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Univentricular Heart and Tricuspid  
 
Prevalence and Anatomy 
Complex lesions such as single ventricle and tricuspid atresia account for less than 2.5% of all congenital 

heart disease but operated adult survivors  are becoming increasingly common. The terms single ventricle 
and common ventricle and univentricular heart have been used interchangeably to indicate a condition in 
which one ventricular chamber receives both the tricuspid and mitral valves, hence the accurate designation 

double inlet ventricle. Patients with single ventricle can be categorized based on two principal findings: the 
morphology of the ventricle and the presence or absence of an outlet chamber giving rise to one or both 
great arteries. In the majority of cases the single ventricular morphologically is of the left-ventricular type 

with a univentricular heart of the right-ventricular type accounting for 10% to 25% of all cases. Least 
commonly the ventricular morphology is indeterminate. Most commonly an outlet chamber is present and is 
found in the anterosuperior position, either to the right (D-Loop or noninverted) or left (L-Loop or inverted). In 

the majority of cases the ventriculoarterial connection is discordant with the aorta arising from the outflow 
chamber. Obstruction of one of the great arteries is frequent. 
Tricuspid atresia has been classified into eight basic categories. Patients with associated pulmonary atresia 
(Types 1A and 2A) rarely survive infancy unless they have a persistent patent ductus arteriosus or have a 

palliative surgical shunt. Patients with pulmonic stenosis (Type 1B, 2B, and 3A) account for 70% of all 
patients with tricuspid atresia and constitute the most common anatomy associated with adult survival . 
 

Outcome 
Long-term follow-up of unoperated and palliated patients with univentricular heart has been studied. Of 83 
unoperated patient, Type A single ventricle anatomy was observed in 81% and Type C in 19%. Fourteen 

years after diagnosis, when most patients were in their late teens and late twenties, 50% of the patients with 
Type A univentricular heart had died at an approximate annual death rate of 5%. Sixteen years after 
diagnosis, only 30% of the patients with Type A anatomy were alive. Type C anatomy had a poorer 

prognosis. Only 50% of these patients were alive four years after diagnosis. Long-term follow-up of 84 
palliated patients with univentricular heart was also examined. Mean age at diagnosis was 10 years with a 
mean follow-up of 5 years. Palliative procedures included systemic-to-pulmonary artery shunts alone in 43, 
pulmonary artery banding in 15, and a combination of procedures in 26. At the end of the observed 

follow-up period at a mean age of only 15 years, close to one third of patients had died. The outcome of 
patients who have undergone the Fontan operation is described below.  
 

 Management 
Patients with univentricular heart and tricuspid atresia require a detailed evaluation with noninvasive and 
invasive imaging techniques. Two-dimensional echocardiography and Doppler interrogation as well as MRI 

are used to determine ventricular- and atrioventricular-valve function, pulmonary-artery pressure and 
resistance, and pulmonary anatomy. When biventricular repair is not feasible, patients may benefit from 
further palliation with a Glenn shunt or may be eligible for the Fontan operation. 

In both instances a direct anastomosis is performed between the systemic venous and pulmonary 
circulations. The Glenn anastomosis diverts part of the systemic venous return to the lungs while the Fontan 
procedure and its variants, divert the entire systemic venous circulation to the pulmonary vascular bed. Both 
are done with the goal of improving oxygenation and loading conditions of the systemic ventricle. Partial 

volume unloading of the single ventricle can be achieved with a bidirectional Glenn. Cavaopulmonary 
shunts confer long-term benefit to ventricular function when compared to aorto-pulmonary shunts. Actuarial 
survival with the Glenn shunt is 84% and 66% at 10 and 20 years respectively.  



Fontan operation 

Since its first application in patients with tricuspid atresia in 1972, the Fontan procedure has undergone 
multiple modifications, resulting in improved surgical technique and expanded criteria for surgical candidacy. 
In its most recent anatomic variants, direct anastomosis between the systemic venous and the pulmonary 
circulations is achieved by bypassing the systemic-venous ventricle (modified Fontan) or both the systemic 

venous atrium and ventricle (total cavopulmonary anastomosis) with or without a fenestration. In the 
absence of a pulsatile subpulmonary chamber, pulmonary pressures must necessarily be low. In the 
presence of a fenestration, the established communication between the Fontan conduit and the atrial cavity 

allows “decompression” of the pulmonary pressures maximizing flow through the pulmonary vascular bed. 
The goals of the Fontan operation are threefold: relief of cyanosis, maximal reduction of volume loading of 
the systemic ventricle, and maintenance of appropriate cardiac output. For optimum results, a successful 

Fontan operation requires: preserved ventricular function, minimal atrioventricular valve regurgitation, 
unobstructed anastomosis between the systemic veins and the pulmonary arteries, as well as a low 
pulmonary vascular resistance. 

The Fontan operation can be successfully performed in selected adults with a low operative mortality and 
favorable intermediate term results. The Mayo Clinic reported a large series of 121 patients over 18 years 
that had the Fontan procedure. This included 34 patients with tricuspid atresia, 38 patients with double-inlet 
left ventricle, and 49 patients with complex malformation, such as double-inlet right ventricle, associated 

with asplenia and heterotaxy syndromes. The operative mortality in adults from 1988 to 1992 was 10%. 
During the same time period, the operative mortality for children less than 17 years of age was not 
significantly different at 7%, confirming that older age at the time of intervention is not an independent 

marker of poor outcome. When patients of all ages are considered together, examining a cohort of subjects 
operated before 1985, 5- to 10-year survival varies from 60% to 70%. Late deaths are due to reoperation, 
arrhythmia, ventricular failure, and protein-losing enteropathy. 

At 5-10 year  follow-up, 80% or more of  Fontan survivors are in New York Heart Association Functional 
Class 1 or 2. Successful pregnancy has been reported in a small number of patients following the Fontan 
operation. Despite the fact that most patients report good subjective aerobic functional capacity, not 

surprisingly this is in contrast to objective measures of exercise tolerance. The heart-rate response to 
exercise is blunted, and ventricular-ejection fraction increases little in response exercise. Other parameters 
of abnormal cardiopulmonary response include lower maximum workload, lower aerobic threshold, a 
decreased maximum oxygen uptake and a restrictive pattern in lung function  when compared to normal. 

In addition, decreased ventilatory threshold, increased physiologic dead space, and ventilation perfusion 
mismatch have been reported. 
The incidence of atrial arrhythmia varies between 20% to 40% of patients ten years after the Fontan 

operation.  The occurrence of new atrial arrhythmias should motivate a search for hemodynamic 
complications such as, worsening of atrio-ventricular  valvular function or obstruction of the Fontan 
anatomosis with or without thrombus. Important predictors of  supraventricular tachyarrhythmias after 

surgery are related more to be abnormalities of the atrio-ventricular valve and age at operation rather than 
to the anatomic variant of the Fontan procedure. Atrial flutter and fibrillation are poorly tolerated and should 
be treated aggressively with overdrive pacing or DC cardioversion combined with appropriate 

antiarrhythmic medication. When atrial arrhythmia are refractory to medical therapy, Fontan revision with 
with cryoablation may be considered. Long-term anticoagulation with coumadin should be instituted. There 
are a significant number of adult patients who develop late sinus bradycardia. For symptomatic bradycardia, 

permanent atrial pacing is required. As many as 10% of long-term survivors may require permanent pacing 
for sinus-node dysfunction or atrioventricular block .  
Protein-losing enteropathy is a serious complication of the Fontan procedure occurring in 4-10% of Fontan 
patients during early or late follow-up. In conditions predisposing to systemic venous congestion, it is 

postulated that chronic elevation in superior vena cava pressures may lead to impaired lymphatic drainage 
with enteric protein loss and secondary hypoproteinemia.  Clinical findings include peripheral edema, 
ascites, pleural effusions and elevated right atrial pressures. When other causes of hypoproteinemia have 

been excluded, the diagnosis is made by quantifying gastrointestinal protein loss using alpha1-antitrypsin 
clearance or  

51
chromium-labeled albumin. Medical therapy includes the use of diuretics, after-load 

reduction, and protein infusions. Surgical or interventional  therapy uses a wide variety of procedures 

aimed at optimizing Fontan hemodynamics. Conversion of the Fontan to a bi-directional Glenn shunt, or 
heart transplantation may be necessary. Overall prognosis is poor with an approximate 50% survival at 5 
years. 

The prevention and management of thromboembolic complications of the Fontan procedure remain 
controversial. The prevalence of intra-cardiac thrombosis is as high as 30%  when trans-esophageal 
echocardiography is used for diagnosis. Patients may or may not be symptomatic and and the risk of 
thromboemboembolism does not appear to be clearly modied by the type of Fontan anastomosis. At the 



current time anticoagulation with coumadin is recommended in the presence of arrhythmias, in patients with 

a Fontan fenestration and when evidence of  stasis is seen on echocardiographic examination.       
The Fontan operation and its evolution illustrate some fascinating surgical concepts that have challenged 
our understanding of the subpulmonary circulation. Because palliated survival with single-ventricle 
physiology is possible, performing the Fontan operation in adult life may be appropriate and should be 

considered in individual cases. The Fontan operation can be performed in properly selected adults with 
acceptable operative mortality and encouraging results. The question as to whether the Fontan operation 
should be performed on an adult is more controversial. The rationale for doing so is two-fold: prevention of 

progressive ventricular deterioration and the alleviation of cyanosis. On the other hand, what more do we 
achieve with a Fontan in an adult? Is quality of life improved? Which complications are easier to live with? 
The answers to these questions are still controversial but when appropriate, they should always be asked 

with respect to the individual patient. The final decision should be made in centers of expertise where 
experience, knowledge, and skill will maximize the clinical outcome. 
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Impaired hemodynamics, including ventricular performance and reduced exercise capacity as 
well as abnormalities of neurohumoral activity characterize patients after Fontan operation. 

However, long-term serial change in these variables remains unclear and systemic ventricular 
morphology, right and left ventricular type morphology (RV and LV, respectively) has a 
significant impact on their short-term mortality and exercise capacity. Based on these 

backgrounds, we studied the long-term serial change in hemodynamics, including 
ventriculoarterial coupling, aerobic exercise capacity in 60 Fontan patients (RV type = 30). RV 
type Fontan patients showed lower ventricular contractility up to 10 years after the operation 

although there were no differences in serial changes in ventricular volume, central venous or 
end-diastolic ventricular pressures. Peak oxygen uptake was also lower in the RV than in the 
LV Fontan patients up to 15 years after the operation. Plasma levels of natriuretic peptides 

correlated with hemodymanics, cardiac performance and exercise capacity in the RV Fontan 
groups, while there were no correlations in the LV Fontan patients. Administration of beta 
blocker improved ventriculoarterial coupling in Fontan patients with failing systemic ventricular 
function. These data suggest that 1) systemic ventricular morphology surely has some impact 

on the long-term cardiac performance, hemodymamics, including ventriculoarterial coupling 
property and exercise ability. In these respects, morphological RV type ventricle has some 
disadvantage for the postoperative clinical status. 2) Measuring natriuetic peptides activity may 

be useful to evaluate postoperative cardiac and functional status in Fontan patients with RV 
type systemic ventricle. 3) Beta blocker is one of choices to cope with failing systemic 
ventricular function in Fontan patients.  
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In surgical treatment of corrected transposition of the great arteries (c-TGA) and associated 
malformations, conventional biventricular repair which utilizes the morphological right ventricle as 

systemic ventricle, can cause a significant problem after the operation such as tricuspid regurgitation or 
decreased right ventricular function [1-4]. We have been advocated in anatomical repair using the 
double switch operation (DSO) as a principal choice for this patient group� since 1987[5]. Arterial switch 
procedure combined with atrial switch is indicated in patients with a normal pulmonary valve whose left 

ventricular pressure has been maintained at systemic level in presence of a large ventricular septal 
defect (VSD) or of a previously placed pulmonary artery banding. Rastelli-type ventriculo- arterial switch 
combined with atrial switch is employed in patients with pulmonary valve stenosis or atresia associated 

with a large VSD. As a consequence of these alternative procedures, the systemic circulation is 
supported by the morphological left ventricle with the mitral valve. The tricuspid valve, which is placed at 
the low-pressure pulmonary circulation, functions reasonably even with some morphological 

abnormalities. By this approach, improved long-term outcome is expected in surgical treatment of 
patients with c-TGA [6-10]. However, we also need to seek for better functional status in patients who 
were not indicated for the DSO or in patients who already underwent conventional biventricular repair.    

 
Conventional Biventricular Repair 
Before we adopted DSO, between 1978 and 1986, 24 patients with c-TGA underwent conventional 
biventricular repair, and in the era of DSO between 1987 and 2004, 17 out of 62 patients underwent 

conventional biventricular repair. Currently our indication for the conventional biventricular repair is 
namely an exclusion from the DSO such as advanced age (in adulthood) with low LV pressure, small LV, 
significant MR, or VSD being unsuitable for rerouting. The age at operation averaged 16.9 ± 18.7 years 

(1m-65y). 
Follow-up ranged from 5.0 to 26.5 years. Early mortality was 10%(n=4). Late mortality occurred in 5. 
Acruarial survival at 5 and 10 years equals 82.5% and 77.2%. Seven patients required conduit 

replacement and 3 patients required re-TVR. Freedom from reoperation was 83.1% at 5 years and 
76.8% at 10 years. Systemic ventricular ejection fraction was 47.2 ± 13.0% at 1year. 
In 15 patients who underwent LV-PA conduit with VSD closure, 5 patients with LVP/RVP>0.6 were free 

from TR, however 6 out of 7 patients with LV/RVP <0.6 developed TR. Three patients required eventual 
TVR. Conduit replacement was required in 7 patients. And after the redo, one patient who showed 
significant decrease of LVP/RVP from 0.94 to 0.36 developed moderate TR. With these results, it would 
be recommended that LVP be maintained higher than 60% of the systemic RVP so as to avoid dilatation 

of the RV cavity and significant TR at the time of conventional biventricular repair [11].  
 
Double Switch Operation 

From September 1987 to September 2004, 62 patients with atrio- ventricular discordance and two 
balanced ventricles, including 6 with c-TGA like heterotaxy, were referred to us. Patients with a 
hypoplastic ventricle or straddling atrioventricular valve were excluded. Fifty three patients had 

pulmonary valve stenosis or atresia and 12 had a normal pulmonary valve. Among them, 45 patients 
underwent the DSO. Their ages ranged from 6 months to 21 years. Associated malformations included 
pulmonary atresia in 27, pulmonary stenosis in 11, and Ebstein's malformation in 5. An atrial switch plus 

an arterial switch procedure was performed in 7, and an atrial switch plus a Rastelli-type 
ventriculo-arterial switch procedure in 38.  
Follow-up ranged from 2 months to 18 years. Early mortality was 8.9% (n=4). In the latter half of the 
series (n=23, since 1994), there was no early death. Late mortality occurred in 6 patients. Actuarial 

survival at 5 and 10 years was 83.6% and 77.6%, respectively. Six patients required conduit 
replacement and two required revision of an intra-atrial baffle for pulmonary venous channel obstruction 
and infection, respectively. Freedom from reoperation was 95.3% at 5 years and 76.2% at 10 years. 

Freedom from arrhythmia was 88.8% at 5 years and 78.4% at 10 years. The systemic ventricular 
ejection fraction was 56.8 ± 10.3% at 1 year (n=39), 55.5 ± 10.5% at 5 years (n=17), and 53.9 ± 9.8% at 
10 years (n=12). All the survivors except for 1 with PLE were in NYHA functional class I at the most 



recent follow-up. Medications except for anti-platelet agent were not required in 76.2% at 5 years and 

83.3% at 10 years. 
  
Summary 
At the time of conventional biventricular repair, ‘entire’ decompression of the morphologically left 

ventricle for pulmonary circulation can cause tricuspid insufficiency. Therefore, leaving some degree of 
pressure gradient at the pulmonary channel would be recommended so as to maintain appropriate LV 
pressure.   

The surgical results of the DSO have been improving. The majority of survivors is doing well with respect 
to NYHA functional class, and is free from medications. We believe that the DSO is able to minimize 
deleterious complications associated with atrio-ventricular discordance. 
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Evaluation of right ventricular function in patients with congenital heart disease is an essential 

component of clinical management. The complex geometry of the right ventricle makes this a 
challenging task and necessitates the use of  alternative methods from those used to assess left 
ventricular function. When the right ventricle is functioning as the systemic pumping chamber, it retains 

the anatomic features of a subpulmonary right ventricle, but faces the additional complications of 
hypertrophy and geometric shape change which occur when the ventricle is exposed to higher systolic 
pressures. Because of the well documented occurrence of progressive right ventricular failure in adults 

with systemic right ventricles, the assessment of right ventricular function is critical to assessment and 
management of these patient groups.  
 
Echocardiography is the mainstay of clinical evaluation of right ventricular function. However, 

due to its geometric complexity, methods that traditionally have been used to assess left ventricular 
function, such as ejection fraction and fractional shortening, are of limited value for assessment of right 
ventricular function. In addition, the right ventricular endocardium is difficult to visualize and the anterior 

position of the right ventricle produces limited acoustic access.  
 
Subjective estimation of RV ejection fraction (EF) by two dimensional echocardiography correlates with 

calculated EF by Simpson’s rule, but there is significant interobserver variability (15 ± 13%). Such visual 
estimates of right ventricular function correlate only weakly with other echocardiographic methods such 
as tissue Doppler imaging, tricuspid valve excursion, and myocardial performance index. Thus, despite 

its common use, the “eyeball” EF has limited credibility as a reproducible estimate of true right 
ventricular contractility.  
 
Doppler methods have an advantage in that they do not depend upon accurate anatomic measurements 

and do not require any assumptions regarding geometric shape. The myocardial performance index, 
which is the ratio of isovolumic time intervals to ventricular ejection time, provides an assessment of 
global ventricular function. The myocardial performance index appears to be relatively load 

independent and has been used to evaluate a variety of patients with congenital heart disease.  
 
Longitudinal tricuspid annular velocity measured by tissue Doppler imaging is another promising 

method for evaluation of right ventricular function. Tricuspid annular isovolumic acceleration (IVA) 
has also been introduced as a new measure of right ventricular performance using tissue Doppler 
imaging.  Vogel et al. used tricuspid annulus isovolumic acceleration to assess the systemic right 

ventricle in patients who had undergone atrial switch procedure for transposition of the great arteries. 
Tricuspid IVA  closely mimicked changes in right ventricular contractile function as demonstrated by 
end systolic elastance.  IVA was shown to be a load independent measure of RV function with 
good correlation to invasive pressure manometry.  

 
Strain is defined as the degree of deformation of the myocardium, and strain-rate is the time derivative 
of this deformation. Doppler tissue imaging are used to measure strain and strain-rate using differential 

velocities between two points in the myocardium. Strain and strain-rate are less dependent on 
loading conditions and may be preferred over other tissue Doppler imaging modalities. Although 
there are several reports assessing strain and strain-rate in the right ventricle, the majority of these 

studies were not performed in patients with systemic right ventricles. However, these methods should be 
applicable to the right ventricle as long as appropriate sample locations are chosen.  
 

None of these emerging echo and Doppler methods have gained wide-spread clinical use, possibly 
because of the technical difficulties in producing clean signals as well as the variability  in 



instrumentation.  

 
Magnetic Resonance Imaging (MRI) is increasingly used as a standard tool in the evaluation of the adult 
patient with a systemic right ventricle. MRI is the most precise method for volumetric assessment of the 
right ventricle. With careful attention to detail, diastolic and systolic volumes can be used to calculate 

ejection fraction. In addition, MRI flow studies are used to estimate forward flow through semilunar 
valves and atrioventricular valves, allowing calculation of regurgitant fractions and outputs. However, EF 
and other load-dependent indices reveal little about the true contractility of the right ventricle, 

and change in right ventricular ejection fraction is an insensitive marker for deterioration of the 
right ventricular contractility.  Both MRI and nuclear techniques are used to assess the effects of 
exercise on right ventricular ejection fraction. Large scale validation of these techniques has not been 

performed. 
 
Management of the Systemic Right Ventricle 

 
Most practitioners do not recommend routine medical therapy for individuals who are asymptomatic and 
whose right ventricular systolic function appears to be normal or mildly impaired.  There is no literature 
suggesting a role for preventive therapy, however, one wonders whether reduction in myocardial 

ischemia might preserve right ventricular function. 
 
The development of tricuspid regurgitation or a demonstrable decrease in right ventricular systolic 

function is the usual impetus for medical management of right ventricular dysfunction. Most commonly, 
practitioners use afterload reduction in the form of ACE inhibitors or angiotensin receptor blockers 
(ARB’s). There is no evidence that these therapies are beneficial, and several reports have failed to 

demonstrate any beneficial effect of ARB administration in this patient population.  
 
For patients with congenitally corrected transposition of the great arteries, the appearance of 

early, progressive tricuspid regurgitation is an indication for tricuspid valve replacement. This is 
true for this specific group because of the high incidence of intrinsic abnormalities of the tricuspid valve. 
For patients with d-transposition following atrial repair, the onset of tricuspid regurgitation is generally a 
harbinger of progressive right ventricular dysfunction and tricuspid valve replacement alone is unlikely to 

produce beneficial results. 
 
Janousek and coworkers reported to use of resynchronization pacing in eight patients with systemic right 

ventricular failure and electromechanical dissynchrony due to right bundle branch block or an existing 
left ventricular pacemaker. Cardiac resynchronization resulted in reduction of the QRS duration with an 
increase in right ventricular filling and ejection fraction of nearly 10 percentage points. 

Resynchronization through pacemaker placement should be considered in all patients with 
systemic right ventricular dysfunction, especially when there is apparent dissynchrony.  
 

In patients with deteriorating right ventricular function or increasing tricuspid regurgitation, some 
investigators have proposed pulmonary artery banding. Banding produces an abrupt increase in left 
ventricular pressure with an immediate shift of the ventricular septal position toward the right ventricle.  

Pulmonary artery  banding is employed as a palliative treatment or to “prepare” the left ventricle for  
eventual incorporation into the systemic circulation via a late arterial switch procedure. The results of this 
procedure in adults are moderately successful at best and will be the subject of a separate lecture.  
 

For individuals with advanced right ventricular failure, especially if accompanied by arrhythmias, 
cardiac transplantation may be the only alternative.  
 

In summary, management options for the failing systemic right ventricle include afterload reduction 
therapy, resynchronization pacing, tricuspid valve replacement, pulmonary artery banding, late arterial 
switch, and cardiac transplantation. The heterogeneity of the patient population and the variable clinical 

course within this patient group make it difficult to generate precise treatment recommendations for the 
group as a whole. In addition, the difficulties of assessing accurately right ventricular function, make 
tracking outcomes of these interventions difficult.  
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The prevalence at birth of congenital heart disease (CHD) has been reported to be between 4 and 

10 per 1,000 live births. Advances in pediatric cardiology and cardiac surgery have resulted in 
an increasing number of adults with CHD followed in tertiary care centers. This data has been 
important in generating interest in adult CHD as a new sub-specialty of cardiology. Although 

estimates of the prevalence of CHD in adults have been generated little empirical data are 
available on the epidemiology of CHD in the general adult population. Population-based 
information on the epidemiology of CHD between 1985 and 2000 will be presented. Population 
based data on morbidity and mortality will be presented. 

Adults with CHD may have residual hemodynamic abnormalities, persistent or new arrhythmias, 
thromboembolic complications, neurological impairment, and other health care problems.�These issues 
require life-long follow-up, and for some patients, repeated medical or surgical interventions. The use of 

healthcare resources among selected patients will be described. 
Recommendations as to the organization of health care for adults with congenital heart disease will be 
reviewed. 
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Introduction 
The patients with congenital heart disease should be cared continuously through life. 
The advancements of cardiac surgery over the last decades led to larger numbers of patients with 

operated congenital heart diseases surviving into adulthood. In Korea it is estimated that over 100,000 
adults have operated congenital heart diseases. Over 5 percent of them will need yearly hospital 
admissions. In all fields of medicine, physicians have been able to use less invasive procedures to 

minimize pain, costs, and complications of many surgeries. Interventional procedures are additional 
tools used to treat these patients with various sequelae or residua. In addition, as a result of recent 
technological advances, more types of congenital heart disease are amenable to treatment in the 
cardiac catheter laboratory than ever before. In the future, it is likely that many other historically surgical 

procedures will be replaced by catheter based procedures. 
 
Adult patients with congenital heart disease provide a wide variety of challenges for the interventional 

cardiologist. Procedures can broadly be divided into dilatation or closure. 
In the following, several interventional procedures in the adults with congenital heart disease will be 

reviewed, especially focusing on Amplatzer device closure for secundum atrial septal defect and patent 

ductus arteriosus, which has been allowed to use recently in Japan. And also, percutaneous pulmonary 
valve replacement which is one of the most exciting recent development in the field of interventional 
cardiology will be reviewed. 

 
Defect closure  
1. Atrial septal defect 
Atrial septal defect(ASD) is the second most common congenital heart defect in adult following bicuspid 

aortic valve. In asymptomatic patients, most physicians recommend closure for a defect with 
pulmonary-to-systemic flow ratio of 1.5:1.0 or greater. However, in view of the almost nonexistent 
surgical mortality in patients with an uncomplicated defect, the potential cardiomyopathic effect of a 

chronic volume overload, the potential risk of paradoxical embolization, and the possibility of a late 
increase in shunt size owing to the onset of left ventricular disease, even smaller defects may warrant 
closure. 

 
Since King and Mill invented the first device for closing ASD in 1976, several devices has been 

introduced for it. However, each device has disadvantages as well as advantages, and many devices 

are no longer used now. Only the Amplatzer Septal Occluder(ASO) has been widely used due to its 
combined advantages of being a double disc with a self-centering mechanism. It is the first device to 
receive approval for clinical use in patients with atrial septal defects from the United States Food and 

Drug Administration. 
 
The ASO device(AGA Medical Corp., Golden Valley, MN) is constructed from a 0.004-0.075 inch Nitinol 

wire mesh that is tightly woven into two flat discs. There is a 4-mm connecting waist between the two 

discs. There are three Dacron polyester patches sewn securely with polyester thread into each disc and 
the connecting waist to increase the thrombogenicity of the device. The device size is determined by the 
diameter of its waist and is available in sizes ranging from 4-40mm. 

 
 ASO can be used in any patient with an ostium secundum ASD with an adequate rim(>5mm), but the 

presence of an anterior rim is not essential. The procedure is usually done under general anesthesia, if 

transesophageal echocardiography is planned. However, only  minimal sedation is needed under 
intracardiac echocardiography guidance using the AcuNav catheter(Acuson Corporation, Mountain View, 
CA). 

 
The device size chosen is usually the same size or +2mm of the balloon stretched diameter which is 

measured by the static balloon(AGA Medical Corporation, Golden Valley, MN) or the pulling balloon 
technique. Once both atrial discs are deployed properly and confirmed by echocardiography, the 



operator can perform the Minnesota Wiggle(the cable is pushed gently forward and pulled backward) to 

verify proper device position and stability of device. If device position is not clear after these maneuvers, 
the device can be recaptured entirely or partly and repositioned following similar steps. 
 
Complications with the use of ASO are rare, and most of them occur in the immediate period 

postimplantation. Arrhythmia such as atrial flutter or supraventricular tachycardia can be encountered, 
but most of them are transient. The other major complication is device embolization which is retrieved by 
surgery or transcatheter technique. Transient ischemic attack or transient migraine can also be observed. 

In the US pivotal study that resulted in device approval by the United States FDA, patients who 
underwent surgical closure had a 24% incidence of minor and major complications compared to an 
incidence of 7.2% for patients who underwent device closure. Although both groups had a similarly high 

incidence of complete closure (98%) and complication rate, duration of the hospital stay was significantly 
shorter in the ASO group. 
 

 
2. Patent ductus arteriosus 
The patent ductus arteriosus(PDA) may become markedly dilated and aneurysmal, and degenerative 

changes within its wall occur in old patients, but rarely a PDA may dissect or rupture. Secondary 

endothelial changes in the aorta or pulmonary arteries adjacent to the PDA occur in older patients and 
may serve as sites for infective endocarditis. 
 

The risk for PDA ligation should approach zero and even for older adults is very low. However, the short, 
wide PDA presents a somewhat higher intraoperative risk, as does the dilated, aneurysmal, calcific, or 
friable PDA in older adults. The ligation and division of these PDAs should be performed with cardiac 

pump on standby. 
 
Since Porstmann tried first transcatheter closure of PDA in 1967, many devices have been introduced 

to close PDA percutaneously. However, an incidence of residual leakage was relatively high(3-38%), 
and they were technically challenging for large PDAs. Recently, Amplatzer Duct Occluder(ADO) has 
shown excellent results for closing any sized or any shaped ductus. 
 

The ADO (AGA Medical Corporation, Golden Valley, MN) is a self-expandable, mushroom-shaped 
device made from a 0.004 inch thick nitinol wire mesh (a thin retention disk, 4mm larger in size than the 
diameter of the device ensures secure positioning in the mouth of the PDA).  The polyester fibers sewn 

securely into the device enhances thrombosis. All devices are cone-shaped and 7mm in length. Six F 
sheath is used for delivering 5-4 or 6-4 ADO, and 7F for 8-6, 10-8 or 12-10 ADO. 14-12 or 16-14 ADO 
are not approved by the US FDA, and they can be delivered using 8F sheath. The proper size of ADO is 

usually 1-2mm larger than the narrowest diameter of the PDA. After implanting the ADO in the PDA, 
angiogram is taken to confirm the position of device and residual leakage. The most distinguishing 
advantage of this device compared to any other devices or surgery is that the dilated, aneurysmal, 

calcific, or friable PDA in older adults can be closed easily with the ADO. 
 
Dilatation 

1. Percutaneous pulmonary valve replacement                                                             
Many patients with tetralogy of Fallot and pulmonary atresia, the Ross procedure for aortic stenosis, 

truncus arteriosus, and the Rastelli procedure for transposition of the great arteries or double outlet right 
ventricle have required surgical placement of valved conduits from right ventricle to the pulmonary artery. 

With time, these conduits become progressively stenotic and insufficient, and surgical replacement of 
the pulmonary valve has been needed in these cases. Percutaneous pulmonary valve replacement in 
both animals and humans has become a reality in the past several years. A percutaneous stent-based 

expandable pulmonary valve, designed by Dr. Bonhoeffer, and produced by Numed Corp. (Hopkinton, 
NY), uses a gluteraldehyde-treated bovine venous jugular valve sewn into a balloon-expandable stent. 
This valve has been placed in a series of 80 patients with no mortality. This procedure is limited by 

conduit size (22mm) and compliance, patient size (24 Kg), and the uncertainty of long-term valve 
efficacy. 
 



References 

1.  Hornung TS, Benson LN, McLaughlin PR: Catheter interventions in adult patients with congenital 
heart disease. Curr Cardiol Rep 2002;4:54-62 
2.  Schmaltz AA, Neudorf U, Sack S, Galal O: Interventions in congenital heart disease and their 

sequelae in adults. Herz 1999;24:293-306 

3.  Levi DS, Alejos JC, Moore JW: Future of interventional cardiology in pediatrics. Curr Opinion 
Cardiol 2003;18:79-90 
4.  Hijazi ZM: Catheter closure of atrial septal and ventricular septal defects using the Amplatzer 

device. Heart, Lung and Circulation 2003;12:S63-S72 
5.  Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larnz K: Comparison between transcatheter and 

surgical closure of secundum atrial septal defect in children and adults: results of a multicenter 

non-randomized trial. J Am Coll Cardiol 2002;39:1836-44 
6.  Berger F, Vogel M, Alexi-Mekishvili V et al. Comparison of results and complications of surgical and 

Amplatzer device closure of atrial septal defects. J Thorac Cardiovasc Surg 1999;118:674-8 

7.  Masura J, Gavora P, Formanek A, et al. Transcatheter closure of secundum atrial septal defects 
using the new self-centering Amplatzer septal occluder: initial human experience. Cathet Cardiovasc 
Diagn 1997;42:388-93 
8.  Liberthson RR: Congenital heart disease Diagnosis and management in children and adults. 

Boston, Toronto, London: Little, Brown and Company, 1989 
9.  O'Donovan TG, Beck W: Closure of the complicated patent ductus arteriosus. Ann Thorac Surg 

1978;25:463 

10. Porstmann W, Wierny L, Warneke H: Closure of the persistent ductus arteriosus without 
thoracotomy. Ger Med Mon 1967;12:259-61 

11. Masura J, Walsh KP, Thanopoulous B, et al.: Catheter closure of moderate- to large- sizede patent 

ductus arteriosus using the new Amplatzer duct occluder: immediate and short-term results. J Am Coll 

Cardiol 1998;31:878-82   

12. Khambadkone S, Bonhoeffer P: Nonsurgical pulmonary valve replacement: why, when, and how? 
Catheter Cardiovasc Interv 2004;62:401-8 



Special Lecture 3 

Late Arterial Switch in the Adult 
 
Associate Professor of Pediatrics 
Stanford University 

Associate Chief, Pediatric Cardiology 
Lucile Packard Children's Hospital 
 

Daniel J. Murphy, Jr., M.D. 

 
For patients born with either transposition of the great arteries (d-TGA) or congenitally corrected 
transposition of the great arteries (cc-TGA) the right ventricle and tricuspid valve function within the 

systemic circulation. Multiple studies have shown a progressive increase in the incidence of right 
ventricular dysfunction and tricuspid regurgitation in the adult population with these forms of congenital 
heart disease. Among the treatment options for the patient with a failing systemic right ventricle are 

pulmonary artery banding and late arterial switch. 
 
For children with cc-TGA, the concept of reintegrating the left ventricle into the systemic circulation is 

gaining wide acceptance. Multiple studies demonstrate that the Senning-Switch and Senning-Rastelli 
operations can be performed with low morbidity and mortality and excellent midterm results. In fact, 
some would argue that, for an infant with cc-TGA, so called “double switch” is now the standard surgical 

approach. 
 
For the adult with a systemic right ventricle, such an aggressive surgical approach has received less 

attention and there are fewer reported cases. For patients with pre-existing left ventricular hypertension, 
either due to pulmonary venous obstruction or left ventricular outflow tract obstruction, it may be possible 
to perform a late arterial switch procedure in one stage. However, for the majority of adults with either 
form of transposition, the left ventricle must be “prepared” by banding the pulmonary artery.  

 
Pulmonary artery banding is performed through a median sternotomy without cardiopulmonary bypass. 
Transesophageal echocardiography (TEE) and intraventricular pressure monitoring are used to evaluate 

the acute effects of the pulmonary artery band. The band is applied and tightened gradually until the 
systemic blood pressure falls and central venous pressure rises, then the band is slightly loosened. TEE 
is used to monitor left ventricular size and function, as well as mitral regurgitation. Any apparent 

decrease in left ventricular contractility or increase in ventricular diastolic pressure are indications to 
loosen the band.  The resulting left ventricular pressure is quite variable from one patient to the next. 
Most patients require retightening of the pulmonary artery band after some time interval in order to 

further increase left ventricular pressure and mass.  
 
Several authors have noted the beneficial effects of pulmonary artery banding alone. By raising left 
ventricular pressure, the ventricular septum shifts towards the right ventricle, thereby “splinting” the right 

ventricle. In addition, the shift in septal position and the change in right ventricular geometry can 
reapproximate the right ventricular tricuspid papillary muscles and reduce the amount of central tricuspid 
regurgitation. This is especially true in d-TGA. At both the Cleveland Clinic and Stanford, pulmonary 

artery banding alone has been used as a palliative intervention for a selected group of patients. 
 
For patients who tolerate pulmonary artery banding, a  late arterial switch procedure can be considered. 

The criteria for late arterial switch include adequate left ventricular systolic pressure and appropriate 
increase in left ventricular mass. For patients with d-TGA, in addition to the arterial switch, the intra-atrial 
baffle is removed with reseptation of the atrium so that pulmonary venous blood once again drains to the 

left ventricle and systemic venous blood to the right ventricle.  For patients with cc-TGA, the arterial 
switch is performed as usual (although the coronary artery anatomy is distinctly different than for d-TGA) 
and an atrial baffle (Senning)  is constructed so that systemic venous blood is routed to the left-sided 
right ventricle, and pulmonary venous blood is directed towards the right-sided left ventricle. In some 

cases,  a bidirectional Glenn procedure is also performed. 
 
Late pulmonary artery banding and arterial switch in adult patients is distinctly more difficult and carries a 

higher morbidity and mortality risk than in children. Possible explanations for this include preexisting 
myocardial damage, inadequate left ventricular hypertrophic response to banding, abnormal coronary 



artery patterns, and other confounding comorbidities in this heterogeneous population.  

 
For patients in whom late pulmonary artery banding or arterial switch is not possible, cardiac 
transplantation may be the only option for treatment of right ventricular failure. In other cases, failed  
pulmonary artery banding or late arterial switch may also lead to cardiac transplantation. 

 
Pulmonary artery banding and late arterial switch in the adult population is philosophically attractive. 
Placing the left ventricle in the systemic circulation is desirable if the left ventricle can assume the 

appropriate workload and role. However, the studies performed to date leave open the question of mid- 
and late-term outcomes in this patient population following this innovative and aggressive surgical 
pathway. It seems likely that few centers will adopt this approach, but that those experienced in this 

approach may serve an important role in providing innovative and aggressive surgical care for the group 
of adults with systemic right ventricles. 
 

 
 
 
REFERENCES 

 
 
Van Son JAM, Reddy VM, Silverman NH, et al.: Regression of tricuspid regurgitation after two-stage 

arterial switch operation for failing systemic ventricle after atrial inversion operation. J Thorac Cardiovasc 
Surg 1996, 111:342-347. 
 

Imamura M, Drummond-Webb JJ, Murphy Jr DJ, Prieto LR, Latson LA.  Flamm SD, Mee RBB:  
Results of the Double Switch Operation in the Current Era.  Ann Thorac Surg, 70:100-5, 2000. 
 

Poirier NC, Yu JH, Brizard CP, et al.:  Long-term results of left ventricular reconditioning and anatomic 
correction for systemic right ventricular dysfunction after atrial switch procedures.  J Thorac Cardiovasc 
Surg 2004, 127:975-981. 
 

Duncan BW, Mee RBB. Management of the failing systemic right ventricle. Semin Thorac Cardiovasc 
Surg 2005; 17:160-169. 
 

Murphy DJ. Transposition of the great arteries: long-term outcome and current management. Curr 
Cardiol Reports 2005; 7(4): 299-304. 



Special Lecture 4 

Pregnancy and Delivery in Patients with Prosthetic Valves or Operated Cyanotic CHD   
 

Consultant Cardiovascular Disease and Internal Medicine 
Associate Professor of Medicine 

Mayo Clinic, College of Medicine 
 
Heidi M Connolly MD, FACC 

 

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�

��� Mustard� �� ����������������� �!"#"$%&'()�� � *�

Successful radiofrequency catheter ablation in refractory atrial flutter developed 15years after 
Mustard's operation -a case report- 
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� � � Clinical characteristics of arrhythmia in patients with tetralogy of Fallot in their middle age or 
over 
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Effects of Bosentan in patients of adult congenital heart disease with severe pulmonary 
hypertension 
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� ª�� Role of test occlusion in patients with atrial septal defect and pulmonary hypertension 

 

Department of Pediatrics, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea  
Sung Hye Kim,M.D., I-Seok Kang,M.D., June Huh,M.D., Heung Jae Lee,M.D. 

 
Background: A guideline for operation in patients with atrial septal defect (ASD) and severe 
pulmonary hypertension (PHT) is still disputable. In this group of patients, test occlusion of ASD 
can provide additonal information for operability or postoperative state. This report describes 

our experience of three female patients who had ASD with PHT and underwent test occlusion 
of ASD and subsequent partial closure. 
Method and Result: The cardiac catheterization was performed. Before the test occlusion, 

mean pulmonary artery pressures were 51, 77, and 68 mmHg, and Qp/Qs were 2.5, 1.3, and 
2.5 respectively. Mean pulmonary artery pressure (PAP) decreased as 9, 26 and 24mmHg 
when the balloon catheter test occlusion was applied (Table 1). There was no response to O2 & 

NO. In first patient, residual shunt was still observed during test occlusion. By reason of 
decreased PAP after test occlusion, ASD partial closure with 6 mm fenestration was done in 
these patients. After ASD partial closure, PAP decreased (40/20, 60/40 and 55/40mmHg, 

respectively). Follow up echocardiograms revealed bidirectional shunt through fenestrated ASD 
in one patient (the second case), and left-to-right shunt in the others. All patients had 
improvement of NYHA functional class.  
Conclusion: Test occlusion of ASD can help in decision of treatment plan by predicting PAP 

change after ASD closure by reducing flow effect in the patients with with pulmonary 
hypertension. However, complete occlusion could not be done according to the size or site of 
ASD. Long term study is required in more cases.  

 



 

 

Table 1. 

Baseline Test occlusion  

 

 

case 

Age 

(year) 

ASD 

size 

(mm) 

PAP * Systemic art

ery pressure

 *  

Qp/

Qs 

PAP *  Systemic 

artery pres

sure * 

Qp/

Qs 

I 30 21 93/27 (51) 161/99(126) 2.5 71/24(42) 155/92(120) 2.0 

II 34 25.3 119/47(77) 129/80(101) 1.3 74/34(51) 145/82(106) 1.0 

III 22 25 100/45(68) 139/94(112) 2.5 62/37(42) 120/70(90) 0.8 

* : mmHg 
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� ��� Partial closure of ASD(creation of ASD) in patients with left to right shunt lesions and severe 

pulmonary hypertension 

 
Department of thoracic and cardiovascular surgery, Department of pediatric cardiology, 
Samsung Seoul Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea 

Tae-Gook Jun,M.D., Ji Hyuk Yang,M.D., Pyo Won Park,M.D., June Huh,M.D., 
I-Seok Kang,M.D., Heung-Jae Lee,M.D. 

 

 
Background: Adult patients with left to right shunts and pulmonary hypertension have a more 
advanced degree of disease. The benefit of shunt closure cannot be guaranteed if the patients 

have the pulmonary vascular changes. 
Method: From July 2004 to June 2005, consecutive nine patients with left to right shunt (ASD 5, 
VSD 3, PDA 1) and severe pulmonary hypertension underwent partial ASD closure or shunt 
lesion closure and ASD creation at Samsung Seoul Hospital. Peri-operative and follow up data 

were reviewed. 
Results: All the patients had severe pulmonary hypertension and high pulmonary vascular 
resistance(median 8.7 wood units, 7-4 - 16.7 wood units) that is not response to O2 or NO 

inhalation. Preoperative ratio of pulmonary artery pressure/systemic blood pressure (PPA/BP; 
median 0.82, 0.58-0.98) dropped immediately after the operation (median 0.45, 0.28-0.88). 
Three patients needed NO inhalation during the immediate postoperative period. Seven 

patients had Sildenafil and eight patients had low dose aspirin and one patient had Warfarin. At 
last follow echocardiogram three patients revealed still bi-directional shunts. Estimated median 
maximal pressure gradient through the tricuspid valve was 44 mmHg (38-62 mmHg).  

Conclusion: Indication of closure in left to right shunt lesions with severe pulmonary 
hypertension can be extended safely if we create small ASD or leave small ASD. Close 
observation and follow up should be needed to validate the long term benefits. 
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���� Tricuspid Annuloplasty for Tricuspid Valve Regurgitation associated with Congenital Heart 

Disease in Adults: Risk Factors for Residual Tricuspid Valve Regurgitation 
 

Division of Pediatric Cardiac Surgery
1)

 and Pediatric Cardiology
2)

, University of Ulsan, College 
of Medicine, Asan medical center. 
Won-Kyoung Jahng

2)
,M.D., Tae-Jin Yun

1)
,M.D., Yu-Mi Im

1)
,M.S. , Sung-Ho Jung

1)
,M.D.,  

Jung-Jun Park
1)

,M.D., Dong-Man Seo
1)

,M.D., Young-Hwue Kim
2)

,M.D., In-Sook Park
2)

,M.D.,  
Jae-Kon Ko

2)
,M.D. 

 
 

 
Background: Tricuspid valve regurgitation (TR) is associated with various congenital heart 
anomalies in adults. We sought to determine the risk factors for residual TR after tricuspid 

annuloplasty (TAP). Patients and Methods: From August 1989 to date, seventy-three adults 
underwent TAP for TR associated with congenital heart anomalies. Median age at operation 
was 43 years (16-73 years). Associated heart anomalies were atrial septal defect (ASD) (55), 

ventricular septal defect (6) and others (12). Mean preoperative and postoperative TR 
velocities were 3.25 m/sec and 2.56 m/sec, respectively. Surgical techniques employed for 
TAP were De Vega in 43, Kay in 18 and Ring annuloplasty in 12. Follow-up duration ranged 

from 1 to 190 months (350.6 patient-year, median: 56 months. Residual TR greater than III/IV 
or reoperation for TR was defined as TAP failure. Result: TAP failure was observed in 7 
patients (9.6%) during the follow-up. Of these, one patient underwent tricuspid valve 
replacement. Risk factors for TAP failure were diagnosis other than ASD (p=0.001) and 

postoperative right ventricular (RV) hypertension (p=0.028). TAP methods was not correlated 
with residual TR (p=0.692). Conclusion:  Careful evaluation of valve morphology and 
aggressive surgical intervention are mandatory for the repair of TR if postoperative RV 

hypertension is anticipated.  
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� � � �Isolated right ventricular hypoplasia with severe tricuspid regurgitation 
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� � �  Surgical therapy for TR in adult patients with Ebstein's anomaly 
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���� Left Ventricular Dysfunction and Reverse Remodeling after the Correction of Patent Ductus�

Arteriosus in Adults 
 

Division of Pediatric Cardiac Surgery
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2)

, University of Ulsan, College 

of Medicine, Asian medical center. 
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,M.S., Sung-Ho Jung
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,M.D., Jung-Jun Park

1)
,M.D.,  

Dong-Man Seo
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,M.D., Won-Kyoung Jahng
2)

,M.D., Young-Hwue Kim
2)

, M.D., 

In-Sook Park
2)

,M.D., Jae-Kon Ko
2)

,M.D.�  
 
 

Background: It has been well documented that concealed left ventricular (LV) dysfunction may 
manifest after the correction of the heart diseases with chronic LV volume overload. We 
hypothesized that this applies to the adult patients with patent ductus arteriosus (PDA), and 
sought to determine the risk factors for postoperative LV dysfunction in these patients. Patients 

and Methods: Thirty-six adults with PDA, 28 females and 8 males, were enrolled in this study. 
Median age at operation was 32 years (16-57 years). Types of surgical repair were division in 
28, internal obliteration in 4 and ligation in 4. Two-dimensional echocardiography was 

performed to assess postoperative changes of LV internal dimensions, volumes and ejection 
fraction. Follow-up duration ranged from 1 month to 14 years (median: 36 months). Result: 
There were significant differences between preoperative and postoperative LVIDd, LVEDV and 

LVEF, while no difference was found in LVIDs and LVESV (Table 1). Preoperative LVEDV was 
correlated with postoperative decrement in LVEF by multiple linear regression analysis 

(�LVEF = -13.3 - 4.62 x LVEDV(z), p=0.0001). During the follow-up periods, LVEF became 

normalized in all patients as LVESV slowly decreased to a normal range. Conclusion: 
Concealed LV dysfunction manifests after the surgical correction of PDA in adults by the acute 

elimination of pulmonary recirculation through PDA (i.e. decrease in LVEDV), and gradually 
thereafter LVEF improves by the completion of reverse LV remodeling process (i.e. decrease in 
LVESV). Preoperative LVEDV is a major determinant of the immediate postoperative 
decrement of LVEF. 

�  
 
 

 
17)� Cyanotic congenital heart disease and coronary artery atherogenesis 
 

       CHIBA CARDIOVASCULAR CENTER, ARMANSON UCLA, DALLAS HEART GROUP 
� � �  Niwa K,M.D., Perloff JK,M.D., Fyfe A,M.D., Child JS,M.D., Miner PD,M.D.�  
 

 
The incidence of coronary atherosclerosis in adults with cyanotic congenital heart disease 
(CCHD) has not been established, and hypocholesterolemia has not previously been 
recognized. Accordingly, 279 patients were divided into 4 groups: group A: 143 cyanotic 

patients not operated on (54 men and 89 women, aged 18 to 69 years); group B: 47 cyanotic 
patients (28 men and 19 women rendered acyanotic by operation at age 22 to 69 years); group 
C: 41 acyanotic patients not operated on (22 men and 19 women, aged 22 to 75 years); and 

group D: 48 patients acyanotic before and after operation (24 men and 24 women, aged 21 to 
70 years). Coronary arteries were studied angiographically in 59 and at necropsy in 5, aged 37 
to 56 years. Total cholesterol was <160 mg/dl in 58% of group A, 52% of group B, 10% of group 

C, and 12% of group D (p <0.000001, chi-square analysis). Angiograms and necropsy 
disclosed dilated coronary arteries without obstruction. In conclusion, coronary arteries are 
atheroma free because hypocholesterolemia acts in concert with the antiatherogenic properties 

of upregulated nitric oxide, hyperbilirubinemia, hypoxemia, and low platelet counts. The 
persistence of hypocholesterolemia after the surgical elimination of cyanosis suggests a 
genetic determinant. 
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� � � � Influence of Late Biventricular Performance upon Clinical Status in Adult Patients with Post 
operative Tetralogy of Fallot 
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A}�� Primary repair of Tetralogy of Fallot in adults: Impact of Preoperative Cyanosis on Surgical 

Outcome 
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Background: We sought to determine the impact of preoperative cyanosis on surgical outcome 

in adults with Tetralogy of Fallot (ToF). Patients and Methods: From August 1989 to date, 
thirty-three adults underwent primary repair of ToF. Median age at operation was 34 years 
(15-54 years). Patients were divided into 2 groups according to the preoperative arterial oxygen 
saturation (SaO2): group I (n=16, SaO2?94%) and group II (n=17, SaO2?95%). Preoperative 

hemoglobin level was higher in group I (17.5 g/dl vs. 15 g/dl, p=0.018). Postoperative follow-up 
duration ranged from 6.5 to 177.7 months (160 patient-year, median: 37.5 months). Result: 
There was no early or late death. All patients in group II had pulmonary annulus preservation, 

while trans-annular patching (n=7) or right ventricle-pulmonary artery conduit connection (n=3) 
was required in more than half of the patients in group I. Cardiopulmonary bypass time 
(p=0.015), aortic cross-clamping time (p=0.011), ICU stay (p=0.0018) and hospital stay 

(p=0.039) were significantly longer in group I compared to group II. During the follow-up periods, 
functional class, tricuspid regurgitation and occurrence of ventricular / atrial arrhythmias were 
comparable between two groups. Conclusion: In adults with ToF, the degree of preoperative 

cyanosis impacts on the extent of surgical procedure and postoperative course.  
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Radiofrequency Catheter Ablation of Atrial Flutter and Atrial Tachycardia Occurring after 
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�

aJ-.01� � @. ��� aJ-.01DúDEFþ82 A�� �

�G� H ��M^@I� ��M:J�K ��MþJ�Z ��M«cèr ��M)ïLL ��MWb� M ��M�

N)p" ��McìO� ��MZ�ÖO ��MJ� ¹P ��MÓþ�Q ��M:�o" ��MÅû�` ��M�

VbR� ��M[� K? A��

�

�

�

IJ��KL�y����Ã��� jk!$Æí´"w�ß �SGTïU�Vãä!"

#"$Çëì#íîï����y�3�õöjk�� ���������'���� Ð*�������

«M�sI�� *M�sI�� *MuÚv�� *M�È´ôVïÎ+ � *���U ¡= �H Wy����ãN

Aª���ÐÏn��'������ Ð*�] �*�\¬=A��X>jk��Y������vÛ��'

½M] �Î¾0¿ÀË�ëÉGDÈVï�(�%&�()�	*�Ä��Z[TüÏã\�

X>jkSDÉE�ïÆE#�l������·�u�2'½M>]y^²�%&�A *�|_C`

ay �u 2b�¤¥M*8N`a²i��9��*�� ����}=�����'½B��

3c|� �uº�vÛ yD4|M��Y �vÛ ¨k |TüÏ'�òjkÄ� �u�¨�M�� ���

���¨����



�

AA�� ��@>d������N�� �¡ Cardioversion �âã���(UIJ��KL��*y

$x�
Comparison of Intra-Atrial Reentrant Tachycardia and Atrial Fibrillation in Patients with Grown 

Up Congenital Heart Disease 

�

� � � �+,¢L-.01�#8óïô#�<=õ:;.�

�������¥S¦§Mûc�ZMV£�¤Mä¨§`Mä�� ©�

�

�

�

5«¬7(UIJ��KL��*�ef����|��@>d�������u����N���v��3'²

³��k'��y���}¯ÝÞÁL|�¹�¨kn�

5�ß7ef��y��N��*y���}�ÝÞÁL�� ¡y$xjkn�

5 yÃA�7Z( �� � � ��ÁZ( �Ð � ª �C�y A} =�Ë�����u���v � �¡

�pqrv��tqnv�u �z�� ef���* A�*� ���Î���u Â����Î�v Â�v�oupuÎ���u Â��uopuÎ�v

Â��B¡ÃÄ$x��n�

5�37���Î�v ÂyZ¿�}| ���A «� ���Î���u Â H}�� «�Ãà¡�h�V����ÓÒ}�}��

'�v�uopuÎ�v Â� v�uopuÎ���u Â�|Ì�'½�����H}�H « �n�H��H «�n�¯L�>

|����Î�v Â Aª����Ãà¡ v�uopuÎ�v Â| �������h�g����ÓÒ}�}��n�

5�£7����*�| �}«h� �v�%zjk�*�D4'½�nv�uopu �*|���� Â�Ãà

¡�8N� �v���jkE´D'V ¦�'y�¤¥�n�

�

�

�

�

�

�

AH�� (UÉi�Àè�Àj��·�Û��Ó��y�9�°*�

� � �  Two successful cases of anomalous origin of the left coronary artery from the pulmonary artery 
in adult 

�

� � � �)þ01012-/13456.��#fgZ.�

�12�M,�c-M1Ý� )M.S/0M�bX]MbJ¤�MQbo0�

�

�

�

�*�| �� «¢��Hª «¬�Í2�MÉi�Àyè�À�¼²JK�É}¾zk�ylVÌ

´�{B¡ ��÷{ímïÆ�UÈQÆéê��ké��� �MímïÆJK�0�À

Îi�À�klVÌ´�z���ãN��n/0����M���GH���A ���o4

²�éêy�½�M�&}¾zk�lVÌ´�z����* A | �� «¢����¬yS

T¥�¶*�pq��-�{|�9|rs�JK���� jk�+(�Éi�À%&

�z��
a���Å����Á�ÅN����M�èt#�{B�'Muvi�ÀË

Ì�%&��i�À|óô�f��'½����Iw½x��z�My2���(U �Û��Ó�

|�\¬�i�ÀyÙ�DÄ�'½M�yfz��|qz�|� �C�Mfz���z�¡

2�º�y>��|{|'¨�MãNy�;À�2}��~h'âã�¨k��



�

A��� (UN�����0�À¶ê�y A *�Îßp����uD0� wqp�o�vuotqÑ�nvov�u �fz�9y

A�Î�
� � �  Two cases of aortic coarctation repaired in adulthood  -The difference of hemodynamics 

between balloon dilatation and graft interposition- 
 

� � � �ò��01012-156.:;.1�b�

«W¥¹MWbj"M�c´UMn���PMþ�7��

�

�

�

0�À¶ê�|�����fg8·VfäM�f��KLM.fg��M°±®��VÚ��

#jk¦�'mÁ¥¡ k�(UN�Z.���z���*�l$#ïD0�z���

*y0�Àää+�� ¡$x����

��* ��A� «���²;N���0Y�n�y|8�Q�É#¤¥¡ ��AA «¬�0�À¶

ê�y�F|8���M����ªÏÏ�wqp�o�vuotqÑ�nvov�u��z�����

��*�A�H}«�����«¬��Vfä��¡Å�¤¥¡ ��

��A�«¬�0�À¶ê�y�F|8���Ml$#ïD0�z�����

��3� B¥y�*�U ¡2WzÎ¾z0�À�äÄÌ|'½BMWz0�Àyä\�|�

ú�¡ ��l$#ïD0�ÃÄ�¡9�*yA'ä\�|������MåN��

y�fg8�â���Ô4M(UN0�À¶ê�y���U ¡l$#ïD0|â�¤¥k

àáA�y���¨k�âãÁ¥���

�

�

�

�

�

�

�

A��� 0�ÀÈKLfz���MåNy�9�

� � �  Reoperation late after aortic arch reconstruction for IAA/CoA complex 

�

�6��0182:;.�

J� �dM����M}c� �M¦éfsMþ��X�

�

�

�

z2�[#;N�fz���z MMåN��9�ã�� �� «~Wy � �*·0�À¶

êÊ����A *M0�ÀÈ�8Ê�����*��� ¡$x�������A *�|ÌGÊD0'zA

¥M� *| ���H ����+(y�½Ê�#ëUÈQÆ·ue��M2¸ � *| �A�� ���l

$#ïDÄ·ÑI��Q�y�éêy�½ t�oqpÎpupo�Ïv�p��ß=Ñpnn·<�Ñ��âã����

���MÑ�p�����Ópq�·ÑÓ����y A *�|�éêy�½ÌGÊD0'zA¥M� *|�+(

y�½ ���H ��� ueM� *|�Réêy�½ ª�ª ��� <�Ñ �âã����ÑÓÍ��ËÌ

GÊD0P��y A *|MÑI�Q�y�éêy�½M�¥�¥ �A�� ��Mª�A ��� <�Ñ �

âã������ª} �jC�zA¥¡ �U�Ã��ËÌGÊ��ß��fz��|M�

�}�}���éê¯�+(�#6¯j4MÑI������ <�Ñ �ãjk¦�'D�����9

�ã���*�2���C���4Ml��Ã�u $%��kFNßµ¶'âã�âãÁ¥���



�

A��� ®�0fghi� jk��@f�h{�(UNy²³�
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� � � � An adult case with double inlet left ventricle 
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A case of tricuspid atresia associated with thoracic aortic aneurysm and AR 34 years after 
original Glenn 
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� � �  A Case developing cyanotic glomerulopathy in late period after Fontan Operation 
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Aortic valve operation in adult patients after Fontan operation 
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Long-term results of Bjork type Fontan Procedure. Report of three cases 
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Fontan procedures in adolescence : study of nine cases 
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� � �  A success case of Marfan syndrome complicated with dissecting aortic aneurysm treated by 

cardiopulmonary bypass operation during midtrimester of pregnancy 
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� � �  Successful pregnancy in the patient with recurrent AT after Fontan operationÊA case report 
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� � � �Stuck mitral valve in pregnancy 
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� � � �  Pregnancy and delivery of the teenager patients with congenital heart disease 
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� � �  A case report of delivery from a patient with catecholaminergic polymorphic ventricular 
tachycardia 
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� � � �Five pregnant cases of sever pulmonary hypertension 
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� � �  High sensitivity CRP in adult congenital heart disease 
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� � � ��Transfusion associated hepatitis C virus infection in children after cardiac surgery: A long term 
follow-up 
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� � � �The Clinical Data of Atrial Septal Defect in Adults 
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Collaborated outpatient clinic for adult congenital heart disease in Shizuoka children's hospital 
and Shizuoka general hospital 
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���  Anxiety, Depression and Self-Esteem in Adolescent with Congenital Heart Disease : The 

Influence of Personal Variables and Perception of Social Support 
 
GUCH clinic, Cardiac & Vascular Center, Samsung Medical Center, Seoul, Korea. 

Moon JR,M.D., Kim SH,M.D., Yang JH,M.D., Huh J,M.D., Kang IS,M.D., Jun TG,M.D., 
Park SW,M.D., Park PW,M.D., Lee HJ,M.D. 
 

 
 
This study analyzed the influences of personal and clinical variables and perception of social 

support on the anxiety, depression and self-esteem of 231 adolescents with CHD aged 13~18 
years, under observation following open-heart surgery in three major cardiac center in Korea, 
from December 20, 2004 to February 25, 2005. Adolescents completed measures of 
anxiety(cronbach's α=.81), depression(cronbach's α=.72), self-esteem (cronbach's α=.72) and 

social support(cronbach's α=.97) Also, NYHA functional class, CHD functional index and 
percutanous oxygen saturation checked. Data were analyzed by t-test, ANOVA and 
hierarchical multiple regression. Results showed that personal and clinical variables that 

influenced depression, anxiety and self-esteem of adolescent with congenital heart disease 
were sex, age, income of family, diagnosis, NYHA functional class, number of heart surgery, 
duration after last operation and oxygen saturation. Perception of social support influenced 

depression and self-esteem; subject higher in perception of social support were lower in 
depression and higher in self-esteem. 
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� � �  Patients with adult congenital heart disease who required emergency admission 
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� � � � Clinical characteristics of Patients with Cyanotic Congenital Heart Disease over 30 years of age 
after Definitive Surgery during Childhood 
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�}�� Relationship between Depression and Resilience  in Adolescents with Congenital Heart 

Disease 
 

GUCH clinic, Cardiac & Vascular Center, Samsung Medical Center, Seoul, Korea. 
Moon JR,M.D., Kim SH,M.D., Yang JH,M.D., Huh J,M.D., Kang IS,M.D., Jun TG,M.D.,  
Park SW,M.D., Park PW,M.D., Lee HJ,M.D.,     

 
Purpose 
The purpose of this study was to examine the relationship between depression and resilience 
and to identify the variables associated with depression among adolescents with congenital 

heart disease(CHD).  
 
Method 

Data was collected from 231 adolescents with CHD aged 13~18 years, under observation 
following open-heart surgery in three major cardiac center in Korea, from December 20, 2004 
to February 25, 2005. Adolescents completed measures of resilience(cronbach’s α=.92), 

depression(cronbach’s α=.72), parental attitude (cronbach’s α=.88). Also, NYHA functional 
class, CHD functional index and percutanous oxygen saturation checked.  
 

Results  
The mean score for depression was 16.74 (range: 0-54) and for resilience, 115.84 (range: 
32-128). There was a significant positive relationship between depression and three variables: 
age (r=.25, p<.001), NYHA functional class (r=.45, p<.001), and CHD functional index (r=.28, 

p<0.05). A negative relationship was found between depression and oxygen saturation (r=-.39, 
p<0.001) as well as academic achievement (r=-.41, p<.001), parental attitude (r=-.49, p<.001), 
and resilience (r=-.59, p<.001).  

The multiple regression analysis also showed that depression of adolescents with CHD was 
explained by 54 % of resilience (β=-.62, p<0.05) and parental attitude(β=-.48, p<0.05). 
 

Conclusion  
This study demonstrated that adolescents with higher resilience together with an affectionate 
parent were less depressed. With respect to nursing intervention programs, it is essential to 

identify the strengths of adolescent with CHD in order to increase for resilience. Additionally, it 
is important that parenting and counseling programs be implemented for the parents of these 
adolescents. 
 

Key words: congenital heart disease, adolescent, resilience, depression, parental attitude, 


