GROWN-UP CONGENITAL HEART DISEASE

An increasing problem
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ABSTRACT 

Congenital heart diseases are the most frequent defects in children. One in every 100 children is born with a congenital heart lesion.

Until the mid-twentieth century, 70 per cent of them did not survive their first year.

At present, 85 per cent of them will reach adulthood. A new population of heart patients is thus born —known since the 1980s as grown-up congenital heart disease or GUCH patients, as currently referred to in a large part of the global medical community. Within the group of cardiovascular diseases, it is one with the highest growth rates in the last decades.

A new challenge and need thus arise for all those who must provide these patients with the necessary health care. This has led to a new subspecialty within clinical cardiology: cardiologists specialized in grown-up congenital heart disease.

The wide range of congenital heart diseases has resulted in “new” classifications making it possible to better understand the supplementary methods for the early detection of complications, and to adequately choose new surgical and hemodynamic therapies for the sequelae and residual lesions that these patients have in the long-term course. Since 2006, at the Ricardo Gutiérrez children’s hospital, an area has been created to follow these patients up, not only with a health care objective, but also a statistical and academic one, for the future training of the new professionals in this subspecialty. Key words: GUCH, grown-up congenital heart disease, congenital heart disease. 

INTRODUCTION 

Reviewing the history of pediatric cardiology, we can say that the first pediatric cardiology service in the continent was created in 1936 at Dr. Ricardo Gutiérrez Children’s Hospital, with the guidance of Dr. Pedro Cossio. 

In 1957, Dr. Galíndez promoted the creation of Fundación Cardiológica Infantil (children’s heart foundation), and, then, together with Dr. Guillermo Kreutzer, he created the Pediatric Cardiovascular Surgery Service at Dr. Ricardo Gutiérrez Children’s Hospital. 
On July 4th, 1963 the first surgery with extracorporeal circulation was performed on a child with congenital heart disease, by a surgical team made up of physicians Donato, Pisanú Galindez, and Kreutzer. 

In 1971, a new technique was developed for the total bypass of the right ventricle in tricuspid atresia, currently known as the Fontan-Kreutzer procedure. 

In 1973, the Rastelli procedure was performed for the repair of truncus arteriosus. In 1978, atriopulmonary anastomosis a bypass of the venous ventricle for the physiological correction of univentricular hearts was developed. 

In 1984, Dr. Schlichter developed the autologous pericardial valved conduit to correct right ventricular outflow tract obstructions. 

In 1990, Dr. Vargas performed the first pediatric heart transplantation at Hospital Italiano. 

In 1992, Dr. Laura performed the first Ross procedure at the Garrahan hospital, and, in 1994, Dr. Antelo performed the first successful repair of a hypoplastic left ventricle with the Norwood procedure at Sor Ludovica children’s hospital, in La Plata.1 
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All the surgeons mentioned were trained as pediatric heart surgeons at Dr. Ricardo Gutiérrez children’s hospital, a true cradle of pediatric cardiovascular surgery in Argentina. 

All the foundational and organizational efforts of the pediatric cardiology and cardiovascular surgery were built on the generations born between the 60s and 90s. These survivors are the ones that again support the organizational process for their health care, now as adult patients. They are a pioneer and suffering generation. As Dr. Carola Warnes from the Mayo Clinic reflects: “The adult with congenital heart disease: born to be bad?”2
Advances in the diagnosis and treatment of children born with congenital heart lesions have changed the demographic outlook in this population, as it is the fastest growing one in cardiology. 

Now, congenital heart diseases stay with the people suffering from them for a lifetime, from birth to old age.3
Scheduled or emergency cardiology consultations of adult patients with congenital heart disease are thus increasingly frequent. They become a true challenge when the heart disease has certain complexity, raising concerns in cardiologists when they must make therapeutic decisions.

Undoubtedly, the problem to be solved is complex for several reasons. First, congenital heart malformations include a wide and varied number of heart diseases, each one of them encompassing a range of subtypes and, on many occasions, associated with two or more anomalies, resulting in a significant diagnostic heterogeneity hindering classification.4
Second, training in congenital heart disease for adult cardiologists is frequently brief and insufficient, and it has a pediatric approach to the pathology, which results in a lack of knowledge of the evolution of complications as these heart diseases progress. Third, the surgical procedures applied in different times to the same heart disease yield patients with surgeries that have been discontinued all over the world. As an example of this, we may mention the atrial switch surgery with the Senning or Mustard procedure repairing the complete transposition of the great arteries.

In addition, the new surgical procedures, for instance for treating patients with left ventricular hypoplasia, such as the Norwood surgery, will result in a new subgroup of survivors reaching adulthood. If we consider that the first surgery was performed in the country in 1994 1, surviving patients are currently younger than 23 years of age. 

Finally, it should be noted that this group of patients are highly subjected, throughout their lives, to repair and palliative surgeries, to diagnostic and therapeutic catheterization procedures, and to the placement of devices such as pace-makers, resynchronizers or cardiodefibrillators. Fifty percent of those patients with moderately to severely complex heart defects have undergone surgical repair in the first decade of their lives, a figure which amounts to 70 percent when they reach their third decade. Surgical reintervention is more frequent in the group of severely complex heart diseases.5
When analyzing the long-term complications of the patients operated on due to tetralogy of Fallot—one of the most frequent heart defects checked at the doctor’s office—, it is seen that 30 years after the initial surgery, 50 percent of them require reintervention.6
As shown by Marelli et al.,7 in 2010 adults accounted for 66 percent of all the patients with congenital heart disease, with a continuous rising trend since 2000, and adults between 18 and 40 years of age are the fastest growing group.

Hospitalization rates are twice to three times higher in adults with congenital heart disease when compared to the general population and, particularly, in patients with congenital heart defects who are older than 40.8-9
One in every 4 GUCH patients is likely to be hospitalized at least once in a 5-year period, and 2 out of 5 hospitalizations will be required by the emergency department due to arrhythmia, heart failure, coronary heart disease, pulmonary hypertension, or  infective endocarditis.10
The three most frequent causes of death in GUCH patients are sudden death, perioperative death, and heart failure progression.11
We are facing the fastest growing population within the cardiology field, with increasingly complex heart diseases, who require frequent heart check-ups and invasive procedures for the treatment of their residual lesions.

PREVALENCE 

In Argentina, 6100 children with congenital heart disease are born every year, out of whom 70 percent are surgical cases, and 50 percent are highly complex ones. Of the patients with surgical indication, 25 percent must undergo surgery before 28 days of age.12
It is estimated that, at present, there are 3000 Ps with grown-up congenital heart disease every one million people.13
Gilboa et al. estimated that there were 2.4 million patients with congenital heart disease in the United States in 2010 (1.4 million adults, and 1 million children), and nearly 300,000 of them had severe congenital heart disease.14
In Europe there is a population of 2.3 million adult patients that outnumber the 1.9 million pediatric patients.15 This gap will widen over time, as shown on Graph 1.
In Argentina, with a population of 40 million people according to the last census, when correlating the previously mentioned data, 120,000 patients with GUCH disease may be estimated.

According to a population study performed in Quebec, congenital heart disease mortality has been declining, and a 31 percent decrease has been found when comparing the 1987-1990 period with the  2002-2005 one, with a 67 percent reduction mainly in children with the most severe forms of heart disease, a mortality reduction of 86 percent for the transposition of the great arteries, 79 percent for univentricular hearts, 63 percent for endocardial cushion defects, and 56 percent for tetralogy of Fallot.

A gradual reduction in death from congenital heart disease in the pediatric and adult population was recorded in the USA between 1979 and 2005, with a 71 percent mortality reduction in patients with transposition of the great arteries, and a 40 percent mortality reduction in patients with tetralogy of Fallot.16
This improved survival rate of patients with congenital heart disease clearly impacts the demographic data of this population.

HEART DISEASE CLASSIFICATION AND INTERNATIONAL NOMENCLATURE

The multiple classifications of congenital heart defects around the world have hindered the advancement of knowledge in this field. 

In the last decades, various European, American, and Canadian groups have agreed on the need for an international language making it possible to unify the databases of these pathologies around the world.17-19
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Graph 1.Estimation of the GUCH population growth with respect to pediatric patients

The first tasks started in 1990 with the Society of Thoracic Surgeons (STS), led by Mauvroudis, and the European Association for Cardio-Thoracic Surgery (EACTS), under the responsibility of Elliot, creating the Congenital Heart Surgery Database.17-18
Its fundamentals defined the need to use a common language (nomenclature), to collect data with a sample base, and to apply mechanisms aimed at ensuring and checking the data entry. Both societies launched, in 1998, a project to create an international nomenclature, which was published in 2000 as the EACTS-STS International Nomenclature and Database.19
That same year, the Association for European Pediatric Cardiology (AEPC) published its nomenclature, called European Pediatric Cardiac Code (EPCC). In 2002, given the need to unify criteria, the International Society for Nomenclature of Paediatric and Congenital Heart Disease (ISNPCH) was established, which, together with the Nomenclature Working Group (NWG) subcommittee, led by Tchervenkov, developed the International Pediatric and Congenital Cardiac Code  (IPCCC) that enabled the cross-mapping of the various classifications mentioned below:20-21-22-23

IPCCC version derived from the STS/ EACTS Database Project; 

IPCCC version derived from the EPCC of the AEPC;

IPCCC version derived from the Fyler codes of Boston Children’s and Harvard University.

The cross-map combining the diagnosis lists of the various versions was submitted in the framework of the 4th World Congress of Pediatric Cardiology and Cardiac Surgery held in Buenos Aires, Argentina, in September, 2005. 

Having a single heart disease classification makes it possible to share and compare statistics from different places in the world. 

Classification based on the heart disease complexity is also highly useful to cardiologists. 

The degree of complexity is simple, moderate, or severe. Each group has a different evolution, with a greater need for new therapeutic cardiac procedures both in terms of hemodynamics and surgery throughout their lives in cases of greater complexity. 

As described above, there arises a need for multidisciplinary professionals who have specific knowledge and are trained in the management of these patients.

This classification is available in the ACC/AHA 2008 Guidelines for the Management of Adults with Congenital Heart Disease.24
Heart disease of SIMPLE complexity
· Native disease;

· Isolated congenital aortic valve disease; 

· Isolated congenital mitral valve disease (excluding parachute and cleft mitral valves); 

· Isolated small atrial septal defect;

· Isolated small ventricular septal defect (not associated to other lesions);

· Mild pulmonary stenosis;

· Small patent ductus arteriosus; 

· Repaired condition;

· Previously ligated or occluded ductus arteriosus; 

· Repaired ostium secundum or sinus venosus atrial septal defect without residua;

· Repaired ventricular septal defect without residua.

Heart disease of MODERATE complexity
· Aorto–left ventricular fistulas;

· Anomalous pulmonary venous drainage, partial or total;

· Atrioventricular septal defects (partial or complete);

· Coarctation of the aorta;

· Ebstein’s anomaly;

· Significant infundibular obstruction of the right ventricular outflow;

· Ostium primum atrial septal defect;

· Patent ductus arteriosus (not closed);

· Pulmonary valve regurgitation (moderate to severe);

· Pulmonary valve stenosis (moderate to severe);

· Sinus of Valsalva fistula/aneurysm;

· Sinus venosus atrial septal defect;

· Subvalvular or supravalvular AS (except hypertrophic obstructive cardiomyopathy);

· Tetralogy of Fallot;

· Ventricular septal defect with:

· Absent valve or valves;

· Aortic regurgitation;

· Coarctation of the aorta;

· Mitral disease;

· Obstruction of the right ventricular outflow tract;

· Straddling tricuspid/mitral valve;

· Subaortic stenosis.

Heart Disease of GREAT or SEVERE Complexity
· Conduits, valved or nonvalved;

· Cyanotic congenital heart disease (all forms);

· Double-outlet right ventricle;

· Eisenmenger syndrome;

· Fontan procedure;

· Mitral atresia;

· Single ventricle (also called double inlet or outlet, common, or primitive);

· Pulmonary atresia (all forms);

· Pulmonary vascular obstructive disease;

· Transposition of the great arteries;

· Tricuspid atresia;

· Truncus arteriosus/hemitruncus;

· Other abnormalities of atrioventricular or ventriculoarterial connection not included above (i.e., crisscross heart, heterotaxy syndromes, isomerism, ventricular inversion).

GUTI-GUCH Health Care Program
Since 2006, at Ricardo Gutiérrez children’s hospital, due to our own history in the advancement of congenital heart disease diagnosis and treatment, we have felt the need to approach the problem of grown-up congenital heart disease patients trying to understand this new population of survivors with their unique and very particular needs. An office for the follow-up of these grown-up congenital heart disease patients was thus created, referred to as the GUTI-GUCH (Gutiérrez-GUCH) Program, with three clearly established objectives:

Care Provision Objective
To follow up congenital heart diseases, to prevent complications, and to provide cardiovascular rehabilitation.

Statistical-Information Objective
To create a specific relational database for this group of patients, called “GUTI-GUCH Register”, which is free and can be easily shared with other GUCH health care centers. It can be currently downloaded and used by filing an application at precongresoGUCH@gmail.com (Graph 2).

Academic Objective 

To further the knowledge of the subject by means of seminars, bibliographical reviews, and class schedules, making it possible, in a second stage, to train cardiologists with grown-up congenital heart disease expertise. 

Graph 2.Guti-Guch Database 
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Since 2007, we have achieved the participation of numerous health care centers, and hope to incorporate all those who have been working on this issue for a long time, to share everything that can improve these people’s quality of life. Finally, a multi-institutional database that is growing in terms of patients and data has been created, thus making it possible to investigate the characteristics specific to this population.25
The GUTI-GUCH Register has 1604 patients who are being followed up, 48.5 percent of whom have a moderate complexity and 21.4 percent, a severe complexity. The second most frequent diagnosis is tetralogy of Fallot, after atrial septal defect. There are 86 patients with single ventricles, the latter being the most frequent diagnosis within the severely complex heart defects. Mortality in the follow up is 3 percent (data analyzed in February, 2016). 

It is worth showing how the classification based on the heart disease complexity helps discriminate the evolution. A greater need for surgical repair can be seen in cases of higher heart disease complexity (Graph 3), as well as the need for resurgery (Graph 4). 
The specific analysis by heart disease is possible once an adequate number of patients have been achieved. For example, in 158 patients who have been operated on for tetralogy of Fallot and are being followed up, we can see that resurgery has been indicated for 50 percent of them 40 years after the surgical repair (Graph 5).
With the information technology advancement and innovation, the emergence of unstructured data interpretation systems for health care purposes enables the real-time analysis of all the physiological data of a patient (vital signs, electrocardiogram, electroencephalogram, cardiac monitors, etc.), referred to as BIG DATA in medicine.  

AÑOS DE VIDA

Graph 5.Need for surgery in Fallot cases 
In a near future, we will be able to use Big Data in this highly heterogeneous cardiology field. One of the promises of Big Data in medicine is to speed up the recognition of the heterogeneity of a disease and to create new distinctions using a large number of measurements in a large population of patients.26
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YEARS OF AGE

GUCH Training 

Caring for grown-up congenital heart disease patients in specialized centers has shown a reduction in mortality.27
In 1996, the Canadian Cardiovascular Society published the Consensus Conference Report on Adult Congenital Heart Disease. This report was the first of its kind.28
Canada is a role model in terms of the organization of its health care system to follow up and treat GUCH patients. 

It is estimated that every 10 million inhabitants, one high complexity care center for GUCH patients is needed. In Argentina, at least four high complexity care centers would be needed for these patients.  
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The health care system urgently needs to be provided with staff trained in the care of grown-up congenital heart disease. These may be pediatric cardiologists receiving training in acquired heart disease for two years, or adult cardiologists training in congenital heart disease for two years. The requirements needed for this training are very well defined in the literature. For this reason, the Children’s Hospital has incorporated, since this year, the “advanced grown-up congenital heart disease program,” endorsed by the University of Buenos Aires, and addressed to adult cardiologists interested in the GUCH subject, Resolution UBA No. 070/16.

CONCLUSIONS 

The time has come to rethink the training of adult cardiologists as far as congenital heart defects are concerned. It is also time to make strategic decisions in terms of health policies to respond to this growing demand.  

We may recall Martin Niemöller’s poem that describes how a problem which needs solutions, but which we initially ignore because it does not affect us, finally ends up doing so.

Sooner or later, we will face this new kind of patients. 
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