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General introduction

GENERAL INTRODUCTION

Since the first surgical techniques for patients with congenital heart disease (ConHD) became
available some 55 years ago, virtually every area of patient care has evolved substantially.
These improvements lead to an increased survival for patients with ConHD, with over 90% of
infants reaching adulthood.'?

This increased survival lead to a shift of focus in that congenital heart disease at adult age
nowadays is considered a chronic disease. Therefore, current research does not only focus
on survival, but also on the quality of life of these patients. The term quality of life is broad
and encompasses many dimensions of life, including - but not limited to - living conditions,
wealth and employment, physical and mental health, education, leisure time, psychosocial
functioning, lifestyle and social adaptation.>*

In order to investigate the impact of living with a congenital heart defect at adulthood, the
aims of this thesis were threefold;

1) To investigate the impact on biographical characteristics

2) To investigate the impact on psychological aspects

3) Toinvestigate the impact on medical aspects

Three large cohort studies were designed to address the aims of this thesis, of which two
were used to study biographical and psychosocial aspects, and the third was used to study
medical effects of ConHD at adulthood.

The first cohort designed to study biographical and psychosocial aspects included all
consecutive patients operated for congenital heart disease in the Erasmus Medical Center
between 1968 and 1980, younger than 15 years at the time of surgery. The first follow-up of
this unique cohort took place in 1990, where the age of the patients varied between 10 and
35 years. At the time of the second follow-up, conducted in 2001, all patients had reached
adult age, ranging from 20-46 years. The present thesis focuses on the third follow-up of
this worldwide unique cohort of patients, who are now between 30-55 years old. With three
follow-ups completed, this cohort offered the unique possibility to study the longitudinal de-
velopments of patients with ConHD over a period of 30 years. Five diagnostic groups (Atrial
Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis (PS), Tetralogy of
Fallot (ToF) and Transposition of the Great Arteries (TGA)) were invited to the out-patient
clinic, and underwent extensive psychosocial and medical examination. During this third
follow-up, new topics that are relevant to congenital heart disease in adulthood (such as
sports, exercise and sexuality) were studied. Since this total cohort underwent surgery in
the same institution where all three follow-ups were conducted, using the same assessment
tools, longitudinal changes in psychosocial and medical variables could be used to identify

problematic areas.
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Chapter 1.1

A second cohort, including all consecutive patients operated between 1980 and 1990
younger than 15 years at the time of surgery, was also studied. Medical, biographical and
psychosocial variables were examined in a similar manner as in the first cohort. At the time of
follow-up in 2010, all patients of this second cohort were between 21-34 years old.

The third cohort used to study the medical impact of ConHD at adulthood was identified
from the nationwide CONgenital CORvitia (CONCOR) registry in the Netherlands and a Bel-
gian tertiary care center adult ConHD database.’ This cohort included all adults with ConHD
and a history of pacemaker implantation. Data on medical history, pacemaker implantation,
pacemaker complications, arrhythmias and major clinical complications were collected from
medical records and pacemaker databases.

Included ConHD diagnoses

Normal human heart

During the fourth week of pregnancy the heart tube is formed, which undergoes a process
of looping, remodeling and separation that transforms it from a tube to a heart with four
chambers.® The heart is one of the organs that has to function almost as soon as it is formed
- starting to beat shortly after its formation. By the end of the tenth week, the heart is fully
functional.® During the fetal period, little blood flows through the lungs. Because the vascular
resistance is high, blood bypasses the lungs through a connection between the left and right
atrium. As soon as the infant takes its first breath after birth, major changes occur in the cir-

culatory system, opening the pulmonary circulation

vu

(by lowering the vascular resistance in the lungs) and

cutting off the blood from the placenta. This, in turn,
causes changes in pressure in the heart, closing the
foramen ovale.®

The normal human heart consists of two separate
circulatory systems, the left and right side, both
divided in two chambers. Oxygen poor blood enters
the heart in the right atrium, passing through the
right ventricle into the lungs. From there, it enters
the left atrium, and through the left ventricle into the

Figure 1. Normal human heart rest of the body.”?

Atrial Septal Defect (ASD)

ASD is the most common form of ConHD at adult age.”® Patients who have an ASD have
a connection between the left and right atrium of the heart.”® Different forms of ASD are

14



General introduction

Figure 2. Normal human heart Atrial Septal Defect

known, the two most common ones being the ‘ostium secundum’ type defect, accounting
for 70% of the cases, and the ‘sinus venosus’ type defect accounting for 15% of the cases.’”
Surgery has been available since roughly the 1960’s.°

Because the left side of the heart has to supply the whole body with oxygenated blood, the
pressure in the left side is higher than in the right side. This pressure difference will lead to
shunting of blood from the left to the right side of the heart. This causes additional work for
the right ventricle, which will have to pump more blood towards the lungs. If left untreated,
this can result in enlargement (dilatation) of the right side of the heart to compensate for the
additional volume.” This, in turn, can cause pulmonary hypertension and arrhythmias (devel-
oped due to increased stress, dilatation and additional work).'*" To prevent complications at
adult age, patients with clinically significant ASD’s are surgically corrected at young age.”'*"
When left untreated, most symptoms occur around the third decade of life, consisting in

mostly shortness of breath and heart palpitations.”

Ventricular Septal Defect (VSD)

A VSD consists of a hole between the left and the right ventricle of the heart, enabling blood
to flow between these two chambers.”® The VSD is the most common form of ConHD at
young age, but because of spontaneous closure (roughly 50%) it is less often seen in the
adult population.” Surgical treatment has been available since roughly 1960." Because the
pressure in the left ventricle is higher than the pressure in the right ventricle, blood will flow
from the left ventricle to the right ventricle during contraction of the heart. This will create
a shunt, in which oxygenized blood will flow to the right side of the heart and re-enter the
lungs. This, in turn, will lead to increased work for the left ventricle and will cause a volume
overload in the lungs with the risk of pulmonary hypertension. Clinical symptoms of VSD
largely depend on the size of the shunt, the localization of the shunt, the presence of pul-

15



Chapter 1.1

Figure 3. Normal human heart Ventricular Septal Defect

monary hypertension and overall clinical condition of the patient. If the shunt is small and
there are no additional complications, there might be an absence of symptoms.” On the other
hand, when the shunt is large this can ultimately lead to pulmonary hypertension, increas-
ing the pressure in the right side of the heart. If this situation continues, the pressure in the
right side will become higher than in the left side, and consequently cyanosis may develop
(because of right-to-left shunting of blood). Other clinical symptoms such as arrhythmias and
heart failure may develop.'*™

Pulmonary stenosis (PS)

In pulmonary stenosis, the pulmonary valve which lies between the right ventricle and the
lungs is obstructed.” This will lead to a higher pressure in the right ventricle enabling it to

U

Figure 4. Normal human heart Pulmonary stenosis
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pump enough blood to the lungs. Symptoms during childhood (other than a heart murmur)
are rare and usually manifest themselves during adulthood.” In the long term, the higher
pressure in the right ventricle can lead to the thickening of the walls of the right ventricle
because of more muscular tissue, also known as (right ventricular) hypertrophy.” The hyper-
trophy may worsen the problem by obstructing the outflow to the lungs even more.” In the
end, if left untreated, PS can lead to right ventricular heart failure, a condition in which the
heart will not be able to pump enough blood to the lungs.” The prognosis of the patients
largely depends on the severity of the PS.”> Mild PS will have a good prognosis, whereas
patients with severe PS may need multiple interventions, even at adult age, to ensure good
survivability and quality of life."

Tetralogy of Fallot (ToF)

Tetralogy of Fallot is named after the French physician Etienne-Louis Arthur Fallot, who first
described this congenital heart defect in 1888."° Tetralogy of Fallot is the most common
cyanotic ConHD amongst newborns. It is a serious congenital heart defect, which requires
surgical treatment. Patients at young age can have cyanotic spells (also known as “tet spells”)
in which the patient becomes cyanotic and can lose consciousness. Before 1954, no surgical
treatment options were available. In 1954, the first total repair of tetralogy of Fallot was done
by a team led by C. Walton Lillehei at the University of Minnesota on an 11-year-old boy."”
Surgical repair on infants has been available since 1971."® Nowadays, patients receive correc-
tive surgery during the first year of life, since uncorrected Tetralogy of Fallot leads to a high
mortality rate.'®®

In Tetralogy of Fallot, there is a problem in the embryogenesis of the ventricular septum
just below the pulmonary valve. This leads to a wrong position of the aorta and pulmonary

Figure 5. Normal human heart Tetralogy of Fallot
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artery, which are moved towards the right side of the heart. This, in turn, leads to four differ-

ent anomalies”:

1) Narrowing of the right ventricular outflow tract, most often by a pulmonary valve steno-
sis, but sometimes by the hypertrophy of the right ventricle itself (subvalvular stenosis).
This will lead to a higher pressure in the right ventricle. The severity of the stenosis in the
outflow tract of the right ventricle can vary greatly between patients.

2) AVSD is present. The increased pressure in the right ventricle will result in blood moving
from the right side of the heart to the left side. This in turn, can lead to cyanosis.

3) The aortic root is moved towards the right of the heart, and is situated between the right
and left ventricle. This will not give any clinical problems to the patient, if the VSD is
closed.

4) There is right ventricular hypertrophy, caused by narrowing of the right ventricular out-
flow tract.

Most adult patients underwent complete surgical repair during childhood. Surgical correc-

tion consists of correction of the right ventricular outflow tract and closure of the VSD by

a patch. The severity of the defect is mostly dependent on the severity of the PS.” During

adulthood arrhythmias and a low exercise capacity may dominate the clinical picture. These

symptoms may occur due to stenosis, insufficiency of the pulmonary valve or the obstructed
outflow tract of the right ventricle.” The shunting from the VSD may also persist into adult-
hood.??2 Patients with ToF are also susceptible to the development of arrhythmias.?'

Transposition of the Great Arteries (TGA)

TGA is one of the more severe forms of ConHD. It was first described at the beginning of the
19th century by Matthew Baillie.* In patients with TGA the pulmonary artery (which trans-
ports blood to the lungs) is connected to the left ventricle, and the aorta (which transports

Figure 6. Normal human heart Transposition of the Great Arteries
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blood to the body) is connected to the right ventricle. This results in the left ventricle pump-
ing blood to the lungs, and the right ventricle pumping blood to the rest of the body. The
deoxygenated blood does not pass through the lungs, causing severe cyanosis in newborns.
Infants can only survive in the presence of a shunt: an ASD, VSD or open duct of Botalli (which
is a connection between the aorta and the pulmonary artery).” If no intervention has taken
place by the first year, 90% of the infants will have passed away.’

The patients in the Erasmus Medical Center cohort from 1968 - 1980 were all operated ac-
cording to the Mustard procedure (also known as the atrial switch procedure). This technique
was developed by Dr. William Mustard at the Hospital for Sick Children in Toronto, Canada,
in 1964.% This procedure connects the vena cava inferior and vena cava superior to the left
ventricle by a prosthesis (baffle), and makes an ASD between the left and right atrium. This
enables the blood to get oxygenated before entering the rest of the body.

Patients operated according to the Mustard procedure show many late complications.”?>2¢
The right ventricle, which lacks the morphology to act as a systemic ventricle may fail.”?2¢
The prognosis of these patients depends strongly on the functioning of the baffle, and the
functioning of the right ventricle.”?>2¢

Impact of ConHD on biographical characteristics

Obtaining a clear picture of the biographical characteristics of patients with ConHD from
literature is challenging, since many of the reported studies are conducted in different coun-
tries, where demographical factors of the normative population can vary extensively. Also the
differences in age-ranges, underlying congenital diagnoses and the use of non-standardized
assessment instruments in combination with small sample sizes, can hamper the interpreta-
tion of biographical data and make it hard to extrapolate the results to our own cohorts.

Living conditions

Despite difficulties comparing various study results, some features of biographical
characteristics are being reported in most of the studies. Among patients with ConHD
there were significantly more who had developed a dependent life style, living with their
parents without a marital or quasi-marital relationship.?’=' Literature on marital status of
patients yields ambiguous results, with some studies reporting in comparison to reference
groups patients with ConHD are involved either less or equally in stable relationships such
as marriage.?®3%32 Daliento et al. found that patients with ConHD have preference for an
overprotective familiar setting.?® Overprotectiveness by parents during early childhood
might have played a role in the delayed process of gaining autonomy.?* This overprotec-
tiveness might have continued from childhood into young adulthood.* The way in which
parents cope with the ConHD of their child has been shown to have impact on quality
of life, where overprotectiveness and a psychologically controlling type of parenting is
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associated with a lower quality of life at a later age and democratic parenting with a better
quality of life.343°

Educational attainment and occupational characteristics

Compared to normative data, lower, similar and higher levels of educational attainment have
been reported.?:303236-38 Qverall, patients with ConHD seem to obtain scores in the normal
range of intellectual capabilities.* However, they may show (subtle) neuropsychological
impairments, mainly involving language deficits and motor dysfunction.® Van Rijen et al.
found a high percentage of special education (24%) in the Erasmus Medical Center cohort
10 years ago.*® Some researchers suggested that frequent periods of cyanosis and cardiac
surgery at young age can lead to neuropsychological impairments and that school absences
due to hospitalizations can lead to learning problems in patients with surgically corrected
ConHD.*#° This could explain why patients with cyanotic defects have shown a lower educa-
tional level.”” However, at adulthood, patients might have caught up with normative samples.
This can explain why literature yields conflicting results on educational level of patients with
ConHD.?323637394142 The process of catching up on educational level compared to normative
data could explain why patients have jobs that are too low for their educational level.?®
Research into the occupational status of patients with ConHD yields conflicting results, with
some studies reporting lower occupational status and some reporting similar occupational
status, or a higher employment rate than expected.?3032363741 Especially in the academic oc-
cupational level patients seem to be underrepresented; Moons et al. reported that patients

with ConHD tend to worry about employment and income. %43

Impact of ConHD on psychological characteristics

Psychopathology

Patients with ConHD seem to be atan increased risk for elevated levels of psychopathology.*-¢
This was especially found in young female patients (during their early twenties), who showed
higher levels of internalizing problems (such as anxiety and depression) compared to norma-
tive data.*** Freitas et al. found that, compared to males, females with ConHD experience
worse psychosocial adjustment, which manifests itself in more somatic complaints, anxiety/
depression, aggressive behavior, attention problems, thought problems, internalizing and
externalizing problems.*” He also found that patients with poor social support showed more

withdrawal and social problems.*”
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Quality of life and subjective health status

Since the term quality of life is broad and encompasses many dimensions of life, many dif-
ferent topics have been addressed in different studies into ConHD, using different types of
questionnaires.32,37*39,41—43,48—52

In quality of life, distinction should be made between the subjective health status as op-
posed to the health-related quality of life. Subjective health status is the subjective percep-
tion by the patient of his/her state of abilities, health-related quality of life encompasses the
subjective appraisal and the personal feelings of the patient about these states of abilities.***
Our study has focused on the subjective health status.

In general, patients with ConHD report favorable results on overall subjective quality of
life, sometimes even better compared with normative data.***® Utens et al. explained this
phenomenon as due to overcompensation, social desirability and “denial”** Despite the
overall favorable quality of life, several studies have shown impairments on the physical com-
ponents of subjective health status. Patients overall indicated they are satisfied with their
lives.® The severity of the congenital heart defect often bears no relationship to reported
quality of life.30%3

Sexual functioning

Previous studies concerning psychosocial well-being of adult patients with ConHD have
largely neglected sexual functioning and only very few studies have reported on this top-
ic.31°5%8 Sexuality is an important part of the quality of life of patients with ConHD, and sexual
problems are perceived by 10% to 20% of patients with ConHD.3'*> Patients report more
worries, distress during sexual activities and a decreased sexual self-esteem.?'*> Females with
ConHD reported sexual problems in 10%-20% of cases, 9% experienced increased or altered
symptoms related to their heart during sexual activity, and nearly one-third (29%) of females
with ConHD had at least once sought medical advice for menstrual discomforts.>>*¢ Problems
increased with worsening (cardiac) functional class, increased ConHD severity and was also
increased for females with cyanotic defects.®® Current counseling practice for sexuality,
contraception and pregnancy in women with ConHD is inadequate, with females rating their
level of information as unsatisfactory.”’

Male patients with ConHD under the age of 40 engage less frequently in sexual relation-
ships than peers from the general population.’® Fears before or during sexual intercourse, as
well as physical symptoms such as dyspnea, feelings of arrhythmia or chest pain are com-
mon.*® A total of 10.0% of males have an erectile dysfunction according to the International
Index of Erectile Function.>®

Patients with ConHD are known to have fewer children compared with the general popula-
tion, and some adult patients have renounced the idea of having children due to their cardiac

malformation 32363742
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Sports in patients with ConHD

Sport participation in adults with ConHD is a relatively new territory and many physicians are
having difficulty in advising patients. Their first concern is safety and they fear that intensive
or competitive sport participation will increase the risk of sudden cardiac death. Literature
has reported lower physical activity for patients with ConHD and there are discrepancies and
gaps in knowledge between what physicians and patients with ConHD consider safe when
practising sports.>>¢62 Patients with ConHD have reported fear of physical exercise and phy-
sicians may have been over-conservative in their advice on sports.>*¢'* On the other hand,
sport participation may also have beneficial effects. In patients with coronary artery disease
sport participation was associated with increased quality of life and decreased anxiety, hostil-
ity and depression scores.®*%

IMPACT OF CONHD ON MEDICAL CHARACTERISTICS

In addition to impact on biographical characteristics and psychological aspects, ConHD has
influence on medical characteristics. In this thesis, the focus will be on implantable pacemak-
ers and Implantable Cardioverter Defibrillators (ICDs) in patients with ConHD.

Implantable Cardioverter Defibrillators and quality of life

The leading cause of mortality in adult patients with ConHD is sudden cardiac death (SCD).%
In comparison with the general population, an adult patient with ConHD has a 25-100 fold
increased risk to die as a result of SCD.*” Implantable cardioverter defibrillators are used as
therapy for patients that are at high risk of developing, or patients that have survived, a
life- threatening cardiac arrhythmia.®® However, the indication of ICD therapy in patients with
ConHD is still a matter of debate. A recent publication by our group investigating the efficacy
of ICD therapy in patients with ConHD demonstrated that 23% of all patients received an
appropriate shock and 41% received at least one inappropriate shock.®® This inappropriate
shock rate is higher compared with other patient groups. Other studies reported an inap-
propriate shock rate of roughly 25% and an appropriate shock rate of roughly 22-30% in
patients with ConHD.87°

Patients with ConHD have to cope with an increased risk to die as a result of SCD.” In
addition, inappropriate shocks delivered to patients who are fully conscious, might cause
stress, anxiety for shock and anxiety for premature death, thereby worsening the psychologi-
cal problems.”"72
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Complications of pacemaker therapy

The improved survival following congenital heart surgery is hampered by both structural and
electrical long-term complications, including: atrioventricular (AV) block, sinus node dysfunc-
tion and atrial arrhythmias.”>”* Many patients with ConHD will require pacemaker therapy
and are subject to lifelong need of reinterventions and follow-up.” Pacemaker implantation
in this population can be challenging due to the complexity of the systemic venous anatomy,
venous obstructions and/or residual intra-cardiac shunting.”*’¢ Furthermore, pacemaker
implantation at young age and the use of epicardial leads has been associated with a high
incidence of lead failures during follow-up.”® Due to these issues, pacemaker therapy
should be considered carefully in patients with ConHD. To improve patient care, knowledge
regarding the indications and impact of pacemaker therapy is essential. Unfortunately, data
on complications in pacemaker implantation are scarce for the adult ConHD population and
large multi-center studies are lacking.”>’® Furthermore, most ConHD studies only focus on
lead failure rate.

Arrhythmias and pacemakers in patients with ConHD

In the general population, several prospective randomized trials have demonstrated that
atrial-based pacing (“physiologic pacing”) reduces the incidence of atrial fibrillation compared
with ventricular pacing.8"#¢ This is not surprising, since loss of AV synchrony due to ventricular
pacing is associated with increased natriuretic peptide levels, sympathetic nervous activa-
tion and atrial pressures; all factors associated with the development of atrial fibrillation 8”58
Whether atrial-based pacing is beneficial in the adult ConHD population is not clear.”

Thesis outline

Chapter 2 addresses the biographical characteristics in two cohorts of patients with ConHD
who underwent surgery at young age in the Erasmus Medical Center. The patients of the
first cohort operated between 1968-1980 were studied in 2011 and the results are presented
in chapter 2.1. The patients with ConHD from the Erasmus Medical Center cohort started
in 2010, are investigated in chapter 2.2. Both chapters also address leisure time and social
participation.

Chapter 3 addresses the psychological aspects of living with ConHD. Chapter 3.1 focuses
on the development of psychopathology between three time points: namely 10, 20 and 30
years of follow-up. Subjective health is studied at 30-year follow-up only. Chapter 3.2 de-
scribes the outcome of sexuality (both for males and females with ConHD) compared to the
normal population. Finally, in chapter 3.3, the participation in sports of patients with ConHD
is studied and its impact on exercise capacity and quality of life is investigated.

Chapter 4 focuses on the medical aspects of living with ConHD in the pacemaker/ICD area.
Chapter 4.1 describes the psychological impact of having an ICD in patients with ConHD.
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Chapter 4.2 describes the incidence and type of complications induced by pacemaker
therapy in patients with ConHD. Chapter 4.3 focuses on the development of arrhythmias
during pacemaker therapy in patients with ConHD.
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ABSTRACT

Objective: Investigating the long-term psychosocial and emotional outcome of cardiotho-
racic surgery during childhood.

Methods: Adult patients (N=251, aged 33-55 years) operated for Atrial Septal Defect
(ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis (PS), Tetralogy of Fallot (ToF) or
Transposition of the Great Arteries (TGA) between 1968-1980 were invited and evaluated in
the Erasmus Medical Center. Psychosocial and emotional functioning was measured using
standardized, validated questionnaires.

Results: Compared with normative data, our cohort of patients with ConHD showed impair-
ments on living conditions, relationships, offspring, occupational level and income. However,
patients with ConHD showed a favorable quality of life and emotional functioning compared
with normative data. Patients with moderate/complex ConHD reported significantly more
physical restrictions, reported more often a lack in physical strength and felt significantly
more often at a disadvantage because of their ConHD compared with patients with simple
ConHD. Compared to 10 years ago, outcomes on biographical characteristics such as living
conditions, marital status and income improved.

Conclusion: Overall, patients with congenital heart disease seem to be catching up with the
normal population. They are capable of leading normal lives, although occupational level
and income are still lower than expected.
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INTRODUCTION

Since the first surgical techniques for patients with congenital heart disease (ConHD) became

available some 55 years ago, virtually every area of patient care has evolved substantially.

These improvements led to an increased survival for patients with ConHD, with over 85%

of infants reaching adulthood."? In order to investigate the long-term outcomes of surgery

during childhood for ConHD, the Erasmus Medical Center started a longitudinal cohort study,
including all consecutive patients operated between 1968 and 1980. The present study is
part of this multidisciplinary cohort study and is worldwide the first study to describe the
third 10-year follow-up this unique patient cohort, now 30 - 43 years after surgical correction
for ConHD. The second follow-up of this same cohort took place in 2001 and the first in 1990
(the patients’age range was 10-35 at that time).
The aims of this study were three-fold;

1) To compare the biographical characteristics, emotional and social functioning (living,
work, leisure time etc.) of adult patients with ConHD with normative data (corrected for
age and gender where possible)

2) To investigate differences in between cardiac diagnostic groups as to biographical char-
acteristics, emotional and social functioning

3) To investigate how the biographical characteristics, emotional and social functioning
changed over a period of 10 years (from 2001 to 2011).

METHODS

Inclusion criteria and patient sample

All consecutive patients who underwent their first open heart surgery for congenital heart
disease between 1968 and 1980 in the Erasmus Medical Center, and were younger than 15
years at the time of surgery were included in this study. Included diagnoses were: Atrial
Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis (PS), Tetralogy of
Fallot (ToF) and Transposition of the Great Arteries (TGA). The first and second follow-up of
this population have been described in detail before.>®

The target population of this third follow-up (2011) consisted of the 412 patients who
participated in the second follow-up in 2001 (all patients had reached adult age at that time).
Of these patients, ten had died (causes: 6 cardiac-related, 3 unknown, 1 accident), 1 under-
went heart transplantation and 28 patients were untraceable. Of the remaining 373 eligible
patients, 102 refused to participate in this study due to practical reasons (work, distance to
hospital). A total of 271 patients participated resulting in a response rate of 73%. Patients
were classified into 2 groups of disease severity according to the classification adopted at
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the American Heart Association Task Force on Adults with CHD.? Patients with corrected ASD,
VSD and PS were classified as simple ConHD (unless they had complications such as severe
ventricular dysfunction), while patients with ToF or TGA (all operated according to Mustard
repair) were classified as moderate to complex ConHD.

Assessment procedure

The research protocol was approved by the institutional ethical committee and complies
with the 1975 Declaration of Helsinki. All patients were approached uniformly and invited
to come to the hospital for extensive cardiac and psychological examination and signed
informed consent before participating. A cardiologist medically examined all patients and
the semi-structured interview and psychological questionnaires were completed. Due to
practical reasons (work, children), 20 patients completed the questionnaires at home. The
questionnaires were administered verbally for patients who had difficulty reading or under-
standing the questionnaires.

Instruments and normative groups

Biographical characteristics such as living conditions, work and income, leisure time, insur-
ances and medical consumption were assessed by a semi-structured interview.’® Normative
data were specified by sex and age wherever possible and were derived from a variety of (very
large) samples of the Dutch population, so that representativeness of normative groups was
warranted.” Sample sizes of these multiple, large normative data groups were not included
in the tables to prevent confusion. Leisure time activities were assessed with standardized
items derived from the Netherlands Bureau of Statistics.”

Emotional functioning was assessed by the psychometrically sound Dutch Personality Ques-
tionnaire (DPQ)."? Four scales of this questionnaire were used, namely Neuroticism, Social
Inadequacy, Hostility and Self-esteem. Neuroticism measures feelings of distress, depression,
instability and insecurity. Social inadequacy assesses problems in social contacts. Hostility
measures the extent of criticism, distrust and intolerance towards other people. Self-esteem
assesses a positive attitude towards work, flexibility and being energetic and self-controlled.
A high score indicates unfavorable outcomes, except on self-esteem, where a low score is
unfavorable.

Quality of life was assessed by the Satisfaction with Life Scale (SWLS) which has been proven

psychometrically sound for patients with ConHD.”™ Normative data was derived form a large
Belgian general population sample.™
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Social functioning. The Perceived Social Support Scale (PSSS12) was used to assess interac-
tions and discrepancies that people experience in receiving social support from their direct

environment.'

Statistical analyses

Categorical variables are represented by frequencies and percentages. When comparing
frequencies, the chi-square test or Fisher exact test was used, where appropriate. Continuous
data are presented as mean + SD. Comparison of continuous variables between groups was
made by independent sample T-tests and in case of a skewed distribution Mann-Whitney-U
tests were used. Two-tailed probability values of <0.05 were considered statistically signifi-
cant. Regarding income, groups were defined by the median income of the ConHD group.
The statistical package IBM SPSS Statistics for Mac version 19.0 (Release 19.0.0) was used.

RESULTS

Biographical characteristics

Overall characteristics (Table 1)

At this third follow-up, compared with normative data patients were living significantly more
often with their parents (p<0.0001) and less often had children (p=0.01) compared with
normative data. Concerning educational level, patients with ConHD less often had a scientific
educational level compared with normative data (p=0.001).

Patients with simple ConHD were significantly older (p<0.0001) and were independently
more often (p=0.021) compared with patients with moderate/complex ConHD. Concerning
offspring, there was no difference between simple ConHD and moderate/complex ConHD
(p=0.7).

Compared to 10 years ago, patients nowadays more often were living independently
(p<0.0001) and more often were married (p<0.0001). In 2001, more than half of the patients
did not have any children, but nowadays the majority had children (p<0.0001). Over time the
educational level has shifted, with patients now having completed a higher level of educa-
tion compared to a decade ago (p<0.001).

Data on work, working conditions and income (Table 2)

Compared With normative data, patients more often had a lower occupational level (p<0.001),
and less often had a higher (p=0.023) or scientific (p=0.04) occupational level. Concerning
income, patients with ConHD earned less compared with normative data (p=0.03). The
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amount of hours worked (part-time/full-time) did not differ from normative data (p=0.621).
Patients reported their sick-leave to be comparable to colleagues. In line, patients indeed
had the same amount of sick-leave (expressed as the percentage of days absent from work)
compared with normative data (4.3% vs. 4.2%).

The majority patients with ConHD did not feel limited in choosing a profession, but pa-
tients with moderate/complex ConHD reported more frequently to feel limited compared
with patients with simple ConHD (p<0.0001). Patients with simple ConHD versus moderate/
complex ConHD did not differ as to the amount of hours worked per week (p=0.6) or sick-
leave (p=0.4). The majority of days absent from work was unrelated to the ConHD; this was
similar for patients with simple versus moderate/complex ConHD (p=0.145). Significantly
more patients with moderate/complex ConHD than simple ConHD visited their doctor be-
cause of their ConHD. Patients with simple ConHD visited their doctor less often because of
a cardiac related reason.

Compared to a decade ago, patients now had a higher occupational level, and nowadays
significantly more patients worked in the scientific category (p<0.001). Patients also received
higher income over time (p<0.001) and over time found it easier to preserve their working
schedule (p<0.001). Compared to 2001, less patients reported to be treated unequally by
their colleagues (p=0.043) or felt isolated form their colleagues (p=0.027).

In 2001, the majority of patients reported to be less often sick compared with colleagues.
This changed significantly over time, with more patients nowadays reporting to be equally
sick compared with colleagues (p=0.016).

View on ConHD (Table 3)

The majority of patients (78%) did not view their ConHD as a serious illness. Patients with
moderate/complex ConHD significantly more often reported to perceive their ConHD as very
serious compared with patients with simple ConHD (p=0.002). Patients perceived their life
expectancy to be equal to that of the normal Dutch population (80 years). This did not differ
between ConHD diagnoses (p=0.6).

Significantly more patients with moderate/complex ConHD compared with simple ConHD
reported to experience physical restrictions (p<0.0001), show a lack in physical strength
(p<0.0001) and sometimes felt to have less control over their body (p=0.041) Also, signifi-
cantly more moderate/complex ConHD patients felt limited to go on a holiday (p=0.047), to
practice sports (p=0.001), to perform a job (p=0.032) and to raise children (p=0.002) com-
pared with patients with simple ConHD. Patients with moderate/complex ConHD felt more
at a disadvantage in life because of their ConHD (p=0.002), and over time this feeling got
stronger (p<0.0001).

Now significantly more (80.2%) patients do not feel restricted because of their scar
(p=0.001) compared with 10 years ago (69.1%). Patients now also felt more positive about
achieving their ideals in life (p=0.011).
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Table 4. Data on leisure time

2011 2011 vs. Norm
Simple  Moderate/complex Total 2011 Norm
n=168 n=83 P n=251 n=~ P
How much time per week do you spend exercising?
+ Never 35.8 56.2 0.002 424 42.7 0.949
+ 1-5hours 55.8 425 0.052 514 443 0.029
+ >5hours 8.5 1.2 0.025 6.1 13.0 0.001
How often per month do you participate in club activities?
+ Never 64.8 76.2 68.6 624
. >Once per month 352 238 0ont 314 376 0048
How much time per week do you spend drawing?
Never 84.2 91.2 0.132 86.5 90.0 0.087
1-5 hours 14.5 75 0.115 122 73 0.006
> 5 hours 1.2 1.2 1.000 12 2.7 0.231
How much hours per week do you play an instrument?
Never 90.9 90.0 0.819 90.6 92.7 0.218
1-5 hours 79 5.0 0.593 6.9 53 0.252
>5hours 1.2 5.0 0.091 24 2.0 0.497
How often do you visit a museum?
Never 68.5 575 0.091 64.9 86.0 0.000
3-11 times per year 303 41.2 0.090 339 13.0 0.000
At least once a month 1.2 1.2 1.000 1.2 1.0 0.000
How much time per week do you spend walking?
+ Never 24.8 8.8 0.003 19.6 17.7 0.451
+ 1-5hours 52.7 62.5 0.149 55.9 63.0 0.024
« >5hours 224 287 0.280 245 19.3 0.043
How much time per week do you spend cycling?
+ Never 27.3 287 0.809 27.8 16.0 0.000
« 1-5hours 60.6 57.5 0.642 596 66.3 0.030
> 5 hours 121 138 0.719 127 17.7 0.036
How often do you go on a holiday?
Never 6.1 75 0.669 6.5 34.0 0.000
Once a year 40.0 31.2 0.184 37.1 483 0.001
More than once a year 53.9 61.3 0.279 56.3 177 0.000
How much hours per day do you spend watching television?
+ <1hour 3.0 76 0.110 4.5 20 0.011
« 1-5hours 23.2 253 0.713 239 10.0 0.000
« 5-10hours 34.1 304 0.558 329 17.0 0.000
+10-20 hours 29.3 253 0.520 280 38.0 0.001
« >20hours 104 114 0.808 10.7 33.0 0.000
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Table 4. (continued)

2011 2011 vs. Norm
Simple  Moderate/complex Total 2011 Norm
n=168 n=83 P n=251 n=~
How much time do you spend at the computer per week?
<30 min 178 19.0 0.821 18.2 -
30-60 min 184 16.5 0.710 178 -
+ 1-2hour 30.1 203 0.106 269 -
« 2-3hours 9.2 15.2 0.165 11.2 -
« >3 hours 24.5 29.1 0.447 26.0 -
How often do you have contact with your family?
+ More than or once a week 822 88.6 0.199 843 -
Two times per month 9.2 76 0.677 8.7 -
Once per month 5.5 25 0.511 45 -
Less than once a month 25 - 0.307 17 -
Rarely/never 0.6 13 0.547 0.8 -
How often do you have contact with your friends or acquaintances?
+ More than or once a week 66.5 734 0273 68.7 -
+ Two times per month 183 19.0 0.896 185 -
« Once per month 73 3.8 0.286 6.2 -
+ Less than once a month 3.0 13 0.402 2.5 -
+ Rarely/never 49 25 0.388 4.1 -

Normative data were derived form the Dutch Central Bureau of statistics in 2011."

Data on leisure time (Table 4)

Compared With normative data, the entire ConHD population spent less time exercising
(p=0.029) and were less engaged in clubs and social organizations. Patients with simple
ConHD spent more hours exercising per week compared with patients with moderate/com-
plex ConHD (p=0.002), however patients with moderate/complex ConHD spent more time

walking compared with patients with simple ConHD (p=0.003).

EMOTIONAL AND SOCIAL FUNCTIONING

Regarding the Dutch Personality Questionnaire (Figure 1), compared with normative data,
patients with ConHD obtained a more favorable score on all scales, including less neuroticism
(for both males and females), less social inadequacy, less hostility (only for patients with an
average or higher than average education) and higher self-esteem. Compared to 10 years
ago, patients showed less hostility and a higher self-esteem.
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Figure 1: The Dutch Personality Questionnaire of patients with ConHD in 2001 and 2011 compared with
normative data

201 401
o 2001
L 23 B 2011
154 o0 5] Hl Norm (2011)
O *
o4 O 204 * 2011 vs Norm p<0.001
[m] 2011 vs Norm p<0.0001
2 2011 vs 2001 p<0.0001
5 10+
0- 0-
Male Female Social <=Lower >=Average Self-
[ E— Inadequacy education education esteem
—_—
Neuroticism -
Hostility

The normative data (black) was derived form the Dutch Central Bureau of Statistics (CBS), and consists
data form data derived in 2011." On all scores except self-esteem, a high score is less favorable. On self-
esteem a high score is more favorable.

Figure 2: Satisfaction with life and overall subjective quality of life for patients with ConHD compared
with normative data

SWLS

25+
20+

15+

Score

10+

ConHD Norm
p<0.0001

Abbreviations: SWLS = Satisfaction with Life scale; ConHD = Total congenital heart disease population;
Norm = Normative data.

On the Satisfaction with Life Scale (Figure 2) patients with ConHD obtained significantly
higher score compared with normative data.

Concerning Social support (PSSS12), normative data were not available, rendering com-
parison with the average Dutch situation not possible. On social support, no significant
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differences were found between patients with simple ConHD and patients with moderate/
complex ConHD. Patients obtained 85.5% of the maximum score for social support from
family and friends, and 100% of the maximum score for social support from a special person.

These findings indicate a favorable social support.

DISCUSSION

Our cohort of patients with ConHD showed impairments on living conditions, relationships,
offspring, occupational level and income. Overall, however, patients showed a favorable
quality of life and emotional functioning compared with normative data.

Patients with moderate/complex ConHD reported significantly more physical restrictions,
reported more often to lack physical strength and felt significantly more often at a disadvan-
tage because of their ConHD compared with patients with simple ConHD. Compared to 10
years ago, biographical characteristics such as living conditions, marital status and income

seem to have improved.

Recent follow-up (2011) versus normative data

Biographical outcome

In this study, patients less often lived independently compared with normative data, this
was found especially in male patients with moderate/complex ConHD. This confirms previous
findings regarding living conditions; Daliento et al. and Simko et al. described that patients
with ConHD have a preference for an overprotective setting, living less independently more
often compared with healthy counterparts.’>'¢

The percentage of patients married in our study (59.8%) was comparable to normative
data, and in line with literature.'® Patients with ConHD are known to have less offspring
compared with normative data, an effect that we observed in our study as well."”"

In 2001, patients in fact had more days of sick-leave from work compared with normative
data (“objectively” assessed), but reported to be less often sick compared with colleagues
(“subjectively” assessed). In the present follow-up, patients reported an equal amount of sick
leave compared with normative data (objectively) and compare to colleagues (subjectively).
These findings indicate that the gap between objective and subjective sick leave, which was
found in 2001 has disappeared in the last 10 years.® This might indicate that when getting
older, patients may acquire a more realistic perception of their actual sick leave.
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Leisure time

Compared with normative data, patients with ConHD spent less time exercising and cycling,
despite positive recommendations in guidelines on exercise for (young) ConHD patients.?°
Patients with moderate/complex ConHD spent less hours practicing sports and exercising,
but more hours walking compared with normative data. It could be that patients with moder-
ate/complex ConHD tried to compensate their physical limitations when practicing sports
by walking more often. Although indicating they significantly more often felt limited as to
going on a holiday, patients with moderate/complex ConHD did not go on holiday less often
compared with patients with simple ConHD. It could have been that these patients choose a
holiday that may be more suited for their physical abilities.

Quality of Life, emotional and social functioning

On both scales of (subjective) quality of life and on the personality questionnaire, patients
obtained more favorable scores compared with the general Dutch population. This may
indicate overcompensation, social desirability or "response shift”>%2' Qur results are in line
with previous studies, in which a good quality of life for patients with ConHD has been
reported.’*?>2* Mostly, impairments found in quality of life studies encompass the physical

issues, 92528

Changes over a period of 10 years in ConHD patients

Biographical characteristics

Compared to a decade ago, more ConHD now more often lived independently. Also, more
patients were married now and had children. Our findings support the idea that ConHD
patients experience a delayed process of autonomy and striving for independence.?'6%
Furthermore, overprotectiveness by parents at a young age might have played a role in the
delayed process of gaining autonomy.**' This overprotectiveness might have continued
from childhood into early adolescence, and into adult age.®

Compared to the previous follow-up 10 years ago, patients obtained a significantly higher
educational level. In this study, the cohort seems to have caught up with normative data as to
education. In literature, contradictionary outcomes are found as to educational level.'¢'*2 This
finding strengthens the idea that school absences due to hospitalizations with frequent periods
of cyanosis and cardiac surgery at young age may result in learning problems and delays at
school.?2%32 At adulthood, patients seem to have caught up with normative samples, perhaps by
spending more time obtaining a higher educational level to compensate physical impairments.

During childhood and early adolescence patients had a lower educational level compared
with normative data. This presumably contributed to the outcome, already a decade ago,
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that the cohort was overrepresented in the lower occupational levels, and underrepresented
in the higher occupational levels compared with normative data.® These previous findings
may explain the present lower income, considering were no differences in full-time and part
time work between the ConHD population and the general Dutch population. Moons et al.
found more worries as to employment and income in adults with ConHD, a finding observed
in our study as well; especially patients with moderate/complex ConHD more often reported
a negative outlook on keeping or finding a good job.?

Over time, more patients appeared to work part-time, a trend not limited to ConHD pa-
tients, but visible in the Netherlands in general."" As with the increased educational level
over time, possibly for the next generation of adults with ConHD, the occupational level may
improve. Compared to 10 years ago, significantly more patients now reported to have no
problems maintaining a full work schedule. It seems patients have adapted to the working
hours in their field of work. Also, less patients reported to feel isolated form their colleagues.
Why this is, remains unclear, it could be that patients do not speak about their ConHD, or that
they found a working environment where it is accepted to talk about their ConHD.

Emotional and social functioning

When looking at quality of life, social and emotional functioning, patients with ConHD seem
to perform better than their healthy counterparts. They obtained better scores on both qual-
ity of life questionnaires, and on emotional and social functioning. These findings are similar
to those of van Rijen et al and Utens et al. who studied the same cohort respectively 10 and
20 years earlier, and are in line with literature.3>'3?2 Now, 30 years later, this seems to be an
ongoing trend, with patients obtaining more favorable scores on hostility and self-esteem
indicating patients are more tolerant and understanding towards others compared to 10
years ago. Possibly these findings may be explained by a high achievement motivation or

overcompensation.®33

Strengths and limitations

To our knowledge, this is the first published psychosocial study to compare psychosocial
characteristics of ConHD patients in between two time points, patients were studied in 2001
and in 2011. To ensure that measurements at both time points were comparable, the same
internationally standardized assessment instruments were used at both times. Only patients
participating in both follow-ups were included. In addition, this study included the unbiased
consecutive series of operated patients, so not only focusing on patients still seen regularly
at the outpatient clinic.

The patients included in this study all had the diagnosis of ASD, VSD, PS, ToF or TGA.
Therefore, the obtained results may not be applicable in other diagnoses, nor in all countries
worldwide.
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Also, normative data was not available for all biographical characteristics, which might

make interpretations more difficult.

Clinical implications

Considering the present, impairments found on education and occupation we recommend
timely neuropsychological screening during childhood, according to the 2008 Guidelines for
the Management of Adults With Congenital Heart Disease.?**® Remedial teaching in case of
learning problems can be offered during childhood to prevent delay in education and - by
consequence — occupational status, and to optimize psychosocial outcome in these areas for
our patients.

Future research

Future research should aim to investigate the quality of life and psychosocial characteristics
of older patients with ConHD. This is the first generation of patients reaching middle adult-
hood, since each new life phase is accompanied by new and unknown challenges further
longitudinal monitoring and systematic research is recommended.

CONCLUSION

Compared with normative data impairments on biographical outcomes were found, these,
however, improved over time. Compared with normative data, patients obtained significantly

better scores on quality of life and emotional functioning compared with normative data.
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ABSTRACT

Objective: Making a historical comparison on the long-term psychosocial outcome of car-
diothoracic surgery during childhood.

Methods: Adult patients operated for Tetralogy of Fallot or Transposition of the Great Ar-
teries between 1980-1990 (recent sample) were compared with patients who underwent
surgery and were investigated ten years earlier (historical sample). Also, atrial switch and
arterial switch patients within the recent sample were compared. Psychosocial functioning
was measured using standardized, validated psychological questionnaires.

Results: Although the recent sample of patients overall shows a favorable quality of life, im-
pairments were found in income, living conditions, relationships, offspring and occupational
level. Compared to the historical sample, the recent sample showed no significant improve-
ments on psychosocial functioning, except for a better educational level. The amount of
educational problems (such as learning difficulties) was still high compared to normative
data. Recently operated patients with Transposition of the Great Arteries (arterial switch)
scored significantly better on the Short Form-36 vitality scale (p=0.02) compared to historical
patients with Transposition of the Great Arteries (arterial switch).

Conclusions: Despite improvements in medical treatment over the past decades, hardly any
change was found in psychosocial outcome of the recent patient sample compared to the
historical patient sample. Especially the percentage of patients needing special education
and showing learning problems remained high, while income was low compared to norma-
tive data.
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INTRODUCTION

The dramatically improved long-term survival of children born with congenital heart disease
has resulted in a new and growing population of adults with repaired Tetralogy of Fallot (ToF)
and Transposition of the Great Arteries (TGA)."? This has raised interest in the quality of life
of these patients.

Adults with ToF or TGA differ from the general population by medical status and medical
history, and have specific psychosocial needs and problems. It has been shown that young
adults with congenital heart disease obtained a lower educational and occupational level
compared to normative reference groups.* Furthermore, as to subjective health status, pa-
tients experienced more limitations in physical functioning.®

Since 1980, many aspects of diagnostic, surgical and medical treatment of congenital heart
disease have improved, supposedly resulting in less physiological stress on the patient. Our
hypothesis is that improvements in cardiological outcome may also specifically resultin more
favorable long-term psychosocial outcome. To the best of our knowledge this study is the
first to test this hypothesis using two cross-sectional samples of all adult patients with ToF or
TGA (matched for age and cardiac diagnosis), comparing results over a 10-year period.

The objective of this study was three-fold: 1) to investigate the psychosocial outcome of
adults operated recently (between 1980 — 1990) for Tetralogy of Fallot or Transposition of
the Great Arteries, 2) to compare those outcomes with a matched historical cohort (operated
between 1968 - 1980), and 3) to make a comparison within the recent Transposition of the
Great Arteries group between patients operated with the Mustard procedure versus the arte-
rial switch procedure.

METHODS

Study design

In this cross-sectional single center study psychosocial outcome of a recent versus a historical
patient sample was compared using a comparable age-range (20-37) and comparable cardiac
diagnostic groups: Transposition of the Great Arteries and Tetralogy of Fallot.

Assessment procedure

For both the recent and historical sample, the institutional ethical committee on human
experimentation approved the research protocol. In both studies, patients were approached
uniformly and signed informed consent before participating. All patients were medically
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examined by a cardiologist in our center. The semi-structured interview and psychological
questionnaires were completed in our hospital. In both samples data collection took place in
the same standardized way.

Recent patient sample

Out of 164 eligible patients, 14 patients were lost to follow-up and 40 did not respond to
multiple invitations. Of the remaining 110 patients, 31 refused to participate resulting into 79
participating patients.

The recent sample (n=79) consisted of all consecutive surviving patients with either Tetral-
ogy of Fallot (ToF) (n=48) or Transposition of the Great Arteries (TGA) (n=31), who underwent
their first open heart surgery in our center between 1980 - 1990, and were younger than
15 years at the time of surgery. At time of follow-up in 2010, all patients were between 20
and 35 years of age. Of the 31 patients with Transposition of the Great Arteries, 18 patients
underwent arterial switch surgery (58%) and 13 patients underwent a Mustard or Senning
procedure (42%). All patients with Tetralogy of Fallot had a complete correction and in 76%
a right-ventricular outflow tract patch was inserted. The median follow-up time of this group
was 24.2 years [22.7 - 26.5].

Excluded were patients who were not able to understand the questionnaires, or were un-
able to read or write Dutch.

Historical comparison

Historical patient selection

The 132 congenital heart disease patients that have been included in the historical patients
sample have been described in detail previously.* These patients were all operated for con-
genital heart disease between 1968 and 1980 in our center, and were evaluated medically and
psychosocially in 2000/2001. Out of this population, we excluded a total of 21 patients who
did not fill in the questionnaires we needed for the historical comparison, and 3 patients were
excluded because of severe mental retardation, resulting in 108 eligible patients. For both

the recent and historical group, the same inclusion and exclusion criteria were maintained.

Matching procedure

Table 1 shows the characteristics of the patients that were included and excluded, for both the
recent and the historical patient sample. For both samples, the same inclusion and exclusion
criteria were maintained. The mean age of the 108 eligible patients in the historical sample
was significantly higher than the selection of patients participating in the recent study. The
mean age of the historical TGA group did not differ from the mean age in the recent group
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(26.0 + 3.9 vs. 26.7 £ 1.6, p=0.33), and also the amount of males and females was the same
between the historical and recent group (29.1% vs. 30.8%, p=0.9). However, patients from
the historical ToF group were significantly older than patients from the recent ToF group. We
therefore removed 19 patients with the highest ages until age was not significantly different
(27.6 £3.8 vs. 26.3 + 3.4, p=0.07), also gender was the same between the historical and recent
group (37.7% vs. 34.1%, p=0.71).

This resulted into 108 included patients (ToF N=53, TGA N=55).

Instruments and normative data

The psychological examination consisted of the following instruments:

Biographical characteristics, such as nationality, living conditions, marital status, offspring,
educational- and occupational status were assessed by a semi-structured interview.® For the
biographical characteristics and social functioning, recent normative data were derived from
the Netherlands Central Bureau of Statistics and, wherever possible, were specified by age
and sex.” These recent reference data were derived from a variety of normative samples. Since
these concerned very large samples, the representativeness for the average Dutch situation

Table 2. Medical and biographical characteristics of the recent and historical sample compared to
normative groups (in percentages)

Recent versus normative data Historical comparison
ToF TGA Total  Norm Total Historical Recent Historical
Total  Switch Mustard ConHD vs.
vs.Norm recent
N=48 N=31 N=18 N=13 N=79 N~ p-value N=108 N=61 p-value
Age 28.5+3.5 26.1£2.7 24.0£1.2 26.7£1.6 27.5+34 268440 264+3.1 0.5
Gender (male) 66.7 67.7 66.7 69.2 67.1 66.7 67.2 0.9
NYHA-class
o 95.8 92 91.7 923 94.5 289 95.7 <0.001
ol 4.2 8 83 77 5.5 533 43 <0.001
o] 17.8 - <0.001
Mentally handicapped 83 32 55 0 6.3 74 8.2 0.9
Daily activities 0.4
« Attending education®  14.6 29 444 7.7 203 - - 93 13.1 0.4
+ Paid job*® 64.6 38.7 16.7 69.2 544 - - 67.3 65.6 0.8
+ Combination above® 4.2 226 27.8 154 114 - - 3.7 6.6 04
+ Looking for work 2.1 0 0 0 13 - - 47 1.6 03
+ Long-termsickleave 4.2 0 0 0 25 - - 37 33 0.9
+ Volunteer unpaid work 2.1 0 0 0 13 - - 0.9 16 0.7
s Protectedworking o0 g0y 77 a9 - - 37 82 02

conditions
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Table 2. (continued)

Recent versus normative data Historical comparison
ToF TGA Total  Norm Total Historical Recent Historical
Total  Switch Mustard ConHD vs.
vs. Norm recent
N=48 N=31 N=18 N=13 N=79 N~ p-value N=108  N=61 p-value
+ Housewife/man 0 0 0 0 0 - - 1.9 0 03
+ Other 0 0 0 0 0 - - 4.7 0 0.09
Living conditions
« Parents 34 54.8 66.7 385 423 23.7 <001 31.8 344 0.7
+ Independently 574 452 333 61.5 526 756 <0.0001 654 59 04
« Institution 85 0 0 0 5.1 07 01 28 6.6 0.2

Marital status

+ No stable relationship®s 59.6 80.6 88.9 69.2 67.9 515 <001 47.7 60.7 0.1

+ Cohabitants 27.7 9.7 11 77 20.5 255 03 243 24.6 1

« Married? 128 9.7 0 23.1 11.5 231 <0.01 26.2 14.8 0.09

« Divorced 19 - 0.3
Offspring

+ No children 87.2 96.8 100 923 91 555 <0.0001 794 88.5 0.13

« 21 children 12.8 32 0 77 9 445 20.6 11.5

Educational attainment?

+ Lower 16.7 143 25 10 159 179 07 48.1 24 0.004

« Average 533 57.1 75 50 54.5 43 0.1 33 52 0.02

« Higher 30 28.6 0 40 29.5 391 02 189 24 0.5
Educational problems

+ Special education 25 16.7 16.7 16.7 218 35 346 233 0.1

+ Doubled a class 458 433 50 333 449 433

+ Learning difficulties 43.8 30 222 4.7 385 433
Occupational level®

« Elementary 36 0 0 0 25 56 02 54 23 0.4

« Lower 357 417 50 40 37.5 195 0.02 40.5 395 0.9

« Average® 50 16.7 50 10 40 40 1 324 37.2 0.6

« Higher® 7.1 41.7 0 50 17.5 241 03 16.2 16.3 1

+ Academic 36 0 0 0 25 107 <0.01 54 4.7 0.9
Duration of employment®

Part-time 16.7 18.2 50 1.1 171 338 <001 24 159 03

Full-time 833 81.8 50 88.9 82.9 66.2 76 84.1

Male

+ Part-time? 9.1 11 50 0 9.7 128 06 10.2 6.3 0.5
+ Full-time? 90.9 88.9 50 100 90.3 87.2 89.8 93.8

Female
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Table 2. (continued)

Recent versus normative data Historical comparison
ToF TGA Total  Norm Total Historical Recent Historical
Total  Switch Mustard ConHD vs.
vs. Norm recent
N=48 N=31 N=18 N=13 N=79 N~ p-value N=108 N=61 p-value
Part-time 375 50 0 50 40 569 03 50 417 0.6
Full-time 62.5 50 0 50 60 43.1 50 58.3
Reason part-time work
+ Heartsolereason 125 0 0 0 6.7 - - 27.8 143 0.5
+ Heartareason 25 0 0 0 133 - - 56 286 0.1
+ Heart noreason 62.5 100 100 100 80 - - 66.7 57.1 0.7
Income
+ <€20000 63.6 66.7 80 60 64.6 413 <0.01 446 619 0.1
+ 2€20000 364 333 20 40 354 58.7 554 386
Sick-leave’ 7 7.1 134 36 7 44 121 5.1 0.1
Sick-leave compared to colleagues
+ More 79 286 30 27.3 153 - - 139 116 0.7
« Equal 34.2 476 50 455 39 - - 333 349 0.9
+ Less 579 23.8 20 27.3 45.8 - - 52.8 53.5 09

Abbreviations: Fallot = Patients with Tetralogy of Fallot; TGA = Patients with transposition of the Great
arteries; Switch = Patients with arterial switch (subgroup of TGA); Mustard = Patients with Mustard correction
(subgroup of TGA); Part-time is working < 36 hours a week; Full-time is working > 36 hours a week.

a) Significant difference Switch versus Mustard.

b) Significant difference in ToF versus TGA.

¢) All patients that do not live together with a partner.

d) Persons living in institutions for mentally handicapped are excluded.

e) Only persons that have a paid job and are between 25 and 35 years of age are included.

f) Sick-leave percentage was used instead of number of days on sick-leave, since the number of hours a
person works a week (full-time/part-time) might vary considerably. P-values could not be calculated since
data on standard deviations or ranges were missing for the normative groups. P-values for the historical
comparison were calculated using Mann-Whitney U tests because of the skewed nature of the data.
Normative data was derived from the Netherlands Bureau of Statistics 2010.” Normative data on daily
activities was not available and is therefore not displayed in the table.

was warranted. Sample sizes of these multiple and very large reference groups were not
indicated in Table 2 to prevent confusion.

Subjective health status was assessed by the Short Form-36.2 Good reliability and validity
for the Dutch Short Form-36 has been reported.® Normative data were derived from a nation
wide, population based Dutch health status survey.’

The Satisfaction with Life Scale was has been proven psychometrically sound to be used
in patients with congenital heart disease.'® Normative data was derived from a large general
population sample.'
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The Linear Analogue Scale was used to assess self-perceived quality of life. This instrument
has been proven valid, reliable and responsive for the congenital heart disease population.'™
Normative data was derived from a large general population sample.’®

Statistical analyses

In order to make the comparison between the historical and the recent sample, both datasets
of the recent and historical patient samples were categorized according to the age and gen-
der categories of normative groups. For categorical characteristics, proportions of patients
are presented in percentages.

P-values were calculated on the basis of 95% confidence intervals. Because of the skewed
nature of the data, Mann-Whitney-U tests were used to assess difference in outcome (Short
Form-36, Satisfaction With Life Scale and Linear Analogue Scale) between diagnostic groups
within the recent patient sample. Pearson Chi-square tests were used to test for differences
in distributions of gender and cardiac diagnoses between both patient samples. If cell values
were less than 5, the Fisher exact test was used. In order to correct for multiple comparisons,
only the differences in biographical characteristics with a level of significance of lower than
0.02 were considered significant. The statistical package IBM SPSS Statistics for Mac version
19.0 (Release 19.0.0) was used. Figures were made using GraphPad Prism version 6.0a for Mac,
GraphPad Software (Released July 18, 2012), La Jolla California USA.

RESULTS

Recent sample versus normative data

Biographical characteristics (Table 2, Figure 1 and 2)

Patients with ToF or TGA were living less often independently (p<0.0001), and were less often
married or had a stable relationship compared to normative data (p<0.01). Patients with ToF
or TGA were less likely to have children compared to normative data, stratified by age and
gender categories (p<0.0001) (Figure 1).

Patients with ToF or TGA obtained a similar educational level compared to normative data,
except for females aged 25 to 35 years, who less often had higher education (p<0.05, not
listed in the Table). As to occupation, recent patients less often had an academic occupational
level (p<0.01), and more often had a lower occupational level (p=0.02) compared to norma-
tive data.

Considering employment, remarkably, patients with ToF or TGA who had a paid job were
less frequently working part-time (p<0.01) and more often working full-time compared to
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Figure 1: Biographical data
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Abbreviations: Living at parents = Proportion of people still living at their parents; mother/father or both;
Married = The proportion of people that are married; Children = The proportion of people that have

one or more children; Recent = The recent study population operated between 1980-1990; Norm =The
Normative group.

p-values were calculated by chi-square tests.

Figure 1 shows the comparison on three different biographical variables between the recently operated
patients with congenital heart disease (shown in light red) and a normative group (shown in dark grey).

Figure 2: Comparison on income between the recently operated congenital heart disease group and the
normative group
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Figure 2 shows the comparison on income between the recently operated congenital heart disease group
and a normative group (matched on age and gender). Shown in light grey is the proportion of the group
that earns < €20 000, shown in dark grey is the proportion of the group that earns = €20 000.

normative data. There was no effect of gender as to working part-time versus full-time. The
ToF or TGA diagnosis did not appear to be the reason for working part-time in the major-
ity of patients (80%). Regarding income, patients with ToF or TGA earned significantly less
compared to the general Dutch population (p<0.01) (Figure 2). Finally, patients with ToF or
TGA showed a significant higher percentage of sick leave compared to the general Dutch
population (7% vs. 4.4%). This effect was mainly found in arterial switch patients.
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Figure 3: Comparison between normative data, recently operated Tetralogy of Fallot patients and
historically operated Tetralogy of Fallot patients
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Abbreviations: Norm = Normative data; Recent = The recent study group operated between 1980-1990;
Historical = The historical group operated between 1968-1980.

a) Significant difference between the normative group and the recently operated congenital heart
disease group.

Figure 3 shows the comparison on the Short Form-36 scale for the recent patients with Tetralogy of
Fallot (shown in dark grey) versus the historical patients with Tetralogy of Fallot (shown in black) and

a normative group (shown in light grey). The Short Form-36 scales range from 0 to 100. Lower scores
indicate poorer subjective health status, higher scores indicate a more favorable subjective health status.

Quality of Life (Table 3)

Subjective health status: Compared to normative data, the recent patient sample obtained
less favorable results on bodily pain, vitality and general health scales. Patients with ToF or
TGA more often experienced bodily pain (p=0.05) and as to vitality, reported to feel more
worn out and tired (p<0.0001). Patients scored their general health as significantly lower and
believed it was likely to get worse over time (p<0.01). Also, the recent sample obtained more
favorable scores (p<0.0001) on social functioning, indicating less interference from physi-
cal or emotional problems in attending social activities. Recent patients reported a better
general mental health compared to normative data (p<0.0001).

Compared to normative data (Figure 3) the recent Tetralogy of Fallot group obtained more
favorable scores on social functioning (p<0.0001) and mental health (p<0.001). Less favorable
scores for the recent Tetralogy of Fallot group were obtained on the vitality scale (p<0.0001)
and general health scale (p<0.01).
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Figure 4: Comparison between normative data, recently operated patients operated with the Mustard
procedure and patients historically operated with the Mustard procedure
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Abbreviations: Norm = Normative data; Recent = The recent study group operated between 1980-1990;
Historical = The historical group operated between 1968-1980.

a) Significant difference between the normative group and the recently operated congenital heart
disease group.

b) Significant difference between the recently operated congenital heart disease group and the
historically operated congenital heart disease group.

Figure 4 shows the comparison on the Short Form-36 scale for the recent patients operated with the
Mustard procedure (shown in dark grey) versus the historical patients operated with the Mustard
procedure (shown in black) and a normative group (shown in light grey). The Short Form-36 scales
range from 0 to 100. Lower scores indicate poorer subjective health status, higher scores indicate a more
favorable subjective health status.

The recent Mustard group obtained more favorable scores compared to normative data,
on social functioning (p<0.0001), mental health (p=0.02), role emotional (p<0.0001), and less
favorable on physical functioning (p=0.01) and vitality (p=0.04) (Figure 4)

Within the recent sample, no differences were found between patients with Tetralogy of Fal-
lot and patients with Transposition of the Great Arteries. When comparing Mustard and arterial
switch procedures within the recent sample, two differences were found: patients operated
with the arterial switch procedure reported better physical functioning compared to patients
operated with the Mustard procedure (p<0.01). This indicates that patients with an arterial
switch feel less limited in performing physical activities compared to patients operated with
the Mustard procedure. Patients operated with the arterial switch procedure reported better
general health compared to patients operated with the Mustard procedure (p=0.05).
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Table 3. Mean scale scores of the recent sample and normative data on instruments

Norm vs. ConHD ToF vs. TGA TGA
ConHD Norm ToF TGA Switch Mustard
n=74 n=1742 n=44 n=30 n=17 n=13

x sd x sd p x sd x sd p x sd X sd p

SF-36
« Physical functioning 928 113 941 132 03 926 135 930 71 03 95 52 885 69 <001
« Rolefunction physical 932 162 922 223 06 949 127 908 202 06 868 236 962 139 0.2

« Bodily pain 8.7 187 91.1 151 005 875 172 855 209 08 858 210 852 215 1.0
+ Social functioning 927 122 808 145 0000 926 118 929 130 08 904 156 962 79 04
+ Mental health 826 135 751 156 0000 820 126 835 148 05 826 164 846 130 08
+ Role function 950 172 915 15 008 924 214 989 61 01 980 81 1000 00 04
emotion
+ Vitality 769 162 903 246 0000 747 182 802 123 04 791 112 815 139 04
+ General health 749 175 806 147 <001 720 170 791 177 01 841 159 727 185 0.05
SWLS 276 48 258 46 <001 275 51 283 37 07 291 31 274 42 05
LAS 802 90 771 89 002 801 97 803 80 09 822 65 779 93 0.1

Abbreviations: ConHD = all ConHD patients (ToF & TGA combined); Norm = Normative data for the
general Dutch population corrected for age and sex where possible; ToF = Patients with Tetralogy of
Fallot; TGA = Patients with Transposition of the Great Arteries, including patients operated with the
arterial switch procedure and patients operated with the Mustard procedure; Switch = Patients with
arterial switch operation; Mustard = Patients operated with the Mustard procedure; SWLS = Satisfaction
with Life scale; LAS = Linear Analogue Scale.

The SF-36 scales range from 0 to 100. Lower scores indicate poorer subjective health status, higher scores
indicate a more favorable subjective health status.

On the Satisfaction with Life Scale, the recent patients showed more favorable scores
compared to normative data (p<0.01). No difference was found for patients with ToF versus
patients with TGA, nor for the patients operated with the arterial switch versus the Mustard
procedure (in-between TGA).

On the Linear Analogue Scale, the recent sample rated their quality of life significantly
higher compared to normative data (p=0.02). No difference was found for patients with
Tetralogy of Fallot versus patients with Transposition of the Great Arteries or patients with
arterial switch versus patients operated with the Mustard procedure.

Recent sample versus historical sample

Medical background

A trend was visible for the age at first treatment between the recent and historical sample
(Recent: median = 0.8[0.5-1.9] years. Historical: median = 1.4[0.6-4.1] years, p=0.07). The
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difference in age at treatment was also observed in recent patients with Tetralogy of Fallot
versus historical patients with Tetralogy of Fallot (median = 1.3[0.6-3.1], respectively 2.8[1.2-
4.7] p=0.008), and a trend for recent patients operated with the Mustard procedure versus
historical patients operated with the Mustard procedure (median = 0.5[0.2-0.7] respectively
0.7[0.4-2.3] p=0.08). No significant difference was found on the number of surgeries using a
right-ventricular outflow tract patch between the recent sample (76%) versus the historical
sample (77%) (p=0.9).

Biographical characteristics (Table 2). A trend was observed showing that the recent pa-
tients less often had a relationship (p=0.1), and were married less often (p=0.09) compared
to the historical sample. Recent patients obtained a significantly higher educational level
compared to the historical sample. Both recent and historical sample showed a comparable
high amount of special education, 35% for the historical group and 23% for the recent group
(p=0.1).

Quality of life (Figure 3 and 4)

Diagnostic groups. Figure 3 shows no differences between recent versus historical patients
with Tetralogy of Fallot on any of the Short Form-36 scales. Figure 4 shows that recent patients
operated with the Mustard procedure obtained more favorable scores on the vitality scale
of the Short Form-36 compared to historical patients operated with the Mustard procedure
(p=0.02). The other non-significant differences, except for general health, all pointed in the
same direction of a better outcome for recently operated patients with Transposition of the
Great Arteries.

DISCUSSION

Although the recent sample of patients with ToF or TGA overall shows a favorable quality of
life, impairments were found on living conditions, relationships, offspring, occupational level,
and also the income of patients with ToF or TGA is still lower than expected. Compared to the
historical sample, the recent sample showed no significant improvements on psychosocial
outcome, except for a better educational level.

To our knowledge, this is the first published psychosocial study making a historical com-
parison on long-term psychosocial outcome between a recent and historical sample of adult
patients with ToF or TGA. To ensure that both samples were comparable, patients with the
same diagnoses and same age-range were selected. Clinically relevant areas of psychosocial
functioning were investigated, using internationally standardized assessment instruments.
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Recent sample versus normative data

Biographical outcome

Although a few older studies showed similar patterns on living less independently and lower
offspring rates, our recent findings still show an impressive impact on living conditions in
our complex ConHD population.' ' The relatively young age of this patient sample cannot
be the sole reason for these findings, since the same categories for age and sex were used
in comparing our patient data with normative data. The low amount of offspring might be
explained by the high amount of patients working full-time, but it can also be the other way
around, that patients less often have children and thus keep on working full-time. The recent
sample obtained a lower occupational level and was earning a significantly lower income
compared to the general Dutch population. Our present findings on living conditions, marital
status and occupational level all point in the same direction of being less independent and
having a lower socio-economic status for patients with ToF or TGA. A delayed process of gain-
ing autonomy and striving for independence might explain the differences in biographical
outcome and occupational level.>'"718 Furthermore, overprotectiveness from parents may
play a role in the delayed process of gaining autonomy.” This research supports previous
research from Kovacs et al., Kokkonen and Pavliaanen et al., van Rijen et al. and Zomer et
al.>"42°The way in which the physician informs the parents may play a role in overprotective-
ness as well.

The recent patients reported a higher amount of sick leave compared to the general Dutch
population. Surprisingly, when asked about sick leave, the majority of patients with ToF or
TGA reported to be less often sick compared to their colleagues. These findings point towards
a gap between objective and subjective sick leave. Van Rijen explained a similar phenom-
enon by “denial’, social desirability or overcompensation by the patients with congenital
heart disease.*

Recent patients still experience more educational related problems compared to norma-
tive groups. The percentage of patients requiring special education in the recent sample was
24%, which is almost seven times as high as compared to normative data (3.5%). Also, 45%
of our patients reported having repeated a class and 39% experienced learning difficulties.
Although normative data on these two categories was not available, we assume that this is
higher than in the general population.?'?? Possible explanations for these findings are the
underlying cardiac diagnoses with frequent periods of cyanosis, cardiac surgery and school
absences due to hospitalizations. These unfavorable findings may be explained neuropsycho-
logical impairments in patients with surgical corrected congenital heart disease, which have
been reported in reviews.?"?2 Besides pre-operative factors (genetics, structured brain injury,
severity of disease), preoperative- (e.g. deep hypothermic circulatory arrest, pH-management
during cooling, hemodulation) and postoperative factors (e.g. number of operations, clinical
and EEG seizures), also school absenteeism may contribute to learning problems. Genetic
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patterns (such as the 22q11 deletion) can play a role in impaired neuropsychological find-
ings, however the amount of mental retardation between the recent and historical group did
not differ so we do not think this has played a major role.?'

Quality of life

Our recent sample reported a quality of life which was comparable or even better than that of
normative groups on three different instruments (Short Form-36, Satisfaction With Life Scale,
Linear Analogue Scale). Our results are in line with previous studies, in which a good quality
of life for patients with Tetralogy of Fallot and patients operated with the Mustard procedure
has been reported.'%'42325

On the Short Form-36 social functioning scale, recent patients obtained a more favorable
outcome compared to normative data. Previous studies have shown that a favorable social
functioning has a protective role against a low quality of life.>?” The favorable self-reported
social functioning on the Short Form-36 scale could therefore be protecting our patients

from a low quality of life.

Recent sample versus historical sample

Biographical outcome

The educational level of the recent sample was significantly better than that of the historical
sample. This might be explained by improved social acceptance of ToF and TGA over time,
stimulating patients to get the same educational levels compared to normative data. Despite
this improvement, the need for special education was comparable in both samples and high
compared to the general population.

The historical sample showed a higher amount of sick leave compared to normative data.
This finding was also seen in the recent sample.

Quality of life

Recent patients with Tetralogy of Fallot obtained comparable scores on all Short Form-36
scales compared to historical patients with Tetralogy of Fallot.

The only significant difference found between the recent and historical patients operated
with the Mustard procedure was the improved Short Form-36 vitality score for current pa-
tients. Although not significant, improvements were found on role limitations due to physical
and emotional health, bodily pain, social functioning and mental health. These findings all
pointed towards a better psychological functioning for patients operated with the Mustard
procedure over time.
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Role of Mustard versus arterial switch surgical procedures

Our data showed comparable psychosocial functioning for patients operated with the
Mustard procedure versus the arterial switch patients. Within the present sample, arterial
switch patients scored more favorable results on two Short Form-36 scales, namely physical
functioning and general health. These findings are in line with Gorler et al., who found no
significant difference between Mustard and switch patients, but did describe a tendency
towards a better result of the arterial repair group in general health perceptions and role
limitations due to emotional problems.?® Loup et al. found that patients operated with the
Mustard/Senning procedure patients showed significantly lower scores on vitality and the
psychological functioning Short Form-36 scales.?* These findings indicate that arterial switch
patients feel less limited in performing physical activities and evaluate their personal health
as being better compared to patients operated with the Mustard procedure. Despite these
improvements, the overall quality of life was not affected as reported on the Satisfaction With
Life Scale and the Linear Analogue Scale.

Clinical implications

The more dependent life-style and high amount of special education are prominentin patients
with ToF or TGA. Patients still score less favorable on vitality and general health compared to
normative data. Considering the problems in the domain of education and occupation of the
recent complex ConHD group, we recommend, in line with the 2008 Guidelines for the

Management of Adults With Congenital Heart Disease, timely neuropsychological screen-
ing during childhood.?*3' Remedial teaching in case of learning problems can be offered to
prevent delay in education and - by consequence - occupational status, and to optimize
psychosocial outcome in these areas for our patients. In case of emotional or behavioral
problems we recommend psychological counseling, preferably by a psychologist with exper-
tise in this specific field.

When looking at the historical picture, some improvements over time can be seen, espe-
cially for patients operated with the Mustard procedure on the quality of life instruments.

Limitations

The patients included in this study either had Tetralogy of Fallot or Transposition of the
Great Arteries and all these patients were followed in a tertiary academic medical center. The
obtained results therefore, may not be representative for all patients with congenital heart
disease.
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Future research

Future research should aim to investigate the relationship between a lower occupational level
and a lower income in patients with ToF or TGA, and what interventions can be implemented
to decrease these impairments in socio-economic status. Also the low offspring rate and low
independence should be studied further. In addition, the relation between psychological
characteristics and quality of life should be investigated in more depth. A large cohort is

advisable to avoid underpowered conclusions.

CONCLUSION

This article presents a comparison between psychosocial problems encountered in patients
with ToF or TGA, operated between 1980 and 1990, to those of patients with ToF or TGA oper-
ated between 1968 and 1980.

Despite evident improvements in treatment, hardly any changes were found in psychoso-
cial outcome. The recent patients showed a favorable quality of life, despite several psycho-
social impairments as to relationships, offspring, lower occupational level and lower income.

73



Chapter 2.2

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

74

Warnes CA. The adult with congenital heart disease: born to be bad? J Am Coll Cardiol 2005; 46:
1-8.

Brickner ME, Hillis LD, Lange RA. Congenital heart disease in adults. First of two parts. N Engl J
Med 2000; 342:256-63.

Kovacs AH, Sears SF, Saidi AS. Biopsychosocial experiences of adults with congenital heart dis-
ease: review of the literature. Am Heart J 2005; 150: 193-201.

van Rijen EH, Utens EM, Roos-Hesselink JW, et al. Psychosocial functioning of the adult with
congenital heart disease: a 20-33 years follow-up. Eur Heart J 2003; 24: 673-83.

van Rijen EH, Utens EM, Roos-Hesselink JW, et al. Current subjective state of health, and longi-
tudinal psychological well-being over a period of 10 years, in a cohort of adults with congenital
cardiac disease. Cardiol Young 2005; 15: 168-75.

Utens EMWJ, van Rijen EH, Erdman RAM, et al. Rotterdams Kwaliteit van Leven - Interview. 2000.
Netherlands Central Bureau of Statistics 2010.

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care 1992; 30: 473-83.

Aaronson NK, Muller M, Cohen PD, et al. Translation, validation, and norming of the Dutch lan-
guage version of the SF-36 Health Survey in community and chronic disease populations. J Clin
Epidemiol 1998; 51: 1055-68.

Moons P, Van Deyk K, De Bleser L, et al. Quality of life and health status in adults with congenital
heart disease: a direct comparison with healthy counterparts. Eur J Cardiovasc Prev Rehabil 2006;
13:407-13.

Kokkonen J, Paavilainen T. Social adaptation of young adults with congenital heart disease. Int J
Cardiol 1992; 36: 23-9.

Sairanen HI, Nieminen HP, Jokinen EV. Late results and quality of life after pediatric cardiac sur-
gery in Finland: a population-based study of 6,461 patients with follow-up extending up to 45
years. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. 2005:168-72.

Nieminen H, Sairanen H, TikanojaT, et al. Long-term results of pediatric cardiac surgery in Finland:
education, employment, marital status, and parenthood. Pediatrics 2003; 112: 1345-50.

Moons P, De Bleser L, Budts W, et al. Health status, functional abilities, and quality of life after the
Mustard or Senning operation. Ann Thorac Surg 2004; 77: 1359-65; discussion 65.

Kamphuis M, Ottenkamp J, Vliegen HW, et al. Health related quality of life and health status
in adult survivors with previously operated complex congenital heart disease. Heart 2002; 87:
356-62.

Moons P, Van Deyk K, Marquet K, De Bleser L, De Geest S, Budts W. Profile of adults with congenital
heart disease having a good, moderate, or poor quality of life: a cluster analytic study. Eur J Car-
diovasc Nurs 2009; 8: 151-7.

Utens EM, Verhulst FC, Erdman RA, et al. Psychosocial functioning of young adults after surgical
correction for congenital heart disease in childhood: a follow-up study. J Psychosom Res 1994; 38:
745-58.

Simko LC, McGinnis KA, Schembri J. Educational needs of adults with congenital heart disease. J
Cardiovasc Nurs 2006; 21: 85-94.

Ong L, Nolan RP, Irvine J, Kovacs AH. Parental overprotection and heart-focused anxiety in adults
with congenital heart disease. Int J Behav Med 2011; 18: 260-7.



Long-term psychosocial outcome of adults with Tetralogy of Fallot and Transposition of the Great Arteries

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Zomer AC, Vaartjes |, Uiterwaal CS, et al. Social burden and lifestyle in adults with congenital heart
disease. Am J Cardiol. 2012; 109(11): 1657-63

Wernovsky G. Current insights regarding neurological and developmental abnormalities in chil-
dren and young adults with complex congenital cardiac disease. Cardiol Young 2006; 16 Suppl 1:
92-104.

Miatton M, De Wolf D, Francois K, Thiery E, Vingerhoets G. Neuroco gnitive consequences of surgi-
cally corrected congenital heart defects: A review. Neuropsychol Rev 2006; 16: 65-85.

Daliento L, Mapelli D, Russo G, et al. Health related quality of life in adults with repaired tetralogy
of Fallot: psychosocial and cognitive outcomes. Heart 2005; 91: 213-8.

Ebenroth ES, Hurwitz RA. Long-term functional outcome of patients following the mustard
procedure: the next decade of follow-up. Congenit Heart Dis 2007; 2: 235-41.

Bygstad E, Pedersen LC, Pedersen TA, Hjortdal VE. Tetralogy of Fallot in men: quality of life, family,
education, and employment. Cardiol Young. 2012 Aug; 22(4): 417-23.

Moons P, Gewillig M, Sluysmans T, et al. Long term outcome up to 30 years after the Mustard or
Senning operation: a nationwide multicentre study in Belgium. Heart 2004; 90: 307-13.

Kovacs AH, Saidi AS, Kuhl EA, et al. Depression and anxiety in adult congenital heart disease:
predictors and prevalence. Int J Cardiol 2009; 137: 158-64.

Gorler H, Ono M, Thies A, et al. Long-term morbidity and quality of life after surgical repair of
transposition of the great arteries: atrial versus arterial switch operation. Interact Cardiovasc
Thorac Surg 2011; 12: 569-74.

Loup O, von Weissenfluh C, Gahl B, Schwerzmann M, Carrel T, Kadner A. Quality of life of grown-up
congenital heart disease patients after congenital cardiac surgery. Eur J Cardiothorac Surg 2009;
36: 105-11; discussion 11.

Warnes CA, Williams RG, Bashore TM, et al. ACC/AHA 2008 guidelines for the management of
adults with congenital heart disease: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines
on the Management of Adults With Congenital Heart Disease). Developed in Collaboration With
the American Society of Echocardiography, Heart Rhythm Society, International Society for Adult
Congenital Heart Disease, Society for Cardiovascular Angiography and Interventions, and Society
of Thoracic Surgeons. J Am Coll Cardiol. 2008; 52(23): e143-263

Marino BS, Lipkin PH, Newburger JW, et al. Neurodevelopmental outcomes in children with
congenital heart disease: evaluation and management: a scientific statement from the American
Heart Association. Circulation. 2012 Aug 28;126(9):1143-72.

75












Longitudinal development of
psychopathology and subjective health
status in congenital heart disease adults:
a 30-43 year follow-up in a unique cohort

-
m
T
(]
-
Q
(]
=
v

Opic P, Roos-Hesselink JW, Cuypers JAAE, Witsenburg M, van den Bosch A, van Domburg R,
Bogers AJJC, Utens EMWJ.

Submitted manuscript

Keywords: Psychopathology, Subjective Health Status, Medical Predictors, Historical Comparison,

Congenital Heart Disease




Chapter 3.1

ABSTRACT

Objective: To determine longitudinal changes in psychopathology in a cohort of patients
30-43 years after their first cardiac surgery for congenital heart disease (ConHD) in child-
hood, compare outcomes at the 30-year follow-up with normative data, and identify medical
predictors for psychopathology.

Design: This is the third follow-up (N=266) of a cohort operated for congenital heart disease.
The first and second follow-ups of this same cohort were conducted in 1990 respectively 2001.
At all three follow-ups, psychopathology was assessed with standardized, parallel question-
naires. In 2011 subjective health status was assessed by the Short-Form 36. Medical predictor
variables were derived form medical examination and medical records.

Results: Over a 30-year period, proportions of patients showing psychopathology decreased
significantly (N=152 complete cases).

At the 30-year follow-up, overall outcomes on psychopathology for the ConHD sample
were the same or even better than for normative groups. In addition, subjective health status
was better compared with normative data.

No differences were found between cardiac diagnostic groups. Medical variables that
predicted the course of psychopathology over time are: the scar (as judged by the patient),
results of the first cardiac surgery, and the number of hospitalizations.

Conclusions: Over a 30-year period, psychopathology decreased in patients with ConHD.
Levels of psychopathology in these patients, who are now aged between 30 and 54 years
were comparable or even better than normative data.
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INTRODUCTION

Over the past few decades, improvements in medical treatments have led to an increased
survival in patients with congenital heart disease (ConHD), with nowadays over 90% of
patients reaching adulthood.? The Erasmus Medical Center started a cohort study in order
to investigate the long-term outcome after surgery for ConHD during childhood (<15 years),
including all consecutive patients operated between 1968 and 1980. The present study is the
first study worldwide to examine the third (30-43 year) follow-up of the same unique cohort
of patients, now aged between 30 and 56 years.

The first (1990) and second follow-up (2001) of this cohort showed elevated levels of
psychopathology and psychosocial problems in childhood, adolescence and young adult-
hood.>* Other researchers also reported psychopathological problems and problems regard-
ing subjective (physical) health status in (young) adult patients with ConHD, underlining the
necessity for continuing surveillance.>”

Based on these previous outcomes, problems in psychosocial functioning remain expected
or may have even worsened since patients now have to face the challenges of a new life
phase: middle adulthood, which can be accompanied by physical and cardiac deterioration.

Unfortunately, most other studies in this field were cross-sectional or hampered by shorter
follow-up periods. Limited knowledge is available concerning psychopathology and subjec-
tive health status of this first generation of patients. Also, little is known about longitudinal
pathways of psychopathology from childhood through young and later adulthood.

The present study offers the unique possibility to assess the developmental pathways of
psychopathology in a cohort of patients with ConHD over a period of 30 years, since assess-
ments were done using parallel instruments. Moreover, risk factors for long-term psychopa-
thology can be identified. The aims of this study are:

1) To determine the longitudinal development of psychopathology over a 30 year period (at 10,
20 and 30 years of follow-up) in patients who underwent surgery for ConHD at young age.

2) To compare psychopathological problems and subjective health status of adults with
ConHD at the 30 year follow-up with normative groups and also in between different
cardiac diagnostic groups.

3) To identify medical variables that predict the longitudinal changes in psychopathology
over time.
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METHODS

Inclusion criteria

Included were all consecutive patients who underwent their first open heart surgery for
Atrial Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis (PS), Tetralogy
of Fallot (ToF), or Transposition of the Great Arteries (TGA) between 1968 and 1980 in the
Erasmus Medical Center, and who were younger than 15 years at the time of surgery. The first
and second follow-ups of this cohort took place in 1990 and 2001 (details were described
previously.>812),

The target population of this third follow-up, in 2011, consisted of the 412 patients who
participated in both of the previous two follow-ups. Of these patients, ten were deceased
(causes: 6 cardiac-related, 3 unknown, 1 shooting accident), one underwent heart transplan-
tation, and 28 patients were untraceable. Four patients were excluded because of severe
mental retardation. Of the remaining 369 eligible patients, 103 refused to participate, mostly
due to practical reasons (work, distance to hospital), resulting in 266 participating patients

(response rate of 71%).

Patient sample

Patients were classified into two groups of disease severity according to the classification
adopted at the American Heart Association Task Force on Adults with CHD.'* Patients with
corrected ASD, VSD and PS were classified as simple ConHD, patients with ToF or TGA (Mus-
tard) were classified as moderate/complex ConHD.

Assessment procedure

The institutional ethical committee in the Erasmus Medical Center approved the research
protocol. All patients signed informed consent before participating. During their visit to
the outpatient clinic, a cardiologist performed the cardiac and medical examination and
patients completed psychosocial questionnaires. Questionnaires were administered verbally
to patients who had difficulty reading or understanding the questionnaires. Due to practical
reasons (work, children), 18 patients completed the psychosocial questionnaires at home.

Instruments and normative groups

In 1990, psychopathological problems were assessed by the Youth Self Report (YSR) and the
Child Behavioral Checklist (CBCL).™ In 2001, the parallel, extended versions (i.e. The Young
Adult Self Report (YASR) and Young Adult Behavioral Checklist (YABCL)) were used.’® In 2011,
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the Adult Self Report (ASR) and the Adult Behavior Checklist (ABCL) were used.”” The ABCL
is a parallel version of the ASR and is to be completed by an informant who is familiar with
the adult (a proxy, partner, parent or close relative). On all questionnaires, a Total Problem
score, Internalizing score (anxiety/depression, somatic complaints) and Externalizing score
(reflecting conflict with others) can be calculated. Normative data for 2011 was derived from
the official manual since Dutch normative data was not available for same aged categories."”

Subjective quality of life was assessed by the Short Form-36 (SF-36).'® Physical functioning
was excluded to avoid republishing of data. Good reliability and validity for the Dutch version
of the SF-36 has been reported.’” Normative data was derived from the study of Aaronson et

aI 19

Statistical analyses

Continuous data is represented by mean + SD, categorical variables by percentages. In case
of a skewed distribution (significant Kolmgorov-Smirnov test) medians and interquantile
ranges [IQR] (Q1-Q3) are displayed. Comparison between questionnaires (ASR, ABCL and
SF36) and normative data was analyzed using means + SD according to manuals. Effect sizes
were calculated.?® Percentages of patients scoring in the psychopathological range compared
with normative data were compared using Binomial testing. To test the difference between
ConHD diagnostic groups, t-tests or Mann-Whitney-U tests were utilized. Longitudinal com-
parison was tested by paired sample t-tests or Wilcoxon signed-rank tests.

When comparing categorical variables between ConHD diagnostic groups, the Chi-square
or the Fisher exact test was used. Longitudinal comparison of categorical variables was com-
puted by the McNemar test for 2x2-paired tables and the Stuart-Maxwell test for 3x3 paired
tables.?!

Prediction

Since all patients were adults in 2001, the course of psychopathology at adult age could be
determined by comparing the outcomes on questionnaires between 2001 and 2011 using
88 comparable (the same) items. To identify the predictive value of medical variables on
the course of psychopathology, the changes in outcomes between 2001-2011 on these 88
items were used. Some of the patients with ConHD were children in 1990. This follow-up was
therefore excluded since the items were not completely comparable.

The same medical variables as in the previous two follow-ups were used. A three-phase
strategy was followed for each of the seven variable ‘clusters’ (combination of variables, see
Table 1. In phase 1, each of the separate prediction variables (univariate) was entered in a
linear regression model, corrected for age and gender. This was done to explore the predictive
quality of each predictor separately. In phase 2, each ‘cluster’ of predictors (combination of
variables) was related to the ASR and ABCL outcomes (multivariate analysis) corrected for age
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Table 1. Patient characteristics in 1990, 2001 and 2011

Variable Total ConHD classification
Simple Moderate/complex
n=266 n=179 n=87 P
Biographical status (2011)
Gender
Male 534 49.7 60.9
. Female 466 503 39.1 0080
Age® 39.7[36.2-449]  40.4[37.5-45.3] 38.0[33.8-41.3] <0.0001
Medical history
Duration of pregnancy (weeks) 40.0[39.0-40.0]  40.0[39.0-40.0] 40.0 [40.0-40.0] 0.130
Weight at birth (kg)? 3.3[2.8-3.6] 33[2.7-37] 3.2[3.0-3.6] 0.498
Palliative surgery prior to surgical repair 19.5 28 54.0 <0.0001
First open heart surgery and direct post-operative course
Date first open heart surgery (days/100)° 28.5[21.4-36.6]  28.1[20.3-36.1] 31.4[24.4-37.6] 0.046
Age first open heart surgery (years)? 48[1.1-7.2] 5.5[2.0-8.6] 23[0.6-5.2] <0.0001
Postoperative course (complications) 225 188 30.5 0.035
Results surgery (moderate&poor) 6.2 23 143 <0.0001
Medical course before 1990
Percentage of hospitalizations as a result of heart problems 16.9 79 364 <0.0001
Cardiological check-ups
Less than once per year 457 69.2 345
0.003
Once per year or more 543 308 65.5
Restrictions imposed by physician 37 1.8 78 0.023
Medical course after between 1990-2001
Percentage of hospitalizations as a result of heart problems 143 74 28.0 <0.0001
Cardiological check-ups
+ Less than once per year 46.2 67.5 333
+ Once per year or more 53.8 325 66.7 0001
Restrictions imposed by physician 6.2 6.8 49 0.549
Medical course between 2001-2011
Percentage of hospitalizations as a result of heart problems 24.0 114 494 <0.0001
Cardiological check-ups
Less than once per year 29.0 44.2 19.0
0.002
Once per year or more 71.0 55.8 81.0
Restrictions imposed by physician 6.9 48 1.1 0.067
Present medical status
Medications for the heart 218 15.1 356 <0.0001
Scar judged by physician
+ Well healed 294 27.2 342
+ Moderately healed 574 60.5 50.7 0.370
Poorly healed 132 123 15.1
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Table 1. (continued)

Variable Total ConHD dlassification
Simple Moderate/complex
n=266 n=179 n=87 P
Restrictions from scar (patient)
Never 784 788 77.6

+ Sometimes 14.0 15.6 10.6 0.138

+ Often 76 5.6 1.8
Maximum exercise capacity in % of norm 893+199 925+19.2 827+19.8 <0.0001
ECG sinus rhythm 81.1 91.1 61.2 <0.0001

a) Data are presented as Medians [Q1-Q3].
b) “Date first open heart surgery” shows the number of days/100 that elapsed since the first patient of this
cohort received open-heart surgery. Data are presented as Medians [Q1-Q3].

and gender. The following clusters of medical variables were used as in the previous follow-
up in 2001: medical background, first open heart surgery and post-operative course, medical
course between 2001 and 2011 and medical status between 2001 and 2011. Since these phase
2 analyses were perceived as a first broad selection of predictors, a backward elimination
procedure was used (p-values set to 0.20). The final model in phase 3 contained all of the sig-
nificant variables from phase 2 analyses (p-values < 0.05, backward elimination). Variables that
showed significant results in this final phase 3 model were regarded as final predictors of ASR
and ABCL outcomes. In the tables, the betas presented are the standardized coefficients betas.

For the two outcomes (ASR Total and ABCL externalizing), phase 3 analyses could not be
performed because there was only 1 significant variable in the final model.

Unless otherwise specified (phase 2 regression model), two-tailed probability values of
<0.05 were considered statistically significant. The statistical and graphical packages IBM
SPSS Statistics for Mac, Version 20.0 (2011), R for Mac (64 bit, version 2.14.2), and GraphPad
Prism version 6.0a for Mac (2012) were used.

RESULTS

Patient characteristics (assessed in 1990, 2001 and 2011, Table 1)

Patients with simple ConHD were significantly older at the 30-year follow-up (p<0.0001),
underwent fewer palliative surgeries prior to surgical repair (p<0.0001), received surgery
earlier (p=0.046), received corrective surgery at a later age (p<0.0001), had fewer complica-
tions (p=0.035), and better overall surgical results (p=0.004) compared with patients who had
moderate/complex ConHD.
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Figure 1: Percentages of the ConHD sample and normative group scoring in the ASR and ABCL
psychopathological range over time
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Abbreviations: 1990 = First follow-up in 1990; 2001 = Second follow-up in 2001; 2011 = Third follow-up
in 2011; YSR = Youth Self Report; YASR = Young Adult Self Report; ASR = Adult Self Report; CBCL = Child
Behavioral Check List; YABCL = Young Adult Behavior Check List; ABCL = Adult Behavioral Checklist.

* Indicate that the proportions of patients scoring in the psychopathological range of the corresponding
ConHD total or subsample (male/female) were significantly lower in 2011.

Oindicate that in 2011 results of the corresponding ConHD total or subsample were significantly better
than normative data

Same sample sizes across all three time points: Self reported (N=152) consisted of male (N=79, 52%)
and female (N=73, 48%) patients, same sample sizes across all three time points. Proxy reported (N=58)
consisted of male (N=31, 53%) and female (N=27, 47%) patients, same sample sizes across all three time
points.

The cut-offs that indicate psychopathology are based on the 90th percentiles of the total problems
presented for the normative group and were derived from the manual."”

Percentages of patients showing psychopathology decreased significantly over time both on the ASR
(1990-2011 p<0.0001; 2001-2011 p<0.0001) and ABCL instrument (1990-2011 p=0.031; 2001-2011
p<0.0001).

Figure 1 shows that the percentage of patients showing psychopathology decreased significantly over
time both on the ASR (1990-2011 p<0.0001; 2001-2011 p<0.0001) and ABCL instrument (1990-2011 p =
0.031;2001-2011 p<0.0001).
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Levels of psychopathology over time

In total, 152 patients completed measurements at all three follow-ups (1990, 2001 and 2011).
Figure 1 shows that the percentage of patients with psychopathology decreased significantly
over time both on the self-report (1990-2011 p<0.0001; 2001-2011 p<0.0001) and proxy
report instrument (1990-2011 p =0.031; 2001-2011 p<0.0001).

Figure 2 shows the longitudinal pathways of psychopathology.

Within the ConHD sample, scores from 2001 to 2011 were compared on the 88 overlapping
items of the adult questionnaires. Results showed a significant decline in the mean level of

Figure 2: Self reported and proxy reported psychopathology

Self report
n=28 1990 n=124
(18%) (YSR) (82%)

e

Proxy report

1990
(CBCL) (88%)

Abbreviations: 1990 = First follow-up in 1990; 2001 = Second follow-up in 2001; 2011 = Third follow-up

in 2011; YSR = Youth Self Report; YASR = Young Adult Self Report; ASR = Adult Self Report; CBCL = Child
Behavioral Check List; YABCL = Young Adult Behavior Check List; ABCL = Adult Behavioral Checklist; Red =
Score in the psychopathological range; Green = Score in the normal range.

Data are presented as N (percentage of row total). The cut-offs indicating psychopathology are based on
the 90th percentiles of the total problems presented for the normative group and were derived from the
manual.”

Self-report: half of the 28 patients (18%) who scored in the psychopathological range in 1990, obtained
normal scores in 2001, and by 2011 only 2% (N=4) scored in the psychopathological range. Proxy-report:
12% (N=7) scored in the psychopathological range in 1990, and in 2011 only 2% (N=1) scored in the
psychopathological range.

Figure 2 shows the longitudinal pathways of psychopathology. Half of the 28 patients (18%) who scored

in the self reported psychopathological range in 1990 obtained normal scores in 2001, and by 2011 only
2% (N=4) scored in the psychopathological range again. On the proxy report 12% (N=7) scored in the
psychopathological range in 1990, and in 2011 only 2% (N=1) scored in the psychopathological range again.
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Total Problems, Internalizing and Externalizing items, both on the self- and proxy reports (To-
tal Problems: YASR-ASR: p<0.0001, YABCL-ABCL: p<0.0001, Internalizing: YASR-ASR: p=0.005,
YABCL-ABCL: p=0.036, Externalizing: YASR-ASR: p<0.0001, YABCL-ABCL: p<0.0001)

Mean problem scores on the ASR and ABCL in 2011 (Table 2)

Comparison between ConHD and normative data

On the ASR self-report males (aged 30-35 and 36-39) obtained significantly lower total
problem scores compared with normative data. Females (aged 36-40) showed less psycho-

pathological problems on the ASR total problem score and externalizing scale.

Table 2. Mean problem scores on the ASR, ABCL and SF36in 2011

ConHD classification ConHD compared with normative data
Variable Simple Moderate/complex Total ConHD
p Norm p
n=179 n=87 n=266

ASR Total problem scores

Males 30-35 357+184 339+£154 1.000 346£163 43.0+27.7 0.017
Males 36-39 27.0£19.0 324+£272 0.519 285+216 350+£219 0.007
Females 31-35 4154268 443+31.7 0.967 425+27.8 434+257 0.891
Females 36-40 290+£183 238+203 0.079 27.7£189 36.2+£227 0.000

ABCL Total problem scores

Males 30-35 295+17.3 257+16.6 0.621 27.0+16.6 3494293 0.036
Males 36-39 248+21.1 2294169 0.975 243+20.0 2824252 0.120
Females 31-35 3544215 2414203 0.179 31.0+21.2 3634293 0.324
Females 36-40 224+171 186+ 16.7 0.184 215170 279+23.1 0.004
SF36
Simple Moderate/complex Total ConHD
Total ConHD sample p Norm p
n=179 n=85 n=264
Role Physical 89.7+263 89.1+254 0.873 89.5+26.0 7641363 <0.0001
Bodily Pain 83.6+218 873+18.1 0.179 84.8+20.7 7491234 <0.0001
Social Functioning 9131173 93.8+135 0.209 92.1+16.2 84.0+224 <0.0001
Mental Health 83.5+13.2 8131164 0.232 828+ 144 768+ 174 <0.0001
Role Emotional 90.9 247 9294232 0.537 9154242 823+329 <0.0001
Vitality 725+19.8 720+19.7 0.868 72341938 68.6+19.3 0.005
General Health 752+222 67.7£18.7 0.005 727+213 70.7 £20.7 0.150

Abbreviations: ASR = Adult Self-Report; ABCL = Adult Behavior Check-List.

SF36 expressed in means + SD according to manual and published normative data. Significant differences
between the total ConHD group and published normative data, using one-sample t-tests. Differences
between diagnostic groups on the ASR, ABCL and SF36 were analyzed by Mann-Whitney-U tests. Cohen’s
D indicated a small effect size for both the ASR and the ABCL, for all male and female subgroups.?
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According to proxy reports (ABCL), males (aged 30-35) and females (aged 36-40) showed
less psychopathology on the total problem and externalizing score compared with norma-
tive data.

On all scales of the SF36 instrument, patients reported fewer problems compared with
normative data, except on general health (which was comparable to normative data).

Comparison between ConHD diagnostic groups

Regarding psychopathology (ASR/ABCL) only one difference was found: on the ASR self-
report, females aged between 36-40 years with simple ConHD remarkably reported more
internalizing problems (anxiety and depression) compared with older females with moder-
ate/complex ConHD (data not shown in table).

On the SF36, patients with moderate/complex ConHD reported a worse general health
compared with patients who had simple ConHD (p=0.005).

Discrepancy between informants in 2011 (Table 3)

Table 3 shows the discrepancy between the level of psychopathology as reported by patients
versus proxy reports.

No significant differences were found on total problem scores (p=1.000), internalizing
(p=0.607) or externalizing (p=0.557) scores between patient reports and proxy reports (Total
score p=1.000, internalizing score p=0.607, externalizing score p=0.557).

Table 3. Discrepancies between patients’ (ASR) and their proxy’s (ABCL) ratings in 2011

ABCL
Normal range Psychopathological range
93.4% 2.4%
Normal range
83.6% 7.0%
ASR
2.8% 1.4%

Psychopathological range
5.2% 4.2%

Abbreviations: ASR = Adult Self-Report; ABCL = Adult Behavioral Checklist.
Light grey =Total score (p=1.000); Dark gray = Internalizing problems (p=0.607); Black = Externalizing
problems (p=0.557).
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Prediction of changes in psychopathology over time (ASR and ABCL,

2001-2011)

Due to lack of space, only the results of the final model (phase 3) are presented in Table 4.

Phase 3: the final model (Table 4)

A well-healed scar as judged by the patient was associated with a decrease in psychopathol-
ogy (2011-2011) on the ASR total problem and internalizing scores (phase 2 analysis). Patients
who underwent palliative surgery prior to their first cardiac surgery showed a decrease in
internalizing problems (ASR 2001-2011). Patients who had poor to moderate surgical results
showed an increase over the last decade in total problem and internalizing scores, as re-
ported by others (ABCL). Fewer hospitalizations were associated with a decrease over time in

problems on the ABCL total and internalizing scales.

Table 4. Final model; results of the prediction of changes in the ASR and ABCL outcomes (from 2001-

2011).
Phase3
Outcome Predictors SEB p R?
ASR total* Well-healed scar as judged by patient -0.202 0.004 0.053
ASR internalizing Palliative surgery prior to surgical repair -0.121 0.064
Well-healed scar as judged by patient -0.195 0.003 0054
ASR externalizing® Age at follow-up in 2011 0.111 0.092
Gender -0.124 ooss 7
ABCL total Gender -0.14 0.052
Results surgery (moderate or poor) 0.179 0.014 0.073
Less hospitalizations because of heart problems over time -0.144 0.046
ABCL internalizing Gender -0.137 0.057
Results surgery (moderate or poor) 0.161 0.026 0.081
Less hospitalizations because of heart problems over time -0.187 0.009
ABCL externalizing® Gender 0.051 0.744 0.038

Abbreviations: ASR = Adult Self-Report; ABCL = Adult Behavioral Checklist.

a) For these outcomes results from phase 2 analysis are presented (see description in statistics section).
All separate predictor variables are listed in Table 1.

DISCUSSION

Although patients operated for ConHD overall scored significantly more often in the psycho-
pathological range, this tendency decreased significantly over time. At the 30-year follow-up,
the mean overall problem scores were comparable or even better than those of normative

data. No differences were found on the self and proxy report of psychopathology between
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the cardiac diagnostic groups. Medical variables that predicted changes in psychopathology
from the 20 to 30 year follow-ups were: the scar (as judged by the patient), the results of the
initial cardiac surgery, and the number of hospitalizations over time.

Longitudinal changes in psychopathology over 10, 20 and 30 years

This study showed that the percentages of patients scoring in the psychopathological range
decreased over time, being most prominent during childhood/adolescence, then normal-
izing during adulthood and even reaching significantly lower levels of psychopathology
during later adulthood. This decrease has been hypothesized before.* A possible explanation
might be the normalizing of biographical characteristics. Having reached middle adulthood,
our patients appear to have caught up from a prior delay in gaining autonomy. Most patients
were now living independently, had formed families and had stable careers (Opi¢ et al.,
submitted manuscript).”?? This normalization may have contributed to decreased levels of
psychopathology.

Response shift is another possible explanation; patients may have different values and
internal standards after a life-threatening experience (e.g. cardiac surgery) when compared
with healthy peers.®

A third explanation could be an increase in psychopathology in the normative groups.
Older age might lead to physical complaints and normative data from the manual were used.
However, analyses within the ConHD sample (overlapping items) also demonstrated a sig-
nificant decrease in psychopathology. Moreover, previous analyses showed that emotional
functioning (Dutch Personality Questionnaire) of this sample was significantly better com-
pared to normative data (Opi¢ et al., submitted manuscript). We think these findings clearly
demonstrate that decrease of psychopathology is not just an artifact of change in normative
groups, but a significant pattern, indicated by different informants (patients/proxy’s) and
different instruments. ConHD patients are accustomed to coping with physical limitations,
which appears to be protective for their mental health in this life phase.

Psychopathology and subjective health status compared with normative data

The adult ConHD sample showed similar/lower levels of psychopathology and overall, sub-
jective quality of life was more favorable compared with normative data.

A decade ago, especially young females (age range <27 years) showed elevated rates of
psychopathology which seemed related to disease-specific uncertainties associated with
that specific life phase (e.g. sexual relationships, contraception, pregnancy, having chil-
dren).*#2* During the 20-year follow-up, it was already shown that patients who were in their
late twenties had more favorable outcomes on psychopathology than younger patients. The
present findings confirm this trend, which now appears to continue into middle adulthood.
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Medical variables that predict psychopathology in 2011

Scar

According to self-reports (ASR), a well-healed scar, as judged by the patient was the only
predictor for a decrease in psychopathology from the 20 to 30 year follow-up period. In the
previous follow-up, the cardiac scar was already a significant predictor, thus can be considered
a stable risk factor for psychopathology throughout adult life.>* Negative feelings regarding
the surgical scar have a negative impact on feelings of self-esteem and self-confidence.?

Ten years ago, the cardiac scar predicted both internalizing and externalizing problems.
Patients who now reported fewer restrictions from their scar showed a significant decrease
on internalizing problems only (e.g. anxiety/depression) over the last decade. Literature has
shown that with older age, patients seem to have accepted the scar and find it less impor-
tant.>?

Although the scar now does not have a significant influence on externalizing problems
anymore, it can be concluded that the scar remains a significant factor for the mental health
of patients with ConHD, even in middle adulthood.

Gender

A decade ago, female patients (20-27 years) were especially at risk for significantly elevated
levels of psychopathology. This was attributed to disease specific concerns and worries
during that period in their lives.*'® Now, non-significant decreases in psychopathology for
females in later adulthood were found both on the self-report and proxy outcomes. This can
be explained by the end of a stressful period in their lives.”” Nowadays, these females have
“settled down” and have found their way in society (job, relationship, family life).” The pres-
ent results underline the importance of assessing psychosocial outcomes for both genders

separately.

Medical history

Proxy reports (ABCL) showed that significant predictors for changes in psychopathology over
the last decade were: less hospitalizations over time and better results at initial surgery. These
variables reflected the medical history of the patient. Van Rijen et al previously found that the
number of hospitalizations was associated with an elevated risk for long-term psychopathol-
ogy."° These findings reflect that hospitalizations have an ongoing, long-lasting influence on
psychopathology of patients, even into middle adulthood, from the perspective of people
close to the patient (proxy reports). This has not been reported in previous literature.
Moderate or poor results from the first cardiac surgery in childhood was also a significant
predictor for psychopathology in our cohort, as seen in proxy reports. A possible explana-
tion is that moderate/poor results led to more concerns and anxiety in parents considering
the long-term development of the cardiac status over time. This might have continued into
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adulthood and might possibly have influenced this picture.'®?® Overprotectiveness has been
associated with a lower quality of life at a later age and may have consequences for long-term
mental health.>*

Strengths and limitations

This study is the first to report on levels of psychopathology in a cohort of ConHD adults be-
tween three time points: namely 10, 20 and 30 years of follow-up. Internationally-validated,
questionnaires and a multi-informant approach were used to measure psychopathology and
subjective health status for five diagnostic groups and both genders.

Since this is a one-center study and all patients underwent surgery before 1980, obtained
results may not be generalizable to patients with ConHD who underwent surgery after 1980,
when medical treatment of patients with ConHD was much improved; nor to patients with

more complex or inoperable diagnosis (e.g. univentricular heart).

Future recommendations

In the next decade, deterioration in cardiological function and also acquired heart disease
may occur in patients with ConHD of middle age. This may have a negative impact on their
mental health and subjective health status. Therefore, further systematic longitudinal follow-
up of these patients is recommended.

CONCLUSIONS

Over a 30 year period, psychopathology clearly decreased in patients operated for congenital
heart disease, now aged between 30 and 54 years.
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ABSTRACT

Background: To investigate the overall sexual functioning and disease specific sexual prob-
lems in congenital heart disease (ConHD) patients, for both genders and different cardiac di-
agnostic groups, and compare these with Dutch normative data. Also disease specific sexual
problems were investigated.
Methods: From a longitudinal cohort of patients, operated for ConHD between 1968-1980,
254 patients (median age: 40, 53.4% male) were included in this study: atrial septal defect
(n=72), ventricular septal defect (n=71), pulmonary stenosis (n=30), tetralogy of Fallot (n=53)
and transposition of the great arteries (n=28). Patients completed internationally validated,
generic questionnaires and also disease specific instruments on sexual functioning.
Results: Patients showed a delay in starting sexual activities compared to peers. Females
with ConHD scored significantly worse compared to normative data on all scales of sexual
functioning, indicating a broad range of sexual problems and 15% showed clinical levels of
sexual dysfunction. Of the males, 14% suffered from erectile dysfunction. Males with ConHD
scored worse on erectile function, orgasmic function and satisfaction regarding their sexual
life compared with normative data. No differences were found between the different cardiac
diagnoses

The majority of patients reported disease specific worries and fears about the use of con-
traceptives, heredity, pregnancy and delivery. Patients indicated to have been suboptimally
informed about sexuality in early adolescence.
Conclusions: This study shows that sexual functioning is impaired in ConHD adults. Provid-
ing information to patients about sexuality, pregnancy, delivery and heredity should be

improved, and given at young age.
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INTRODUCTION

The number of adults with congenital heart disease (ConHD) is steadily increasing due to
the successes of pediatric cardiology and open-heart surgery. This nascent demographic
phenomenon is creating major issues concerning the optimal medical and psychological
management of these patients.* Adults with ConHD have very specific needs, both on medi-
cal and psychosocial topics. Previous studies concerning psychosocial well-being and quality
of life in adult ConHD patients have largely neglected sexual functioning and only very few
studies have reported on this topic.*

As part of a longitudinal study following a large cohort of consecutive patients operated
for ConHD at young age, we investigated sexual functioning 30-43 years after cardiac sur-
gery. Sexual functioning was assessed with both internationally validated instruments and
disease-specific questionnaires, for males and females separately.

The aims of this study are:

1) To investigate the overall sexual functioning, for both sexes and different cardiac diag-
nostic groups, and compare this with the general population.
2) To investigate disease specific problems in sexual functioning.

METHODS

Inclusion criteria

The original cohort exists of all consecutive patients who underwent their first open heart sur-
gery for Atrial Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis (PS), Te-
tralogy of Fallot (ToF) or Transposition of the Great Arteries (TGA) between 1968 and 1980 in the
Erasmus Medical Center, and were younger than 15 years at the time of surgery. This cohort has
already been investigated in 1990/1991 and in 2000/2001. The baseline characteristics, medical
and psychosocial results of these investigations have been reported in detail previously.>'°

The target population of this third follow-up (2010-2011) consisted of the 412 patients who
participated in the previous 2 follow-ups. Of these patients, ten had died (causes: 6 cardiac-
related, 3 unknown, 1 accident), 1 underwent heart transplantation and 28 patients were
untraceable. Of the remaining 373 eligible patients, 102 refused to participate in this study
due to practical reasons (work, distance to hospital), leading to a response rate of 73%.

Patient sample

Of the 271 patients who participated and completed psychological instruments, 17 patients
refused to complete the questionnaires on sexual functioning. Patients were classified into
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2 groups of disease severity according to the classification adopted at the American Heart
Association Task Force on Adults with CHD."" Patients with corrected ASD, VSD and PS were
classified as simple ConHD (unless they had complications such as severe ventricular dys-
function), while patients with ToF or TGA (all operated with a Mustard repair) were classified

as moderate to complex ConHD.

Assessment procedure

The research protocol was approved by the institutional ethical committee and complies with
the 1975 Declaration of Helsinki. All patients were approached uniformly and invited to visit
the hospital for extensive cardiac and psychological examination. All participating patients
signed informed consent before participating. During their visit, a cardiologist performed the
cardiac and medical examination. The semi-structured interview and psychological question-
naires were completed during the hospital visit. Due to practical reasons (work, children),
20 patients completed the questionnaires at home. The questionnaires were administered
verbally for patients who had difficulty reading or understanding the questionnaires.

Instruments and normative groups

The Female Sexual Function Index (FSFI) is a multidimensional and standardized self-report
questionnaire used to assess 6 domains of sexual functioning in females.’”> The FSFI has
shown good discriminative validity between females with and without sexual problems.'>'*

The Female Sexual Distress Scale-Revised (FSDS-R) is a 12 item self-report questionnaire
used to assess sexual related personal distress indicating sexual dysfunction. The FSDSR
measures the psychological distress encountered during sexual intercourse.'>'

If a patient scores within the clinical range on both the FSFl and the FSDSR, this is classified
as a DSM-IV sexual disorder. Normative data for both the FSFI and FSDSR were derived from
Kuile et al.'> Normative data on sexual dysfunctions in the general Dutch population were
derived from the Rutgers Foundation.'

The International Index of Erectile Function (IIEF) is a multidimensional self-report ques-
tionnaire that measures erectile function and sexual functioning in males."” Normative data
for the IIEF questionnaire was derived from Rosen et al."” Normative data on erectile dysfunc-
tion in the general Dutch population was derived from the Rutgers Foundation.!”

The ConHD Specific Problems related to Sexual Functioning (CSSP) is a structured self-
report specifically designed for this study by 2 congenital cardiologists and a psychologist
specialized in ConHD to assess the impact of ConHD on sexual functioning (unpublished
questionnaire Utens et al. 2010). Normative data on general sexual functioning of the Dutch

population was derived from the Rutgers Foundation.'s'®
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Statistical analyses

Categorical variables are represented by frequencies and percentages. Where appropriate, a
chi-square test or Fisher’s exact test was used when comparing frequencies. Data on generic
questionnaires (FSFI, FSDSR, IIEF) were analyzed conform to international manuals using
means and standard deviations.'>'” Data on disease-specific questionnaires are represented
with medians and interquantile ranges because of the skewed nature of the data. Compari-
son of continuous variables between groups was made by one-way ANOVA tests. In case of a
skewed distribution Wilcoxon signed rank tests were used. Univariate binary logistic regres-
sion (forced entry model) was used to test for effects of medication on erectile function and
for the effects of educational level, occupational level and income on sexual dysfunctions
in both men en women. Two-tailed probability values of <0.05 were considered statistically
significant. The statistical packages IBM SPSS Statistics for Mac version 19.0 (Release 19.0.0)
and R (64 bit) for Mac, version 2.14.2 were used to preform the calculations.

RESULTS

Baseline characteristics (Table 1)

The baseline characteristics of the 254 included patients (53.5% male, median age 40 years)
are summarized in Table 1. A total of 97% was heterosexual, 2% was homosexual and 1% was
bisexual. The majority of patients were married (59.3%), and 84.5% reported to be sexually
active. Patients with moderate/complex ConHD used cardiac medication significantly more
often than the patients with simple ConHD (p=0.004) and on average, had a worse systemic
ventricular function (p<0.001).

Table 1. Baseline characteristics

ConHD classification ConHD diagnosis
Variable Total Simple Nc'z:’::::/ . ASD VSD PS  ToF  TGA .
n=254 n=173 n=81 n=72 n=71 n=30 n=53 n=28
Age [3:—(1)15] [3;‘—(315] [3:—%11] 0.000 [3:—17] [353313] [3;315] [3:—(1)15] [3:—28] 0.000
Gender
Male 535 50.3 60.5 375 60.6 56.7 56.6 67.9
0.129 0.022
Female 46.5 49.7 395 62.5 394 433 434 321
Marital status
+ Unmarried 16.7 15.6 19.0 0.504 194 14.1 10.0 15.7 250 0535
+ Cohabitants 21.0 20.2 228 0644 194 16.9 30.0 255 179 0546
+ Married 62.3 64.2 58.2 0367 611 69.0 60.0 588 57.1 0.726
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Table 1. (continued)

ConHD classification ConHD diagnosis
Variable Total Simple N(I::‘e::/ . ASD VSD PS  ToF  TGA .
n=254 n=173 n=81 n=72  n=71 n=30 n=53 n=28
Medication
+ No medication 76.5 82.1 64.3 0.004 766 84.8 88.5 72.7 500  0.004
+  Aspirin 49 38 7.1 0.287 4.7 1.5 7.7 9.1 38 0.327
«  Calcium antagonist 0.9 0.6 14 0.524 - 1.5 - - 38 0447
Beta-blocker 75 58 114 0.136 78 6.1 - 6.8 192 0.150
Nitrate - - - - - - - - - -
Anti-arrhythmics 22 1.9 29 0646 3.1 - 38 23 38 0426
Digitalis 0.9 - 29 0.095 - - - - 77 0.026
Duretics 3.1 26 43 0.680 1.6 45 - - 115  0.080
+ ACEinhibitor 8.0 38 17.1 0.001 1.6 76 - 9.1 308  0.000
+ Cholesterol lowering 3.1 26 43 0680 47 - 38 6.8 - 0.160
« Oral anticoagulation 49 32 8.6 0083 47 3.0 - 23 192 0.028
Systemic ventricular function
« Good 62.9 86.4 29.8 0.000 924 80.0 75.0 46.3 - 0.000
« Mildly impaired 24.8 1.9 429 0.000 76 15.0 250 48.1 333 0.000
Moderately impaired 79 - 19.0 0.000 - - - - 533 0.000
Severely impaired 45 17 83 0.035 - 5.0 - 5.6 133 0.052

Abbreviations: ASD = Atrial Septal Defect; PS = Pulmonary Stenosis; TGA = Transposition of the Great
Arteries; ToF = Tetralogy of Fallot; VSD = Ventricular Septal Defect.

Data are presented as n %, unless indicated otherwise. Continuous data are presented as median
[interquartile range (IQR)].

Gender specific sexual functioning compared to normative data

Females (FSFI and FSDSR) (Figure 1)

On all sexual functioning scales (FSFI questionnaire), females with ConHD scored signifi-
cantly worse compared to normative data, indicating a broad range of sexual problems; with
younger females showing worse outcome compared to older females (groups based on
median age of 39 years) (p<0.0001). However, on the FSDS-R scale assessing sexual distress
indicating pathological sexual dysfunction, females obtained similar results compared to
normative data. A pathological sexual disorder was present in 14.6% of our female patients
compared to 17.7% in the reference group (p=0.5)."

In-between ConHD diagnostic groups: No difference was found on either of the question-

naires between diagnostic groups.
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Figure 1
Female sexual functioning and distress
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Abbreviations: ConHD = All congenital heart diseases together; Norm = Normative data.
A high score indicates favorable sexual functioning. On the distress scale, a high score indicates high
distress. Data are presented using means.

Effect of systemic ventricular function: Univariate logistic regression showed no significant
effects of systemic ventricular function on the prevalence of sexual disorders in females
(FSDSR, FSFI and clinical score).

Effects of socio-economic status: Univariate logistic regression showed no significant
effects of occupational level, educational level and income on the prevalence of sexual
disorders in females (FSDSR, FSFl and clinical score).

Males (lIEF) (Figure 2)

Males with ConHD scored worse on erectile function, orgasmic function, intercourse satis-
faction and overall satisfaction compared to normative data. This result indicates a broad
range of sexual problems. A total of 13.7% of males scored within the clinical range of having
erectile dysfunction. This is more than twice as high as in normative data stratified by age
(5.9%, p=0.002). Patients with erectile dysfunction were not significantly older than patients
without (p=0.8). The use of beta-blockers did not have an effect on erectile function in this
population (p=0.9).
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Figure 2
Male sexual functioning
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Abbreviations: ConHD = All congenital heart diseases together; Norm = Normative data.
A high score indicates favorable sexual functioning. Data are presented using means.

Diagnostic groups: No difference was found between the different ConHD diagnoses.

Effect of systemic ventricular function: Univariate logistic regression showed no significant
effects of systemic ventricular function on the prevalence of sexual disorders in males (lIEF
and clinical score).

Effects of socio-economic status: Univariate logistic regression showed no significant
effects of occupational level, educational level and income on the prevalence of sexual
disorders in males (erectile disorders on the IIEF).

Disease specific problems related to sexual functioning (Table 2 - Table 4)

Gender specific sexual aspects are shown in Table 2. Females had their first menstrual period
at a median age of 13 years, which is comparable to the general Dutch population. Cardiac
complaints worsened in 11% of females during menses. Menstrual complaints mainly con-
sisted of pain (41.7%) and excessive blood loss (35.1%). A total of 19.8% required medical
treatment for menstrual related problems.
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Table 2. Female disease specific sexually related aspects, fears & worries

ConHD classification

Total
N=118 Simple Moderate/complex
N=86 N=32 P
N % N % N %
At what age did you get your first menstrual period?
Age (median [IQR]) 13[12-14] 13[12-14] 13[12-14] 0.5

Do you get more complaints from your ConHD or do the complaints change before or after your menstrual period?
Yes 13 11.0 9 105 4 125 0.7

Have you ever experienced one of the following complaints?

+ >5weeks between menses 1 9.5 10 11.8 1 32 03
<5 weeks between menses 7 6.1 7 84 - - 0.2
+ Excessive blood loss 40 35.1 27 325 13 419 03
+ Painful menses 48 417 36 429 12 387 0.7
+ 6 months no menses 14 124 12 14.5 2 6.7 03

Spotting 5 11.6 10 12.2 4 129 1.0

Did you ever need medical attention for menstrual complaints?
Yes 23 19.8 17 200 6 194 09
Are you (pre)menopausal?
Yes 19 16.5 17 20.5 2 6.3 0.1
+ Age (median [IQR]) 45 [42-47] 45[42-47] 44 [42-44] 0.5
Are you receiving medical treatment for your (pre)menopause?

+ Yes 3 26 2 24 1 3.1 1.0

Abbreviation: IQR = Interquantile Range.
Data are displayed as n %, unless indicated otherwise.

Problems before, during and after sexual activity (Online supplemental Table 3)

Patients in our study were on average 18 years old when they first had sexual intercourse. On
average, they had 1 sexual partner during the past 3 months. Roughly a quarter of patients
(24.7%) had sexual intercourse between zero and one times per month, 23.3% had sexual
intercourse between 2 to 3 times per month, almost a third (28.4%) had sexual intercourse
four to nine times per month and the rest (11.4%) had sexual intercourse more than nine
times per month.

The majority (76.5%) of patients felt satisfied with their overall physical appearance. Obesity
was the main reason why some of the patients felt dissatisfied. When rating the appearance
of their scar, patients scored a 5.8 on a scale from 1 to 10 (1 = ugly, 10 = beautiful). The surgical
scar made 11.4% of patients feel ashamed and less attractive during sexual activity. This was
reported significantly more often by females (17.5% versus 6.2% in males, p=0.004).

Of all patients, 11.7% reported having problems with sexual activities because of their
ConHD. This was observed more frequently in females compared to males (16.2% versus
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Online supplemental Table 3. Male and female disease specific fears and worries

ConHD classification Gender
e e e
- N=81 P - - P
N % N % N % N % N %

How old were you when you first had sexual intercourse?

+ (median [IQR]) 18[16-20]  18[16-20]  18[16-20] 0.8 18[16-20] 18[16-20] 0.8
In the past three months, how many sexual partners have you had?

« Sexual partners (median [IQR]) 10-1] 1[1-1] 101-1] 0.5 101-1] 1[1-1] 0.2
In the past month, how often did you have sexual intercourse?

+ None-One 67 247 51 280 16 180 0.1 40 276 27 241 02

+ Two to three 63 232 44 242 19 213 06 29 200 34 270 02

« Fourto nine 77 284 44 242 33 371 0027 41 283 36 286 1.0

«+ Above nine 31 114 25 137 6 6.7 0.1 16 110 15 119 08
Are you satisfied with your overall appearance?

« Satisfied 202 765 134 749 68 800 04 114 809 838 715 0.075

+ Neutral 41 155 31 173 10 118 02 19 135 22 179 03

« Dissatisfied 21 80 14 78 7 82 09 8 57 13 106 0.1
Please rate on a scale from 1to 10 how you feel about the appearance of your scar

+ (median [IQR]) 6[4-8] 6[4-8] 6[5-8] 0.1 6[5-8] 6[4-8] 0.2
During sexual activity, do you experience any of the following complaints because of your heart disease?

« Fear of rejection 0 37 5 27 5 56 03 5 34 5 4 1.0

« Fear of excessive tiredness 12 44 7 38 5 56 05 6 41 6 48 10

« Fear of infarction 9 33 6 33 3 34 10 4 28 5 40 07

+ Fear of sudden death 6 22 3 16 3 34 04 2 14 4 32 04

« Ashamed/less attractive because of scars 31 114 21 115 10 112 09 9 62 22 175 0.004
Do you have problems before, during or after sexual intercourse because of your heart disease?

+ Yes 29 117 12 71 17 218 0.001 10 77 19 162 0.037
My heart disease plays a major influence on the starting and maintaining of a relationship

« (Entirely) true 29 116 15 89 14 175 15 114 14 120

« (Entirely) false 220 883 154 91.1 66 0048 117 886 103 88.1 09
My heart disease has a big influence on my sexual life

« (Entirely) true 24 96 13 76 11 138 1 83 13 111

« (Entirely) false 226 904 157 924 69 863 o 122 917 104 889 04
| cannot fully enjoy my sexual life because of my heart disease

« (Entirely) true 14 56 8 47 6 715 6 45 8 68

+ (Entirely) false 26 044 162 953 7 w5 O 1z 955 19 92
Do you have to stop prematurely with sexual activities because of heart complaints?

+ No 231 939 159 946 72 923 05 122 938 109 940 1.0

+ Rarely 13 53 7 42 6 7.7 03 7 54 6 52 0.9
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Online supplemental Table 3. (continued)

ConHD classification Gender
Total M

N=254 Simple oderate/ Male Female

B Noi73  COmPlex N=136  N=118
N=81 P p

N % N % N % N % N %
+ Often 1 04 1 0.6 - - 1.0 1 0.8 - - 1.0
+ Almost always 1T 04 1 06 - - 1.0 - - 1 09 05

In the past month, how often did you not enjoy sexual activity?

+ Occasionally/Often 44 186 33 205 11 147 03 17 131 27 255 0015
In the past month, how often did you feel insecure about sexual intercourse?

+ Occasionally/Often 37 157 28 175 9 120 03 17 132 20 189 0.2
In the past month, how often did you not get aroused during sexual activity?

+ Occasionally/Often 45 195 33 206 12 169 05 1 87 34 324 0.000
In the past month, how often were you afraid to have sexual intercourse?

+ Occasionally/Often 7 30 5 31 2 28 10 2 16 5 47 03
In the past month, how often were you worried about your sex life?

« Occasionally/Often 56 238 38 235 18 247 08 23 180 33 308 0.021
Were you ever forced to sexual activities against your will?

. Yes 9 78 11 66 8 103 03 6 46 13 113 0051
Are you using any sleep medication, or medication to calm you down?

+ Yes 15 6 8 47 7 89 0.2 8 6 7 6

How well are you informed about the influence of sexual activities on your heart disease?

+ (median [IQR]) 2[1-6] 21[1-6] 2[1-6] 0.8 2[1-5] 2[1-7] 0.064
Would you like to receive more information about the possible influence of sexual activities on your heart disease?

+ Yes 42 172 27 164 15 190 06 24 185 18 158 06

+ No 95 389 64 388 31 392 09 54 415 41 360 04

« Not interested 107 439 74 448 33 418 07 52 400 55 482 02

Abbreviations: IQR = Interquantile Range.
Data are displayed as n %, unless indicated otherwise.

7.7%, p=0.037), and more frequently in moderate/complex ConHD patients compared
to simple ConHD patients (21.8% versus 7.1%, p=0.001). In addition, 11.6% of all patients
reported that their ConHD had a great influence on starting and maintaining a relationship.
Remarkably this was reported significantly more often in the simple ConHD group compared
to the moderate/complex ConHD group (17.5% versus 8.9%, p=0.048). Overall, patients did
not have to prematurely cease with sexual activity due to heart complaints.

About 1 in every 5 patients reported not having enjoyed sexual activity (18.6%), having
feelings of insecurity (15.7%) or felt unable to achieve sexual arousal during sexual activ-
ity (19.5%) within the last month. Not enjoying sexual activity was reported more often by
females compared to males (25.5% versus 13.1%, p=0.015).
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About 1 in 4 patients worry about their sex life (23.8%). This was reported more frequently
by females (30.8% versus 18.0%, p=0.021).

A total of 7.8% of patients reported having been forced to perform sexual activity against
their will. This finding was higher in females compared to males (11.3% versus 4.6%, p=0.05).

When asked to rate the information provided by physicians about sexuality and ConHD,
patients scored a 2.0 on average on a 1-10 Likert scale (1 = not being informed about the
influence of sexuality on ConHD, 10 being optimally informed). Almost half of the patients
(45%) rated the provided information on the possible side effects of sex on their heart condi-
tion as 1, and 68% of patients scored <5 (unsatisfactory).

Contraceptives, pregnancy and heredity (Online supplemental Table 4)

Patients began using contraceptives at a median age of 18 years. The most used contracep-
tive was the condom, followed by oral contraceptives and sterilization. 10.9% of males were
sterilized, versus 5.9% of females (p=0.166). A minority of patients (4.7%) became pregnant
while using contraception.

The vast majority of patients (86.2%) never discussed the possible side effects of different
methods of contraceptives with their physicians. There was a strong gender difference in in-
formation received from the physician; with females asking and receiving more information.
Despite this, only 20% of women reported to have received information from their physicians
regarding the use of contraceptives. Of this group, 56% had to actively ask for this informa-

tion. Females reported having a greater fear of being infertile compared to males (26.2%

Online supplemental Table 4. Facts and concerns regarding contraceptives, pregnancy and heredity

ConHD classification Gender
Total
N=254 Simple Moderate/complex Male Female
N=173 N=81 p N=136 N=118 P
N % N % N % N % N %

How old were you when you started to use contraceptives?

+ Ageinyears (median [IQR]) 18[16-19]  18[16-19] 18[16-20] 0.5 18[17-20]  17[16-19]  0.036
Have you ever had an unplanned pregnancy despite the use of contraceptives?

+ Yes 1" 4.7 9 56 2 2.7 0.5 4 33 7 6.2 0.4
Have you ever had an unplanned pregnancy without the use of contraceptives?

« Yes 7 3.0 6 37 1 14 04 6 4.9 1 09 0.1

Did your physician give you information about the possible side effects that different contraceptives may have?

« Physician started

conversation 14 63 11 71 3 43 0.6 3 27 11 96 0050
+ lasked it myself 17 716 7 45 10 14.5 0009 3 27 14 123 0010
+ Never spoke about it 193 862 137 884 56 81.2 0.1 104 945 89 781 0.000
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Online supplemental Table 4. (continued)

ConHD classification Gender
Total
N=254 Simple Moderate/complex Male Female
N=173 N=81 N=136 N=118
p P
N % N % N % N % N %

Would you like to receive more information about the possible side effects of different contraceptives?

+ | would like more

information 28 127 13 84 15 224 0004 7 64 21 189 0.005
+ I have enough information 66 299 45  29.2 21 313 0.8 29 24 37 333 03
+ Nointerest 127 575 96 623 31 46.3 0026 74 673 53 477 0.003

If you have sexual intercourse, how often do you use a condom?

+ Never 156 706 115 742 41 62.1 0.071 77 642 79 782 0.022
+ Rarely 10 45 4 26 6 9.1 0.069 5 42 5 5.0 1.0
+ Sometimes 13 59 12 7.7 1 1.5 0.1 10 83 3 3.0 0.1
+ Often 1 5.0 7 45 4 6.1 0.7 5 4.2 6 59 0.5
« Always 31 140 17 110 14 21.2 0.045 23 192 8 79 0016
In the past month, how often did you worry about the ability to have children?
+ Never 210 901 144 90.0 66 90.4 1.0 115 913 95 888 0.5
+ Occasionally 13 56 9 5.6 4 55 1.0 7 56 6 5.6 1.0
+ Often 10 43 7 44 3 4.1 1.0 4 32 6 5.6 0.5

Have you ever been afraid of infertility?

. Yes 42 188 33 214 9 129 0.1 14 120 28 262 0.007
Have you ever been afraid about the heredity of your heart disease?

. Yes 117 522 74 484 43 60.6 0089 48 410 69 645 0.000
Have you ever been afraid of any harmful effects of your heart disease on your child?

+ Yes 77 345 46 303 31 43.7 0050 37 322 40 370 0.4
Have you ever been afraid of not having enough energy to raise a child?

. Yes 19 8.6 7 4.6 12 16.9 0.002 7 6.1 12 12 0.2
Have you ever been afraid of a possible lower life expectancy while raising children?

. Yes 23 103 9 59 14 19.7 0.002 13 1117 10 93 0.7
Do you feel your heart disease is a limiting factor in having children?

. Yes 33 146 17 110 16 222 0.027 9 76 24 222 0.002
Are you afraid that pregnancy can have a negative influence on your heart?

. Yes 23 213 9 1.5 14 46.7 0.000 - - 23 213
Are you afraid that pregnancy can have a negative effect on your overall health?

. Yes 23 213 8 10.3 15 50.0 0.000 - - 23 213
Are you afraid that the delivery of your child will have a negative influence on your heart?

+ Yes 30 280 12 156 18 60.0 0.000 - - 30 280
Are you afraid that the delivery of your child will have a negative influence on your overall health?

+ Yes 23 215 8 104 15 50.0 0.000 - - 23 215

Abbreviations: IQR = Interquantile Range.
Data are displayed as n %, unless indicated otherwise.
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versus 12.0%, p = 0.007). In addition, females reported experiencing more feelings of fear
concerning the heredity of their ConHD (64.5% versus 41.0%, p<0.0001). The fear of harmful
effects of their heart disease on the outcome of their child was reported by 34.5% of patients.
This was reported significantly more often in patients with moderate/complex ConHD (43.7%
versus 30.3%, p=0.05). Patients with moderate/complex ConHD also had significantly more
fears of not having enough energy to raise children (16.9% versus 4.6%, p=0.002) and fears
of a lower life expectancy as a disability to fully raise children (19.7% versus 5.9%, p=0.002).
ConHD was a limiting factor in the decision of having children in 14.6% of patients, mostly
in females compared to males (22.2% versus 7.6% p=0.002) and in patients with moderate/
complex ConHD compared to simple ConHD patients (22.2% versus 11.0%, p=0.027).

A total of 21.3% of females feared that pregnancy would have a negative influence on
their heart or on their overall clinical condition. This was found more often in females with
moderate/complex ConHD (p<0.0001). In addition, some of the females feared that delivery
would have a negative effect on their heart (28.0%) and overall health (21.5%). Both of these
findings were higher in females with moderate/complex ConHD group compared to females
with simple ConHD (p<0.0001).

DISCUSSION

The present study shows a broad range of sexual problems in both men and women with
ConHD. Concern over sexual health appeared to be stronger in women. Sexual functioning
was significantly impaired compared to normative data. Concern over sexual health ap-
peared to be stronger in women. Our female patients reported a wide range of problems,
including a lower sexual desire, less arousal, and more pain during sexual intercourse. The
proportion of male patients with erectile dysfunction was more than twice as high as in the
general population. Male sexual functioning was clearly impaired as to satisfaction regarding
intercourse and orgasmic function. Our female patients reported a wide range of problems,
including a lower sexual desire, less arousal, and more pain during sexual intercourse.

No differences were found between cardiac diagnostic groups on generic questionnaires
into sexual functioning. However, disease-specific instruments showed that patients with
moderate/complex ConHD viewed their ConHD as a limiting factor in having children.
Concerns included not having enough energy in raising children, having a lower lower life
expectancy, potentially harmful effects of the pregnancy on their child, their heart and
overall health.
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Disease specific problems related to sexual functioning

An important issue is whether the surgical scar influences personal feelings and hereby
indirectly the sexual functioning of patients. Some patients indicated that the scar was part
of their body and a symbol that their life had been saved. Earlier in life about half of patients
from this same cohort reported to have been troubled by their scar? Now, 10 years later,
during the third follow-up of this cohort, a minor proportion of patients still felt ashamed
because of their scar and felt less attractive. This was especially seen in females. However,
compared to the 2 previous follow-ups, these numbers seem to have declined. A possible
explanation is that with older age, patients seem to have accepted the scar and find it less
important. This hypothesis is supported by Horner et al. who described that patients reported
to conceal or hide their scars mostly during adolescence.” Most problems were observed
around 20 years of age, the age that many people start a relationship. This may imply that the
desire of young females to correct their scar by plastic surgery should be taken seriously, but
does seem age-related and is often not a problem after 10 years.

Patients from our study lost their virginity at a significantly older age compared to the
general Dutch population.’ It has been reported that a lower educational level is associated
with an early age of losing virginity.'® Taking into account the lower educational level of the
present cohort the significantly older age when losing virginity is even more noticeable.”
In our opinion this finding can be explained by possible overprotection from parents.? In
addition, the later age at which patients become independent and gain autonomy could play
a role.’% Finally, feelings of uncertainty or feelings about being less attractive might play a
role here. Previously, during the second follow-up of this study at a younger age, our patients
reported feeling limited due to their surgical scars. This could also have contributed to fear of
rejection, which may cause patients to become sexually active at a later age.

Gender-specific sexual functioning

In our study we found that female patients had their first menstrual period at a median age
of 13 years, which is in line with literature and normative data.’®?* There was no difference
between simple and moderate/complex ConHD patients.

Although females obtained significantly worse outcomes on the FSFI compared to norma-
tive data, the prevalence of sexual disorders in females (14.6% had clinical range on both the
FSFl and FSDSR) did not differ from the general Dutch population. A possible explanation for
this is that the FSDSR instrument is not sensitive enough to measure distress in females with
ConHD. In contrast to the study of Reid et al. we did not find that females with a moderate/
complex ConHD had significantly more sexual partners indicating promiscuity.?® This could
however be explained by the age difference: the patients in our study are older.
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Of the male patients, 13.7% experienced a clinical level of erectile dysfunction, which is
higher than reported previously using the same instruments in ConHD patients, and over
twice as high as in the general Dutch population.'?

Contraceptives, pregnancy and heredity

This study also shows areas in outpatient care to which more attention should be paid. Only a
minority of patients (13.8%) reported to have been fully informed about how sexuality, preg-
nancy, and contraceptives can influence their heart and overall general health.?*° 20% of
females reported to have been informed regarding contraceptives by their physician. Studies
have shown poor knowledge about contraceptives with many misconcepts.>'32 Of course at
the age of 40 this probably is not a big issue anymore, but there seems to be a clear need
for counseling provided at a younger age, preferably before puberty. Information could be
provided by pediatric cardiologists, but also by nurse practitioners or patient organizations.

Clinical implications

Since this cohort has reached the age of 30-56 years, and most patients have children, the
need for sexually oriented information may have disappeared, and may be higher in younger
patients. Patients reported to have had worries and fears in the past about the heredity of
ConHD, harmful effects on the unborn child and infertility. Patients were also worried about
the harmful effects of pregnancy and delivery on their own heart and overall health.'®2®
Caregivers should bear in mind that patients wish to receive information about contracep-
tives and sexual activities.3? Therefore, we would recommend that patients receive disease
specific information regarding sexual activities at young age, before planning to have
children. Considering that most hospitals have combined transfer of patients from pediatric
to adult clinics, this would provide a perfect opportunity to counsel patients about this prob-
lem, for instance by a nurse practitioner. Highlighted topics should at least include the safe
use of contraceptives, sexual activities, pregnancy and delivery.

Strengths and study limitations

This study is the first to report on gender-specific sexual functioning in a systematically fol-
lowed consecutive series of 30-56 year old patients. Both internationally validated generic
questionnaires and disease specific instruments were used to measure sexual functioning for
both genders. Where possible, outcomes were compared to normative data. Unfortunately,
data on sexual functioning in males is scarce. There was no Dutch IIEF data of male refer-
ence groups for the Netherlands. Therefore, IIEF normative data from the USA was used. The
patients included in this study all had the diagnosis of ASD, VSD, PS, ToF or TGA, and all were
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followed in an adult tertiary care center in the Netherlands. Therefore, the obtained results
may not be applicable for all ConHD patients, nor in all countries worldwide. The FSDSR
instrument may not have been specific enough to detect clinical levels of problems with

sexuality in females.

Future recommendations

With increasing age, it can be expected that erectile disorders and menopausal complaints
in ConHD patients may worsen. Systematic follow-up of sexual function is therefore recom-
mended in this population since the present patients with ConHD already show high levels of
sexual dysfunction. Attention for and information on sexual functioning should be organized
for adolescents with ConHD. The extent in which these findings can be extrapolated to other

heart conditions is unknown and should be investigated.

CONCLUSIONS

Sexual functioning in ConHD adults has largely been neglected in psychosocial research. Our
study shows that sexual functioning is hampered substantially in adults with ConHD. Impor-
tantly, providing information to patients about sexuality, pregnancy, delivery and heredity
should be improved and given at a younger age to assure the best holistic care.
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ABSTRACT

Objective: To investigate the effect of sports participation in adults with corrected congenital
heart disease (ConHD) on objective and subjective physical functioning, and to investigate
the safety of sports participation in adults with ConHD.

Methods: Included were all patients who underwent corrective surgery for Atrial Septal
Defect, Ventricular Septal Defect, Pulmonary Stenosis, Tetralogy of Fallot or TGA (Mustard
repair) in our center between 1968 and 1980 and who had a follow-up both in 2001 and
2011.In both 2001 and 2011 patients filled in questionnaires on sports participation, subjec-
tive physical functioning and quality of life. Subjective physical functioning and quality of
life were measured using standardized, validated psychological questionnaires. Objective
exercise capacity was measured by means of ergometric (bicycle) testing.

Results: Patients with moderate/complex ConHD showed worse exercise capacity (p=0.001)
and oxygen uptake (p<0.0001) compared to patients with simple ConHD. Patients with
simple ConHD showed a normal exercise capacity (92.4% of norm), whereas patients with
moderate/complex ConHD showed a decreased exercise capacity (82.8% of norm).

We found no association between practising sports and death.

Half of ConHD patients were practising sports in 2001 and 2011, more than half of these
involved high-dynamic types of sports. Multivariate analysis showed that practising sports
was correlated with an increase in exercise capacity, this effect being larger for patients who
practiced more hours of sports per week.

Conclusion: Engaging in sports can increase the exercise capacity of adults with ConHD and

appears to be relatively safe.
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INTRODUCTION

Since the first surgical techniques for patients with congenital heart disease (ConHD) became
available some 55 years ago, virtually every area of patient care has evolved substantially.
These improvements have led to an increased survival for patients with ConHD, with over
90% of infants reaching adulthood.” In order to investigate the long-term outcomes after
surgery for ConHD, the Erasmus Medical Center started a longitudinal cohort study, which
included all consecutive patients with ConHD who were operated between 1968 - 1980 and
investigated every 10 years.

Sports participation in adults with ConHD is a relatively new territory and many physicians
are having difficulty in advising patients. Their first concern is safety, and, especially in the
past, the fear that intensive or competitive sports participation will increase the risk of sud-
den death has had its impact. In addition, advising and prescribing the right sports activity is
challenging.? There are discrepancies and gaps in knowledge concerning the appreciation of
the safety of practising sports between physicians and patients with ConHD.??

Yet, participation in sports may also have beneficial effects. In patients with coronary artery
disease sports participation is associated with an increased quality of life and decreased
scores of anxiety, hostility and depression.** In the current study we examined the effect
of sports participation in adults with corrected ConHD on objective and subjective physical

functioning.

METHODS

Inclusion criteria

The original cohort consists of all consecutive patients who underwent their first open heart
surgery for Atrial Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis
(PS), Tetralogy of Fallot (ToF) or Transposition of the Great Arteries (TGA) between 1968 and
1980 in the Erasmus Medical Center, and were younger than 15 years at the time of surgery.
This cohort has been investigated in 1991 and in 2001, and the baseline characteristics, medi-
cal and psychosocial results of these investigations have been reported in detail previously.c™

The target population of this third follow-up (2011) consisted of the 362 patients who
participated in the previous follow-up in 2001. Of these patients, 10 died (causes: 6 cardiac-
related, 3 unknown, 1 accident), 1 underwent heart transplantation and 22 patients were
untraceable. Of the remaining 329 eligible patients, 245 patients participated again, leading
to a response rate of 74%. The 245 patients previously examined both in 2001 and 2011 form
the final sample of this study (Figure 1).
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Figure 1: Flow-chart of patient inclusion
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Assessment procedure

The research protocol was approved by the institutional ethical committee of the Erasmus
Medical Center. This study complies with the 1975 Declaration of Helsinki. All patients were
approached uniformly and were invited to visit the outpatient clinic for cardiac and psycho-
logical examination. All participating patients provided written informed consent before
participating. During the outpatient visit, a cardiologist performed cardiac and medical
examination and an exercise test was performed. The sports and psychosocial question-
naires, which are described in detail below, were completed during the hospital visit. Due
to practical reasons (work, children), 17 patients completed the questionnaires at home. The
questionnaires were administered verbally for patients who had difficulty reading or under-
standing the questionnaires.

Instruments and normative groups

Sports participation was measured using four items of the internationally well-known Baecke
questionnaire for assessing habitual physical activity in epidemiological studies.'? Because
the hours of sports participation are categorical by nature, data were categorized using the
classification of the Dutch Central Bureau of Statistics (CBS), which was also used to obtain
normative data representative for the average Dutch population.' The categories “A lot of
sports” (more than 5 hours of sports per week), “Little/Moderate” (in between 1 and 5 hours of
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sports per week) and “None” (no exercise or sports) were used. The types of sports are based
on the study of Mitchell et al.™

Maximal exercise capacity was assessed by bicycle ergometry with gradual increments of
workload of 20 Watts per minute. Exercise capacity was compared to that of normal indi-
viduals corrected for age, gender, body height and weight. Exercise capacity <85% of the
predicted value was considered to be decreased. VO2 max was measured only in 2011 and
not in 2001.

In 227 patients arrhythmias and average heart frequency were assessed by 24-hour con-
tinuous ambulatory ECG (Holter) monitoring with 3 tracings per patient.

Subjective physical functioning was assessed by the physical functioning scale of the SF-36.'
This scale measures the amount of limitation in physical activities due to health problems.
Good reliability and validity for the Dutch version of the SF-36 has been reported.'®
Self-perceived quality of life was assessed by the Linear Analogue Scale Quality of Life
(LAS).The LAS has been proven valid, reliable, and sensitive for the ConHD population."’

Statistical analyses

Patients were classified into two groups of disease severity according to the classification
adopted at the American Heart Association Task Force on Adults with CHD.'® Patients with
corrected ASD, VSD and PS were classified as simple ConHD (unless they had complications
such as severe ventricular dysfunction), while patients with ToF or TGA (all operated with a
Mustard repair) were classified as moderate to complex ConHD.

Continuous data are presented by means + SD. In case of a skewed distribution (significant
Kolmgorov-Smirnov test or highly skewed histogram by visual inspection) medians and inter-
quantile ranges [IQR] (Q1-Q3) are displayed. The SF36 PF scale is analyzed with means + SD
according to the manual. To assess the difference between ConHD diagnostic groups (simple
versus moderate/complex), t-tests or Mann-Whitney-U tests were utilized. Longitudinal com-
parison was assessed by paired sample t-tests or Wilcoxon signed-rank tests.

Categorical variables are represented by percentages. When comparing categorical vari-
ables between ConHD diagnostic groups (simple versus moderate/complex) the Chi-square
test or the Fisher exact test were used. Longitudinal (repeated measures) comparison of
categorical variables was analyzed by the McNemar test for 2x2 paired tables.

Linear regression with a forced entry model was used to assess the association between
the exercise capacity (ergometric bicycle testing) (dependent) versus sports (independent),
the SF36 PF scale (dependent) versus sports (independent) and the LAS scale (dependent)
versus sports (independent). Sports are expressed here as “Little/moderate exercise”, which
is between 1-5 hours of sports per week and “A lot of exercise’, which is 5+ hours of sports
per week (categories according to the Dutch Central Bureau of Statistics™). Logistical re-
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gression using a backward LR model was used to assess the association between mortality
and practising sports, odds ratios (OR) and 95% confidence intervals (95%Cl) are reported.
Included variables were complexity of ConHD (simple versus moderate/complex), age, sys-
temic ventricular function, age and sports (yes/no). Variables were chosen by an experienced
cardiologist (JR).

Two-tailed probability values of <0.05 were considered statistically significant. The sta-
tistical program IBM SPSS Statistics for Mac, Version 20.0 (Released 2011) was used for all
statistics. Figures were made using GraphPad Prism version 6.0a for Mac, GraphPad Software
(Released July 18, 2012), La Jolla California USA.

RESULTS

Patient characteristics (Table 1)

No significant and relevant differences were found in the patients who did and did not par-
ticipate in 2011 as regards age, gender, ConHD, exercise capacity or amount of exercise per
week.

Patients with simple ConHD were significantly older compared to the moderate/complex
group (median 41 versus 38 years, p<0.0001). The simple ConHD group used less medication,
p=0.002. Patients with moderate/complex ConHD showed worse exercise capacity (p=0.001)
and oxygen uptake (p<0.0001) compared to patients with simple ConHD. Patients with
simple ConHD showed a normal exercise capacity (92.4% of normal), whereas patients with
moderate/complex ConHD showed a decreased exercise capacity (82.8% of normal). In 2011,
patients were using medication more frequently compared with 2001 (p<0.0001), especially
beta-blockers (p<0.0001), ACE inhibitors (p=0.003) and oral anticoagulation (p=0.008).

Figure 2: Quality of life in 2011 compared to normative data
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Abbreviations: PF = Subjective Physical Functioning (SF36 scale); LAS = Linear Analogue Scale.

122



Sports participation and physical fitness in adults with congenital heart disease

Table 1. Patient characteristics in 2001 and 2011

2001 2011 2001vs. 2on
Variable 2011 Simple Moderate/complex
n=245 n=245 P n=165 n=80 P
Age [26.259-;4.8] [36.329—'4‘?4.9] 0.000 [37.??5.5] [33.377-;191 3] 0.000
Gender
+ Male 52.2 522 - 49.1 58.8 0.156
Smoking
+ Yes 21.6 18.1 0.185 20.1 137 0.239
+ Amount/day 10[5-20] 10 [5-20] 0.218 15[5-22] 7[2-10] 0.036
Systemic Ventricular Function
Good 77.2 66.1 0.000 84.7 29.1 0.000
Mild dysfunction 10.6 229 0.000 14.0 40.5 0.000
+ Moderate dysfunction 78 76 0.481 0.6 215 0.000
+ Bad 44 34 1.000 0.6 89 0.002
Medication use*
+ Any medication 49 23.8 0.000 17.7 36.4 0.002
+ Aspirin 0.5 5.0 0.002 43 6.5 0.459
Calcium antagonist - 0.8 - 0.6 13 0.538
Betablocker 1.0 83 0.000 55 143 0.021
Nitrate - - - - -
+Anti-arrhythmics 0.5 25 0.125 1.8 39 0.387
« Digitalis 20 0.8 0.500 - 26 0.038
+ Diuretics - 29 - 1.8 5.2 0.147
+ ACE inhibitor 25 79 0.003 3.0 18.2 0.000
+ Cholesterol lowering - - - - -
Oral anticoagulation 0.5 54 0.008 3.0 104 0.019
Exercise capacity
% of norm 89.1+20.7 89.3+20.2 0.674 924+19.5 82.8+20.2 0.001
. V02 - 85.6+225 - 90.2+229 759+182 0.000
Problems in sports participation - 16.0 - 104 284 0.000

a) The sum of medication use is > 100% because some patients use multiple medications.

Patients with ConHD reported a better subjective physical functioning compared to nor-
mative data (88.9 + 16.9 versus 83.0 + 22.8, p<0.0001) and subjective quality of life (80.4 +
10.8 versus 76.1 + 9.4, p<0.0001) compared to normative data (Figure 2). Despite the fact
that the LVEF has decreased over time, and the use of medication has increased over time, no
significant difference was found between the number of ConHD patients practising sports in
2001 and 2011 (Figure 3).

123



Chapter 3.3

Figure 3: Sports participation in ConHD patients over time (2001 compared to 2011)
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Abbreviations: 2001 = Follow-up in 2001; 2011 = Follow-up in 2011.
Reported p-values are values compared to normative data.

Mortality, heart frequency and arrhythmias and sports participation (Table 2)

Of the 362 participating patients in 2001, 10 patients died in the course of 10 years. Details
of all deaths can be found in Table 2. Logistical regression showed an association between
death and moderate/complex ConHD (OR[95%Cl]: 6.4[1.5-26.9]), but no association between
practising sports and death was found.

In the 245 patients with two follow-up times, 24-hour ECG monitoring was available for
227 patients. Univariate analysis did not show an association between practising sports
and PVC’s, SVT's or average heart frequency. There was an association between practising
sports and VT’s (OR[95%Cl]: 0.3[0.1-0.7]), this association disappeared in multivariate testing
(OR[95%Cl]: 0.9[0.5-1.5]).

Details on sports in patients with ConHD (Figure 4 & Table 3)

There was no difference in percentage of patients who were practising sports between 2001
and 2011. Patients with complex ConHD practised fewer hours of sports in 2011 compared
to normative data (Figure 4).

The type of sports are listed in Table 3. In order to make the type of sports comparable with
literature, all sports were classified by the recommendations for physical activity in ConHD
patients.” More than half of the patients were involved in high-dynamic types of sports.
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Figure 4: Sports participation in 2011 versus normative data
p=0.002 p=0.015
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Abbreviations: Lot = More than 5 hours of sports per week; Little/Moderate = In between 1 and 5 hours of
sports per week; None = Patient does not exercise or practice sports.
Categories are based on normative data derived from the Dutch Central Bureau of statistics.'

Table 3. Type of sports participation of ConHD patients in 2011

High
30.9%
Increasing static Moderate
component 43.4%
Low
.79
25.7% 0.7%
Low Moderate
36.8% 5.3%

Increasing dynamic component

Data is for total ConHD group.
Table based on the study of Mitchell et al.™

Results from regression analysis in 2011 (Figure 5 & Table 4)

Figure 5 shows the relationship between exercise capacity and number of hours sports
practice per week. A regression analysis was performed to investigate the effect of sports
participation on exercise capacity, physical functioning and quality of life on the study popu-
lation in 2011 (Table 4).

Effect of sports on exercise capacity

Multivariate analysis showed that practising sports was correlated with an increase in ex-
ercise capacity, this effect being larger for patients who practised more hours of sports per
week. A good exercise capacity in 2001 predicts a good exercise capacity in 2011. Adjusted
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Figure 5: Relationship between exercise capacity and hours of sports practiced
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Abbreviations: None = Patient does not exercise or practice sports; Little/Moderate = 1 to 5 hours of
sports per week; Lot = 5+ hours of sports per week.

The X-axis represents the hours of sports practiced in 2011. On the Y-axis the exercise capacity is shown.
Practising > 5 hours/week sports per week or more results in a better exercise capacity.

R square = 0.519; F8,212 = 30.62, p<0.0001 (using the forced entry method), variables are
shown in Table 4.

Effect of sports on subjective physical functioning (SF36)

Multivariate analysis showed that a good exercise capacity in 2001 predicted a better subjec-
tive physical functioning in 2011. Female gender is associated with a lower subjective physi-
cal functioning. Adjusted R square = 0.187; F6,229 = 9.98, p<0.0001 (using the forced entry
method), variables are shown in Table 4.

Effect of sports on subjective quality of life (LAS)

On subjective quality of life, multivariate analysis showed that only exercise capacity in 2001
predicted a good quality of life in 2011. No effect of practising sports on subjective quality
of life was found. Adjusted R square = 0.060; F2,226 = 8.27, p<0.0001 (using the forced entry
method), variables are shown in Table 4.

DISCUSSION

Our study showed that patients with moderate/complex ConHD less often engage in sports
compared to the general Dutch population, and that sports participation in adults with
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Table 4. Linear regression analysis on data collected in 2011

2011
95%Cl
Variable B SEB Beta t p-value
Lower Upper
Bicycle testing
Univariate
Stopped exercising -8.18 3.64 -0.15 -2.25 0.026 -15.34 -1.01
Little/Moderate exercise 8.58 2.64 0.21 3.25 0.001 337 13.78
A lot of exercise 15.10 549 0.18 275 0.006 4.29 2591
Bicycle testing in 2001 0.71 0.05 0.71 14.70 0.000 0.62 0.81
Age 0.84 0.25 0.22 341 0.001 0.36 133
Female gender 1.50 2.70 0.04 0.56 0.580 -3.83 6.83
+ Complex ConHD -9.83 2.82 -0.23 -3.49 0.001 -15.38 -4.28
+ Mild impaired SYSVF -7.12 3.20 -0.15 -2.23 0.027 -13.43 -0.82
+  Moderately impaired SYSVF/Bad SYSVF -17.03 432 -0.26 -3.94 0.000 -25.55 -8.51
Multivariate (Adj. R?=0.519)
+ Constant 10.06 10.09 1.00 0.320 -9.82 29.94
+ Stopped exercising 1.55 3.02 0.03 0.52 0.607 -4.40 7.51
« Little/Moderate exercise 7.06 231 0.17 3.06 0.002 2.52 11.60
A lot of exercise 1143 448 0.13 2.55 0.011 2.60 20.27
Bicycle testing in 2001 0.64 0.05 0.63 11.88 0.000 0.54 0.75
Age 033 0.19 0.09 1.70 0.090 -0.05 0.71
Complex ConHD 374 2.60 0.09 144 0.153 -1.39 8.86
Mild impaired SYSVF -1.48 262 -0.03 -0.57 0.572 -6.64 3.68
+ Moderately impaired SYSVF/Bad SYSVF -7.53 3.90 0.1 -1.93 0.055 -15.23 0.16
Subjective Physical Functioning (SF-36)
Univariate
Stopped exercising -6.51 2.90 -0.14 -2.25 0.026 -12.21 -0.80
Little/Moderate exercise 5.60 215 0.17 2.60 0.010 136 9.83
A lot of exercise 9.50 4.62 0.13 2.06 0.041 041 18.60
Bicycle testing in 2001 031 0.05 037 6.09 0.000 0.21 041
+ Age -0.16 0.20 -0.05 -0.81 0418 -0.56 0.23
+ Female gender -7.35 213 -0.22 -3.46 0.001 -11.53 -3.16
+ Complex ConHD -4.49 230 -0.13 -1.95 0.052 -9.03 0.04
+ Mild impaired SYSVF -3.48 2.59 -0.09 -1.34 0.181 -8.59 1.63
+ Moderately impaired SYSVF/Bad SYSVF -2.78 348 -0.05 -0.80 0.427 -9.64 4.09
Multivariate (Adj. R?=0.187)
+ Constant 7215 731 9.87 0.000 57.74 86.55
+ Stopped exercising -1.01 3.08 -0.02 -0.33 0.742 -7.07 5.05
Little/Moderate exercise 371 236 0.11 1.57 0.117 -0.94 836
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Table 4. Linear regression analysis on data collected in 2011 (continued)

2011
95%(Cl
Variable B SEB Beta t p-value

Lower Upper

A lot of exercise 524 4.75 0.07 1.10 0.271 -4.11 14.59

Bicycle testing in 2001 029 0.05 0.34 532 0.000 0.18 0.40

+ Female gender =737 2.06 -0.22 -3.58 0.000 -11.43 -3.31

+ Complex ConHD -0.23 229 -0.01 -0.10 0919 -4.74 4.27

Quality of Life (LAS)

Univariate
Stopped exercising -1.12 1.90 -0.04 -0.59 0.555 -4.86 262
Little/Moderate exercise 348 1.40 0.16 249 0.014 0.73 6.24
A lot of exercise 244 298 0.05 0.82 0414 -343 831
« Age -0.01 0.13 -0.01 -0.08 0.933 -0.27 0.25
+ Bicycle testing in 2001 0.13 0.04 0.23 3.57 0.000 0.06 0.19
+ Female gender -0.54 1.42 -0.03 -0.38 0.703 -3.33 225
+ Complex ConHD -0.53 1.51 -0.02 -0.35 0.723 -3.50 243
+ Mild impaired SYSVF 0.60 1.72 0.02 0.35 0.726 -2.79 4.00
+ Moderately impaired SYSVF/Bad SYSVF -0.40 232 -0.01 -0.17 0.863 -4.97 417
Multivariate (Adj. R*=0.060)
+ Constant 68.87 3.19 21.60 0.000 62.59 7515
Little/moderate exercise 2.68 1.40 0.13 1.91 0.057 -0.08 5.44
Bicycle testing in 2001 0.11 0.04 0.21 3.16 0.002 0.04 0.18

Abbreviations: B = Unstandardized coefficient Beta; SE B = Standard error of the unstandardized
coefficient Beta; Beta = Standardized coefficient Beta; 95%Cl = 95% Confidence Interval; ConHD =
Congenital Heart Disease; SYSVF = Systemic Ventricular Function; SF36 = Short-Form 36; LAS = Linear
Analogue Scale.

Linear regression model was made using the forced entry method.

ConHD increases exercise capacity, but not the subjective perceived physical functioning,
nor the subjectively perceived quality of life.

Sports participation in patients with ConHD

Compared to the general Dutch population, the patients with ConHD that do practise sports
did so for fewer hours per week. The study of Immer et al. reported a higher rate of practising
sports compared to the general population, this was both in patients with simple and com-
plex forms of ConHD.?° Other studies were more in line with our findings, also reporting lower
physical activity for ConHD patients.?'?? Patients with more complex forms of ConHD have

been shown to have a reduced exercise capacity, as is also found in our study (average 82.3%
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of norm).?* This finding could provide an explanation that almost one third of the complex
patients in our study experience difficulties during sports participation. Patients with simple
ConHD lesions obtained scores on exercise testing which were 7% lower compared to the
general Dutch population, corrected by size, gender and age, this is not significantly differ-
ent. Our patients with simple ConHD practised fewer hours of sports per week compared to
the general population.

Safety of sports

A difficult topic is the safety of sports participation. The rare example of a young man with an
operated congenital condition suffering sudden death on the soccer field is dramatic and im-
mediately strict regulations are proposed. On the other hand many patients with moderate-
complex ConHD do participate in sports without problems and can even reach the absolute
top, like Shaun White who won Olympic gold twice. Proper studies on this topic are lacking
and the current guidelines on sports participation are based solely on expert opinion. In
our cohort we found no relation between sports participation and (cardiac) mortality, heart
frequency or arrhythmias. Although this is the first report based on longitudinal data, no
firm conclusions can be drawn due to the relatively small numbers. Larger series are clearly
required. Takken et al. have published guidelines for children with ConHD concerning physi-
cal activity, recreational sports and exercise training.” Recommendations regarding sports
activities for adults need to be based on the patients’ abilities, the impact on the underlying
haemodynamics and the risk of acute decompensation and arrhythmias.?* Advice on the type
of sports activity should be based on the type of sport and anticipated effort levels, and if
needed can be supervised by a physician first.>** Exercise testing can provide insight into
the current status of the patient and can help the physician advising the patient in choosing
a sports activity.?® ConHD patients have been known to report fear of undertaking physical
exercise and also physicians may have been over-conservative in their advice on participat-

ing in sports activities.2?"*

Effects of sports on exercise capacity, physical functioning and quality of life

Since ConHD patients had their ConHD from birth, they might consider their current condi-
tion as normal. This could result in overestimation of physical abilities, and a favorable sub-
jective physical functioning score, although sports participation is hampered, an effect which
is seen in our study.?*?’ Self-reported physical functioning does not seem to correlate with
objective exercise capacity.?® The high scores on the subjective physical functioning scales
found in our study seem to be in contrast with studies published before, where lower levels of
physical functioning have been reported for ToF males.? Low levels of physical functioning in
patients with ConHD reflect the limitations patients encounter in daily life.? Overestimation
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of physical capabilities might result in patients choosing a sport that might potentially harm
their health. In our study we found that a total of 6.1% of patients practise sports in the high-
est static and haemodynamic component. Patients from our study frequently practise sports
with a high haemodynamic component or middle-high static component. Patients with
ConHD are known to have a reduced exercise capacity and peak oxygen uptake compared to
normative data.??3263031 This depressed exercise capacity might be partially explained by low
physical activity.?? Literature on the relationship between exercise capacity and subjective
physical functioning or quality of life yields ambiguous results, with some studies reporting
that an active lifestyle in ConHD patients has shown positive correlations between exercise
capacity or peak oxygen uptake and perceived physical functioning and some studies finding
moderate to no relationships at all.>?226273233 Qur study showed that patients who actively
practise sports show an increased exercise capacity compared to patients who stopped prac-
tising sports or never practised any sports at all. Fredriksen et al. already showed that children
and adolescents can improve their peak oxygen uptake after an intervention.® Our findings
show that adult patients with ConHD can improve their exercise capacity by practising sports
and increasing hours of practising sports is associated with an increase in exercise capacity.
Both the subjective physical functioning and the subjective quality of life do not appear to
be correlated with the amount of sports practise. The prevalence of depressive symptoms
appears to have a larger impact on quality of life than exercise capacity.*

Strengths and study limitations

This is the first study to report on the effect of sports on mortality, exercise capacity and
psychological well-being in ConHD patients over a course of 10 years. To measure subjective
physical functioning and subjective quality of life, internationally validated generic question-
naires were used.

The patients included in this study had one of the following diagnoses: ASD, VSD, PS, ToF or
TGA, and all were followed in an adult tertiary care center in the Netherlands. Not all invited
patients participated. Therefore, the obtained results may not be applicable to all ConHD
patients, nor in all countries worldwide. The results of the safety of sports from the logistic
regression (mortality, heart frequency and arrhythmias) should be drawn with caution since
our data is not powered for such a conclusion. Despite this lack in power we decided to report
our data, as no other data is available in literature yet.

Future research

The gap of knowledge on the safety and effectiveness of physical activity and intervention
programs in patients with ConHD warrant further research in order to be able to accurately
and safely guide ConHD patients to a more active lifestyle. In our study, the physical function-
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ing scale of the SF36 was used. It would also be interesting to study the effect of exercise on
anxiety or depression scales.
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Chapter 4.1

ABSTRACT

Objective: To investigate the psychosocial impact of having an implantable cardioverter
defibrillator (ICD) in adults with Tetralogy of Fallot (ToF).

Methods: Included were 26 ToF-patients with an ICD (age 44 + 12 years), and two control
groups consisting of 28 ToF-patients without an ICD (age 40 + 10 years) and a group of 35
ICD-patients of older age without ToF (age 72.0 £ 8 years). This last control group was chosen
to represent the “older general ICD population” with acquired heart disease seen at the out-
patient clinic. Psychosocial functioning encompassed daily functioning, subjective health
status, quality of life, anxiety, depression, coping and social support.

Results: ToF-patients with ICD showed diminished psychosocial functioning in comparison
to ToF-patients without ICD. This was reflected by diminished subjectively perceived physical
functioning (p=0.01), general health perception (p<0.01) and a lower satisfaction with life
(p=0.02). In comparison to older ICD-patients, ToF- patients with ICD showed less satisfac-
tion with life (p=0.03), experienced more anxiety (p=0.01) and showed less favorable coping
styles, although physical functioning was better for ToF-patients with ICD than for older ICD-
patients (p=0.01). More inappropriate shocks were found in ToF-patients with ICD compared
to the older ICD-patients.

Conclusion: In patients with ToF, ICD implantation had a major impact on psychosocial
functioning which should be taken into account when considering ICD implantation in these
young patients. To help improve psychosocial functioning, psychological counseling attuned
to the specific needs of these patients may be useful.
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INTRODUCTION

The leading cause of mortality in adult patients with congenital heart disease (ConHD) is sud-
den cardiac death (SCD)." In comparison with the general population, an adult patient with
ConHD has a 25-100 fold increased risk to die as a result of SCD.? Implantable cardioverter
defibrillators (ICDs) are being used as therapy for patients that are at high risk for develop-
ing, or have survived a life- threatening cardiac arrhythmia.® However, the indication of ICD
therapy in patients with ConHD is still a matter of debate. A recent publication from our
group investigating the efficacy of ICD therapy in ConHD patients demonstrated that 23% of
all patients received an appropriate shock, and 41% of the investigated patients received at
least one inappropriate shock.* This inappropriate shock rate is higher than in other patient
groups. Other studies reported an inappropriate shock rate of around 25%, and an appropri-
ate shock rate of around 22-30% in ConHD patients.>*

Congenital heart disease patients not only have to cope with an increased risk to die as a
result of SCD.2 In addition, the implantation of an ICD with associated inappropriate shocks,
which occur when the patient is fully conscious, may cause anxiety for shock, anxiety for pre-
mature death and stress, hereby worsening the psychological problems.5” Patients receiving
ICD therapy may show reduced quality of life, subjective health status and diminished social
functioning. Anxiety and fear for ICD discharge does not only affect the patient, it can also
influence the behavior of relatives and friends surrounding the patient. Sometimes these
“significant others” experience fear and anxiety, which may have a cumulative anxiety arous-
ing effect on the patient.? The aim of this study was to investigate the psychosocial impact
that ICD therapy has in (young) adults with Tetralogy of Fallot (ToF). We chose patients with
ToF because most of the ICD implantations in the ConHD population occur in these patients.?

Two control groups were selected; the first control group consisted of ToF-patients without
an ICD. We selected these patients to investigate the impact of the ICD while holding the
groups comparable on cardiac diagnosis and hemodynamic burden. The second control
group consisted of older acquired heart disease ICD patients. This group represents the “gen-
eral” ICD population as seen in an outpatient clinic. By choosing this group, we could make
a comparison with a “general” average ICD patient. Age may be a factor in acceptance of an
ICD. Also, knowledge about the psychosocial functioning of patients with an ICD comes from
studies focusing on these “regular ICD-patients”. These patients are older and have acquired
heart disease. The psychosocial problems seen in these older patients may be quite different
than those seen in younger ConHD patients receiving ICD therapy. Young patients do not
only experience the problems associated with the ICD but also carry the burden of having
grown-up with a congenital heart defect. They also experience more inappropriate shocks
than non-ConHD patients.* These shocks may lead to anxiety, psychosocial problems and
avoidance behavior, limiting patients in social contacts, and leisure time activities. In addi-
tion, overprotective parents of ConHD patients may be a limiting factor as well. Therefore,
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we hypothesized that the psychosocial impact of receiving ICD therapy in young ConHD
patients may be more substantial.

Finally, we wanted to compare whether styles of coping and adjustment to ICD therapy
differed between younger ConHD patients with an ICD (ToF+ICD) and older patients with
acquired heart disease receiving ICD therapy (ICD), when adjusted for the time-period of
receiving ICD therapy.

METHODS

Study design and population

This is a cross-sectional, multicenter study.

Inclusion criteria

Our database consisted of three groups. The first group consisted of Fallot-patients with ICD
(ToF+ICD). This population was selected using the CONCOR registry in The Netherlands and
a Belgian tertiary care center adult ConHD database.? The CONCOR registry is a nationwide
database consisting of adult patients with ConHD, including medical history. The selection of
this patient sample is described in detail in the paper of Yap et al.* This group was used as the
study population. The second group consisted of Fallot-patients without ICD (ToF) and was
also identified using the CONCOR registry. This ToF group consisted of 28 patients without
significant differences in age, sex and NYHA class compared to the study group ToF+ICD. We
used this group as our first control group. The third group (ICD) consisted of 35 older ICD-
patients with another form of heart disease, mainly ischaemic heart disease. These patients
did not have ConHD. This group was identified using the Erasmus MC ICD registry, and did
not show significant differences regarding gender com- pared to the ToF+ICD group. We used
this last group as our second control group. For all selected patients, data were collected form
medical records, with permission of the patients and physicians.

This study was approved by the institutional ethical committees. All patients provided

informed consent before participating in this study.

Patient sample

Of the 44 eligible patients from the ToF+ICD group, 13 were lost to follow-up and 3 patients
died before inclusion in this study. The present patient sample consisted of the remaining
28 adults of whom two refused to participate, resulting in a response rate of 93% for the
ToF+ICD group. The mean age of this group was 44 years (£12 years).
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There were no differences between participants and non- participants on age, age at Fallot
correction, shunt before correction, reoperations, age at ICD implantation, follow- up time,
indication for ICD implantation, NYHA class or the amount of shocks.

In order to ensure that ICDs of patients are programed optimally, patients visited the
outpatient clinic every 6 months, or sooner if they had complaints. The functionality of the
ICD device was assessed by skilled technicians and adapted if necessary. All appropriate and

inappropriate shocks were recorded.

Indications for ICD implantation in ToF-patients

The index event before ICD implantation was spontaneous sustained ventricular tachycardia
(VT) in 14 patients (54%), cardiac arrest in 5 patients (19%), (pre) syncope in 5 patients (19%)
and other in 2 patients (8%).

Assessment procedure

All patients were approached uniformly and signed an informed consent before participat-
ing. All patients completed the questionnaires at home and returned them by mail. Missing

items were retrieved by means of a telephone call.

Instruments

The psychological examination consisted of the following questionnaires.

Biographical characteristics

A semi-structured questionnaire was designed to assess biographical variables such as na-
tionality, living conditions, marital-, educational- and occupational status.'® The educational
attainments were evaluated excluding two patients living in institutions because of psycho-
social problems.

Subjective health status

The subjective health status was assessed by the SF-36 Health Survey."' Good reliability and
validity for the Dutch version of the SF-36 has been reported.'?

Satisfaction with Life Scale

The Satisfaction with Life Scale (SWLS) was used as an indicator of the satisfaction with life.

This scale has been proven psychometrically sound to be used in ConHD patients.'?

Linear Analogue Scale Quality of Life

The Linear Analogue Scale (LAS) was used to measure self- perceived quality of life. The LAS
has been proven valid, reliable and responsive for the ConHD population.'
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Hospital Anxiety and Depression Scale (HADS)

This scale measures the presence and severity of anxiety and depression in patients. The
HADS has been validated for the general Dutch population and is stable across medical set-
tings and age groups.'*'®

Utrecht Coping List

The Utrecht Coping List (UCL) is a reliable and standardized self-report questionnaire of cop-
ing styles. The satisfactory validity of the UCL has been described else- where.’® Construct
validity and predictive validity has been examined for the UCL.

Implanted Devices Adjustment Scale

The Implanted Device Adjustment Scale (IDAS) measures the psychological adjustment of
a patient to an implanted (ICD) pacemaker. The IDAS has been described valid, reliable and

responsive.”

Perceived Social Support Scale

The Perceived Social Support Scale 12 item version (PSSS12) measures the interactions and dis-

crepancies that people experience in receiving social support from their direct environment.'®

Statistical methods

Biographical characteristics were analyzed using Chi- Square tests. Because of the skewed na-
ture of the data, Mann-Whitney U tests were used to test for differences between the ToF+ICD
group versus both control groups on all questionnaires. Comparison with normative data was
made using Students’t tests, since raw data for the norm groups were not available, and only
mean and standard deviations were available. Descriptive statistics of continuous variables
are expressed as medians with quartiles. Stepwise multiple regression was used to correct for
age at implantation, and the higher age in the ICD group. The data were analyzed using the
statistical package SPSS PSAW 17.0.2 ENG for Windows, Release 17.0.2 (Mar 11, 2009).

RESULTS

Population characteristics

Biographical characteristics

The main biographical and medical characteristics for the three groups are outlined in Table
1. No differences in gender were found between the three groups. Patients from the ToF+ICD
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Table 1. Biographical & medical characteristics

ToF+ICD

ToF

ICD

(N=26) (N=28) (N=35) Group effect
ToF+ICD  ToF+ICD
N % N % N % vs. ToF vs.ICD
(p-value) (p-value)
Response rate 93% 88%
Gender
Male 15 (57.7%) 19 (67.9%) 28 (80.0%) 0.4 0.06
Age? 44 (£11.58) 40 (£10.26) 72 (£8.28) 0.1 <0.0001
Nationality
Dutch 18 (69.2%) 28 (100.0%) 35 (100.0%) <0.01 <0.0001
Belgian 8 (30.8%) 0 (0.0%) 0 (0.0%) <0.01 0.001
Living conditions
With parents 2 (7.7%) 3 (10.7%) 0 (0.0%) 1.0 0.1
+ Living alone 21 (80.8%) 22 (78.6%) 34 (97.1%) 0.1 0.02
+ Institution/home replacement 3 (11.5%) 3 (10.7%) 1 (2.9%) 1.0 0.1
Marital status

+ No relationship 8 (30.8%) 8 (28.6%) 2 (5.7%) 09 0.02

« Stable relationship 0 (0.0%) 2 (7.1%) 0 (0.0%) 0.5 -

+ Cohabitant 1 (3.8%) 6 (21.4%) 0 (0.0%) 0.1 0.2
Married 15 (57.7%) 9 (32.1%) 21 (60.0%) 0.06 0.9
Divorced 1 (3.8%) 0 (0.0%) 1 (2.9%) 0.5 0.8
Cohabitant or married after divorce 1 (3.8%) 1 (3.6%) 1 (2.9%) 1.0 0.8
Widowed 0 (0.0%) 2 (7.1%) 8 (22.9%) 0.5 0.02
:;taebr'f):r';“v‘;:::\fej married 0 (00% 0 (00% 2  (57%) 02

Occupational level

+ Elementary 0 (0.0%) 1 (3.6%) 0 (0.0%) 1.0 -
Lower 3 (11.5%) 6 (21.4%) 0 (0.0%) 1.0 0.5
Average 7 (26.9%) 8 (28.6%) 6 (17.1%) 03 03
Higher 3 (11.5%) 8  (28.6%) 1 (2.9%) 0.5 1.0
No job/missing data 13 (50.0%) 5 (17.9%) 28 (80.0%) -

Educational attainment®
Lower 2 (7.7%) 2 (7.1%) 8 (22.9%) 1.0 0.1
Average 17 (65.4%) 21 (75.0%) 20 (57.1%) 0.7 03
Higher 5 (19.2%) 5 (17.9%) 5 (14.3%) 1.0 0.5
+ Other 0 (0.0%) 0 (0.0%) 1 (2.9%) - -
+  Missing 1 (3.8%) 0 (0.0%) 0 (0.0%) - -
Medical data
Age Fallot correction (yrs.)? 99  (+10.80) 59  (+3.91) - - 0.1 -
Shunt before correction 8 (30,8%) 13 (48.1%) - - 02 -
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Table 1. (continued)

ToF+ICD ToF ICD Group effect
(N=26) (N=28) (N=35)
ToF+ICD  ToF+ICD
N % N % N % vs. ToF vs.ICD
(p-value) (p-value)
Reoperations 15 (57.7%) 12 (44.4%) 03 -
Age at implantation (yrs.)* 36.5  (+11.25) - - 64.7  (+8.19) <0.0001
Follow-up (yrs.)? 7.9 (£3.73) - - 74 (+£2.08) 0.5
Indication for ICD
+  Primary prevention 6 (23.1%) - - 13 (37.1%) 0.2
+ Secondary prevention 20 (76.9%) - 22 (62.9%) 0.2
NYHA-Class
o 19 (73.1%) 24 (85.7%) 9 (25.7%) 0.2 <0.0001
< 5 (19.2%) 3 (10.7%) 24 (68.6%) 05 <0.0001
1l 2 (7.7%) 1 (3.6%) 2 (5.7%) 0.6 1.0
Brady pacing° 7 (33.3%) 0 (0.0%) 15 (42.9%) 0.5
QRS duration® 176 (+27.2) 150 (+25.2) 138 (£39.3) <0.01 <0.0001
RV dilatation
None 2 (10.0%) 6 (21.4%) -
Moderate 1 (55.0%) 18 (64.3%) - 0.195 -
« Severe 7 (35.0%) 4 (14.3%) -
RV function
« Good 10 (50.0%) 26 (92.9%) -
- Reduced 0 (500% 2 (7% - <o
Pulmonary regurgitation
+ None /Mild 12 (63.2%) 13 (46.4%) -
Moderate 6 (31.6%) 5 (17.9%) - 0.05
Severe 1 (5.3%) 10 (35.7%) -
Inappropriate ICD shocks 10 (385%) 5 (14.3%) - 0.03
Appropriate ICD shocks 2 (7.7%) 1" (31.4%) - 0.03

Abbreviations: ToF+ICD = Patients with Tetralogy of Fallot with an ICD; ToF = Patients with Tetralogy of
Fallot (without an ICD); ICD = Patients with ICD (without congenital heart disease); NYHA = New York

Heart Association class.

a) Data are presented as mean (£SD).
b) Excluding two patients living in institutions because of psychosocial problems.
¢) There were 5 patients in the ToF+ICD group of which the ECG could not be examined.

The bold numbers in the text indicate significant results.

group were living significantly less often on their own compared to patients from the ICD

group. Patients in the ToF+ICD group more often had no relationship and were less often

widowed than the older ICD patients. After adjusting for higher age at implantation in the

ICD group, it appeared that this variable did not have an effect on the SF-36 results.
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No significant differences were found between the three groups with respect to occu-
pational level or educational attainment. In all three groups, the majority had an average
educational attainment.

Medical characteristics

No significant difference was found regarding age, the amount of surgical procedures or
re-operations between the ToF+ICD and the ToF group. As we selected older ICD patients
to represent the “normal” ICD population as our second control group, the patients in the
ToF+ICD group were younger than those in the ICD group. Also, patients in the ToF+ICD
group were (as planned) significantly older at the time of surgical Fallot correction than
patients from the ToF group. Both indication for ICD implantation (primary and secondary)
and follow-up time after ICD did not differ between the two groups. The majority of patients
in the ICD group were NYHA class Il resulting in a significant difference with regard to the
ToF+ICD group and the ToF group (majority NYHA class I). When com- paring QRS duration,
a significant difference was found between all three groups. Group ToF+ICD had the highest
QRS duration (176 ms.) followed by the ToF group (150 ms.) and the ICD group (138 ms.).
No difference was found between the ToF+ICD and ToF groups when comparing right ven-
tricular dilatation. Right ventricular function was significantly worse in the ToF+ICD group
compared to the ToF group (p<0.01). Remarkably, patients from the ToF+ICD group less
often had severe pulmonary regurgitation compared to patients form the ToF group. When
analyzing the occurrence of appropriate and inappropriate shocks, a significantly higher
incidence of inappropriate shocks was observed in the ToF+ICD group versus the ICD group
(p=0.03). Also, the absolute number of inappropriate shocks was higher in the ToF+ICD
group (p=0.03) and also the amount of appropriate shocks was higher in the ToF+ICD group
(p=0.03).

Scores on instruments (see Table 2)

Subjective health status (SF36)

On all SF-36 scales except for one, the median for the ToF+ICD group was lower, indicating
more unfavorable outcomes, than for the ToF group. Two significant group effects between
the ToF+ICD group versus the ToF group were found: patients from the ToF+ICD group scored
significantly lower on physical functioning compared to the ToF group (p=0.01) and also on
general health perceptions patients from the ToF+ICD group scored significantly lower than
the ToF group (p<0.01). When comparing the ToF+ICD versus the ICD group, one significant
group effect was found. On physical functioning the ToF+ICD group obtained a higher, more
favorable mean score than the ICD group (p=0.01). No other significant differences were
found between the three groups.

147



Chapter 4.1

100> 10000> 80 S0z 9¢ €Tl [o€L-018] oLl [0Z1-0€l] St [0z1-811] St poddns [eos Buiaag
¥'0 L0 0 S0z Ty 671 [06L-0€L] 091 [08L-€vL] G9l [0z1-0€l] gsl Buntem/Buipioay -
€00 100> €0 S0z vy L9l [08L-0Tl] oSl [00Z-071] S9l [00Z-0G1] S/l SUOIDeI dANRI|B] *
4] 60 0 soze 14 98l [00z-051] 0'ZL [g1z-021] 06l [o1z-8vll 08l Buinjos wajqoid andy -
nN
0] 1'0 80 661 3 143 [09-07 0°¢ [0%-00] Sl [0€e-01] 0t uoissaidag -
0] 100 4] 661 9¢ 'S [06-01] 0t [09-0€] 0 [06-07] 09 faixuy -
SAvH
1'0 7’0 10 oLL 6 ¥'SL [0°G2-0°09] 002 [5'98-0°0£1 008 [8'££-089] 00 Nal
€00 €00 200 601 S R4 [00g- 0Tl 08¢ oLe-€17l 08¢ [067-5€l] 0¥ SIMS
1000> S0 100> [4 A 4 08 [0£9-0Ty] 0SS [078-07s] 5’69 [079-8'8¢] 0Zs suodaniad yieay [eseusn -
4] 80 €0 [47A YA €8 [ooL -0zl 08 [00L-0vZ] 0°00L [00L-519] 078 uied Ajipog -
000> 80 1’0 [47A A1) 1'SL [0°62-0°08] 059 [8'€8-0°08] 0'SL [0°6L-0°5Y] 009 Aujeyp -
100> 1'0 [40] [4 74N 4 S8 [026-022] 08 [0'16-0'89] 008 [068-0'58] 0L Y3jeay [eusw esauln «
Bujuonouny
0 L0 S0 Wil 19T 688 [00L-£99]1  000L looL-0s2  000L [00L-£99]1  000L [EUOLOW 0} 3NP SUORENWI| J(0Y +
Bujuonouny
100> 0 1’0 Wil LT 568 [ooL-0r0] 009 [00L-008]1  000L [ooL - 057l 0'SL ea1shyd o1 anp suoneyw| (oY +
000> L0 1'0 Wil 661 L6 [00L-579] S/8 [0L-06Z1  000L [00L-579] S8 Buiuonduny enos -
100> 100 100 WL L 1'€6 [052-00v] 009 (0oL - €9/ 056 [€'16-88S] S8 Buruonduny jedishygd -
9¢-4S
(anjea-d) (anjea-d) (anjea-d)
WION 'sA adI'sA 4OL'SA N ps uespy 4ol UeIpay 4ol UeIpay 4ol Uelpsy
adi+oL adi+doL aol+4oL
pays dnoig exepuiio (S€=N) (82=N) (92=N)
al 401 adr+4oL

SJULWINJISUl JUSJaIP 9Y] 10} S210DS UBS|A *Z @|qeL

148



Psychosocial impact of implantable cardioverter defibrillators (ICD) in young adults with Tetralogy of Fallot.

's3JnsaJ Juedylubis 33ed1pul 1X33 9Y3 Ul SI9qWINU plog 3y L
1591 N AUy —uue|y e AQ palejndjed se ‘sdnoib uaamiaq Syues UBIW U9aMIDQ DUIRYIP Sa1edipul 11339 dnoio (e
'9]eds JuawWisnipy sadiAag pajuejdw] = sy s buidod wydaan = 1N ‘9jeds uoissaidag pue

A1a1xuy |endsoH = SQyH ‘9|e2S anbojeuy Jeaur] = Sy ‘9135 9417 YIIM UOI1DRISIIeS = STANS ‘9F WI0J-1I0YS = 9¢-4S ‘abuel ajinuenbisiu| = Y| ‘(9seasip 11eay [enusbuod
INOYUM) 0D YUM sjudlied = @D {(ADI U Inoyum) 30|[e4 J0 ABOJeII3L YIM SIudlied = 401 ‘dD] ue Yum 10||e4 Jo ABojen1a] Yim siusned = dDI+40L suoneirdiqqy

- 4] L0 - - - [0'8-0°08] 059 [092-€99] 569 [06£-579] Se€L 2lods [ejo] -
- ¥'0 €0 - - - [0vz-091] 06l [8'52-007] 0¥ [e5T-8'11] Sz Moddns spuauiy -
- 0 ¥'0 - - - [02z-091] 0Tt [0sz-€£1] S€T [€17-88l] ST Voddns Ajiwey -
- 1’0 90 - - - [08Z- 061 09¢ [08z-0?] 08¢ [0'8z-8€7] 08¢ 19410 JuedyIubIS -
T1SSSd
- 0 - - - - [02-0] 0'S - - [08-0] 09 ssaudleme Ajipog -
- S0 - - - - 0LL-09] 0L - - [€0L-89] 08 uopjesedald
- 0 - - - - [00L-09] 06 - - [gzL-0l 06 apnmy -
- 1’0 - - - - 0vz-0vll 06l - - [S67-081] 0Lz Jead/MiIxuy
Sval
L0 4] L0 s0zT 6¢ gLl [oeL-06l 0Ll [oeL-o0Ll gLl [0vL-00L] 0zl sybnoy) bunsseay -
€0 100 80 s0zz 6L €9 [09-07] 0's [08-09] 09 [08-0¢] S9 SUOIIOW JO UOISSaIdX] +
0 0 ¥'0 soze L€ 80l 0LL-06] 06 [8zL-€18l SoL [€6L-06] 00L uianed uopdeal anisseq -
(anjea-d) (anjea-d) (anjea-d)
WHON 'SA adisa 40L'SA N ps uespy 4ol Uelpaly 4ol Uelpaly 4ol Uelpsiy
adi+oL adi+doL adi+4oL
pays dnoiy exepuiio (S€=N) (87=N) (92=N)
al 101 adr+4oL

(panunuod) *Z 3jqey

149



Chapter 4.1

Satisfaction with Life Scale

Patients of the ToF+ICD group scored significantly lower compared to patients from the ToF
group (p=0.02). Also, a significantly lower score was found in the ToF+ICD group compared
to the ICD group (p=0.03).

Linear Analogue Scale Quality of Life

The ToF+ICD group showed a trend towards a less favorable result than the ToF group
(p=0.06).<

Hospital Anxiety and Depression Scale

Patients from the ToF+ICD group reported significantly more anxiety than patients from the
ICD group (p=0.01). No other significant differences were found on the anxiety and depres-
sion scale between the three groups.

Utrecht Coping List

Patients from the ToF+ICD group scored significantly higher on Palliative reactions (i.e.
seeking diversion in unhealthy manners) compared to patients from the ICD group (p<0.01).
Also significantly higher scores were found on seeking social support in the ToF+ICD group
compared to the ICD group (p<0.0001). Patients from the ToF+ICD group also scored higher
on expressions of (negative) emotions compared to the ICD-patients group (p=0.01). No dif-
ferences in scores were found between the ToF+ICD and the ToF group. No other significant
differences were found on the other scales of the UCL.

Implanted Devices Adjustment Scale

No significant differences were found between the two ICD groups on any of the IDAS do-

mains.

Perceived Social Support Scale

No significant differences were found between the three groups on any of the PSSS12 do-

mains.

Primary versus secondary indication for ICD implantation

In order to assess whether the indication for ICD implantation had effect on the outcomes,
we compared the scores on different scales of patients with a primary indication versus a
secondary indication for ICD implantation.

In the ToF+ICD group, no significant differences were found between the two indication
groups. In the ICD group, no significant differences were found between the two indication
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groups, except for the body awareness scale of the IDAS. Here, patients with a secondary
indication showed less favorable outcome.

When combining the ToF+ICD group with the ICD group, a less favorable outcome on the
UCL scale in palliative reactions was observed for patients with secondary indication for ICD.

Normative data

When comparing the ToF+ICD group with normative data, the following results were ob-
tained.

Subjective health status (SF36)

Normative data for the Dutch population were obtained from Aaronson et al.’? Patients
from the ToF+ICD group obtained significantly lower results on physical functioning, social
functioning, role limitations due to physical functioning, general mental health, vitality and
general health perceptions. No significant difference on the SF-36 scales bodily pain and role
limitations due to emotional functioning were found.

Satisfaction with Life Scale

Normative data were obtained from Moons et al.” Patients from the ToF+ICD group obtained
significantly less favorable outcomes compared to the general Belgium population.

Linear Analogue Scale Quality of Life

Normative data were obtained from Moons et al.”® No significant differences were found
between the ToF+ICD group compared to the normative data.

Hospital Anxiety and Depression Scale

Normative data for the HADS have been obtained from Spinhoven et al."* When comparing
the ToF+ICD group with normative data, no significant differences were found.

Utrecht Coping List

Normative data for the Dutch population were obtained from Schreurs et al.'® Patients from
the ToF+ICD group obtained significantly less favorable outcomes on palliative reactions and

seeking social support.
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DISCUSSION

The main finding of this study is that ToF-patients with an ICD show less favorable psycho-
social functioning com- pared to ToF-patients without ICD and to the older acquired heart
disease ICD-patients.

To our knowledge, this is the first psychosocial study carried out in this specific group, Fal-
lot-patients with ICD. Data were compared with two control groups: Fallot- patients without
ICD and older “regular” ICD-patients without ConHD. Clinically relevant areas of psychosocial
functioning together with medical correlates for psycho- social outcomes were investigated,
using standardized and validated questionnaires.

Psychosocial functioning and ICD therapy

Despite a younger age (40 vs. 72 years) and lower NYHA class (I vs. Il), Fallot-patients with ICD
scored less favorable on instruments assessing subjective health status, anxiety, satisfaction
with life and coping (more negative emotions, more palliative reactions such as smoking and
drinking and less seeking of social support) compared to older ICD-patients. After correction
for the higher age in the ICD group using stepwise multiple regression, all conclusions drawn
remained the same.

In contrast to the overall good quality of life reported before, in our study we found that
Fallot-patients with ICD showed a less favorable quality of life outcome than Fallot-patients
without ICD.”® Our findings, together with the findings from literature indicate that the
ConHD back- ground of these ICD-patients cannot be the sole reason for the lower quality
of life observed in this study. In fact, they confirm our hypothesis that ICD therapy in young
ConHD patients is associated with worse psychosocial functioning. Between the study of Yap
et al. and the start of our own study, patients with less favorable medical outcome have died
in the ToF+ICD group.* This means that it might even be possible that our present outcomes

could have been worse as we face a positive selection of patients.

Anxiety in Fallot-patients receiving ICD therapy

We found anxiety to be a problematic psychosocial reaction for young Fallot-patients receiving
ICD therapy. This is in line with the review of Sears et al.” Our results on anxiety were statistically
significant and in addition clear trends were observed in the other data, also pointing towards
the same direction of a less favorable psychological outcome for Fallot-patients with ICD com-
pared to both control groups. In addition, patients reported a lower satisfaction with life.

In literature, a clinical cut-off value of 8 is considered clinically significant on the anxiety
scale of the HADS.?° Our ToF+ICD group obtained a median score of 6 and did not show a
significant difference on anxiety level compared to normative data. This finding might be
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explained by assuming that the HADS instrument may not be sensitive enough to screen for
disease-specific anxiety in this unique ConHD population. We assume that using a clinical
interview, high levels of anxiety might have been found, as in the article of Bromberg et al.”'

Role of appropriate and inappropriate ICD shocks

The present data show that Fallot-patients receiving ICD therapy have a higher rate of inap-
propriate ICD discharges compared to “regular” ICD-patients. Despite optimal programing,
39% of the Fallot-patients with ICD suffered from one or more inappropriate ICD shocks. The
inappropriate shock rate was higher than reported in previous studies in non-ConHD pa-
tients.>* Since Fallot-patients are known to have a high arrhythmia burden, the inappropriate
shocks we found may be due to atrial arrhythmias.*?2-2

Furthermore, ToF ICD-patients are in general younger than the traditional ICD-patient
group and tend to lead more active lives, practising sports and other leisure activities. These
activities inducing sinus tachycardia may result in inappropriate ICD therapy. Not only the
inappropriate shock rate in ToF+ICD patients was higher than that in the older ICD group
but also the number of inappropriate shocks per patient was significantly higher. As most
inappropriate shocks occur when the patient is fully conscious, this may have serious psy-
chosocial con- sequences and it may lead to serious anxiety and stress, possibly resulting in
avoidance behavior. Our findings are in line with Vasquez et al., who showed that ICD patients
who had a history of more inappropriate shocks with age below 50 and female gender were
at higher risk for developing psychosocial problems.” Moreover, avoidance behavior has
been reported for ICD patients, which may be a limiting factor in social and sexual activities,
but also in practising sports. Out of fear for an ICD discharge, 39% of the ICD-patients avoid
physical exertion, even though physical exercise is well known to have a beneficial effect on
health and can be effective in preventing depression.?

Although there is lack of evidence in mortality benefit, the threshold for using ICD therapy
in ConHD patients seems to have lowered over time. The guidelines for ICD implantation in
this patient population are based on limited data. With the high rate of inappropriate shocks,
balancing the benefit-risk ratio for ICD implantation remains difficult, especially taking psy-
chosocial problems into account.

Medical background

The differences in QRS duration as seen in Table 1 could be explained by the ConHD back-
ground in combination with pacemaker therapy differences between groups. ToF- patients
have a higher QRS duration as a result of right ventricular dilatation, diminished function, or
post-surgery for their ConHD background. Some of the patients in the ToF+ICD group also
received constant pacing therapy next to the ICD therapy which may also have resulted into a
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longer QRS duration. The long QRS duration seen in the ToF+ICD group can also be the result
of selection, as a QRS duration >180 ms. is a predictor for SCD and may have been used as a
criterium for ICD implantation.?® Despite the diminished RV function, patients in the ToF+ICD
group were in good clinical condition with the majority being in NYHA class I.

Clinical implications

When considering ICD therapy in young patients, the psychosocial impact should be taken
into account. The findings in this study provide a solid argument for careful assessment and
counseling in patients with Tetralogy of Fallot. The threshold for ICD implantation should
be high, especially in case of primary prevention. In patients needing an ICD, routinely
applied comprehensive and multidisciplinary psychosocial aftercare is advised. We see an
opportunity for a shared decision-making model in this situation. In this way, patients can
become well informed about all possible consequences of ICD therapy, and can decide the
best treatment option together with the clinician.

In order to facilitate acceptance of ICD therapy, we recommend cognitive behavioral
techniques such as psycho-education, cognitive re-appraisal and relaxation techniques to
improve quality of life of these patients. These techniques have been found to improve the
quality of life in the “general” older ICD population.”??

Limitations

The patients included in this study were all followed in a tertiary (academic) medical center.
Therefore, this study may not be representative for all Fallot-patients. In addition, although
we tried to create comparable groups, some differences were present. Furthermore, because
of the small sample size, often encountered in these patient groups, several nearly significant
trends were observed. With a larger sample size these trends might have become significant.

Although no significant differences were found between the three groups, a trend was
visible in which the older ICD patients more often had male gender.

Unfortunately, data regarding psychosocial interventions (so called “medical consumption”
or“psychotherapeutic counseling”) are not systematically available.

Furthermore, as could be expected, a significant age difference was found between the
ToF+ICD and the - by definition - older ICD group, which resulted in a later age at implanta-
tion in the ICD group. In addition, patients with the Belgian nationality (N = 8) were only
found in the ToF+ICD group. To which extent these inter-group differences have influenced
our results is unknown.

Despite the fact that patients in the ICD group were more often in NYHA class [l compared to
the ToF and the ToF+ICD group, we remarkably found that our younger NYHA class | ToF+ICD
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patients obtained less favorable results than the other ICD group with worse NYHA class. This
noteworthy finding reflects the psychosocial importance of our results in the ToF+ICD group.

Future research

Future research should investigate the role of inappropriate shocks on psychosocial outcome
in a larger cohort, as the current cohort was not large enough to perform further subanaly-
ses. In addition, the impact of ICD therapy in young adults with ConHD on activities such
as practising sports, sexuality and driving a car should be studied.”® We recommend using
a semi-structured clinical interview to assess these points, as questionnaires may not be
specific enough.

Different programing strategies, such as the application of antitachycardia pacing therapy
and higher rate cut-offs for arrhythmia detection, may prevent inappropriate ICD therapy
and may have a beneficial effect on psychosocial functioning.

Recently, the subcutane ICD (sICD) has been introduced for patients requiring ICD thera-
py.3%3" In this study, sICD therapy appeared to have a very low rate of inappropriate shocks.
This therefore may be a good alternative for ConHD patients who require ICD therapy and
suffer from a lot of inappropriate shocks. The sICD is relatively easy to implant, and because
the leads are subcutaneous, replacement and complication rates appear to be lower as well.
Future research could concentrate on the application and psychosocial impact of having an
sICD in ConHD patients.

CONCLUSION

Implantable cardioverter defibrillators implantation has a major psychosocial impact in
young adults with ToF. This group shows clinically significant psychosocial problems that have
to be recognized and treated appropriately. The information obtained from this study can be
used to guide adequate counseling and development of interventions aimed at enhancing
psychosocial functioning and improving quality of life. Our results provided information that

is not readily apparent from routine clinical investigations.
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Chapter 4.2

ABSTRACT

Background: To investigate indications and complications of permanent cardiac pacing in
adults with congenital heart disease (CHD).

Methods and Results: Two-hundred and seventy-four CHD patients were identified who
underwent permanent pacemaker implantation between 1972 and 2009. The indication for
pacing was acquired sinus node or AV node conduction disease (63%), sinus node or AV node
conduction disease after cardiac surgery (28%), and drug/arrhythmia-related indications
(9%). Patients with complex CHD received a pacemaker at younger age (23 versus 31 years,
p<0.0001) and more often received an epicardial pacing system (51% versus 23%, p<0.0001)
compared to those with simple or moderate CHD. Twenty-nine patients (10.6%) had a peri-
procedural complication during the primary pacemaker implantation (general population:
5.2%).The most common acute complications were lead dysfunction (4.0%), bleeding (2.6%),
pocket infection (1.5%) and pneumothorax (1.5%). During a median follow-up of 12 years,
pacemaker-related complications requiring intervention occurred in 95 patients (34.6%). The
most common late pacemaker-related complications included lead failure (24.8%), pace-
maker dysfunction/early battery depletion (5.1%), pacemaker migration (4.7%) and erosion
(4.7%). Pacemaker implantation at younger age (<18 years) was an independent predictor
of late pacemaker-related complication (adjusted hazard ratio 1.68, 95% confidence interval
1.07 to 2.63, p=0.023).

Conclusions: The risk of peri-procedural complications seems higher in the CHD population
compared to the general population and more than one-third of CHD patients encountered
a pacemaker-related complication during long-term follow-up. This risk increases for those
who receive a pacemaker at younger age.
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INTRODUCTION

The population of adult patients with congenital heart disease (CHD) is rapidly expanding
due to advances in pediatric cardiology and cardiothoracic surgery over the past several de-
cades."? However, this improved survival following congenital heart surgery is hampered by
both structural and electrical late sequelae including atrioventricular (AV) block, sinus node
dysfunction and atrial arrhythmias.>* Many will require pacemaker therapy and are subject
to lifelong need for reinterventions and follow-up.® Pacemaker implantation in this popu-
lation may be a challenge due to the complexity of the systemic venous anatomy, venous
obstructions and/or residual intra-cardiac shunting.>® Furthermore, pacemaker implantation
at young age and the use of epicardial leads has been associated with a high incidence of
lead failures during follow-up.'® Because of these issues, pacemaker therapy should be
considered carefully in the patient with CHD. To improve patient management, knowledge
regarding the indications and impact of pacemaker therapy is essential. Unfortunately, these
data are scarce for the adult CHD population and large multi-center studies are lacking.>®
Furthermore, most CHD studies only focus on lead failure rate. The objective of the present
multi-center study is to investigate the indications, peri-procedural and late complications of

permanent pacemaker therapy in adults with CHD.

METHODS

For the present retrospective study, all adults with CHD and a history of pacemaker implanta-
tion were identified from the participating centers using the nationwide CONgenital CORvitia
(CONCOR) registry in the Netherlands and a Belgian tertiary care center adult CHD database.™
Excluded from analysis were patients with a primary electrical disease or cardiomyopathy.
We also excluded patients with an implantable cardioverter defibrillator as we previously
published our experience with this specific patient group.'? Crosscheck with the local pace-
maker registries of the four participating tertiary centers revealed a total of 274 patients.
The central medical Ethics Committee in the Netherlands and the local Belgian Ethics Board
approved the protocol. The authors of this manuscript have certified that they comply with
the Principles of Ethical Publishing in the International Journal of Cardiology.'

Data were collected from medical records and pacemaker databases. Baseline data prior to
pacemaker implantation were registered from the patient records including, gender, congen-
ital anatomic diagnosis, surgical procedures, and history of atrial arrhythmias. The complexity
of the CHD diagnosis was defined as simple, moderate or complex according to the classifica-
tion adopted at the American Heart Association Task Force on Adults with CHD.'* Detailed

information concerning the pacemaker implantation was recorded, including age at implan-

161



Chapter 4.2

tation, indication for pacemaker implantation, method of implant (endocardial/epicardial),
pacing mode (AAl, VVI, DDD, or VDD), and peri-procedural complications. Peri-procedural
pacemaker complications were defined as complications occurring in the first 30 days after
initial pacemaker implantation. Follow-up data included late pacemaker complications (>30
days of implantation), major clinical complications and pacemaker reinterventions. Major
clinical complications included endocarditis (not pacing system-related), hospitalization for
heart failure, stroke, heart transplantation, aborted sudden cardiac death, and death.

Documented pacemaker complications were: bleeding (any swelling of the pocket with
clinical suspicion of hematoma requiring intervention), pacing system-related endocarditis,
erosion (skin penetration of the pacemaker requiring intervention), lead failure (leads
repaired, repositioned, replaced, or abandoned due to fracture, insulation break, dislodg-
ment, or abnormalities in pacing or sensing), pacemaker dysfunction/early battery depletion
(pacemaker malfunction requiring pacemaker replacement or early battery depletion neces-
sitating replacement <3 years post implant), pacemaker migration (requiring pacemaker
repositioning), pneumothorax (absence of lung markings over the lung ipsilateral to the
pacemaker pocket assessed from x-ray), pocket infection (superficial wound infection), and
ventricular arrhythmias (related to lead manipulation). Normal elective replacement of a
pacemaker (>3 years post-implant) or pacemaker upgrade was not considered a pacemaker
complication.

Statistical methods

Continuous data are presented as mean = SD. In the case of skewed data, medians and in-
terquartile ranges (IQR) were used. Categorical variables are represented by frequencies and
percentages. Comparison of continuous variables between groups was made by unpaired
Student’s t-tests. In the case of a skewed distribution, the Mann-Whitney U test was used.
When comparing frequencies, the chi-square test or Fisher’s exact test was used, where ap-
plicable.

Potential predictors of late pacemaker-related complications were identified by means
of Cox regression models, and hazard ratios (HR) and 95% confidence intervals (95%Cl) are
reported. Variables with a p<0.10 on univariable analysis were included in a multivariable
model. Two-tailed probability values <0.05 were considered statistically significant. Statistical
analysis was performed using the statistical package R (64 bit) for Mac, version 2.14.2.
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RESULTS

Patient characteristics, pacemaker indications, procedural details

The baseline characteristics of the 274 included patients with CHD are summarized in Table 1.
Patients with complex CHD comprised 36% of the population, and were mainly patients with
transposition of the great arteries (after atrial correction or congenitally corrected transposi-
tion) or single ventricle physiology (Figure 1). The first implant for most patients occurred in
adulthood (70%). Patients with complex CHD underwent primary pacemaker implantation at
younger age compared to those with simple/moderate CHD (median age 23 versus 31 years,
p<0.0001). Furthermore, patients who received an epicardial pacing system were younger at
implantation compared to those with an endocardial pacing system (median age 14 versus
31 years, p<0.0001). The primary pacemaker devices were implanted between March 1972
and Jan 2009.

The major indication for pacemaker therapy was acquired sinus node or AV node conduc-
tion disease (63%), the majority of patients had undergone surgery years previously. Seventy-
seven patients (28%) required pacing within 30 days after cardiac surgical repair or palliation.
The remainder (9%) required pacing for drug-refractory atrial arrhythmias or drug-induced
bradycardia.

Table 1. Baseline characteristics at first pacemaker implantation

Total Simple/moderate CHD  Complex CHD

Variable (n=274) (n=175) (n=99) p-value
Age at firstimplantation (years), median [IQR] 26[15-39] 31[18-44] 23[12-28] <0.0001
Firstimplant <18 years 83(30) 46 (26) 37(37) 0.06
Male gender 152 (55) 92 (53) 60 (61) 0.20
History of atrial arrhythmias 103 (38) 63 (36) 40 (40) 0.52
Indication for pacemaker

+ Acquired SSS 91(33) 56 (32) 35(35)

+Acquired AV block 81(30) 47(27) 34 (34)

« Surgical AV block 70 (26) 57(33) 13(13) 0,001

. Err:jy:frrj;tory atrial arrhythmias or drug-related 2509) 14) nan

Surgical SSS 7(3) 1(1) 6(6)

Initial pacing mode

+  Physiologic pacing (DDD, AAl, VDD) 239 (65) 113 (65) 66 (67) 0.86
Implantation technique:

+ Endocardial leads 184 (67) 135(77) 49 (49)

+ Epicardial leads 90 (33) 40(23) 50(51) <0.0001

Abbreviations: AV = Atrioventricular; SSS = Sick Sinus Syndrome.
Data are presented as n (%), unless stated otherwise.
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Figure 1. Distribution of congenital anatomic diagnosis
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Abbreviations: Ao valve = Aortic valve; ASD = Atrial Septal Defect; AVSD = Atrioventricular Septal
Defect; cc-TGA = Congenitally corrected Transposition of the Great Arteries; CoA = Coarctation of the
Aorta; Ebstein = Ebstein’s anomaly; PAPVR/TAPVR = Partial Anomalous Pulmonary Venous Return / Total
Anomalous Pulmonary Venous Return; Pul valve = Pulmonary valve; Single Ventricle = Single Ventricle
physiology (e.g. Fontan); TGA = Transposition of the Great Arteries; ToF = Tetralogy of Fallot; VSD =
Ventricular Septal Defect.

Patients with complex CHD more often received an epicardial pacing system compared
to those with simple/moderate CHD (51% versus 23%, p<0.0001). Reasons for implanting an
epicardial system were small body size or young age (n=22, 24%), complex systemic venous
anatomy or venous access problems (n=20, 22%), concomitant cardiac surgery (n=17, 19%),
right-sided mechanical AV valve (n=10, 11%), intra-cardiac shunt (n=5, 6%), endocarditis
(n=2, 2%), and unknown reason (n=14, 16%). There were no differences in pacing mode
between patients with complex and simple/moderate CHD.

Table 2 provides an overview of pacemaker details in the five most common CHD groups.
Patients with complete transposition of the great arteries usually required a pacemaker for
acquired sick sinus dysfunction. In contrast, patients with aortic valve disease are more prone
to surgical AV block. In addition, patients with single ventricle physiology are at high risk of
atrial arrhythmias and a significant proportion requires a pacemaker related to treatment of
atrial arrhythmias.

Table 3 summarizes the initial mode of pacing and change in mode over time. The majority
of patients (59%) received atrial-based/physiologic pacing (i.e., AAl, DDD, VDD) at baseline
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Table 2. Overview of pacemaker details in the five most common CHD groups

Complete Single Ventricle Tetralogy of Aortic valve ASD
Variable TGA physiology Fallot disease secundum
(n=45) (n=25) (n=33) (n=30) (n=37)
Clinical
+Ageat firstimplantation (years), median [IQR] ~ 23[10-27] 24[15-30] 33[17-41] 34[22-50] 35[18-52]
+ Follow-up duration (years), median [IQR] 15[9-20] 8[2-15] 13[6-26] 10[6-16] 12[8-26]
+ Male gender 69% 52% 61% 73% 41%
« History of atrial arrhythmias 44% 64% 39% 13% 51%
Indication for pacemaker
+Acquired SSS 60% 28% 48% 7% 43%
Acquired AV block 13% 36% 27% 30% 27%
Surgical AV block 7% 12% 18% 60% 16%
:?]r(;lugc—;zfr;\rcatg;zaartdr:zl arrhythmias or drug- 1% 20% % 3% 14%
+ Surgical SSS 9% - - -
Pacemaker details
+  Physiologic pacing 53% 88% 58% 77% 62%
+ Epicardial leads 42% 76% 12% 17% 22%
Pacemaker complications
Peri-procedural complications 13% 12% 15% - 8%
Late pacemaker-related complications 38% 20% 24% 23% 32%

Abbreviations: ASD = Atrial Septal Defect; AV = Atrioventricular; SSS = Sick Sinus Syndrome; TGA =

Transposition of the Great Arteries, ASD = Atrial Septal Defect.
Data are presented as percentages, unless stated otherwise.

Table 3. Mode of Pacing at Baseline and at Most Recent Follow-Up

Baseline Follow-up Number of patients (%)
AAI AAl 16 (6%)
AAI DDD 5(2%)
Wi Wi 55 (20%)
wi DDD 36 (13%)
wi AAI 4(2%)
DDD DDD 136 (50%)
DDD wi 15 (6%)
DDD AAI 1(0.4%)
VDD VDD 3(1%)
VDD DDD 2(0.7%)
VDD wi 1(0.4%)
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and during follow-up, while 40 patients (15%) were upgraded from ventricular to atrial-
based/physiologic pacing (i.e. VVI to DDD or VVI to AAl). The pacemaker was upgraded to an
implantable cardioverter defibrillator in 20 patients (7%) during follow-up.

Peri-procedural complications

Twenty-nine patients (10.6%) experienced one or more peri-procedural complications (<30
days after implantation) during their first pacemaker implantation (Table 4). The most com-
mon complication was lead failure requiring intervention (4.0%). Patients with complex CHD
showed a trend towards more peri-procedural complications compared to those with simple/
moderate CHD (15% versus 8%, p=0.07). There was a numerical decrease in the incidence of
peri-procedural complications when primary pacemaker implantations in a more contempo-
rary cohort (1997-2009) were compared to an earlier cohort (1972-1996), however, this was
not statistical significant (7.6% versus 13.4%, p=0.12). Younger age (<18 years) at implanta-
tion was not associated with a higher peri-procedural complication rate (7.4% versus 11.9%,
p=0.27).

Table 4. Peri-procedural complications during first pacemaker implantation

Simple/

Complication (nT:;;L) moderate CHD Con::l:xg)CHD p-value p;eul:::;:na
(n=175)

Total number of patients 29(10.6) 14(8.0) 15(15.2) 0.07 5.2%
Early lead failure 11(4.0) 5(29) 6(6.1) 0.21 2.3%
Bleeding 7(2.6) 3(1.7) 4(4.0) 0.26 0.8%
Pneumothorax 4(1.5) 2(1.1) 2(2.0) 0.62 0.5%
Pocket infection 4(1.5) 2(1.) 2(2.0) 0.62 0.1%

+ Ventricular arrhythmias 2(0.7) - 2(2.0) 0.13 0.1%
+ Other 2(0.7) 2(1.1) - 0.54 0.8%

Abbreviation: CHD = Congenital Heart Disease.
a) Modified from Nowak et al.™*
Data are presented as n (%).

Late pacemaker-related complications

During a median follow-up period of 12 years (IQR 6-19 years) 95 patients (35%) experienced
a late pacemaker-related complication (Table 5). The most common observed complication
was lead failure in 68 patients (25%). A large proportion of patients experienced an infection-
related complication (pocket infection 4.4%, pacing system-related endocarditis 2.5%). The
cumulative rate of late pacemaker-related complication was 8, 19,28 and 41%at 1, 5, 10 and

15 years, respectively.
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Table 5. Late pacemaker-related complications

Total population

Variable (n=274)
Duration of follow-up (years), median [IQR] 12[6-19]
Total number of patients 95 (34.6)
Late lead failure 68 (24.8)
Pacemaker dysfunction/ early battery depletion 14 (5.1)
Pacemaker migration 13(4.7)
Erosion 13(4.7)
+ Pocket infection 12 (4.4)
+Pacing system-related endocarditis 7(2.5)
. Other 9(33)

Data are presented as n (%), unless stated otherwise.

Predictors of late pacemaker-related complications

Five variables were evaluated as possible predictors for late pacemaker-related complica-
tions: young age at implantation (<18 years), complex CHD, epicardial leads, pacemaker
implantation before 1997 and female gender. Only young age at implantation (<18 years)
was an independent predictor of late pacemaker-related complications (adjusted hazard
ratio 1.68, 95% confidence interval 1.07 to 2.63, p=0.023) (Table 6, Figure 2).

Long-term outcome

During follow-up, a large proportion of patients was hospitalized for heart failure (n=41, 15%)
and ultimately four patients underwent heart transplantation (1.5%). Other clinical events
were stroke (n=13, 4.7%), aborted sudden cardiac death (n=13, 4.7%) and endocarditis not
related to the pacing system (n=8, 2.9%). Twenty-three patients (8.4%) died during follow-up
at a mean age of 46 + 17 years. The cumulative rate of survival was 99, 96 and 92% at 5, 10

and 15 years, respectively.

Table 6. Predictors of late pacemaker-related complications in CHD patients receiving pacemaker therapy

Univariate analysis Multivariate analysis
Variable Hazard ratio [95% Cl] p-value Hazard ratio [95% Cl] p-value
Young age (<18 years) at implantation 1.78[1.18-2.68] 0.006 1.68 [1.07-2.63] 0.023
Complex CHD 0.94[0.62-1.43] 0.78 -
Epicardial leads 1.43[0.95-2.14] 0.09 0.84[0.53-1.34] 052
Pacemaker implantation before 1997 1.30[0.80-2.12] 0.29 -
Female gender 1.25[0.83-1.86] 0.29 -

Abbreviation: CHD = Congenital Heart Disease.
a) Compared to the period 1997-2009.
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Figure 2. Pacemaker-related complication event-free survival in two age cohorts
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Abbreviations: HRadj = Adjusted Hazard Ratio; HRunadj = Unadjusted Hazard Ratio; <18 years = <18 years
of age at first pacemaker implantation; =18 years = >18 years of age at first pacemaker implantation.

DISCUSSION

Several anatomical and pathological issues render pacemaker implantation in patients
with CHD more difficult compared to the general population.>® Our study shows that the
incidence of peri-procedural complications in patients with CHD seems higher than in the
general population (10.6% versus 5.2%)."> Furthermore, more than one-third of our cohort
(34.6%) experienced a late pacemaker-related complication during a median follow-up of 12
years. The most common late complication was lead failure necessitating intervention.

CHD patients are prone to rhythm and conduction disease, which is not surprising con-
sidering the underlying congenital cardiac defect, longstanding hemodynamic alterations,
and the consequences of surgical interventions. Our study demonstrates that the indication
for pacemaker therapy is associated with the underlying congenital anatomical diagnosis
and the associated cardiac surgical procedures (Table 2). Sinus node dysfunction is a com-
mon late sequela in patients who underwent atrial surgery, while acquired AV conduction
disorders are more common in those with displacement of the AV node outside the triangle
of Koch. Furthermore, certain operations are associated with a high risk of AV block due to
proximity of the AV conduction tissue. Besides conduction disorders, drug-refractory atrial
arrhythmias are important late complications especially in Fontan patients palliated with an
atriopulmonary connection.’

Implantation of a pacemaker in a patient with CHD can be challenging. Our study popula-
tion experienced more peri-procedural complications (10.6%) compared to the general
population. Using data from a large-scale German prospective pacemaker registry (n=17.826,
mean age 75 + 10 years), the incidence of peri-procedural complications after first pacemaker
implantation was 5.2% in a non-CHD population.’ It is possible that the observed higher
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peri-procedural complication rate in our cohort is related to the younger age of the study

population and not to presence of congenital heart disease in itself. However, in our study

population age was not associated with peri-procedural complication rates.

Although the transvenous approach is the first choice, this approach may not be suitable

for those with small body size, an intra-cardiac shunt, anatomic constraints (i.e. Fontan), a

right-sided mechanical valve or absence of venous access. One-third of our study population

received epicardial leads. This is in agreement with other large single-center studies in adults

with CHD (Table 7).>¢ Interestingly, in our study the use of epicardial leads was not associ-

ated with a higher incidence of late pacemaker-related complications. This is in contrast to

Table 7. Comparison of studies of pacemaker therapy in adults with CHD

Variable Walker 2004 (5) McLeod 2010 (6) Opic 2012
e meme e
Time period NA 1967-2005 (38 y) 1972-2009 (37y)
Number of patients 168 106 274
Male 47% 50% 55%
Complex CHD 40% 50% 36%
Indication for pacemaker
Acquired SSS 19% 40% 33%
Acquired AV block 27% 33% 30%
Surgical AV block 37% 15% 26%
Err:c?;ir;icatory atrial arrhythmias or drug-induced 0% 12% 0%
« Surgical SSS 8% 0% 3%
Age at first implantation (years)° 28 37+19 26[15-39]
Firstimplant <18 years 33% 16% 30%
Epicardial leads 37% 33% 33%
Peri-procedural complications during first implantation NA 12%* 11%
Duration of follow-up (years)® 11+9 12+14 26[15-39]
Late pacemaker-related complications NA NA 35%
Lead failure during follow-up 27% 24%¢ 25%
Pocket infection 3.6% 4% 4.4%
Erosion 1.1% NA 4.7%
Pacing system-related endocarditis 0.6% NA 2.5%
Mortality 24% 20% 8.4%

Abbreviation: NA = Not Available.
a) Excluding failed or difficult placement.

b) Data are presented as mean + SD or median [IQR].

¢) Unit of analysis: number of leads.
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previous studies demonstrating a higher lead-failure rate in those with epicardial pacing sys-
tems.®'? Previous studies have shown that the use of steroid-eluting epicardial leads render
the lead failure rate comparable to endocardial leads.'*"”

Data with regard to late pacemaker-related complications in adults with CHD is scarce;
most studies only report lead failures.>¢ Our study demonstrates a high incidence of late
pacemaker-related complications after primary device implantation. The overall cumulative
10-year rate of late pacemaker-related complications requiring intervention is 24%. Younger
age at implantation (<18 years) was independently associated with a higher risk of late
pacemaker-related complications. This might be explained by the rapid body growth, more
active lifestyle and more frequent traumatic events rendering these patients more prone to
lead failure, pacemaker migration and erosion. Finally, protracted pacemaker procedures in
patients with complex anatomy may render these patients more prone to both acute and
late pacing-system-related infections. Our data shows that patients with complex CHD are
younger when receiving their first pacemaker compared to those with simple/moderate CHD.
The combination of above mentioned factors may explain why younger patients experience
more late pacemaker-related complications.

Study limitations

This study has limitations inherent to any retrospective study. The most important limita-
tion is the potential for missing complications, which were not described in medical records.
However, if we have underestimated the complication rate, this only strengthens our conclu-
sion that the CHD population is at higher risk of peri-procedural pacemaker complications
compared to the general population. Furthermore, the comparison to other CHD studies may
be hampered by differences in definitions of pacemaker-related complications (Table 7).

The multi-center design limited our ability to collect information on certain risk factors,
including pacing and sensing thresholds and lead impedances, the precise method of
transvenous vascular access, or the precise types of fixation methods and materials used. The
patient sample is drawn from an adult-based practice and hence skewed towards this age
group. Therefore, the patients who died or were lost to follow-up before reaching adulthood
are notaddressed in this study and this could introduce bias. Finally, although our study is the
largest multicenter study in adults with CHD, some of our analyses may be underpowered.
Therefore, the conclusions of the present study must be drawn with caution.
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CONCLUSION

In this large multi-center study of adult patients with CHD receiving pacemaker therapy, we
found a high incidence of peri-procedural and late pacemaker-related complications. More
than one third of patients will experience a late pacemaker-related complication during
long-term follow-up. The most common late complication was lead failure. Age proved to
be an independent predictor of late pacemaker-related complications, with a 68% increased
relative risk in CHD patients younger than 18 year. Our data stress that meticulous follow-up
is mandatory in this population to identify potential pacemaker complications, especially in

the younger and active CHD population.
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ABSTRACT

Aims: To determine whether atrial-based pacing prevents atrial arrhythmias in adults with
congenital heart disease (CHD) compared with ventricular pacing.

Methods and Results: All adult CHD patients from 4 participating centers with a perma-
nent pacemaker were identified. Patients with permanent atrial arrhythmias at pacemaker
implantation and patients who received a pacemaker for treatment of drug-refractory atrial
arrhythmias were excluded. The final study population consisted of 211 patients (52% male,
36% complex CHD) who received a first pacemaker for sick sinus dysfunction (n=82) or atrio-
ventricular block (n=129) at a median age of 24 years (interquartile range [IQR], 12 to 34). A
history of atrial arrhythmias at implantation was present in 49 patients (23%). Atrial-based
pacing was the initial pacing mode in 139 patients (66%) while the others (34%) received
ventricular pacing. During a median follow-up of 13 years (IQR, 7 to 21), 90 patients (43%)
developed an atrial arrhythmia. Multivariate analysis demonstrated no significant effect of
atrial-based pacing on subsequent atrial arrhythmias (hazard ratio [HR], 1.53; 95% confidence
interval [Cl], 0.91 to 2.56; P=0.1). Independent predictors of atrial arrhythmia were history of
atrial arrhythmias (HR, 5.55; 95% Cl, 3.47 to 8.89; P<0.0001), older age (=18 years) at pace-
maker implantation (HR, 2.29; 95% Cl, 1.29 to 4.04; P=0.005) and complex CHD (HR, 1.57; 95%
Cl, 1.01 to 2.45; P=0.04).

Conclusion: In contrast to the general population, atrial-based pacing was not associated
with a lower incidence of atrial arrhythmia in adults with CHD.
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INTRODUCTION

Atrial arrhythmias play an important role in the management of adults with congenital
heart disease (CHD)." The prevalence of atrial arrhythmias is approximately 15% in the adult
CHD population, and the risk of developing atrial arrhythmias increases steadily with age.?
Atrial arrhythmias contribute significantly to morbidity and mortality in this population.>*
Therefore, strategies to reduce the burden of atrial arrhythmias in this population are highly
welcome.

An interesting subgroup is the adult CHD population with bradycardia indications for per-
manent pacemaker implantation. In the general population, several prospective randomized
trials have clearly demonstrated that atrial-based pacing (“physiologic pacing”) reduces the
incidence of atrial fibrillation compared with ventricular pacing.>'® This is not surprising, as
loss of AV synchrony due to ventricular pacing is associated with increased natriuretic pep-
tide levels, sympathetic nervous activation and atrial pressures; all factors associated with
the development of atrial fibrillation.' ' Whether atrial-based pacing is also beneficial in the
adult CHD population is not clear.”* The aim of the present multi-center study is to investigate
whether atrial-based pacing prevents atrial arrhythmias in adults with CHD.

METHODS

For the present retrospective observational study, all adults with CHD and pacemaker im-
plantation were identified using the nationwide CONgenital CORvita (CONCOR) registry in
the Netherlands, and a Belgian tertiary care adult CHD database.' The central medical ethic
committee in the Netherlands and the local Belgian Ethics Board approved the protocol. This
study complies with the declaration of Helsinki.

Data were collected from medical records and pacemaker databases. Baseline data
prior to pacemaker implantation were registered from the patient records including gender,
congenital anatomic diagnosis, surgical procedures and history of atrial arrhythmias. The
complexity of the CHD diagnosis was defined as simple, moderate or complex according to
the classification adopted at the American Heart Association Task Force on Adults with CHD.'
Detailed information concerning pacemaker implantation was recorded and included age at
implantation, indication for pacemaker implantation, method of implant (endocardial/epi-
cardial), pacing mode (AAI/VVI/DDD/VDD) and the occurrence of sustained atrial arrhythmias
during follow-up. Atrial-based pacing, which includes AAI, DDD and VDD, was compared to
ventricular pacing (VVI). The end-point was the occurrence of sustained atrial arrhythmias
(i.e., intra-atrial reentrant tachycardia, atrial tachycardia, atrial fibrillation) documented by
ECG, Holter or stored logs.
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Statistical analysis

Continuous data are presented as mean + SD or median with interquartile ranges (IQR) as ap-
propriate. Categorical variables are represented by frequencies and percentages. Comparison
of continuous variables between groups was made by unpaired Student’s t-tests. In the case
of a skewed distribution, the Mann-Whitney U test was used. When comparing frequencies,
the chi-square test or Fisher exact test was used, where appropriate.

Cumulative freedom from atrial arrhythmias was constructed with the use of the Kaplan-
Meier method and groups were compared by log-rank statistics. To determine predictors of
sustained atrial arrhythmias during follow-up, univariate and multivariate Cox proportional
hazard models were constructed after proportional hazard assumptions were verified. The
patient was set as unit of analysis and time to first atrial arrhythmia was determined. Candi-
date variables included: atrial-based pacing, older age (= 18 years) at pacemaker implanta-
tion, complex CHD, female gender, history of atrial arrhythmia, endocardial pacing system,
and sick sinus syndrome. Two-tailed probability values of <0.05 were considered statistically
significant. Statistical analysis was performed using the statistical package R (64 bit) for Mac,
version 2.14.2.

RESULTS

Patient characteristics

Crosscheck with local pacemaker registries of the four participating tertiary centers revealed
a total of 274 patients. After exclusion of 63 patients with permanent or drug-refractory atrial
arrhythmias at implantation, 211 patients comprised the final study population. The baseline
characteristics of the included patients are summarized in Table 1. Patients with complex CHD
comprised 37% of the population, and were mainly patients with transposition of the great
arteries and single ventricle physiology. The majority of patients (66%) received atrial-based
pacing at initial implantation. There were important baseline differences between patients
with atrial-based pacing and those with ventricular pacing. Patients with ventricular pacing
more often had the first pacemaker implantation at pediatric/adolescent age (64% versus
22%, p<0.001) and in an older era (before 1994) (75% versus 21%, p<0.001). Furthermore,
an epicardial pacing system was more often used in patients with ventricular pacing (49%
versus 25%, p<0.001). There was no difference in the complexity of the underlying CHD or the

prevalence of a history of atrial arrhythmias between the two groups.
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Table 1. Baseline characteristics at first pacemaker implantation

Variable (nT:;:I” Atrial (I:‘a=s1e:9|))acmg Ventrl(c:=la7r2 |)Jacmg p-value
Age at first implantation (years)® 24112-34] 26[19-39] 12[7-26] <0.001
Firstimplant <18 years 77 (36%) 31(22%) 46 (64%) <0.001
Male gender 110 (52%) 72(52%) 38 (53%) 0.9
Complex CHD 79 (37%) 52 (37%) 27 (38%) 1.0
History of atrial arrhythmia 49 (23%) 36 (26%) 13 (18%) 0.2
Pacemaker implantation before 1994 83 (39%) 29 (21%) 54 (75%) <0.001
Indication for pacemaker
«Acquired sick sinus syndrome 78 (37%) 45 (32%) 33 (46%) 0.05
Acquired atrioventricular block 69 (33%) 51(37%) 18 (25%) 0.09
Surgical atrioventricular block 60 (28%) 41 (29%) 19 (26%) 0.6
Surgical sick sinus syndrome 4(2%) 2(1%) 2(3%) 0.6
Pacing mode
« AAIR) 14 (7%) 14 (10%) - <0.001
- DDD(R) 120 (57%) 120 (86%)
- VDDR) 5(2%) 5 (4%)
WIR) 72 (34%) - 72 (100%)
Implantation technique
+ Endocardial leads 141 (67%) 104 (75%) 37(51%) <0.001
« Epicardial leads 70 (33%) 35 (25%) 35 (49%)

Abbreviation: CHD = Congenital Heart Disease.
a) Expressed as median with interquartile ranges.

Atrial arrhythmias during follow-up

During a median follow-up of 13 years, 90 patients (43%) developed atrial arrhythmias. Of
these 90 patients, 58 patients (64%) had intra-atrial reentrant tachycardia/atrial tachycardia
and 32 patients (36%) had atrial fibrillation as the first presenting atrial arrhythmia. The cu-
mulative rate of atrial arrhythmias was 21%, 29%, and 39% at 5, 10 and 15 years, respectively.
Univariate predictors of atrial arrhythmias are depicted in Table 2. Atrial-based pacing, history
of atrial arrhythmias, older age (=18 years) at pacemaker implantation, sick sinus syndrome,
complex CHD and endocardial pacing system were identified as significant univariate predic-
tors of atrial arrhythmias. Multivariate analysis, including all significant univariate predictors,
demonstrated that only a history of atrial arrhythmias, older age (=18 years) at pacemaker
implantation, and complex CHD were independent predictors of atrial arrhythmias. Atrial-
based pacing was not an independent predictor of sustained atrial arrhythmias during
follow-up (HR, 1.53; 95% Cl, 0.91 to 2.56; P=0.1).
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Table 2. Predictors of atrial arrhythmia in CHD patients receiving pacemaker therapy

Univariate analysis Multivariate analysis
Variable Hazard ratio [95% Cl] p-value Hazard ratio [95% Cl] p-value
History of atrial arrhythmia 6.90 [4.40-10.8] <0.0001 5.55[3.47-8.89] <0.0001
Older age (>18 years) at implant 2.7411.71-4.40] <0.0001 229[1.29-4.04] 0.005
Sick sinus syndrome 1.99[1.32-3.01] 0.001 1.50[0.96-2.36] 0.08
Atrial-based pacing 1.89[1.19-3.01] 0.007 1.53[0.91-2.56] 0.1
Complex CHD 1.67 [1.10-2.54] 0.02 1.57[1.01-2.45] 0.04
Endocardial pacemaker 1.66 [1.06-2.62] 0.02 1.10[0.65-1.86] 0.7
Female gender 0.71[0.47-1.08] 0.1

Abbreviation: CHD = Congenital Heart Disease.

Subgroup analysis

Subgroup analysis demonstrates that patients with single ventricle physiology had a high
prevalence of previous atrial arrhythmias (50%) at pacemaker implantation (Table 3). Inter-
estingly, no patient with aortic valve disease was known with a history of atrial arrhythmia
prior to implantation. During follow-up, patients with a single ventricle physiology were
more prone to develop atrial arrhythmias compared to the other groups (Figure 3, Table 3).

Table 3. Overview of pacemaker details and atrial arrhythmias in selected CHD groups

T s ol

Variable (n=35) (n=26) (n=26) (n=18)
Clinical and pacemaker data:
«Age at firstimplantation (years)° 18[8-25]  28[15-40] 34[18-51] 27 [15-45] 24[13-29]
+ Male gender 69% 62% 73% 36% 44% 0.03
+ Firstimplant <18 years 49% 39% 23% 32% 33% 033
+ History of atrial arrhythmias 29% 23% 0% 28% 50% 0.004
+  Atrial-based pacing 54% 54% 77% 60% 88% 0.05
+ Epicardial leads 46% 12% 15% 28% 72% 0.07
Follow-up data:

5-year rate of atrial arrhythmias 20% 25% 0% 21% 51%
+ 10-year rate of atrial arrhythmias 32% 30% 11% 27% 60%

Abbreviations: TGA = Transposition of the Great Arteries; ASD = Atrial Septal Defect.
a) Atrial repair.
b) Expressed as median with interquartile range.
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Figure 1: CHD diagnosis stratified by pacing mode at initial implantation
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Abbreviations: Ao valv = Aortic valve disease; ASD = Atrial Septal Defect; AVSD = Atrioventricular Septal
Defect; cc-TGA = Congenital Corrected Transposition of the Great Arteries; PAPVR/TAPVR = Partial
Anomalous Pulmonary Venous Return / Total Anomalous Pulmonary Venous Return; Pul valv = Pulmonary
valve disease; SV = Single Ventricle physiology; TGA = Transposition of the Great Arteries; TOF = Tetralogy
of Fallot; VSD = Ventricular Septal Defect.

Figure 2. Freedom from atrial arrhythmias for ventricular pacing and atrial-based pacing in patients with
CHD
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Abbreviations: HRadj = Adjusted Hazard Ratio; HRunadj = Unadjusted Hazard Ratio; Ventricular =
Ventricular pacing; Atrial = Atrial-based pacing.
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Figure 3. Freedom from atrial arrhythmias in selected CHD groups after pacemaker implantation
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Abbreviations: Ao valve disease = Aortic valve disease, ASD-Il = Secundum Atrial Septal Defect, ToF =
Tetralogy of Fallot, TGA = Transposition of the Great Arteries; SV = Single Ventricle physiology.

Table 4. Peri-procedural complication rates for atrial-based and ventricular pacing

Complication Total Atrial-based Ventricular p-value
(n=211) (n=139) (n=72)

Total number of patients 22 (10.4%) 11(7.9%) 11(15.3%) 0.1
Lead failure 9(4.3%) 5 (3.6%) 4(5.6%) 0.5
Bleeding 3(1.4%) 3(2.2%) - 0.5
Pneumothorax 2(0.9%) 2(1.4%) - 0.5
Pocket infection 4(1.9%) - 4(5.6%) 0.01

+ Ventricular arrhythmias 2(0.9%) - 2(2.8%) 0.1

+ Other 2(0.9%) 1(0.7%) 1(1.4%) 1.0

Peri-procedural complications

Overall, the peri-procedural complication rate is comparable between patients with atrial-
based pacing and those with ventricular pacing (Table 4). When looking at the different com-
plications, there was a higher incidence of pocket infection in those with ventricular pacing
when compared to those with atrial-based pacing (5.6% versus 0%, P=0.01).
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DISCUSSION

In the general population without CHD, atrial-based pacing is beneficial in reducing the
incidence of atrial fibrillation compared with ventricular pacing.>'° The present multi-center
study, however, demonstrates that the beneficial effects of atrial-based pacing cannot be
extrapolated to the adult CHD population. After correction for important confounders, the
incidence of atrial arrhythmias was not different between atrial-based pacing and ventricular
pacing. These findings suggest that the mode of pacing does not play an important role in
adults with CHD for the reduction of atrial arrhythmias.

Patients with CHD are prone to rhythm and conduction disease, which is not surprising
considering the underlying congenital cardiac defect, abnormal anatomy, longstanding
hemodynamic alterations, and the consequences of surgical interventions. Atrial arrhythmias
are a burden to the adult CHD population and are associated with increased morbidity and
mortality.>* These arrhythmias may be difficult to treat pharmacologically and may require
(a combination of) catheter ablation or atrial antitachycardia pacing.'®'” The purpose of the
present study was to explore whether the pacing mode may play a role in the prevention of
atrial arrhythmias in CHD patients who had a bradycardia indication for permanent pacing.

Loss of AV synchrony due to ventricular pacing may contribute to increased atrial arrhyth-
mogenesis. A meta-analysis by Healey et al., summarizing the data of 5 randomized trials in
patients without CHD, demonstrated that atrial-based pacing reduced the incidence of atrial
fibrillation (HR, 0.80; 95% Cl, 0.72 to 0.89; P<0.001) and stroke (HR, 0.81; 95% Cl, 0.67 to 0.99,
P=0.035) compared with ventricular pacing.5

Interestingly, our study cohort showed no beneficial effect of atrial-based pacing in pre-
venting atrial arrhythmias. Unexpectedly, we found that atrial-based pacing was associated
with an increased risk of atrial arrhythmias in the univariate analysis (HR, 1.89; 95% Cl, 1.19
to 3.00, P=0.006). This can be explained by the older age at pacemaker implantation of the
cohort who received atrial-based pacing. In the multivariate analysis, the pacing mode was
not a predictor of atrial arrhythmias. One previous single-center study demonstrated that
atrial-based pacing did not appear to be protective against subsequent atrial arrhythmias.’
The reason for this lack of beneficial effect of atrial-based pacing may be inherent to the
increased vulnerability of the adult CHD population for atrial arrhythmias due to increased
natriuretic peptides, altered loading conditions and presence of surgical atrial scar.'® The
loss of AV synchrony induced by ventricular pacing may add little incremental arrhythmo-
genic risk in such patients, and therefore atrial-based pacing may not be as beneficial as
in the general population. This is in agreement with results from the Mode Selecton Trial
(MOST) in Sinus-Node Dysfunction, where a significant reduction in atrial fibrillation with
DDDR pacing when compared with ventricular pacing was observed solely in the subgroup
of patients without a history of atrial fibrillation.® These results support that pacing mode
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selection is less important with respect to later development of atrial fibrillation in patients
who already are at high risk of developing atrial fibrillation.

Another explanation for the lack of beneficial effect of atrial-based pacing may be related
to the type of atrial arrhythmias in the CHD population. In the present study, the majority of
patients with atrial arrhythmias during follow-up experienced intra-atrial reentry tachycardia.
Approximately one-third of patients had atrial fibrillation. This ratio is in accordance with a
previous study in adult CHD patients who underwent electrical cardioversion.?® Atrial-based
pacing may be less beneficial for the prevention of intra-atrial reentrant tachycardia than
atrial fibrillation.

With regard to predictors for future arrhythmias after pacemaker implantation, the group
of Harris identified a history of atrial arrhythmias as an independent predictor.”® In addition,
we identified older age (=18 years) at pacemaker implantation and complex CHD as indepen-
dent predictors of atrial arrhythmias. In particular, patients with single ventricle physiology,
mostly Fontan patients with an atriopulmonary connection, are at increased risk of develop-
ing atrial arrhythmias later in life (Figure 3). Previous electrophysiological mapping studies
have shown that Fontan patients undergo progressive adverse atrial mechano-electrical
remodeling with increasing age, rendering them more prone to atrial arrhythmias.”

It is important to stress that the primary aim of the current study was to investigate the
role of pacing mode on the incidence of atrial arrhythmias. This study does not evaluate the
potential beneficial effects of atrial-based pacing, by maintaining AV synchrony, on hemo-
dynamic parameters, risk of heart failure and avoidance of symptoms related to pacemaker
syndrome.

The current study demonstrated a relative high proportion of patients who received
ventricular pacing as the initial pacing mode (34%). Implantation of the pacemaker in an
older era (before 1994) or at pediatric/adolescent age may explain this phenomenon. The
beneficial effects of dual-chamber pacing became more appreciated from the early 1990's,7,8
However, in the pediatric population there is still some debate whether dual-chamber pacing
is superior to ventricular pacing.?'

Finally, the rate of peri-procedural complications in the general population without CHD is
nearly twice as high with atrial-based pacing compared with ventricular pacing (6.2% versus
3.2%), primarily due to a significant increase in the rate of lead failure and infection.5 Our
study cohort did not confirm this difference in overall peri-procedural complication rate
between patients with atrial-based pacing or ventricular pacing. However, CHD patients with
ventricular pacing did demonstrate more pocket infections (5.6% versus 0%, P=0.01).

Study Limitations

This study has limitations inherent to any retrospective study. The major limitation of the
present study is the observational study design, which renders the data subject to selec-
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tion bias. We tried to overcome this limitation by using a multivariate analysis including all
potential confounders. Clearly, this approach cannot replace a randomized controlled trial
design. Furthermore, despite its relative large size due to its multicenter nature, this study
may be underpowered to demonstrate a potential benefit of atrial-based pacing. In addition,
the heterogeneity of pacemaker settings limited our ability to draw conclusions with regard
to desired pacemaker settings. Due to the retrospective study design, we had incomplete
echocardiographic data limiting our ability to correct for potential confounders such as atrial
dilatation or significant atrioventricular regurgitation. Finally, the patient sample is drawn
from an adult-based practice and hence skewed towards this age group. Therefore, the pa-
tients who died or were lost to follow-up before reaching adulthood are not addressed in this
study. Considering above mentioned limitations, the conclusions of the present study must
be drawn with caution.

CONCLUSION

Compared with ventricular pacing, the use of atrial-based pacing was not associated with
a lower incidence of atrial arrhythmias in adults with CHD. There is a high vulnerability for
developing atrial arrhythmias, especially intra-atrial reentrant tachycardia, which is largely
determined by older age, underlying atrial substrate, and prior atrial arrhythmias. Atrial-based
pacing may be less beneficial for the prevention of intra-atrial reentrant tachycardia than
atrial fibrillation. In order to develop effective therapies for preventing atrial arrhythmias,
future research should focus on understanding the pathophysiology of atrial arrhythmias in
adults with CHD.
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SUMMARY

In this thesis the impact of living with congenital heart disease (ConHD) at adulthood is de-
scribed. Three different aspects of living with a ConHD were studied: impact on biographical
characteristics, on psychological characteristics and on medical characteristics. Chapter 1.1
provided a small general introduction, and described the five most common forms of ConHD
namely: the Atrial Septal Defect (ASD), Ventricular Septal Defect (VSD), Pulmonary Stenosis
(PS), Tetralogy of Fallot (ToF) and Transposition of the Great Arteries (TGA). Since ConHD is
viewed as a chronic disease nowadays, the focus of many studies has shifted from survival to

quality of life.

Impact on biographical characteristics

Biographical characteristics encompass different properties of every day life of the patient. In
this thesis biographical characteristics were assessed by a semi-structured interview, includ-
ing - but not limited to - living conditions, marital status, offspring, employment, income and
leisure time activities. In addition, questionnaires were administered to assess quality of life,
emotional functioning and social functioning.

Chapter 2.1 described the biographical characteristics of the cohort that was operated at
the Erasmus Medical Center between 1968 (the start of the open heart surgery in Rotterdam)
and 1980. During the third follow-up of this cohort in 2011, participants were between the
age of 30 and 55 years. This cohort has already been examined in 1990 (first follow-up) and
2001 (second follow-up) at the Erasmus Medical Center. A comparison over time could be
made since this was the third follow-up of the same patients. Where possible, biographical
characteristics were compared with normative data from the Dutch general population.

The main findings in this chapter showed that patients with ConHD less often lived inde-
pendently, were married less often, had fewer children, had a lower occupational level and
had a lower income in comparison with the general Dutch population. Positive findings were
that patients with a congenital heart defect showed a better quality of life and emotional
functioning in comparison with the general population. Patients with a complex heart defect
(ToF and TGA) reported a lack of strength more frequently, and indicated that they felt at a
disadvantage with respect to patients with a milder heart defect.

Compared with 10 years ago, there was an improvement in biographical aspects in this
cohort. Nowadays, patients lived more independently and were married more often com-
pared to a decade ago. Despite an overall lower income compared with Dutch normative
data, patients with ConHD obtained a higher income over time. The educational level of
the cohort also improved over the last ten years. These results show that the biographical
aspects improved over time, but they are still less favorable compared with the general Dutch

population.
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Chapter 2.2 compared the biographical aspects of two different cohorts, which were oper-
ated in different time areas, 10 years apart. This study focused on patients with a complex
congenital heart defect, namely ToF and TGA. The most recent cohort was operated between
1980 and 1990 and was now between 20 and 37 years old. The historical cohort was operated
between 1968 and 1980 (for this cohort the data from 2001 was used). To ensure that both
populations were comparable only the patients with ToF and TGA from the historical cohort,
who were operated with the same surgical techniques and had a comparable age-range,
were included. In both cohorts the same questionnaires were used. Where possible, results
were compared with the general Dutch population.

Despite a favorable quality of life in the most recent cohort, differences were found between
the recent study population and the general Dutch population. Biographical outcomes such
as relationships, children, occupational level and income were less favorable compared with
the general Dutch population and did not improve over time. Compared with the historical
cohort, the recent cohort showed a better educational level. However, the number of patients
with learning problems in the recent cohort was still high.

In conclusion we did not find clearimprovements on biographical and psychosocial aspects
over time, despite improvements in medical and surgical techniques over time. Particularly
the percentage of patients in the recent cohort that had followed special education was still
high and the income level was lower compared with normative data.

Impact of psychological aspects

Three chapters are dedicated to investigate the impact on psychological aspects. The cohort,
which was used for these three studies, was operated between 1968 and 1980. During the
third follow-up in 2011, all patients were between 30 and 55 years old (first follow-up in 1990,
second follow-up in 2001).

In chapter 3.1 we examined the longitudinal development of psychopathology and subjec-
tive health status in patients with ConHD. Psychopathological problems were measured with
the Adult Self Report (ASR), which was filled in by the patient, and with the Adult Behavioral
Checklist (ABCL), which was filled in by a family member, partner or close friend (proxy). The
following domains were investigated: anxiety/depression, withdrawn behavior, somatic com-
plaints, thought problems, attention problems, rule breaking behavior, aggressive behavior
and intrusive behavior. A score was considered psychopathological when the total score (sum
of all answers on each problem item) was above the cutoff point for psychopathology; in other
words if the score fell in the deviant psychopathological range. Since comparable instruments
were used for assessment of the cohort during the first and second follow-up, it was possible
to investigate longitudinal pathways of psychopathology over a timespan of 30 years.
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We found that the percentage of patients that scored within the psychopathological range
decreased over time. At the third follow-up, overall mean levels of psychopathology (mean
average problem scores on the different sub-domains), were comparable with, or even better
compared with normative data. Subjective health status was also more favorable in comparison
with normative data. No different results were found between different congenital heart defects.

Predictors for the changes in psychopathology were:

1) The patients’ perception of their scar. A positive subjective evaluation of the surgical scar
was the only predictor for a decrease in self-reported psychopathology over time.

2) Patients who had poor to moderate surgical results (as judged by the physician) showed
an increase over the last decade in total problem and internalizing scores. This was, how-
ever, reported by proxy’s (family, partner or friends of the patient) only.

3) Fewer hospitalizations over time was a predictor for less psychopathology according to
the reports of proxy’s regarding the patients.

Chapter 3.2 focused on sexuality, a neglected area of research in patients with ConHD. Both
males and females completed a generic questionnaire on sexual functioning. Where possible,
results were compared with normative data. In addition, a disease specific questionnaire was
developed for this study to investigate sexual problems, which were possibly related to hav-
ing a ConHD. This questionnaire was filled in by both males and females.

This study shows that patients with ConHD report a broad range of sexual problems and
have a higher level of sexual dysfunction compared with normative data. Patients with
ConHD start sexual activities at a later age compared to the general population. Especially
females report many problems, including less sexual desire, less arousal and more pain dur-
ing intercourse compared to the general population. They also reported concerns about a
possible negative influence of pregnancy on their own heart condition and physical health.
Male patients with ConHD showed levels of erectile dysfunction which were twice as high
compared with the general population, also orgasmic function was impaired. They were less
often satisfied with intercourse compared to the general population. Overall, we did not
observe any differences in sexual problems between different cardiac diagnostic groups.
However, patients with moderate/complex forms of ConHD reported to feel more limited
in starting a family because of low energy levels or a lower life expectancy. Many patients
indicated they were not properly informed about sexuality during their adolescence.

This study shows that counseling on sexual functioning in patients with ConHD deserves
more attention.

Chapter 3.3 focused on the impact of ConHD on practising sports. Patients filled in ques-
tionnaires on what type of sports they were engaged in, and how many hours a week they
spent on sports. Also a questionnaire on subjective physical functioning and self-perceived

quality of life were administered. In addition, data from exercise tests were used. Results were
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compared with Dutch normative data where possible. Measurements were performed both
in 2001 and 2011.

Patients with moderate/complex ConHD were less often engaged in sports compared
with the general Dutch population, and the patients that were engaged in sports practised
fewer hours of sports per week. Many patients that were engaged in sports practised sports
with a high dynamic component like cycling or rowing. Practising sports led to an increased
exercise capacity, but did not influence subjective physical functioning nor subjectively
perceived quality of life.

Impact on medical characteristics

To investigate the impact of medical characteristics in patients with ConHD, this part of the
thesis focused on implantable cardioverter defibrillators and pacemakers. Many patients
with ConHD are eventually dependent on pacemaker therapy.

The leading cause of mortality in adult patients with ConHD is sudden cardiac death. An
adult patient with ConHD has a 25-100 fold increased risk to die as a result of sudden cardiac
death. Implantable cardioverter defibrillators (ICDs) are being used as therapy for patients
that are at high risk for developing, or have survived a life- threatening cardiac arrhythmia.
However, the indication for primary ICD therapy in patients with ConHD is still a matter of de-
bate because of the high incidence of inappropriate shocks. In chapter 4.1 we investigated
the impact of inappropriate ICD shocks in patients with ConHD. Patients with ConHD are
typically younger than the general ICD population and have a more active lifestyle. Because
of these characteristics they have an increased risk of inappropriate ICD shocks. In this study
we focused on patients with ToF, since these patients most often need ICD therapy.

We found more inappropriate shocks in patients with ToF compared to patients without
ICD. Our study showed that ICD therapy in these young adult patients had a clear negative
impact on psychosocial functioning. We observed worse outcomes on subjective physical
functioning, general health perceptions and satisfaction with life. We also investigated the
difference between patients with both ToF and an ICD, and with patients who have an ICD
for other types of heart disease (mainly ischemic heart disease). Patients with an ICD but
without ConHD were significantly older (average 72 years) compared with patients who
had ToF and an ICD (average 44 years). Despite the fact that patients with ToF and an ICD
were younger and reported a better physical functioning, they had more anxiety, were less
satisfied with their lives and showed less favorable coping styles. The higher amount of inap-
propriate shocks in patients with ConHD offers a good explanation for the negative impact
on psychosocial functioning.
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Pacemaker implantation in a patient with ConHD can be challenging. Chapter 4.2 focuses on
the occurrence of complications in pacemaker therapy in patients with ConHD. To investigate
this, we selected patients with ConHD and a pacemaker from a large national database, and
combined these data with local databases in the participating hospitals (Erasmus MC (Rot-
terdam, the Netherlands), UMC st. Radboud (Nijmegen, the Netherlands), Leids Universitair
Medisch Centrum (Leiden, the Netherlands) en het UZ Leuven (Leuven, Belgium)). Most pa-
tients with ConHD received their pacemaker at childhood, and patients with complex ConHD
were younger at the time of implantation compared with patients who had simple forms of
ConHD. They also received epicardial leads more often. The most common indications for
pacemaker implantation in patients with ConHD were acquired sinus node disease or surgi-
cal AV node conduction disease.

We found that 11% of the patients had one or more complications shortly (within 30 days)
after pacemaker implantation, which is twice as high compared with the general popula-
tion. The most frequent complications were: lead problems, bleeding, pocket infections and
pneumothorax. During 12 years of follow-up, 35% of patients developed late complications
(30 days or more after pacemaker implantation). The most common complications were: lead
fracture, pacemaker dysfunction (including early battery depletion) and migration or erosion
of the pacemaker. Pacemaker implantation at an early age (<18 years) was associated with
more complications during follow-up.

This study showed that pacemaker implantation in patients with ConHD is associated
with higher risks for complications during follow-up, especially in patients who needed a
pacemaker at early age.

Patients with ConHD are prone to rhythm and conduction diseases such as atrial fibrillation.
In chapter 4.3 we investigated whether atrial pacing in patients with ConHD has a protec-
tive effect on the occurrence of atrial fibrillation, as is the case in the general population.
The same study population as in chapter 4.2 was used. We excluded patients who received
pacemaker therapy and had chronic atrial fibrillation, which did not respond to medication.
We found one or more episodes of atrial fibrillation in 23% of patients with ConHD. Two thirds
of this population received atrial pacing, the rest had a form of ventricular pacing. During
the 13 years of follow-up, 43% of patients developed an atrial arrhythmia. We did not find an
association between atrial pacing and a reduced chance of atrial fibrillation. Former episodes
of atrial fibrillation, together with implantation of the pacemaker at adult age (>18 year) were
predictive for the reoccurrence of atrial fibrillation. In conclusion, atrial pacing does not seem
to have a beneficial effect on the prevention of atrial arrhythmias in patients with ConHD.
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GENERAL DISCUSSION

To investigate the impact of living with a congenital heart defect at adulthood (ConHD), this
thesis focused on three domains: the impact on biographical characteristics, on psychologi-
cal characteristics and on medical aspects. This chapter provides a brief summary of the main
findings, which are presented in the previous chapters, and presents an interpretation of

these findings by relating them to published literature.

Impact on biographical characteristics

Our studies have shown that crucial biographical characteristics (such as living conditions,
relationships and income) of patients with ConHD are impaired compared with normative
data, although clear improvements over time were found.

A more independent lifestyle has been described in literature before."'® Considering our
results, we can conclude that impaired living conditions are mostly present during young
adulthood, and normalize later in life.

Our study showed an improvement over time concerning long-term stable relationships.
Differences in age-ranges could explain why literature on marital status yields ambiguous
results, with some studies reporting patients with ConHD are either less or equally involved
in a stable relationship such as marriage compared with normative data."**?

It has been described in literature that patients with ConHD seem to live less indepen-
dently, more often in an overprotective setting, and experience a delayed process of gaining
autonomy and striving for independence.”'"'2"* Overprotectiveness by parents during early
childhood might have played a role in the delayed process of gaining autonomy, continuing
from childhood into young adulthood.23211213

We found lower educational levels in patients compared with normative data. Preopera-
tive factors (such as genetics, structured brain injury, severity of disease, extended period of
hypoxaemia during infancy, deep hypothermic circulatory arrest, pH-management during
cooling, hemodulation) and postoperative factors (e.g. number of operations, clinical and
EEG seizures), and school absenteeism may contribute to learning problems, lowering educa-
tional level at younger age.>'*'® Although patients still showed an impaired educational level
compared with normative data in our present follow-up (patients now being between 33
and 55 years of age), we saw that educational level improved over time. A possible explana-
tion for this improvement could be that patients with ConHD have spent more time and
efforts during a longer period (e.g., during late adolescence and thereafter) to obtain a higher
educational level to compensate for physical impairments. This could also be an explanation
why previous studies, using different and mostly younger samples, yielded contra-dictionary

outcomes 245151719
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The lower educational level, with improvement over time, explains the observed lower oc-
cupational level. This could explain why literature yields conflicting results on occupational
status and employment rate as well.">?7*The lower occupational level explains why patients
show impairments in income.

Considering our findings that educational level can improve over time, the occupational
level might improve over time as well, possibly for a next generation of adults with ConHD.
Nowadays significantly more patients reported to have no problems maintaining a full work
schedule compared with 10 years ago. It seems patients have adapted to the working hours
in their field of work. Also, fewer patients reported to be treated unequally by, or to feel
isolated form their colleagues. The reason for this improvement is not completely clear. It
could be that over time it has become more accepted to have a heart defect in the working
field. Another explanation could be that when reaching middle adulthood, more persons
with an acquired heart disease or other somatic conditions are present in the working field,
which may have a normalizing influence on ConHD patients.

Especially patients with moderate/complex ConHD reported a negative outlook on keep-
ing or finding a good job, a result that has been described before.

An interesting development has been observed concerning sick-leave. A decade ago, in
the previous follow-up of our cohort, a gap was observed between objective and subjective
sick-leave (compared with normative data, patients had a higher sick leave, but reported to
be sick less often). This was explained by denial, social desirability, response shift or over-
compensation.”?*?! Interestingly, we did not observe this effect anymore, suggesting that
patients may acquire a more realistic perception of their actual sick leave when getting older,
reaching middle adulthood.

Considering the impairments in the domain of education and occupation, we recommend
timely neuropsychological screening during childhood.'®*2* Remedial teaching in case of
learning problems can be offered to prevent delay in education and - by consequence - oc-
cupational status and concomitant income level, and to optimize psychosocial outcome in
these areas for our patients.

Although the above findings provide an overview in problems in biographical character-
istics, it is important to stress that continued research is mandatory to see how the trends
that we observed will progress over time. With this information we can inform patients and
parents even better at young age about their expectations in life. This information will also
provide doctors and psychologists a good basis to better guide their patients and anticipate
on problems such as the delayed process of autonomy.

Impact on psychological characteristics

We found that quality of life, subjective health status, social and emotional functioning (social
inadequacy, neuroticism, hostility and self-esteem) were favorable, in fact even better when
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compared with normative data. These findings are similar to those found 10 and 20 years
earlier, and are in line with literature.5®1%202¢ The good outcomes on quality of life, subjective
health status, social and emotional functioning seem to be an ongoing trend with increasing
age. Possibly these findings may be explained by a high achievement motivation, denial or
overcompensation.®2%2>

Concerning psychopathology, literature reports that patients with ConHD are at an
increased risk for psychopathological problems.’2263% However, at our 30-year follow-up
we found that outcomes on psychopathology were the same or even better compared with
normative groups. Moreover, percentages of patients scoring in the deviant range of psy-
chopathology decreased significantly over time. A decade ago, at the 20-year follow-up, this
decrease of psychopathology from young into middle adulthood was already hypothesized.?
One explanation for this decrease in psychopathology may be normalization of biographi-
cal outcomes. Having reached middle adulthood, our patients appear to have caught up a
delay in gaining autonomy. The majority of our cohort had now formed families and had
jobs.>3' Another explanation may be a response shift: this phenomenon reflects that patients
may have different values and internal standards than healthy peers after having survived a
life-threatening experience (such as cardiac surgery).?' Finally also increased psychopathol-
ogy in normative groups may play a role. Since the normative groups now also fell into the
middle-aged category, they might suffer from somatic conditions as well, possibly resulting
in increase of mental health problems. However, we think the decrease in psychopathology
found is not just an artifact of change in normative groups, since longitudinal analyses within
the ConHD clearly confirmed the decrease in psychopathology.

A broad scale of medical predictors was used to predict changes in psychopathology over
time. A positive subjective evaluation of the cardiac scar was the only predictor for a decrease
in self-reported psychopathology, from 20 to 30 year follow-up. Negative feelings regarding
the surgical scar have a negative impact on feelings of self-esteem and self-confidence. Since
the scar was already a significant predictor for long-term psychopathology a decade ago, we
conclude that the cardiac scar remains a significant factor for the mental health of patients
with ConHD, even in middle adulthood.

With improved surgical techniques over time, it would be interesting to see if there are
differences in psychopathology between our study population and patients operated in later
decades. In addition, over time, the cardiac function in our study population may deteriorate,
causing symptoms and disabilities. This underlines the need for psychopathological evalu-
ation in the future, to be able to determine the relationship between psychopathology and
decreasing cardiac function.

Concerning sexual functioning, females with ConHD reported more problems on all scales of
sexual functioning and 15% fell in the range of clinical sexual disorders. Male sexual function-

201



Chapter 5.2

ing was also clearly impaired, especially regarding orgasmic function and satisfaction with
intercourse.

As already hypothesized in literature, the view on the surgical scar could have contributed
to fear of rejection and a negative body image, which in turn may have caused patients to be-
come sexually active at a later age.”'"?”#2This might imply that the desire of young patients to
correct their scar by plastic surgery should be taken seriously. However, as described above,
a positive subjective evaluation of the scar at an older age is associated with a decrease in
psychopathology over time.*® This indicates that patients seem to accept their scar and find
it less important with older age."""?’32 |t would be interesting for future research to see if
psychological counseling on the surgical scar in younger patients with ConHD decreases the
desire to perform plastic surgery on the scar and possibly the levels of psychopathological
complaints.

In literature it has been observed that lower educational level is associated with losing
virginity at an earlier age.** Taking into account the lower educational level observed in our
study, the significantly older age of losing virginity is even more noticeable.’ In addition,
the later age at which patients become independent and gain autonomy could play a role
in delayed sexuality.23*'1213 |n contrast to literature we did not find that problems with
sexuality increased with worse cardiac functional class, nor that females with a moderate/
complex ConHD had significantly more sexual partners indicating promiscuity.*3* This could
be explained by the older age of the patients in our cohort.

Males in our study showed an increased amount of erectile dysfunction, which was twice
as high as reported in normative data.* Fears before or during sexual intercourse, as well as
physical symptoms such as dyspnea, feelings of arrhythmia or chest pain have been reported
before and can contribute to sexual problems.3¢

Perhaps one of the most striking findings in this part of our study was the poor knowledge
on sexuality and contraceptives as reported by patients. Our findings underline the need that
providing timely comprehensive information and counseling on sexuality at a young age in
patients with ConHD is warranted.>”*

The findings in our study indicate that it is important to provide information to patients
with ConHD about sexuality, pregnancy, delivery and heredity. This could be organized in by
individual counseling or in the form of educational programs for patients with ConHD. The
most appropriate timing to offer this information is during (early) adolescence, for example
when patients switch to the adult outpatient clinic. When patients reach middle adulthood,
it can be expected that erectile disorders and menopausal complaints in ConHD patients may
occur. Systematic follow-up of sexual function is therefore recommended in this population
since the present patients with ConHD already show high levels of sexual dysfunction.

Considering the fact that sexuality is an important part of life and the observed elevated
levels of sexual problems in our patients, it is striking that counseling for sexual problems is
a neglected field. We recommend that in case of sexual problems, referral should take place
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to a sexologist or mental health professional (psychologist or psychiatrist) with experience
in this specific field.

In our study we found that practising sports was associated with an increase in exercise
capacity over time. This might indeed be beneficial for patients with ConHD, who are known
to have a reduced exercise capacity and peak oxygen uptake compared with normative
data.***¢ A positive attitude toward sports participation might especially be important since
a lower exercise capacity might be partially explained by low physical activity.*

In contrast to literature, we did not find an association between sport participation and an
increase in self-perceived physical functioning nor in subjective quality of life.*’-*" It has been
hypothesized that the prevalence of depressive symptoms has a larger impact on quality of
life than exercise capacity.>? Patients with ConHD have reported fear of physical exercise and
physicians may have been over-conservative in their advice on sports.*?*** Literature has
shown discrepancies and gaps in knowledge between what physicians and patients with
ConHD consider safe when practising sports.3’#24753 Previously, overestimation of physical
abilities by patients with ConHD had been reported, which might explain favorable subjec-
tive physical functioning scores, despite hampered sports participation.*>*° However, we did
not find such a positive effect on subjective physical functioning. Overestimation of physical
capabilities might result in patients choosing a sport that might potentially harm their health.

The gap of knowledge on the safety and effectiveness of physical activity and interven-
tion programs in patients with ConHD warrants further research to be able to accurately and
safely guide ConHD patients to a more active lifestyle. Systematic randomized controlled
trials, conducted in sufficiently large sample sizes, should be performed to investigate the
efficacy and safety of physical activity, sports, and exercise training on exercise capacity and
quality of life in adult patients with ConHD. Preferably this should be done by including pa-
tients from multiple centers, if needed across different countries. Detailed and standardized
information of type of sport practiced together with 24-hour continuous ECG monitoring
(Holter), echocardiography and exercise testing should be gathered.

Impact on medical characteristics

Implantable Cardiac Defibrillators (ICDs) are being used in patients with ConHD that have
survived, or are at high risk of developing a life-threatening cardiac arrhythmia.>>*°The indica-
tion for primary ICD therapy in patients with ConHD is still a matter of debate because of the
high incidence of inappropriate shocks.>’#°¢" Not only did we observe a higher inappropriate
shock rate in patients with ConHD, we also found more shocks per patient. These inappropri-
ate shocks could be triggered by atrial arrhythmias, or the more active lifestyle with sinus
tachycardia in the often young patients with ConHD.®*%? Inappropriate shocks delivered to
patients who are fully conscious, might cause stress, anxiety for shock and anxiety for prema-
ture death, thereby causing psychological problems, a finding supported by the results of our
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study.®%* We set up a study investigating the psychosocial impact of having a ICD in patients
with ConHD and found that ICD therapy had a significant impact on quality of life. Moreover,
out of fear for a ICD discharge 39% of ICD-patients try to avoid physical exertion.*

Future research should be conducted in a larger cohort, as the current cohort was not large
enough to perform further sub-analyses. In addition, the impact of ICD therapy in young
adults with ConHD on activities such as practising sports, sexuality and driving a car should
be studied. Different programming strategies, such as the application of anti-tachycardia
pacing therapy and higher rate cutoffs for arrhythmia detection, may prevent inappropriate
ICD therapy and may have a beneficial effect on psychosocial functioning, moreover the ap-
plication of subcutane ICD’s could play a beneficial role.*”% If possible, the implantation of a
ICD should be done with a shared-decision making model, in which the patient is informed
of the impact of possible inappropriate shocks. This information might help patients to better
cope with inappropriate shocks.

Patients with ConHD are prone to rhythm and conduction disease because of the underlying
congenital cardiac defect, longstanding hemodynamic alterations and the consequences
of surgical interventions.®®’® Pacemaker implantation in this population can be challenging
due to the complexity of the systemic venous anatomy, venous obstructions and/or residual
intra-cardiac shunting.”"”? Unfortunately, data on complications in pacemaker implantation
are scarce for the adult ConHD population.”’”? In our study we observed that patients with
ConHD experience more than twice as much peri-procedural complications after pacemaker
implantation compared with the general population, especially if the implantation occurs
at young age.” In contrast to literature, we did not observe that the use of epicardial leads
was associated with a higher lead failure.”>”#7® Previous studies have shown that the use
of steroid-eluting epicardial leads render the lead failure rate comparable to endocardial

leads.”®”?

Several prospective randomized trials in the general population have demonstrated that
atrial-based pacing (“physiologic pacing”) reduces the incidence of atrial fibrillation com-
pared with ventricular pacing.t® This is not surprising, since loss of AV synchrony due to
ventricular pacing is associated with increased natriuretic peptide levels, sympathetic ner-
vous activation and atrial pressures. These are all factors associated with the development of
atrial fibrillation.848#7 Literature has shown it is not clear whether atrial-based pacing is also
beneficial in the adult with ConHD.”” We found that physiological pacing did not prevent the
development of atrial arrhythmias in patients with ConHD. Older age at implantation (=18
years of age) and complex ConHD were associated with the development of atrial arrhyth-
mias. A history of atrial arrhythmias has been identified as a predictor of future arrhythmias
in literature before.”” In our study mainly patients with single ventricle physiology (mostly
Fontan patients with an atriopulmonary connection) were at increased risk of developing
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atrial arrhythmias later in life. Previous electrophysiological mapping studies have shown
that Fontan patients undergo progressive adverse atrial mechano-electrical remodeling
with increasing age, rendering them more prone to atrial arrhythmias.®® So probably in
these patients with a structural abnormal heart, atrial fibrillation occurs independent of the
pacing mode.

To develop effective therapies for preventing atrial arrhythmias, future research should
focus on understanding the pathophysiology of atrial arrhythmias in adults with ConHD even
better.
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SAMENVATTING

In dit proefschrift wordt de impact van het hebben van een aangeboren hartafwijking op
volwassen leeftijd onderzocht. Hiertoe worden zowel biografische, psychologische als enkele
medische aspecten bekeken. In hoofdstuk 1.1 wordt na een korte algemene introductie een
overzicht gegeven van de vijf meest voorkomende aangeboren hartafwijkingen, namelijk
het Atrium Septum Defect (ASD), Ventrikel Septum Defect (VSD), Pulmonaalklep Stenose
(PS), Tetralogie van Fallot (ToF) en Transpositie van de Grote Arterién (TGA). Omdat een aan-
geboren hartafwijking tegenwoordig als een chronische ziekte wordt beschouwd, is de focus

van veel onderzoeken verschoven van overleving naar kwaliteit van leven.

Impact op biografische kenmerken

Biografische kenmerken omvatten eigenschappen die het dagelijkse leven van de patiént
betreffen. In deze studie werden biografische karakteristieken onderzocht door het afnemen
van een semi-gestructureerd interview. De kenmerken die zijn onderzocht omvatten onder
andere: leef omstandigheden, burgerlijke status, kindertal, werk, inkomen en vrijetijdsbeste-
ding. Tevens werden er vragenlijsten afgenomen om een inschatting te maken van bijvoor-
beeld de kwaliteit van leven, het emotioneel functioneren en de sociale steun.

In hoofdstuk 2.1 worden de biografische kenmerken beschreven van het cohort uit het
Erasmus MC, dat geopereerd was tussen 1968 (de start van de open hart chirurgie in Rot-
terdam) en 1980, en op het moment van deelname (in 2011) tussen de 30 en 55 jaar oud was.
Deze groep was al tweemaal eerder onderzocht in het Erasmus Medisch Centrum (eerste
follow-up in 1990, tweede follow-up in 2001). Omdat dit de derde follow-up was van het-
zelfde cohort mensen, kon er een vergelijking over de tijd worden gemaakt. De biografische
kenmerken werden vergeleken met de algemene Nederlandse bevolking, om te kijken of
patiénten met een aangeboren hartafwijking verschillen met de algemene bevolking.

De belangrijkste uitkomsten van dit hoofdstuk waren dat patiénten met een aangeboren
hartafwijking minder vaak zelfstandig woonden ten opzichte van de algemene bevolking,
en juist meer thuis bij hun ouders. Ook waren ze minder vaak getrouwd, hadden ze min-
der kinderen, hadden werk van een lager niveau en verdienden minder vergeleken met
hun leeftijdsgenoten zonder aangeboren hartafwijking. Positieve uitkomsten waren dat
patiénten met een aangeboren hartafwijking een betere kwaliteit van leven en emotioneel
functioneren lieten zien ten opzichte van de algemene bevolking. Patiénten met complexe
vormen van aangeboren hartafwijkingen (ToF en TGA) rapporteerden vaker dat ze fysieke
kracht misten, en dat ze zich in het nadeel voelden ten opzichte van mensen met een mildere
aangeboren hartafwijking.

Vergeleken met 10 jaar geleden was er vooruitgang in biografische kenmerken in de
patiénten populatie. Patiénten lieten in vergelijking met 10 jaar geleden zien dat ze vaker
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zelfstandig waren gaan wonen, vaker getrouwd waren en tegenwoordig een hoger inkomen
hadden, ook al was dit inkomen nog steeds lager vergeleken met leeftijdsgenoten zonder
aangeboren hartafwijking. Ook hadden de patiénten met aangeboren hartafwijkingen
in loop van de tijd een beter opleidingsniveau behaald. Deze resultaten geven aan dat de
biografische kenmerken voor patiénten met aangeboren hartafwijkingen over de tijd heen
verbeteren, hoewel ze nog wel minder gunstig zijn ten opzichte van de algemene bevolking.

In hoofdstuk 2.2 zijn de biografische kenmerken vergeleken tussen twee cohorten patiénten
die in een verschillend tijdvak zijn geopereerd. Dit onderzoek richtte zich alleen op de men-
sen met de wat meer complexere aangeboren hartafwijkingen, namelijk patiénten met ToF
of TGA. Het meest recente cohort was geopereerd tussen 1980 en 1990 en was nu tussen de
20 en 37 jaar oud. Het historische cohort was geopereerd tussen 1968 en 1980, van dit cohort
zijn de data uit 2001 gebruikt. Om ervoor te zorgen dat de beide populaties vergelijkbaar
zouden zijn, zijn uit het historische cohort alleen de ToF en TGA patiénten geselecteerd die
een vergelijkbare leeftijd hadden en met vergelijkbare operatietechnieken zijn geopereerd.
Ook zijn in beide populaties dezelfde vragenlijsten afgenomen.

De resultaten zijn ook vergeleken met de algemene Nederlandse bevolking. Hoewel de
kwaliteit van leven gunstig was in het recente cohort, werden er wel verschillen gevonden
ten opzichte van de algemene bevolking, die uitvielen in het nadeel van het cohort. De
biografische uitkomsten zoals relaties, kinderen, werk en inkomen waren ook in deze studie
minder gunstig ten opzichte van leeftijdsgenoten zonder aangeboren hartafwijking, en
waren over de tijd heen niet verbeterd. Wel werd een beter opleidingsniveau gevonden voor
het recente cohort. De hoeveelheid patiénten die leerproblemen hebben gehad was hoog.

Geconcludeerd kan worden dat er geen duidelijke vooruitgang gevonden werd in de
psychosociale uitkomsten van het meest recente cohort (geopereerd tussen 1980-1990) ten
opzichte van het historische cohort geopereerd voor 1980, ondanks grote vooruitgang in de
medische behandeling van aangeboren hartafwijkingen over de afgelopen decennia. Vooral
het percentage patiénten dat speciaal onderwijs had gevolgd en leerproblemen had gehad

was hoog en het inkomen was nog steeds lager in vergelijking met normatieve data.

Impact op psychologische kenmerken

Om de impact op psychologische kenmerken te onderzoeken, hebben we dit gedeelte in
drie hoofdstukken verdeeld. Al deze drie artikelen zijn geschreven op grond van het Erasmus
MC cohort dat geopereerd was tussen 1968 en 1980, en tijdens de studie tussen de 30 en 55
jaar oud was. Dit betrof de derde follow-up van dit wereldwijd unieke cohort (eerste follow-
up in 1990, tweede follow-up in 2001).
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Hoofdstuk 3.1 behandelt de ontwikkeling van psychopathologie over de tijd in patiénten
met een aangeboren hartafwijking, en kijkt ook naar de subjectieve gezondheidstoestand.
Psychopathologische problemen werden gemeten met de Adult Self Report (ASR) die door
de patiént zelf in werd gevuld, en met de Adult Behavioral Checklist (ABCL) die door een
familielid, partner of goede vriend/vriendin werd ingevuld. De volgende deelgebieden wer-
den onderzocht: angst/depressie, teruggetrokken gedrag, lichamelijke problemen zonder
duidelijke oorzaak, denkproblemen, aandachtsproblemen, regel-overschrijdend gedrag,
agressief en intrusief gedrag. Er was sprake van psychopathologie als de totale probleem
score (som van antwoorden op alle items) boven het afkap-punt voor psychopathologie lag;
met andere woorden als de score in de deviante, psychopathologische range lagen. Omdat
vergelijkbare instrumenten waren gebruiktin 1990 en 2001, kon een beeld worden verkregen
van het verloop van de psychopathologie over een periode van 30 jaar. Deze studie laat zien
dat in de loop van de tijd het aantal patiénten dat in de psychopathologische range scoort
minder wordt, en uiteindelijk vergelijkbaar wordt met de algemene bevolking. Bij de 30-jaar
follow-up waren over het algemeen de uitkomsten op psychopathologie (gemiddelde pro-
bleemscores op de deelgebieden) vergelijkbaar met of zelfs beter dan normatieve data. De
subjectieve gezondheidstoestand was ook beter in vergelijking met normatieve data. Er zijn
geen verschillen gevonden tussen diagnostische groepen.

Kenmerken die voorspellend bleken te zijn voor veranderingen in psychopathologie waren:

1) De manier waarop de patiént tegen zijn/haar litteken aankijkt. Een positieve houding
tegenover het eigen litteken was de sterkste voorspeller voor minder psychopathologie.

2) Een slecht chirurgisch resultaat, zoals bepaald door de arts, was voorspellend voor meer
psychopathologie over de tijd heen. Dit werd echter alleen gerapporteerd door beken-
den van de patiént, over de patiént.

3) Minder ziekenhuisopnamen waren voorspellend voor minder psychopathologie zoals
gerapporteerd door familieleden/bekenden van de patiént.

In hoofdstuk 3.2 komt een onderbelicht onderwerp van onderzoek naar patiénten met een
aangeboren hartafwijking aan bod, namelijk het seksueel functioneren. Om dit te onderzoe-
ken is er gevraagd naar het seksueel functioneren, in zowel mannen als vrouwen. Daarnaast
is er speciaal voor dit onderzoek een ziekte-specifieke vragenlijst ontwikkeld die in kaart
brengt of er verbanden zijn tussen seksuele problemen en het hebben van een aangeboren
hartafwijking. Alle resultaten zijn (waar mogelijk) vergeleken met de algemene Nederlandse
bevolking. Dit hoofdstuk laat zien dat patiénten met aangeboren hartafwijkingen een breed
scala aan seksuele problemen rapporteren, en een verhoogde hoeveelheid seksuele proble-
men hebben ten opzichte van de algemene bevolking. Patiénten met aangeboren hartafwij-
kingen beginnen later met seksuele activiteiten ten opzichte van de algemene bevolking.

Vooral vrouwen rapporteren een breed scala aan problemen. Vrouwen met een aangeboren
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hartafwijking gaven aan een verminderde seksuele behoefte is te hebben, ze worden min-
der opgewonden en hebben meer pijn tijdens geslachtsgemeenschap vergeleken met de
algemene bevolking. Vrouwen uitten zorgen over een negatieve invloed van een mogelijke
zwangerschap op hun eigen hart en hun algemene lichamelijke gezondheid. Mannen met
een aangeboren hartafwijking hebben twee keer zo vaak erectiestoornissen ten opzichte van
de algemene bevolking, laten ook een verminderde orgasmefunctie zien en zijn minder vaak
tevreden over geslachtsgemeenschap ten opzichte van de algemene bevolking.

Er waren geen verschillen tussen de verschillende diagnosegroepen in problemen met
seksualiteit. Wel was het zo dat de patiénten met een meer complexe hartafwijking vaker
rapporteerden dat ze hun hartafwijking als een beperkende factor zien voor het krijgen van
kinderen. Ze rapporteerden zorgen over een te laag energieniveau of lagere levensverwach-
ting voor het opvoeden van kinderen. Tenslotte gaven veel patiénten aan dat ze onvoldoende
waren geinformeerd over seksualiteit in hun pubertijd.

Dit artikel laat zien dat het seksueel functioneren in patiénten met een aangeboren hartaf-
wijking meer aandacht verdient en dat hier actie moet worden ondernomen.

In hoofdstuk 3.3 wordt de impact van het hebben van een aangeboren hartafwijking op
sporten onderzocht. Patiénten hebben voor dit onderzoek vragenlijsten ingevuld over
hoeveel uur ze per week sportten en welk type sport ze deden. Ook werden vragenlijsten
over fysiek functioneren en een vragenlijst over kwaliteit van leven ingevuld. Waar mogelijk
werden de resultaten vergeleken met gegevens van de algemene Nederlandse bevolking.
Patiénten met een meer complexere aangeboren hartafwijking deden minder vaak aan sport
vergeleken met de algemene bevolking, en als ze wel sporten dan besteedden ze hier minder
uren aan. De patiénten die wel aan sport deden beoefenden vaak sport met een hoog-
dynamische impact zoals wielrennen of roeien. Het doen van sport leidde tot een betere
inspanningscapaciteit, maar het zelf gerapporteerde fysiek functioneren en de kwaliteit van

leven werden niet beinvloed.

Impact op medische kenmerken

Om de impact van aangeboren hartafwijkingen op medische aspecten te onderzoeken,
hebben we ons vooral gericht op pacemakers en implantable cardioverter defibrillators,
omdat veel patiénten met een aangeboren hartafwijking op den duur aangewezen zijn op
pacemaker therapie.

Patiénten met aangeboren hartafwijking hebben een verhoogde kans om te overlijden
aan een plotse hartstilstand. Om dat te voorkomen, wordt vaak Implantable Cardioverter
Defibrillator (ICD) therapie aangeboden. Naast dat het levensreddend kan zijn, heeft deze
therapie ook nadelen voor patiénten, ze kunnen namelijk een onterechte schok krijgen. In
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hoofdstuk 4.1 hebben we de impact van de ICD therapie inclusief de onterechte schokken
onderzocht in patiénten met een aangeboren hartafwijking, De mensen met een aange-
boren hartafwijking zijn typisch veel jonger en hebben een veel actievere leefstijl dan de
meestal oudere hartpatiénten die een ICD krijgen, door deze kenmerken hebben ze een
verhoogde kans op een onterechte schok. We hebben ons hier gefocust op patiénten met
ToF, omdat dit de grootste groep patiénten was met een ICD. Er werden meer onterechte
schokken gevonden in ICD-patiénten met ToF in vergelijking met ICD-patiénten die geen ToF
hadden. Uit ons onderzoek bleek dat het hebben van een ICD bij deze jonge hartpatiénten
een duidelijk negatieve impact heeft op het psychosociaal functioneren. Zo deden de ICD-
patiénten met een ToF het slechter met betrekking tot het subjectief fysiek functioneren, hun
zelf gerapporteerde persoonlijke gezondheid en scoorden ze lager op tevredenheid met het
eigen leven dan patiénten met een ToF zonder ICD. Ook hebben we de patiénten met ToF en
een ICD vergeleken met oudere hartpatiénten die een ICD hadden, maar geen aangeboren
hartafwijking. De patiénten met een ICD en geen aangeboren hartafwijking waren significant
ouder (leeftijd gemiddeld 72 jaar) dan de patiénten met een aangeboren hartafwijking (leef-
tijd gemiddeld 44 jaar).

Ondanks het feit dat de patiénten met een aangeboren hartafwijking jonger waren en een
beter fysiek functioneren rapporteerden in vergelijking met oudere ICD patiénten, waren ze
angstiger, minder tevreden met hun leven, en konden ze minder goed omgaan met proble-
men (minder goede coping stijlen). Het verhoogde aantal onterechte schokken gevonden in
patiénten met aangeboren hartafwijkingen zou een goede verklaring kunnen zijn voor de
belangrijke negatieve impact op psychosociaal functioneren. Verder onderzoek is nodig om

dit precies in kaart te brengen.

Implantatie van een pacemaker kan gepaard gaan met het optreden van complicaties. Pati-
enten met een aangeboren hartafwijking hebben vaak op jonge leeftijd al een pacemaker
nodig, en zullen daarom vaak langer de tijd hebben om complicaties te ontwikkelen verge-
leken met “normale pacemaker patiénten”, wat vaak mensen zijn die op oudere leeftijd een
pacemaker krijgen. In hoofdstuk 4.2 hebben we geprobeerd in kaart te brengen of patiénten
met een aangeboren hartafwijking vaker complicaties hebben vergeleken met mensen zon-
der aangeboren hartafwijking, ook het type complicaties is onderzocht. We hebben hiervoor
alle patiénten met een aangeboren hartafwijking en een pacemaker getraceerd uit een grote
landelijke database, waar patiénten uit verschillende ziekenhuizen in Nederland zijn opge-
nomen. We hebben deze gegevens gecombineerd met lokale ziekenhuis databases uit het
Erasmus MC (Rotterdam), UMC st. Radboud (Nijmegen), Leids Universitair Medisch Centrum
(Leiden) en het UZ Leuven (Leuven, Belgi€). De meest voorkomende redenen tot pacemaker
implantatie waren spontaan verworven sinusknoop- of AV knoop geleidingsstoornissen of
sinusknoop- of AV knoop geleidingsstoornissen ten gevolge van cardiale chirurgie. Patiénten

met een meer complexe vorm van een aangeboren hartafwijking waren jonger ten tijde van
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de pacemaker implantatie en kregen vaker een epicarciaal pacemaker systeem (dit is een
systeem waarbij de draden van de pacemaker aan de buitenzijde van het hart zijn bevestigd).
In totaal had 11% van de patiénten een complicatie tijdens of vlak na (binnen 30 dagen)
de eerste pacemaker implantatie, dit is twee keer zoveel als in de algemene bevolking. De
meest voorkomende complicaties binnen 30 dagen na implantatie waren: problemen met
de pacemaker draden, bloedingen, infectie van de pacemaker pocket en een klaplong (pneu-
mothorax). Gedurende een follow-up van 12 jaar ontwikkelden 35% van de patiénten een
complicatie. De meest voorkomende complicaties waren: pacemaker draad breuk, disfunctie
van de pacemaker inclusief vroegtijdige batterij uitputting, verplaatsing (migratie) of erosie
van de pacemaker. Pacemaker implantatie op de kinderleeftijd (<18 jaar) was geassocieerd
met meer complicaties op de lange termijn. Pacemaker implantatie bij patiénten met een
aangeboren hartafwijking geeft dus een verhoogd risico op complicaties vergeleken met
de algemene bevolking, in het bijzonder bij patiénten die op jonge leeftijd een pacemaker
nodig hebben. Extra aandacht voor deze complicaties kan mogelijk tot verbetering leiden in
de toekomst.

Omdat patiénten met een aangeboren hartafwijking (mede vanwege chirurgie) een verhoog-
de kans hebben op ritmestoornissen zoals atrium fibrilleren (boezem fladderen), hebben wij
in hoofdstuk 4.3 onderzocht of atriaal pacen in patiénten met aangeboren hartafwijkingen
beschermt tegen atrium fibrilleren, zoals het geval is in de algemene bevolking. Dezelfde
populatie als in hoofdstuk 8 werd gebruikt. Patiénten die een pacemaker hadden gekregen
vanwege chronisch atrium fibrilleren, welke niet reageerde op medicatie werden uitgesloten
van deelname aan deze studie. In totaal had 23% van de patiénten een of meerdere episoden
van atriale ritmestoornissen gehad in het verleden. Twee derde (66%) van de populatie werd
atriaal gepaced, de rest van de populatie had een vorm van ventriculaire pacing. Gedurende
de 13 jaar follow-up ontwikkelde 43% van de patiénten een atriale arritmie. Er werd geen
verband aangetoond tussen atriaal pacen en de kans op atriale ritmestoornissen, dit in
tegenstelling tot verwacht. Eerdere episoden van atriale ritmestoornissen waren voorspel-
lend voor het opnieuw ontwikkelen van atriale ritmestoornissen, alsmede implantatie van
de pacemaker op volwassen leeftijd (>18 jaar). Concluderend lijkt atriaal pacen geen evident
voordeel te bieden op het voorkomen van atriale ritmestoornissen bij deze patiénten.
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