septal + posterior 3 (11%)

TV thickening (n, %) 20 (71%)
TV tethering (n, %) 22 (79%)
TV diastolic doming (n, %) 4 (14%)
TV eccentric coaptation 17 (61%)
••R.igJu Ventricle

Dilatation (n, %) 16 (57%)
AP diameter (mm) 38.7 ± 8.73
Hypertrophy (n, %) 4 (14%)
Dyskinesia (n, %) 1 (4%)
Hypokinesia (n, %) J (4%)
Tricuspid R~~tati()ll (n, %) w
Mild 4 (14%)

Moderate 10 (36%)
Severe 8 (29%)
Associated abnormalities (n, %)

Atrial septal defect 12 (43%)
Patent foramen ovale 7 (25%)
Ventricular septal defect 3 (11%)
Patent ductus arteriosus 2 (7%)

Mitral valve prolapse 4 (12%)

Transposition of the Great Arteries 1 (4%)
Left ventricle

LV dysfunction (n, %) 2 (7%)
LVEF(%) 68.4 ± 8.98

. Pulmonary valve and arteryIn, %)
Pulmonary valve stenosis 4 (12%)

Pulmonary atresia 3 (11%)

Pulmonary regurgitation 3 (11%)

aRV~atrialized right ventricle;fRV~functional right ventricle; Ts/s-tricuspid
valve; L V~left ventricle; L VEF~left ventricular ejectionfraction.

bleeding, and need for hemodialysis all occurred in 7%.

Surgical site infection occurred in 4%. The average length

of hospital stay is 20.67 days ± 11.64.

Comparison ofcharacteristics between survivors vs non-survivors

Twenty one patients underwent definitive surgical
management of EA. Follow-up was possible in 20 out of the

21 patients (95%). There were three early deaths (<30 days),

and one late death (sudden cardiac death) which occurred 1

year after the procedure (Table 3). One patient had re-do TV

surgery (re-repair) 14 years after the initial repair.

Among those who survived beyond 30 days (i.e.,

survivors) (n= 18), 15 underwent TV repair while three

underwent TV replacement (rwo with bioprosthetic valves

and one with a metallic valve). Among the three non-

survivors, all underwent TV repair (Tables 3 and 4). Table

4 summarizes the differences between symptoms and types

of surgery between survivors and non-survivors. In general,

no characteristic was statistically different between the two

groups.

Table 5 summarizes the differences in laboratory and

echocardiographic characteristics between survivors and

non-survivors. Non-survivors had significantly higher

hemoglobin and hematocrit values and lower arterial P02•

Majority of patients were in sinus rhythm with evidence

of RV hypertrophy. Non-survivors had significantly lower
.""

oxygen saturation levels than those who survived (p=0.045).

Table 6 summarizes the differences in surgical parameters

between survivors and non-survivors. Non-survivors

significantly had more episodes of postoperative bleeding

(p=0.014) and post-operative need for hemodialysis

(p=0.014) when compared with survivors.

When exact logistic regression was performed to

determine the predictors of mortality, none of the following

factors were significant predictors (Table 7). The small

sample size (n= 18) and the small number of outcome events

(3) precludes definitive description of the predictive factors.

DISCUSSION
EA is rare and may present in a broad spectrum of clinical

presentation. Although it is traditionally classified as a lesion
of "moderate complexity", much of its clinical manifestations

depend primarily on the severity of the lesion as determined

by the degree of apical displacement of the TV leaflets." Those

with very severe displacement of the TV may die in utero,
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Table 3. Early and late deaths during follow-up (n=4).

Patient Age ar operarion/ Year of Type of TV surgery Probable cause of dearh Timing of dearh
Gender operarion

1 10 weeks/Female 2007 TV repair, RV reduction surgery, BTS Low output syndrome, Early
merabolic acidosis

2 9 years/Female 2007 TV repair Low ourpur syndrome, cardiac Early
ramponade

3 21 years/Female 2010 TV repair, ASD parch closure, Glenn shunt Seizures, brain abscess Early
4 3 years/Male 2002 TV repair and BTS Sudden cardiac death Lare (1 year)

Tv'etricuspid valve; RV=right ventricle; BTS=Blalock-Taussig shunt; ASD=atrial septal defect.

most especially when associated with other anomalies (e.g.,

corrected transposition of the great arteries, severe pulmonary

outflow tract obstruction), while others present only in adult

life.'? Most of the patients described here presented at the

neonatal and pediatric age group (83%).

Indications for the management of EA were enumerated

in the three published guidelines in the diagnosis and

management of adult congenital heart diseases, the earliest of

which was published in 2001. 8·10 Class 1 recommendations,

mostly with levels of evidence B or C, coming from a few large

non-randomized, observational studies, state that TV repair or

replacement should be carried out in cases of EA with: severe

TV regurgitation and symptoms of heart failure (NYHA class

III or greater); progressive right heart dilatation and decrease

in RV systolic function; or progressive cardiomegaly on chest

x-ray. Concomitant closure of ASD or PFO is indicated in

cases of paradoxical embolism and cyanosis with an oxygen

saturation ofless than 90%. Concomitant arrhythmia surgery

or catheter ablation is indicated for those with ventricular pre-

excitation or significant atrial/ventricular tachyarrhythmias.

Since our study is retrospective, it would be difficult to

infer the indications for surgery, which varies from case to

case and from surgeon to surgeon. Three of the 18 patients

described underwent surgery on or before the initial Canadian

guidelines were published in 2001. Cardiomegaly (94%)

and oxygen saturation lower than 90% (33%) were the most

commonly present surgical indications. However only three
out of the 18 (17%) are acrually with NYHA classification

of at least Ill. Among the seven patients with severe

tricuspid regurgitation, only one was severely symptomatic
(NYHA class Ill), and only two belonged to NYHA class

11. Even cardiomegaly (cardiothoracic ratio> 65%), based

on the present guidelines, must be progressive based on

serial imaging. Therefore, the indications for TV surgery

were varied in this group most likely depended on the best

judgment of the managing surgeons and cardiologists at the

time of the procedure.

Echocardiography, which remains the gold standard

for diagnosing EA and its associated abnormalities, was

also retrieved in all patients. However, because these

echocardiographic studies were performed over a period of

around two years, and among children and adults, there was

no uniformity in the manner of reporting. Only the most

important findings, such as the degree of TV regurgitation,

degree of TV displacement, and LV ejection fraction (LVEF)

were adequately described in all studies.

Although RV systolic function has been previously

described in other series being an important predictor of
mortality, the anatomic abnormalities of EA preclude adequate

assessment of RV systolic function. Echocardiography in itself

poorly visualizes the entire RV cavity to assess RV function.

Also, the measures commonly used in individuals without

structural heart disease, such as tricuspid annular systolic

plane excursion and RV fractional area change, are largely

inaccurate in this group of population because of inherent

hypercontractility of the tricuspid annulus, dyskinesia of

Table 4. Comparison of cfinical symptoms and type of surgery
between survivors and early non-survivors.

Clinical Characrerisrics Survivors Non-survivors P value
(n=18) (n=3)

Age 15.3 ± 11.4 10.07 ± 10.44 0.513

Male gender 9 1 1.000

Type of 1V Surgery
TV repair 15 3 1.000

TV replacement 3 0
Clinical signs and
symptoms
Age at symprom onser 7.25 ± 12.79 6 ± 8.72 0.985
Age at diagnosis 10.63 ± 12.53 6.4 ± 9.22 0.685
Time inrerval from 6.05 ± 10.84 0.04 ± 0.53 0.178
symprom onser ro
diagnosis (years)
Hearr failure 8 2 0.586
Cyanosis 9 1 1.000

Others: palp icat io ns, 4 1 1.000
syncope

Ti/etricuspid valve.
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Table 5. Comparison of laboratory and echocardiographic
characteristics between survivors and early non-survivors.

Diagnostic Work-up Survivors Non- P value
(n=18) survivors

(n=3)

Electrocardiogram (n)

Sinus rhythm 17 3 1.000

RVH 11 3 0.521

Accessory pathway 2 0 1.000

QRS duration> 0.12 s 9 2 1.000

Chest X-ray (n)

Cardiomegaly 14 3 1.000

Complete blood count

Hemoglobin (md/dL) 152.35 ± 32.11 172 ± 15.1 0.173

Hernatocrir 0.46±0.10 0.52 ± 0.04 0.188

Platelet count 259.59 ± 266.67 ± 0.977
115.54 93.93

Arterial blood gas

02 sat 107.4 ± 74.09 92.91 ± 5.78 0.045

P02 102.6 ± 70.21 61.6 ± 12.31 0.265

Echocardiographic
findings
Tricuspid Valve

TV displacement (mm) 28.62 ± 9.53 28 1.000

TV Leaflet displaced

Septal 15 2 0.489

Septal and posterior 1 1 0.338
Septal and anterior 5 0 0.549

TV thickening 14 2 1.000

TV tethering 15 2 0.489

TV diastolic doming 2 0 1.000

TV eccentric coaptation 10 2 1.000

Tricuspid regurgitation

Mild-Moderate 10 1 1.000

Severe 5 1

Right Ventricle

Dilatation 11 2 1.000

AP diameter 38.4 ± 9.74 40 0.667

aRV 26.41 ± 13.68 56 0.154
aRV + fRy 62.65 ± 21.57 104 0.154

Hypertrophy 3 1 0.489

Dyskinesia/Hypokinesia 2 0 1.000

Associated Abnormalities

Atrial septal defect or 14 1 0.184
PFO
Ventricular septal defect 2 1 0.386

Patent ductus arteriosus 0 1 0.143

Mitral valve prolapse 3 1 0.489
Left ventricle

LV dysfunction 2 0 1.000

LVEF (%) 68.29 ± 9.95 68.67 ± 4.04 0.832

Continuation of Table 5...
Pulmonary valve and
artery

Pulmonary valve stenosis 3 1 0.489

Pulmonary atresia 2 0 1.000
R VH= right ventricular hypertrophy; Ts/etricuspid valve; AP=antero-posterior;
aRV=atrialized right ventricle; fRV=functional right ventricle; PFO=patent

foramen ovale; L V=left ventricle; L VEF=left ventricular ejection fraction.

the septal portion of the atrialized RV, and the differences

in RV geometry.

The measurement of an accurate LVEF is affected by the

septal displacement from RV dilatation, and may also vary

from patient to patient. Newer modalities such as cardiac

magnetic resonance imaging will be very helpful in assessing

ventricular function in these patients. These modalities may

also be useful in future studies that will attempt to describe

if RV or LV function are indeed significant determinants of
mortality after surgery, and if RV or LV dysfunction improves

after surgery as a result of improvements of ventricular-

ventricular interaction mechanics.

Large single-center experiences in the surgical

management of EA previously identified the following

as predictors of mortality: greater apical displacement of

the TV; cardiothoracic ratio of greater than 60%; RV

outflow tract obstruction; fetal/earlier presentation; male

sex; cyanosis; worse functional status; and severe tricuspid

regurgitation;"? Our study attempted to determine if

factors such as age at operation; gender; longer time in~rval

from symptom presentation to diagnosis; heart failure

class II-IV; cardiomegaly on chest x-ray; RV dilatation on

echocardiography; QRS duration greater than 0.12 s; bypass

time; cross clamp time; and length of hospital stay were

predictors of mortality after TV surgery for EA. However,

because of the small population of patients in our setting, no

predictor was identified to be significant.

In conclusion, EA presents with varying degrees of

severity and associated lesions. Most of the patients who

underwent surgery in our country presented during the

neonatal and infancy stages. It can thus be inferred that

most surgeries performed in our setting are those who

presented with severe disease at a young age. Surgery for

adults remains few in number, and indications for surgery

may be varied. Echocardiography was commonly used to

diagnose the primary lesions and concomitant abnormalities

as well as to determine ventricular function. Non-uniform

reporting of findings precludes adequate determination of
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Table 6. Comparison of surgical factors between survivors vs.
early non-survivors.

Surgical Factors Survivors Non-survivors P value
(n=18) (n=3)

Bypass time (mins) 117.64±51.5 319.67 ± 316.01 0.302

Cross-clamp time 83.77 ± 35.9 115.33 ± 66.73 0.656
(mins)

Surgical Complications

Need for re-operation 1 I 0.271

Bleeding 0 2 0.014

Atrial arrhythrnias 6 0 0526

Intubation> 48H 6 2 0.531

Hemodialysis 0 2 0.014
Length of hospital stay 20.56 ± 11.2 15 ± 9.64 0.544
(days)

echocardiographic variables that determine mortality.

TY surgery as a management strategy for EA is not yet

well practiced in the country. Most centers are conservative in

the management and expertise is limited in many institutions.

Although in our experience, the peri-operative mortality may

be high at 14%, the long-term survival approximates that of

the reports in the literature at 94%.3 Several factors may be

able to predict good outcomes ofTY surgery but the limited

number of patients in this study will not allow a definitive
conclusion as of this time.

It is recommended that experience and expertise in the

management of EA patients be documented and concentrated

in capable centers. Standardization of reporting of imaging

procedures in these cases is also recommended so that cases

can be better described and analyzed for future studies. In

the meantime, adherence to the three published guidelines

mainly based on European and North American experience

is desired.

Table 7. Predictors of mortality by logistic regression.

Factor. Exact odds ratio (95% Cl)

Age 1.054 (0.933, 1.246)

Gender 1.937 (0.086, 130.895

Time interval from symptom onset to 2.352 (0.956, 29.604)
diagnosis

Presence of heart failure class Ill-IV 0.140 (0.001, 13.820)

Cardiomegaly on x-ray 0.039 (0, 11.653)

RV dilatation on Echo 0.466 (0, 4.883)

QRS duration> 0.12 0.516 (0.008, 11.635)

Bypass time 0.992 (0.973, 1.002)

Cross clamp time 0.989 (0.962, 1.016)

Length of hospital stay 1.080 (0.945, 1.321)

RV=right ventricle.
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