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Abstract

Background: Complex CHDs are life threatening, and surgical treatment is needed for survival.
Fontan palliation led to a significant increase in survival rates during the last decades.
Consequently, quality of life became more essential. While a reduced quality of life compared to
healthy children has been reported, detailed knowledge about individual quality of life and
particular areas is lacking. Furthermore, the effect of different risk factors on quality of life is
only rarely evaluated. Method and Results: Database of the department for pediatric cardiology,
Heart Center Leipzig, was screened for children after total cavopulmonary connection
palliation. n = 39 patients were included in the study, the outcome after total cavopulmonary
connection was analysed in detail and quality of life data were collected and analysed using the
standardised questionnaire “Pediatric quality of life inventory”, version 4.0. We compared the
total health score of our patients to the mean score of healthy children in the literature. The
mean follow-up time was 6.4 + 3.2 years, the overall survival was 100% after maximal follow-up
time of 11.1 years. We could not find any age or gender dependence, nor an influence of age at
total cavopulmonary connection on the later quality of life. Yet, patients with three-staged
surgery exhibited a worse quality of life than patients with two-staged palliation. Late
complications might influence quality of life, but patient number is too small, to find universal
results. Conclusion: The total cavopulmonary connection palliation affects physical and
psychological quality of life as well as cardiac health independently from age and gender. More
patients and longer observation should be examined to confirm the results.

CHD include various cardiac malformations, e.g. single ventricle anomalies. Common
functional single ventricle anatomy includes the hypoplastic left heart syndrome and the
hypoplastic right heart syndrome, with a prevalence of 107.6 /10,000 live births."> Without a
life-saving surgery for adaption of the cardiac structure, the one-month survival rate is about
22 %.3

Mostly, a biventricular repair is not feasible due to a hypoplastic left or right ventricle and a
functional univentricular heart can be achieved with the “Fontan- Circulation”.* The Fontan-
palliation enables enormous symptom improvement and is the gold standard in the treatment of
single ventricle disorders since the 1970s.> The survival rate has increased up to 92.3% with
palliative surgery, including total cavopulmonary connection, even 15 years after surgery.®
Other studies describe 10-year survival rates of 60%’ up to 71.4%.% The life-saving surgical
procedure includes the Norwood-1 procedure during infancy and/or a Glenn-anastomosis later
in time. The decision for a multi-staged surgical procedure depends on the individual anatomy.
Despite a major improved survival, patients with univentricular heart are restricted in
capacity,”!? and suboptimal blood flow might affect optimal organ and body growth.

Along with the higher survival, the reduction of morbidities came into the current focus:
With the survival of patients into adulthood, the highest quality of life should be ensured, even
years after total cavopulmonary connection. According to the World Health Organization,
quality of life consists of a physical and a psychological domain and a high quality of life requires
an adequate level of independence, social relationships, an appropriate environment,
spirituality, religion and personal beliefs.!! Everyday life with a heart disease—including drug
treatment, control checkups, impaired capacity, etc—could influence quality of life negatively.

The growing group of patients with a functional univentricular heart becoming young adults
form a new patient population with other requirements than healthy individuals. To achieve
optimal treatment, it is necessary to know the different impact factors on the quality of life of
Fontan patients and prevent detrimental long-term effects already during the planning of the
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surgical procedure.!”> Minimal requirements to a satisfactory

quality of life have physical, psychological, and social character.!!

This study aimed to investigate the individual sensitiveness of
particular quality of life areas like physical, psychological, or
cardiac health.

The database of the Heart Center Leipzig, department for pediatric
cardiology, was screened for patients who underwent a total
cavopulmonary connection palliation between September 2004
and April 2013. Procedural data on cardiac surgery, mortality, and
early and late morbidity as well as patients' history were collected.
The standardised questionnaire was handed to the parents and
patients. The completed questionnaire, and written informed
consent were obtained. Data acquisition, collection, and processing
were approved by the Ethical Committee of the Medical Faculty at
the University of Leipzig, Germany. We compared the scores for
total health, physical, and psychological health of our patients to
the mean score of “PedsQL 4.0” parents proxy report of 717 healthy
children aged 2-18 years from literature.'> As healthy control
for the item cardiac health, we used data from literature including
108 children having a family history of hypertrophic cardiomy-
opathy with normal investigations, which completed PedsQL
questionnaire. '

The validated questionnaire “Pediatric quality of life inventory,
version 4.0” (PedsQL 4.0)'® was used to analyse the quality of life of
our patients. The parents reported their childrens' quality of life by
answering questions within the four items: physical health, and
emotional, social, and school functions (summarising the
psychosocial health). Additionally, the cardiac quality of life was
investigated by completing the “Cardiac module” with six items
(heart problems and treatment, treatment II, perceived physical
appearance, treatment anxiety, cognitive and communicative
function). The “Treatment II” item is focused on medication
intake, whereas we must admit that not all patients are treated
medically lifelong. Each of the collectively ten items consists of
three to seven referring statements, whereby parents evaluated the
child’s problems with a scale from 0 (no problems) to 4 (highly
problematic). The scale from 0 to 4 (higher score indicating more
problems) was transformed to a reversed linear scale (the higher
the score, the better the quality of life) with 0 =100, 1 =75, 2 =50,
3 =25, 4=0. Subsequently, the mean was computed for each
patient within each item. Superior scores regarding psychosocial,
physical, and cardiac health were estimated by calculating the
items with similar content.

IBM Statistics SPSS 25.0 (IBM, Armonk, NY, USA) was used for
statistical analysis. Overall survival after total cavopulmonary
connection and time-to-event-analysis (redo either cardiac
catheter examination (= reINT) or cardiac surgery (= reSURG)
related to total cavopulmonary connection) was calculated for our
patients and described by Kaplan-Meier analysis.
Univariatequality of life analysis was done with the description
of each item by mean and standard deviation. A comparison
of today’s quality of life in different age groups (patients aged
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5-7 years versus patients aged 8-12 years) or gender (boys vs. girls)
was done independently with Mann-Whitney U test. A
comparison of the number of patients with impaired quality of
life in both age groups was analysed with Chi*- test. Influences of
age, gender, and the (type of) 1% stage palliation before total
cavopulmonary connection were investigated further with a binary
regression analysis.

We divided our study population into patients with an impaired
(n=22) and a consistent quality of life (n = 17) by lower or higher
quality of life score than 75.3. We chose this cut-off value because a
score of 75.3 represents the mean score (X =87.6-12.3 standard
deviation =75.3) of healthy volunteers.!*'* Children whose
parents scored the total quality of life higher than 75.3 were
determined as patients with unaffectedly consistent quality of life.
Patients with a total quality of life score lower than 75.3 were
identified as patients with impaired quality of life.

To find out, if late complications after total cavopulmonary
connection as severe decreased cardiac function, plastic bronchitis
(PE) /protein-losing enteropathy or a severe atrioventricular valve
regurgitation had an influence on quality of life, we screened for
these complications in the last follow-up and did an univariate
analysis.

The statistical threshold for the significant difference was
defined with a =0.050.

n =62 patients underwent surgical palliation with total cavopul-
monary connection in Leipzig Heart Center between September
2004 and April 2013. We palliated patients with hypoplastic left
heart syndrome (n=32), hypoplastic right heart syndrome
(n=22) or functional single ventricle (n = 8). The overall survival
rate after total cavopulmonary connection was 93.5% after a
maximal follow-up time of 133 months (11.1 years; confidence
interval: 116.9-132.6). One-year survival was 96.6%, and
5-year survival was 93.5%. One early death (1.6% (1 patient)
occurred, ten days after total cavopulmonary connection, because
of ventricular fibrillation induced probably after a seizure with
myocardial infarction or pulmonary embolism and pericardial
effusion. Additionally, three patients (4.8% (3 patients)) died later
within follow-up, on average 17 months after total cavopulmonary
connection due to 1) embolism with palsy and Disseminated
intravascular coagulation (DIC) with a capillary leak, 2) cerebral
oedema with brainstem herniation, prolonged seizure, respiratory
failure, and hypoglycaemia, and 3) multi-organ failure, acute
respiratory distress, and embolism. Thus, of 58 survived total
cavopulmonary connection patients, 40 parents (63%) sent their
filled quality of life questionnaires. 39 children were included in the
quality of life analysis (1 patient was excluded because of a
Williams-Beuren syndrome). Characteristics of the study pop-
ulation are shown in Figure 1. Overall, the study population
consists of n = 15 hypoplastic left heart, all of them got Norwood-1
as first-stage operation, n = 9 HRHS (one Norwood-1, n = 7 Shunt,
each followed by Glenn and total cavopulmonary connection and
one only two-staged operation) and #n =15 functional single
ventricle with complex anatomy, where the surgical procedure was
carried out very individually. In this group we subsume for
example four tricuspid atresia (with malposition of great arteries or
ventricular inversion), three unbalanced Atrioventricular septal
defect (AVSD), two Double inlet left ventricle (DILV), two Double
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Figure 1. Characteristics of our study population for QoL analysis.

NOR-1 + TCPC

HLHSn=1,SVn=(1
mean =94 vyears (1.4
MEBN e hercn 813 years (3 1.3)

N = 62 patients got TCPC to achieve Fontan- circulation and were enrolled for QoL- Analysis. N = 23 patients were excluded due to death during follow up, genetic disorder or no
participation to the study. Finally, n = 39 patients participated to the study with filled questionnaire after a mean- follow up time of 76.5 + 22.3 months (6.4 + 1.9 years). Shown are

mean age of respondents and mean time survey after TCPC for each group.

outlet right ventricle (DORV), and other. Thus, of our 39 children
n=1 patient (2.6%) underwent a one-staged palliation, n =6
(15.4%) patients received a two-staged palliation, n =30 (76.9%)
patients got a three-staged palliation, and n =2 (5.1%) patients got
Norwood-1, followed by total cavopulmonary connection. The 1%
stage of three-staged palliation was done with Norwood-1 (n = 20;
66.7%) or shunt (n=10; 33.3%). Their parents have been
describing their childrens' health after a mean follow-up time of
X= 76.5+22.3 months (¥ 6.4 years) after total cavopulmonary
connection. Detailed patients” characteristics are listed in Table 1.

We looked for the early and late morbidity rates in our population
of 39 patients, who were treated with total cavopulmonary
connection. The mean follow-up time was 6.4 + 3.2 years, and the
overall survival was 100% after maximal follow-up time of 11.1
years. The early morbidities are shown in Table 2. All patients
received a pleural drainage intraoperatively. 23 patients (59.0%)
developed a pleural effusion, which was the most frequent
complication after total cavopulmonary connection in our study.
In 6 (15.4%) patients, we had to apply a new pleural drainage or
perform a pleural puncture because of pleural effusion or
pneumothorax after removal of the first drainages. Chyle was
diagnosed in 11 (28.2%) patients, and 18 (46.2%) suffered from
ascites. In 6 (15.4%) patients, we observed rhythm disturbances;
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2 (5.1%) patients needed a pacemaker implantation after total
cavopulmonary connection.

We also looked for the probability of re-procedures during the
follow-up time of 133 months after the total cavopulmonary
connection palliation including relntervention (reINT) and
reSurgery (reSURG).

ReINT was required more often, which is shown in the time-to-
event analysis using a Kaplan-Meier curve in Figure 2. Of 39
patients in our total study population, 17 patients (43.6%) needed
areINT.

The mean duration until reINT was about 76.8 months after
total cavopulmonary connection (confidence interval: 57.1-96.6;
Figure 2). About 6 months after total cavopulmonary connection,
freedom for reINT was about 76.2% and for 1 year about 70.6%.
Examples for reINT were coil-embolisation, balloon dilatation, or
stent implantation.

The probability for reINT after total cavopulmonary connection
was dependent on the type of 1% surgery before total cavopulmo-
nary connection. With 1% stage palliation (n=32) 53.1% needed
reINT, without 1** stage palliation (n =7) none.

As shown in Figure 3, reSURG during total cavopulmonary
connection follow-up was performed in two of 39 (5.1%) and
occurred later in time, compared to reINT. Examples for reSSURG
were Take Down, replacement/transformation of Sano shunt and
elongation of the extracardiac conduit. The Mean probability for
reSURG was about 126.4 months after total cavopulmonary
connection (confidence interval: 117.6 -135.3). 133 months after
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Table 1. Patient characteristics
Group Total One stage Two stage Three stage NOR-1 - TCPC
TCPC T A G F +
Glenn- Anastomose = aF F aF =
1% stage palliation NOR-1 Shunt NOR-1
n 39 1 6 20 10 2
HLHS 15 0 0 14 0 1
HRHS 9 0 1 1 7 0
N 15 1 5 5 3 1
Mean age + SD at TCPC 35.5+£9.0 29.0 34.2+£5.7 35.9+4.9 40.7£11.1 13.0+x1.4
Male gender [n] 22 0 4 12 6 0
Preterm birth [n] 4 0 0 3 1 0
Mean months + SD follow-up 77.2+38.0 92.0 T77.7+40.3 74.1+35.4 72.8+45.0 122.0+15.5

Patient characteristics in summary (total study population) and differentiated in type of surgical repair. Means and standard SD are shown for every parameter.

Table 2. Early morbidities after total cavopulmonary connection

Early morbidity n %

Pleural effusion 23 59.0
Ascites 18 46.2
Chyle 11 28.2
Pleural drainage/ Puncture 6 15.4
Rhythm disturbance 6 15.4
Pneumothorax 5 12.8
Reintubation 4 10.3
Pericardial effusion 4 10.3
Pneumonia / RSV infection 3 7.7
Diaphragm paresis/ Dyskinesia 3 77
Neurological impairement 2 5.1
Sepsis 2 51
Pacemaker implantation 2 5.1
Wound infection/ Healing disorder 2 5.1
Liver dysfunction 2 5.1

Number and percentage of complication occurrence of the early morbidities in our study
population (n=39) after total cavopulmonary connection.

total cavopulmonary connection, there is a probability for reSSURG
about 5.7%.

Furthermore, we looked for long-term complications after total
cavopulmonary connection as AV-Valve- insufficiency, severe
decreased cardiac function, and protein losing enteropathy/plastic
bronchitis (Figure 4). We found a severely decreased cardiac
function in 3 patients (7.7%), AV-Valve insufficiency in 14 patients
(36%) and protein losing enteropathy/plastic bronchitis in
2 patients (5.1%).

The quality of life scores (mean + standard deviation) of our study
population, divided into total, “impaired” and “consistent”, and of
healthy children from literature as comparison'>!* are listed in
Table 3.
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Cardiac health scored highest of all three main quality of life
items with a mean score of X=76.6 + 13.7. In cardiac health, the
item treatment II had the highest mean score (X =94.2 + 10.7) and
the items treatment, anxiety, and physical appearance scored
higher than cognitive and communicative function. The cognitive
function showed the poorest mean score with X =60.4 +24.4,
compared to all other items. Psychological health was the most
affected area of life of the patients with a mean score of
X =67.8 £ 14.2, 75 months after total cavopulmonary connection.
Within this item, emotional and school/daycare function were
evaluated lower by parents than the social function of their
children, which they scored 10 points higher than emotional and
school/daycare function.

Compared to the mean score of healthy children, the mean
scores of our study cohort were lower in general. Naturally, for the
items treatment and treatment II, no scores of healthy probands
were available. Interestingly, physical appearance scored nearly the
same in our study population of total cavopulmonary connection
treated children and in healthy probands. All other sub-items
scored lower in total cavopulmonary connection treated children
than in healthy children.

Figure 5 shows the mean scores of quality of life items of the
whole study population and Figure 6 presents the mean scores of
quality of life items of patients divided in those with impaired
—(quality of life score lower than 75.3) and consistent quality of
life (quality of life score higher than 75.3) as boxplot.

Children with a reduced total quality of life exhibited reduced
physical, psychological, and cardiac health, compared to unaf-
fected patients (p < 0.050, Fig 6). The greatest difference between
the study groups was found in physical health and in psychological
health, all three analysed functions were reduced compared to
patients with an unaffected quality of life. Cardiac health was not
scored significantly different with X=84.6+9.0 (unaffected
quality of life) vs. X=70.3 + 13.7 (impaired quality of life). Except
for the items treatment II and physical appearance, all items of
cardiac health were concerned of impaired quality of life.

To evaluate the effect of a preliminary Norwood-1 surgery or
shunt OP (first-stage surgery) on the later quality of life, the
whole study population was divided into patients with a
preliminary first-stage surgery (n=32) and patients without
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Figure 2. Occurrence of reintervention after TCPC (x-axis in months).
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Figure 3. Occurrence of reSURG in our study population after TCPC (x-axis in months).
n = 2 patiens (5.1%) needed reSURG with regard to TCPC. Maximal Follow up time after TCPC is 133 months.
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Table 3. Quality of life for healthy probands, study group in total and probands divided in impaired and consistent

Healthy control from lit-

erature Total study group Impaired QoL Consistent QoL p
Mean SD n Mean SD n Mean SD n Mean SD n
Total score 87.6 12.3 717 71.8 12.1 39 63.3 8.3 22 82.8 5.7 17 3.9 *Fl
Physical health 89.3 16.4 717 71.1 19.5 39 60.8 19 22 84.4 9.6 17 21*E°
Psychological health 86.6 12.8 717 67.8 14.2 39 58.8 10.3 22 79.4 9.2 17 45*E7
Emotional 82.6 17.5 718 64.7 17.8 39 57.3 18.7 22 74.4 10.9 17 33*F*
Social 91.6 14.2 716 73.5 19.9 39 62 17.2 22 88.2 11.7 17 9.0 *E®
School 85.5 17.6 611 63.6 17.2 38 55 13.9 22 75.3 143 16 32 *F*
Cardiac health 91.6 10.3 108 76.6 13.7 39 70.3 13.7 22 84.6 9 17 0.001
Problems & Treatment - - - 64.6 15.7 39 58 15.2 22 73.1 12 17 0.002
Treatment || = = = 94.2 10.7 39 91.7 133 22 97.4 4.4 17 0.124
Physical appearance 82.1 20.7 95 83.1 222 39 79.7 24.7 22 87.5 18.4 17 0.319
Treatment anxiety 88 21.2 99 81.8 20.9 38 73.8 23.5 21 91.7 11.3 17 0.011
Cognitive >80.5 19.1 ‘ 99 60.4 24.4 38 50.1 23.8 22 74.4 17.5 16 0.002
Communicative 83.9 20.2 99 63.3 29.4 37 58.7 31.6 21 69.3 26.1 16 0.291

Shown are means and standard deviation of each quality of life item for healthy probands from literature, study group in total, and probands divided in impaired and consistent QoL.
Psychological health is presented by emotional, social, and school function and cardiac health is defined by problems and treatment, treatment Il, physical appearance, treatment anxiety,
cognitive, and communicative function. Means and standard deviation of proxy reports of healthy children from literature are listed in column one,**** followed by study population in total.
Mean scores and standard deviation of patients with impaired (quality of life score lower than 75.3) and consistent/ unaffected quality of life (quality of life score higher than 75.3) were listed
further (defined by comparison with healthy children). Difference between study groups with impaired and unaffected quality of life are shown with p <0.050. n-number, p-p-value,
QoL = quality of life, SD = standard deviation.
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Figure 4. Late morbidities after TCPC.
We present decreased cardiac function in 7,7% (a), AV-Valve-insufficiency in 36,0% (b) and PLE/plastic bronchitis 5,1% (c) in the long term follow-up of our TCPC patients.
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Figure 6. Quality of life - Analysis of the study population divided in patients with impaired and consistent Quality of life presented as mean scores.

QoL of patients with impaired QoL in total exhibited significantly lower mean scores in every QoL item except treatment II, anxiety and cognitive function. Cut off score to
distinguish study groups with different QoL in total was 75.3, whereas patients with lower score than cutoff score were defined as patients with impaired QoL. Children with
reduced total QoL exhibited reduced physical, psychological as well as cardiac health, compared to unaffected patients (* p < 0.050). Boxes show 25th - 75th quartiles of patient
values and median (50th quartile); o - outlier with 1.5 fold value of the box; % - outlier with 3.0 fold value of the box.

first stage surgery (n = 7). As shown in Figure 7, quality of life was  a reduced quality of life with mean scores of X=67.9 + 19.8 and
better in patients without first-stage surgery (X=81.5%£9.9; X=65.3 +13.0, compared to patients without first-stage surgery
p=0.014), compared to first-stage surgery patients (X=69.7 (Xx=85.7+8.6; p=0.014 and X=79.0+14.8; p=0.022). A
+11.6). Both the physiological and psychological health showed  reduced quality of life within psychological health resulted from
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Figure 7. Quality of life of patients without first stage surgery (left, n = 7) and with first stage surgery (right, n = 32).

QoL was reduced in study group with first stage surgery. Physiological and psychological health was impaired in patients in this group. Within psychological health, emotional
function was similar between both patient groups, but social and school/daycare function was impaired in patients with first stage surgery before TCPC. Cardiac Health was similar
within both study groups. Boxes show 25th - 75th quartiles of patient values and median (50th quartile); o - outlier with 1.5 fold value of the box; % - outlier with 3.0 fold value of
the box. * - p < 0.050.

impaired social and school/daycare function, as shown in

Figure 7. Interestingly, neither cardiac health in total nor its ~ Table 4. Age-dependent quality of life

relevant items were statistically significant between patient Agepationt: Age .-
. . patient: E€patient:
groups with or without first-stage surgery (p > 0.050). 5-7 years 8-12 years
Mean SD n Mean SD n p
Total score 71.1 13.0 14 72.2 118 25 0.897
In Table 4, we present the quality of life after total cavopulmonary Physical health ee.r 226 14 735 116 25 031
connection in two different age groups, showing no differences Psychological 684 145 14 675 142 25 0573
(5-7 years, n=14, X =71.1%£13.0 vs. 8-12 years, n=25; health
Kiotal = 72.2 + 11.8, p = 0,897). Neither superior nor subordinated Emotional 604 191 14 672 170 25 0.460

items showed relevant differences between the age groups.

Although statistically not significant the physical health of social 4 AT M T8 190 25 0409
younger patients seemed to be lower than the physical health of School 638 179 13 634 172 25 0.716
older patients (X=66.7+22.6 vs. X=73.5+17.6), and the Cardiac health 78.1 145 14 75.1 11.0 25 0.874
cognitive impairment of older patients seemed to be lower than T 615 160 14 663 156 25 0361
that of younger patients (X =58.3 £25.1 vs. X =64.5 £ 23.2). The . ’ ’ ’ ’ ’
number of patients with an impaired total score for the quality of
life was similar in both age groups (5-7 years: 57% vs. 8-12 years: Treatment 2 18 14 936 121 25 059
56%, shown in Table 5). Physical 863 128 14 813 262 25 0.851

The patients’ gender had no influence on the quality of life appearance
items; parents of girls (n=22) assumed a quality of life almost Tireahmant: 793 151 14 832 237 24 0212
similar to parents of boys (n=17; X=703+17.1vs. X=58.1+ anxiety
15.6; p=0.029), as shown in Table 6. Cognitive 645 232 13 583 251 25 039

Although statistically not significant, girls seemed to show a
higher quality of life than boys for the items social and emotional
functions (p =0.117, 0.492, 0,124), and the items communicative We investigated whether the age had an influence on quality of life in our pobands. Younger
and cognitive functions, but parents of bOYS investigated a higher (5-7 years) and older patients (8-12 years) show same quality of life after total

X . > . cavopulmonary connection. Values of each quality of life item of the questionnaire did not
QoL in the items of cardiac health (treatment, treatment II, differ (p > 0.050) between patients of different ages. n-number, p-p-value, SD = standard

physical appearance, and anxiety). deviation.

Communicative 60.3 295 13 64.9 299 24 0.672
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Table 5. Age-dependent number of patients with affected quality of life
Agepatient: 5-7 years Agepatient: 8-12 years
Unaffected Impaired Unaffected Impaired p
Total score 6 8 11 14 0.98
Physical health 4 10 14 11 0.27
Psychological health 7 7 6 19 0.33
Emotional 0 14 6 19 0.45
Social 9 5 10 15 0.30
School 3 10 4 21 0.66
Cardiac health 8 6 13 12 0.81
Problems and treatment 3 11 7 18 0.83
Treatment Il 14 0 24 1 0.45
Physical appearance 9 5 16 9 0.98
Treatment anxiety 6 8 18 6 0.10
Cognitive 5 8 7 18 0.57
Communicative 4 9 8 16 0.99

Presented is the number of patients with affected quality of life in younger and older patient groups. Portion of patients with impaired total score for quality of life is same in our two age groups.
n-number, p-p-value, SD = standard deviation.

Table 6. Gender-dependent quality of life enteropathy or to a severe atrioventricular valve regurgitation

(Tables 7-9).
We could not find any significant difference in quality of life
items in patients with severe decreased cardiac function compared to

Female Male

Mean SD n Mean sSD n p

Total score 737 122 17 704 122 22 0547 the group with normal function. But we must admit that the number
Physical health 719 216 17 705 182 22 0685 of patients in this group is very small (n=3). There might be a
i tendency of decreased quality oflife in patients with severe decreased
Psychological 723 134 17 644 141 22 0117 . C . « : »
health cardiac function in the item “physical health”. Furthermore, the
group of patients with plastic bronchitis/protein-losing enteropathy
L R 2 o also consists of only two patients, which is very small. Although
Social 765 178 17 711 214 22 0492 there might be a tendency for decreased scores in the items “physical
School 203 171 17 581 156 21 0029 hea.lth”, “school fL.m.ction”, .an(.i in the item “total sco.re”, (-iue to small
patients count, this is not significant. Nevertheless, in this group, we
Cardiac health 768 151 17 764 129 22 0604 found a significant decreased score in the items emotional and
Problems and 63.8 188 17 652 132 22 0.834 cognitive health compared to patients without plastic bronchitis/
treatment protein-losing enteropathy. In patients with severe atrioventricular
Treatment II 036 63 17 946 133 22 0163 valve regurgitation (n=14), we could not find any significant
. difference in quality of life items compared to patient with normal
Ph:;;::;rance 81.9 243 17 84.1 21.0 22 0.900 valve function.
Treatment 79.6 26.1 16 83.4 165 22 0942
anxiety
Cognitive 63.0 264 17 58.2 230 21 0.601
Communicative 66.2 295 17 60.8 299 20 0.557

The overall outcome of Leipzig Heart Center patients after total
cavopulmonary connection palliation was similar to the outcomes
reported in other studies, with comparable mortality and
morbidity. The overall survival of 93.5 % was in line with results
of Bezuska et al. (79.0%),"> Ono et al. (92.3),° Zou et al. (95.1%),'°
Sfyridis et al. (96.6%),'” Yoshimura et al.(84.3%),'® Miiller et al.
(85.3%),'% and Pundi et al. (ca. 74%)."°

The overall survival rate of patients with filled-in quality of life

Both patient groups exhibit similar scores in nearly all items, except school/daycare function:
girls had higher quality of life (x =70.3+ 17.1) than boys (X = 58.1 + 15.6; p = 0.029). n-number,
p-p-value, SD = standard deviation.

We investigated, if quality of life in our patients is related to late
complications after total cavopulmonary connection as severe
decreased cardiac function, plastic bronchitis/protein-losing
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questionnaire was 100 % after maximal follow-up time of 11.1
years, which is different to the above results. But this is due to the
fact that died patients were excluded.
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Table 7. Quality of life related to cardiac function
Normal Severe decreased
Mean SD n Mean SD n p
Total score 719 12.2 36 71.0 13.4 3 0.909
Physical health 2.7 17.6 36 51.0 334 3 0.060
Psychological health 67.3 14.5 36 73.9 7.9 3 0.446
Emotional 63.8 17.5 36 76.7 20.2 3 0,232
Social 72.6 20.3 36 83.3 12.6 3 0.378
School 64.2 17.4 36 52.5 10.6 2 0.358
Cardiac health 75.6 13.7 36 88.2 8.7 3 0.130
Problems and treatment 65.6 15.8 36 52.2 5.8 3 0.157
Treatment Il 94.0 11.0 36 96.7 5.8 3 0.682
Physical appearance 82.1 22.8 36 95.8 7.2 3 70.309
Treatment anxiety 80.8 21.0 36 100.0 0.0 2 0.209
Cognitive 61.2 24.5 36 45.6 20.3 2 70.386
Communicative 61.7 294 35 91.7 11.8 2 0.164

Due to a small number of patient with decreased cardiac function, we could not find any significant difference in quality of life between the two groups. There might be a tendency of decreased

quality of life in the item “physical health”. n-number, p-p-value, SD = standard deviation.

Table 8. Quality of life related to plastic bronchitis/PLE

Plastic bronchitis/

PLE None
Mean SD n  Mean SD n p
Total score 63.8 251 2 72.2 116 37 0.343
Physical health 50.0 265 2 72.2 188 37 0.118
Psychological 63.8 23 2 68 14 37 0.684
health
Emotional 325 46 2 66.5 14.7 37 0.007
Social 75.0 283 2 73.4 199 37 0912
School 40.0 0 1 64.2 17 37 0.168
Cardiac health 77.6 258 2 76.5 134 37 0916
Problems and 53.6 0 2 65.2 159 37 0315
treatment
Treatment Il 91.7 118 2 94.3 108 37 0737
Physical 81.3 88 2 83.2 22.8 37 0.905
appearance
Treatment 87.5 177 2 81.5 212 36  0.697
anxiety
Cognitive 5.0 0 1 61.9 229 37 0.019

Communicative 58.3 0 1 63.4 29.8 36 0.867

In nearly all items, patients with plastic bronchitis/protein-losing enteropathy exhibit a
decreased quality of life score. Furthermore, emotional and cognitive functions are significant
decreased, but the number of only two patients with plastic bronchitis/protein-losing
enteropathy is too small to find an objective evidence due to the small number, we must
admit, if this findings are n-number, p-p-value, standard deviation = standard deviation.

Our study demonstrated that children after total cavopulmonary
connection exhibited overall lower mean scores of almost all
quality of life items than healthy children and therefore
contributed to present existing knowledge.!>!420-22
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Table 9. Quality of life related to atrioventricular valve regurgitation

Atrioventricular

valve regurgitation None

Mean SD n Mean SD n p

Total score 71.4 93 14 72.1 136 25 0.870
Physical health 69.9 20 14 71.8 196 25 0.776
Psychological 67.3 123 14 68.1 153 25 0.862
health
Emotional 69.3 164 14 62.2 184 25 0.238
Social 70.4 20.9 14 75.2 19.5 25 0.473
School 62.1 13.1 14 64.4 194 24 0.705
Cardiac health 7 92 14 76.3 159 25 0.882
Problems and 62.5 142 14 65.7 166 25 0.552
treatment
Treatment Il 93.88 61 14 94.4 127 25 0.871
Physical 7.4 272 14 86.3 187 25 0.233
appearance
Treatment 83.7 198 13 80.9 21.7 25 0.700
anxiety
Cognitive 59.1 17.4 14 61.1 28 24 0.815
Communicative 714 25.5 14 58.3 311 23 0.193

We could not find any differences in quality of life items between the group with or without
atrioventricular valve regurgitation. n-number, p-p-value, SD = standard deviation.

As physical and psychological well-being influence each other,
the physical and psychological quality of life are reduced
similarly.?*?*

Similar priorities of peers have mainly a psychological
character, but are strongly associated with physical activity.?* A
reduced physical quality of life is associated with an impaired
psychological quality of life basically because physical limitations
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hamper UVH-patients to keep up with peers and this disadvantage
seems to result in a lower mood.?® Evenly, self-concept and self-
esteem are connected to sportive exercises?*?® and a negative self-
image of UVH-patients could be explained by a reduced physical
capacity. Next to a reduced psychological quality of life itself, a false
assessment of this quality of life area due to overprotection of
evaluating parents®® and a lack of confidence in the childrens'
capabilities’” could lead to a bias of the results. Therefore, the
results should be interpreted carefully and side effects should be
taken into consideration.

Surprisingly, cardiac health was not impaired as much as
physical or psychological health after total cavopulmonary
connection, as reflected by an only slightly reduced score
compared to healthy children. These results are following the
general results of studies analysing the quality of life of children
with heart disease.?28-3

The current study distinguished two different groups of
univentricular heart patients: we compared the total score for
the quality of life of each patient with the total score of healthy
children, aged 2-18 years (n="71).1

Of the patients that scored lower than healthy children (patients
with impaired quality of life), the quality of life was affected in all
three areas: the physical, psychological, as well as cardiac quality of
life, which showed significantly lower scores than patients with
unaffected quality of life.

In addition, we investigated whether first-stage surgery, age,
and gender had an influence on later quality of life.

Patients with a three-staged surgery exhibited a worse quality of
life in our study than patients with a two-staged approach. Despite
an unbalanced group size (n=7 two-staged surgery vs. n=30
three-staged surgery), we could find significantly lower scores in
total, physical, and psychological quality of life in patients with a
three-staged surgery. With necessity for three-staged surgery, the
first operation occurs earlier in life than without and might be
associated with longer hospital stay. This could lead to the reduced
quality of life in later life. Because it is already known, that impaired
quality of life in later life is negatively associated with the age of
surgery.’! That means, even the timing of the surgery itself could
influence later quality of life next to the CHD. Furthermore, in
patients with three-stage surgery, the early first operation indeed
enable body development during the first days of life, but
cardiovascular haemodynamics and oxygen supply might worse
than in patients with only two-stage surgery. Perhaps, the
preoperative state of health in patients with only two-stage surgery
might be better than in patients who needs three-stage surgery.
Thus, we conclude, if three-stage surgery is not necessary explicitly,
two-stage surgery should be favoured.

In our study, younger (5-7 years) and older patients (8-12
years) showed a similar quality of life after total cavopulmonary
connection as has been reported in an Australian patient cohort.*
In contrast, Saliba et al. and Ternestedt et al. observed a better
quality of life in younger CHD patients, compared to older CHD
patients, but all patients were adults at the time of the survey. In
Ternestedts survey, patients were studied 20 and 30 years after the
operation, while Saliba found a better quality of life in patients age
18-23 years than in patients older than 23.>33 A comparison of the
quality of life in childhood with the quality of life as an adolescent
or adult may have resulted in different findings.>* Bisegger et al.
reported a decrease of quality of life after the age of twelve,
implicating a higher quality of life for younger children compared
to adolescents.’® With age, life circumstances, as well as self-
awareness, and the importance of peer groups are changing. These
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effects influence the quality of life as well as the chronic disease
itself. A missing difference in the age-dependent quality of life in
our study could be explained by the young age of our patient
population under 12 years. A further study with our cohort later
after total cavopulmonary connection palliation, for example, 20
and 30 years after the operation as in Ternestedts study, might be
sensible to detect differences in quality of life.

In our study, there was no gender-dependent difference in the
quality of life. The only exception was school/daycare function,
where girls showed higher scores than boys (p=0.029). One
possible explanation is that due to higher expectations of
themselves or more diligence girls are often more focused on
school success, than boys.*® Although this result stands in contrast
to the findings of Otto et al., where girls scored lower quality of life
than boys,” the different results compared to our study could be
explained by gender-dependent effects itself and may not be linked
to the CHD anyways. Although we found some differences in
patients with severe deceased cardiac function (tendency in the
item “physical health”) and in them with plastic bronchitis/
protein-losing enteropathy (significant in the items “emotional”
and “cognitive health”, tendency in three items) compared to
patients without these complications, the number of patients in
this both groups is so small, that the seen effects could be also
statistical outliers. In patients with severe atrioventricular valve
regurgitation, we could not find any differences in quality of life
items compared to patients with normal valve function. Thus, the
group size here is comparable (n = 14 vs, n = 25). Further studies
are necessary to identify risk factors for these patients to prevent
impairment of quality of life.

The current study used parent proxy questionnaires for the
quality of life evaluation which might affect the results.>*-** Parents
might misjudge their children’s quality of life due to anxiety and
overprotection;*®*! children might overrate themselves because
their awareness of the life-threatening disease might differ from
their parents.*! But as the reproducibility of parents' proxy reports
is better than in self-reported questionnaires,** and especially in
the younger age-group, some children might not yet be able to
answer some of the quality of life questions we conclude that the
investigation of parent proxy reports is sufficient for a reliable
quality of life analysis.***

Potential long-term effects on adolescents or older univen-
tricular heart patients are difficult to estimate. According to our
results, the quality of life after total cavopulmonary connection is
fragile and should be monitored closely. Regular physical exercise
has the potential to improve the physical and psychological quality
of life. Further promotion of self-efficacy and social support could
improve the quality of life persistently over time.”” Especially in the
case of an impaired cognitive function directly after surgery,
extensive training is essential because the short-term reduction of
cognition is known as a risk factor of later impairment.*®

All things considered, we could show that the quality of life after
total cavopulmonary connection palliation was reduced in general
compared to healthy children.

We believe, that not the surgical procedures in childhood
but the heart disease itself is responsible for the reduced quality
of life. Different major surgeries (e.g. bowel surgery in
Hirschsprung disease or the surgical correction of other cardiac
heart diseases except the univentricular heart) did not influence
the quality of life of patients significantly even 18-37 years after
intervention.*®%

It seems that the diagnosis of a univentricular heart affects the
quality of life negatively because (1) the reduction of the quality of
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life depends on the severity of the CHD,?**2*30 and a
univentricular heart is a very complex CHD with insufficient
oxygen supply,”® (2) later decreased exercise capacity due to
univentricular blood flow or hampered somatic growth® is
common in patients after total cavopulmonary connection, and
(3) reduced physical and psychological quality of life due to pain,
caused by surgery,” are implausible after so many years.

All children after univentricular palliation showed a reduced total
quality of life that included physical, psychological, as well as
cardiac health, compared to healthy children. Quality of life was
neither age- nor gender dependent except for school/daycare
function. Furthermore, patients with three-staged palliation
exhibited a worse quality of life than those with two-staged
palliation.

We only used parent-proxy questionnaires in our study. Next to
parents or patients themselves, other related persons should
assume the patients' conditions, e.g. teachers.’® Then, interfering
aspects like overprotection by parents could be excluded for
detailed quality of life analysis.
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