
Predictors of Health-Related Quality of Life in Children with Cyanotic Heart
Disease Who Underwent Palliative and Total Repair

Jutarat Tanasansuttiporn1, Maliwan Oofuvong1,*, Wirat Wasinwong1, Voravit Chittithavorn2,
Pongsanae Duangpakdee2, Jirayut Jarutach3 and Qistina Yunuswangsa1

1Department of Anesthesiology, Faculty of Medicine, Prince of Songkla University, Songkhla, 90110, Thailand
2Department of Surgery, Faculty of Medicine, Prince of Songkla University, Songkhla, 90110, Thailand
3Department of Pediatrics, Faculty of Medicine, Prince of Songkla University, Songkhla, 90110, Thailand
*Corresponding Author: Maliwan Oofuvong. Email: oomaliwa@gmail.com

Received: 04 February 2022 Accepted: 22 March 2022

ABSTRACT

Background: Studies on predictors of health-related quality of life (HRQOL) in pediatric patients with cyanotic
heart disease who are waiting for the next stage and those who have undergone total repair are scarce. Therefore,
we aimed to identify such predictors in children who received the modified Blalock–Taussig shunt (MBTS) and
those who underwent total repair.Methods: In this historical cohort and concurrent follow-up study, data of chil-
dren who underwent MBTS at the age of 0–3 years between January 2005 and December 2016 at a super-tertiary
care hospital in Southern Thailand were obtained. Children who were alive in December 2017 were recruited to
evaluate the quality of life at least 1 year after their operation. Between January and December 2018, the “Pediatric
Quality of Life Inventory 4.0 Generic Core Scales” with both child self-report and parent proxy-report scores were
used to examine the HRQOL. Multivariate linear regression analysis was performed to identify independent pre-
dictors of HRQOL. Beta-coefficient (β) and 95% confidence intervals (95% CIs) were calculated and considered
statistically significant at p < 0.05. Results: Among the 380 enrolled children, 148 died, 122 survived and waited
for total repair, and 110 survived after total repair. In the multivariate analysis, chronic lung disease was a com-
mon predictor of lower physical and psychosocial HRQOL reported by the parents (β [95% CI]: −0.42 [−0.81,
−0.03] and −0.49 [−0.89, −0.09], respectively). Total repair was a predictor of higher physical HRQOL according
to both parents and children (β [95% CI]: 0.33 [0.09, 0.57] and 0.70 [0.36, 1.03], respectively). A predictor of high-
er psychosocial HRQOL reported by the parents was younger age during MBTS surgery compared with older age
(β [95% CI]: 0.012 [0.001, 0.022]). In the total repair subgroup, undergoing the Fontan procedure (vs. Glenn pro-
cedure) was a predictor for lower physical HRQOL reported by the parents (β [95% CI]: −0.82 [−1.52, −0.13]).
Higher socioeconomic status was a predictor of both physical and psychosocial HRQOL (β [95% CI]:
0.018 [0.001, 0.034] and 0.012 [0.0001, 0.04], respectively). Conclusions: Successful total repair was a predictor
of higher physical HRQOL, and younger age during MBTS surgery was a predictor of higher psychological
HRQOL in children with cyanotic heart disease. Higher socioeconomic status was a predictor of both physical
and psychological HRQOL following total repair [Thai Clinical Trials Registry: TCTR20161221003].
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1 Introduction

Systemic-to-pulmonary artery shunt is a palliative procedure for children with cyanotic congenital heart
disease (CHD) to improve the blood flow to the lung. Currently, the modified Blalock–Taussig shunt (MBTS)
is the most commonly used palliative shunt. Since 2000, the discharge mortality rate following MBTS
surgery has continued to decline [1]. Children who survive the MBTS procedure further require total
correction. The target of the current therapy has shifted its focus from not only improving the survival
rate but also enhancing the health-related quality of life (HRQOL). HRQOL is defined as the level of
satisfaction and happiness that affects an individual’s life, especially when children have to cope with
illnesses or treatment. It is a multi-dimensional concept that is related to the physical, mental, and social
functions of an individual [2].

Previous studies have reported that children with non-complex CHD have poorer physical function than
their healthy counterparts [3]. Other factors that may worsen HRQOL in children following CHD surgery
include lower age at the time of surgery, complex CHD, and low socioeconomic status [4–6]. There are
limited data comparing HRQOL in children with complex CHD between palliative shunt and total repair
procedures. Therefore, in this study, we aimed to determine whether the total repair procedure improved
HRQOL and to compare its outcome with that of a palliative shunt, as well as investigating other factors
that affect the HRQOL in children who underwent the MBTS procedure.

2 Materials and Methods

This was the second part of a historical cohort and concurrent follow-up study (Thai Clinical Trials
Registry: TCTR20161221003). The study was approved by the Institutional Ethics Committee of the
Faculty of Medicine, Prince of Songkla University, Songkhla, Thailand (EC 64-067-08-01). Written
informed consent for all children and assent for those aged >7 years for the HRQOL assessment were
obtained. The inclusion criteria were children aged 1–18 years who had undergone the MBTS procedure
at the age of 0–3 years between January 2006 and December 2016 and were awaiting total repair, or had
already progressed to the next stage by December 2017 [7]. Children who were lost to follow-up or did
not want to participate in the study were excluded. The appointment was made at least 1 year after
undergoing the MBTS procedure or total repair/progression to the next stage. Children were interviewed
by a pediatric psychologist, and their parents assessed the child’s quality of life by answering a questionnaire.

2.1 Main Outcome
The outcomes of interest included the HRQOL assessed using the Pediatric Quality of Life Inventory

(PedsQL) for children aged at least 2 years and the Pediatric Quality of Life Inventory Infant Scale for
children aged < 2 years. The Generic Core Scales Version 4.0 PedsQL includes 23 items. The quality-of-
life score was evaluated separately according to each parent and child. The questionnaire for the parent-
proxy report was used for children aged between 1 and 18 years whereas the questionnaire for child self-
report was used for children aged between 5 and 18 years. Both questionnaires were the same and
included questions concerning physical function (8 items), emotional function (5 items), social function
(5 items), and school function (5 items). Each question was answered on a scale of 0–4 (0 = never a
problem [100 points]; 1 = almost never a problem [75 points]; 2 = sometimes a problem [50 points], 3 =
often a problem [25 points], and 4 = almost always a problem [0 point]). These scales were subsequently
converted into a total score of 0–100. Physical health referred to physical function (P1/C1). Psychosocial
health was the combination of emotional function (P3/C3), social function (P4/C4), and school function
(P6/C6). A high score indicated a good quality of life. The PedsQL Infant Scale consisted of a
questionnaire for the parent only (assessed in infants aged < 2 years). The questionnaire was evaluated
using five topics to evaluate the physical function (P1), physical symptoms (P2), emotional function (P3),
social function (P4), and cognitive function (P5). Physical health was the combination of physical
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function (P1) and physical symptoms (P2). Psychosocial health was the combination of emotional function
(P3), social function (P4), and cognitive function (P5). This questionnaire has been validated by Varni et al.
[8] in children and passed the reliability test. Its translation and cultural adaptation into Thai were performed
by the Mapi Research Institute (www.mapi-trust.org) according to the international guidelines.

2.1.1 Details of Quality-of-Life Score
Physical function (P1/C1) consisted of 8 items: walking more than 1 block, running, exercising/playing

sports, lifting heavy objects, showering by oneself, doing house chores, pain level, energy level. Emotional
function (P3/C3) consisted of 5 items: fearness, sorrow, anger, difficulty sleeping, anxiety. Social function
(P4/C4) consisted of 5 items: socializing with friends, playing with friends, being bullied, not being able
to do tasks while friend(s) can, getting tired when playing with friend(s). School function (P6/C6)
consisted of 5 items: focusing during a class, memorizing problems, finishing a task, missing class due to
illness, missing class due to hospitalization. Physical symptoms (P2) was added and cognitive function
(P5) was used instead of school function (P6/C6) in infants aged < 2 years. Physical symptoms consisted
of the following items: abdominal distension, breathing difficulty, wheezing, swallowing difficulty,
constipation, diarrhea, vomiting, rash. Cognitive function problems included: not copying parent’s acting,
not copying parent’s facial expression, not copying parent’s voice, not focusing on the environment.

2.2 Main Exposure
Total repair/progression to the next stage was defined as having undergone the Glenn/Fontan procedure,

total correction, Rastelli procedure, or arterial switch procedure depending on the cardiac diagnosis. The
palliative shunt group was defined as children who received an MBTS as a definite treatment or who
were waiting for the next stage of repair.

2.3 Explanatory Variables/Confounding Factors
The variables collected were categorized into patient-related factors, anesthesia-related factors, and

surgery-related factors. Patient-related factors included the age during the MBTS procedure, age at the time
of the assessment of the quality of life (QOL), weight during the operation, preterm (gestational age <
37 weeks), cardiac diagnosis (categorized as Tetralogy of Fallot [TOF], univentricular heart [UVH],
pulmonary atresia with ventricular septal defect [PA/VSD], and transposition of great arteries [TGA]), non-
cardiac abnormalities (categorized as a syndrome, such as dextrocardia, asplenia, delayed development, or
chronic lung disease), history of preoperative hypoxic spells, and socioeconomic status. Socioeconomic
status was assessed using the Hollingshead two factors index of social position (level of education and
parents’ income) [9]. Anesthesia-related factors included the American Society of Anesthesiologists (ASA)
classification, intraoperative hypoxemia (arterial oxygen saturation [SpO2] < 75%), and bradycardia (heart
rate below the baseline according to the child’s age, which required atropine). Surgery-related factors
included differential oxygen saturation, which was defined as the difference in the oxygen saturation
between preoperative and postoperative assessments, the ratio of the shunt size to the body weight, duration
of postoperative mechanical ventilator use, duration of stay in the intensive care unit (ICU), re-operative
thoracotomy at admission, postoperative complications (shunt thrombosis, congestive heart failure, sepsis,
pneumonia, and coagulopathy), history of shunt revision at admission, total repair status, number of MBTS
procedures and their complications, length of hospital stay, and readmission within 30 days. In the total
repair subgroup, age at total repair and surgery-related factors, such as type of surgery, intraoperative
complications, and intraoperative blood loss were included in the analyses.

2.4 Statistical Analysis
Data record forms were created, and information was extracted from the electronic medical records.

They were then double entered into a database using EpiData software version 3.1 (The EpiData
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Association, Pascal, Denmark). R software version 4.1.1 (R Core Team, Vienna, Austria) was used to analyze
the data. Continuous variables are presented as the median and interquartile range while categorical variables
were compared using Fisher’s exact test or Chi-square test where appropriate. Continuous variables were
compared using the Wilcoxon rank sum test. A univariate analysis was performed to assess the
association between the risk factors and outcomes. Any factor with a p-value < 0.2 in the univariate
analysis was included in the multivariate linear regression analysis. The subgroup analysis was performed
similarly in patients who underwent total repair. Age at the HRQOL assessment was included in the
initial multivariate model regardless of its p-value in the univariate analysis.

2.4.1 Sample Size Calculation
The sample size was estimated based on the two independent means formula. To estimate a difference of

10 in HRQOL score between the MBTS group and total repair group with a pooled standard deviation of 10,
level of significance of 0.05, and 80% power to detect this difference, the estimated sample size was 17 per
group. To identify six predictors, including a missing data rate of 10%, 228 children (114 in each group) were
required.

3 Results

A total of 261 children survived following the MBTS procedure that was performed during the study
period at age 0–3 years, of which 122 children were waiting for the next stage and 139 had undergone
total repair (Fig. 1).

Among the 139 who underwent total repair, 29 died. Therefore, 122 children in the MBTS group and
110 children in the total repair group were included in the analyses. Table 1 summarizes the physical and

Figure 1: Flowchart depicting the study design. HRQOL, health-related quality of life
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psychosocial HRQOL assessments according to the parents and children between the MBTS and total
repair groups.

Boxplots demonstrating the scores in each domain in the MBTS and total repair groups according to the
parent-proxy report (P1, P3, P4, and P6) and child self-report (C1, C3, C4, and C6) are illustrated in
Appendix A and Appendix B, respectively. The physical symptom domain (P2) and cognitive function
domain (P5) used for assessments in children aged 1–2 years could not be compared since there were five
children in the MBTS group and none in the total repair group.

The HRQOL scores assessed by the parents were consistent with the self-assessment scores by the
children. The average physical HRQOL score was higher in the total repair group (median, 100)
compared with that in the MBTS group (median, 94) both in the parent and child reports. Table 2
summarizes the comparison between MBTS and total repair groups. Children in the total repair group
were older at evaluation than those in the MBTS group, and the proportion of TOF in the total repair
group (50%) was higher than that in the MBTS group (35%).

3.1 Physical and Psychosocial HRQOL Scores
The standardized HRQOL scores were compared using both parent-proxy reports and child self-reports.

However, we considered significant predictors based on the parent assessment only since the proportion of
missing scores was lower in the parent-proxy reports. Appendix C shows potential predictors of physical and
psychosocial health evaluated by parents only. Appendix D summarizes the univariate linear regression

Table 1: Pediatric Quality of Life Inventory Scale scores according to the parent and children in the MBTS
and total repair groups

Domain Parent p-value* Child p-value*

Palliative
shunt (n = 122)

Total repair
(n = 110)

Palliative
shunt (n = 50)

Total repair
(n = 98)

1. Physical function <0.001 0.002

Score 94 (88, 100) 100 (97, 100) 94 (83, 100) 100 (97, 100)

Standardized score 0.1 (−0.5, 0.6) 0.6 (0.3, 0.6) 0 (−0.9, 0.5) 0.5 (0.3, 0.5)

2. Emotional function 0.908 0.274

Score 100 (90, 100) 100 (91, 100) 100 (90, 100) 100 (95, 100)

Standardized score 0.6 (−0.4, 0.6) 0.6 (−0.3, 0.6) 0.5 (−0.4, 0.5) 0.5 (0.1, 0.5)

3. Social function 0.198 0.031

Score 95 (80, 100) 100 (85, 100) 90 (71, 100) 100 (85, 100)

Standardized score 0.3 (−0.7, 0.7) 0.7 (−0.4, 0.7) 0.1 (−1.1, 0.7) 0.7 (−0.3, 0.7)

4. School function 0.706 0.640

Score 90 (83, 100) 90 (79, 100) 95 (70, 100) 92.5 (85, 100)

Standardized score 0.3 (−0.2, 0.9) 0.3 (−0.5, 0.9) 0.5 (−1.2, 0.8) 0.3 (−0.2, 0.8)

5. Physical health <0.001 0.003

Score 94 (88, 100) 100 (97, 100) 94 (83, 100) 100 (97, 100)

Standardized score 0.1 (−0.5, 0.6) 0.6 (0.3, 0.6) 0 (−0.9, 0.5) 0.5 (0.3, 0.5)

6. Psychosocial health 0.686 0.343

Score 93 (86, 98) 95 (86, 98) 93 (75, 100) 95 (89, 100)

Standardized score 0.3 (−0.5, 0.7) 0.4 (−0.5, 0.7) 0.2 (−1.4, 0.8) 0.4 (−0.2, 0.8)
Notes: The values are presented as median (interquartile range), *Wilcoxon’s rank sum test. MBTS, modified Blalock–Taussig shunt.
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results assessing factors associated with physical health evaluated by the parents and children. Sixteen
variables in the parent-proxy report (history of prematurity, delayed development, chronic lung disease,
ASA classification, intraoperative anesthetic complication, ratio of shunt size to body weight, duration of
mechanical ventilator, duration of stay in the intensive care unit, re-operative during admission,
postoperative sepsis/coagulopathy, history of shunt revision in admission, total number of MBTS
procedures and other procedures related to the patient’s condition, length of hospital stay, readmission
and received total repair) and five variables (age at QOL test, history of prematurity, delayed
development, chronic lung disease, and received total repair) in the child self-report with p-value < 0.2 were
included in the initial multivariate linear regression analysis. After adjusting for covariates, the multivariate
model used for both parent-proxy reports and child self-reports is summarized in Table 3. Significant
predictors of lower physical standardized HRQOL score included chronic lung disease (p = 0.035), longer
duration on a mechanical ventilator (p = 0.02), and longer duration of hospital stay (p < 0.001). Total repair
was a predictor of improvements in the physical standardized HRQOL scores in both parent-proxy reports
(p = 0.007) and child self-reports (p < 0.001).

Table 2: Demographic data, surgery-related, and anesthesia-related factors between the palliative and total
repair groups

Domain Palliative shunt
(n = 122)

Total repair
(n = 110)

p-value

Age at MBTS (months) 8.4 (0.9, 23.1) 8.9 (0.8, 22.8) 0.74

Age at QOL test (years) <0.001a

1–2 5 (4.1) 0 (0)

2–4 60 (49.2) 10 (9.1)

5–7 35 (28.7) 23 (20.9)

8–12 19 (15.6) 61 (55.5)

13–18 3 (2.5) 16 (14.5)

Body weight (kg) 6.8 (3.4, 9.2) 6.4 (3.2, 9.9) 0.577

History of prematurity 18 (14.8) 11 (10) 0.371

Diagnosis 0.005a

Tetralogy of Fallot 43 (35.2) 55 (50)

Univentricular heart 32 (26.2) 34 (30.9)

PA/VSD 39 (32) 14 (12.7)

Transposition of great arteries 8 (6.6) 7 (6.4)

Dextrocardia 11 (9) 2 (1.8) 0.036c

Heterotaxy syndrome 8 (6.6) 5 (4.5) 0.704

Delayed development 15 (12.3) 8 (7.3) 0.29

Chronic lung disease 13 (10.7) 14 (12.7) 0.775

History of hypoxic spell 29 (23.8) 27 (24.5) 1

Socioeconomic index 58.2 (50.3, 63.6) 57.2 (44.2, 63.1) 0.506

(Continued)
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Appendix E summarizes the univariate linear regression analysis for factors associated with the
psychosocial health evaluated by the parents and children. Sixteen variables in the parent-proxy report
(age at MBTS, age at QOL test, delayed development, chronic lung disease, ratio of shunt size to body
weight, duration of mechanical ventilator, duration of stay in the intensive care unit, re-operative during
admission, postoperative congestive heart failure sepsis/coagulopathy, history of shunt revision in
admission, total number of MBTS procedures and other procedures related to the patient’s condition,

Table 2 (continued)

Domain Palliative shunt
(n = 122)

Total repair
(n = 110)

p-value

ASA classification
II
III
IV

2 (1.6)
96 (78.7)
24 (19.7)

2 (1.8)
95 (86.4)
13 (11.8)

0.254

Intraoperative anesthetic complication 0.781

No 93 (76.2) 82 (74.5)

Hypoxemia with bradycardia 6 (4.9) 4 (3.6)

Hypoxemia without bradycardia 23 (18.9) 24 (21.8)

Differential oxygen saturation 13 (8, 19) 12 (6, 20) 0.49

Ratio of shunt size to body weight 0.811

<0.65 60 (49.2) 58 (52.7)

0.65–1.1 39 (32) 31 (28.2)

≥1.2 23 (18.9) 21 (19.1)

Duration of mechanical ventilator (h) 24 (17, 88.5) 36 (13.5, 68) 0.44

Duration of stay in the intensive care unit (days) 4 (2, 7.8) 3 (2, 8.8) 0.418

Re-operative during admission 19 (15.6) 17 (15.5) 1

Postoperative complication

Shunt thrombosis 9 (7.4) 6 (5.5) 0.743

Congestive heart failure 6 (4.9) 2 (1.8) 0.286

Sepsis 8 (6.6) 8 (7.3) 1

Pneumonia 34 (27.9) 19 (17.3) 0.078

History of shunt revision in admission 8 (6.6) 6 (5.5) 0.939

Total number of MBTS procedures and other
procedures related to the patient’s condition

2 (1, 2) 1 (1, 2) 0.004b

Length of hospital stay (days) 12 (9, 19) 14 (10, 21.5) 0.339

Readmission
No readmission
Readmission within 30 days
Admission > 30 days

103 (84.4)
1 (0.8)
18 (14.8)

92 (83.6)
1 (0.9)
17 (15.5)

1

Notes: Data are presented as frequency (%) and median (interquartile range). aChi-square test, bWilcoxon’s rank sum test, cFisher’s exact test. ASA,
American Society of Anesthesiologists; MBTS, modified Blalock–Taussig shunt; PA/VSD, pulmonary atresia with ventricular septal defect; QOL,
quality of life.
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length of hospital stay, readmission and received total repair) and five variables in the child self-report (age at
QOL test, history of prematurity, delayed development, chronic lung disease, and received total repair) with
p < 0.2 were included in the initial multivariate linear regression. The multivariate model used for both
parent-proxy reports and child self-reports is summarized in Table 4. Significant predictors of lower
psychosocial standardized HRQOL score included older age at QOL assessment (p = 0.012), delayed
development (p < 0.001), and chronic lung disease (p = 0.016). Younger age at the time of the MBTS
procedure was a predictor of improvements in the psychosocial standardized HRQOL scores (p = 0.027).

Table 3: Multivariate linear regression analysis for physical health evaluated by parent and child

Variable Parent (n = 232) Child (n = 148)

ß-coefficient (95% CI) p-value* ß-coefficient (95% CI) p-value*

Age at QOL test (Ref. = 1–2 years)
2–4 years
5–7 years
8–12 years
13–18 years

–

Ref.
−0.51 (−0.85, −0.16)
−0.25 (−0.76, 0.26)

0.015

0.004**
0.336**

History of prematurity – −0.44 (−0.94, 0.06) 0.085

Delayed development – −0.59 (−1.12, −0.06) 0.028

Chronic lung disease −0.42 (−0.81, −0.03) 0.035 −0.52 (−0.98, −0.07) 0.025

Duration of mechanical ventilator (h) −0.002 (−0.003, −0.0003) 0.020 –

Received total repair 0.33 (0.09, 0.57) 0.007 0.70 (0.36, 1.03) <0.001

Length of hospital stay (days) −0.02 (−0.03, −0.01) <0.001 –

Readmission days (Ref. = no)
Readmission within 30 days
Admission > 30 days

−0.71 (−2.02, 0.61)
0.99 (0.45, 1.53)

<0.001
0.288**
<0.001**

–

Notes: * F test, ** t-test, Ref., reference; QOL, quality of life; CI, confidence interval.

Table 4: Multivariate linear regression analysis for psychosocial health evaluated by parent and child

Variable Parent (n = 232) Child (n = 148)

ß-coefficient (95% CI) p-value* ß-coefficient (95% CI) p-value*

Age at MBTS (months) −0.012 (−0.022, −0.001) 0.027 –

Age at QOL test (Ref. = 1–2 years)
2–4
5–7
8–12
13–18

−0.90 (−1.78, −0.01)
−1.21 (−2.11, −0.31)
−1.33 (−2.24, −0.41)
−0.92 (−1.94, 0.09)

0.012
0.047**
0.008**
0.005**
0.075**

Ref.
−0.81 (−1.15, −0.47)
−0.57 (−1.08, −0.07)

< 0.001

<0.001**
0.026**

Delayed development −0.78 (−1.21, −0.35) <0.001 −0.54 (−1.06, −0.01) 0.046

Chronic lung disease −0.49 (−0.89, −0.09) 0.016 −0.39 (−0.84, 0.07) 0.093

Received total repair 0.27 (−0.03, 0.58) 0.083 0.70 (0.37, 1.04) <0.001

History of shunt revision −0.44 (−1.01, 0.13) 0.130 –

Total number of MBTS procedures and other
procedures related to the patient’s condition

0.17 (−0.01, 0.36) 0.070 –

History of sepsis −0.47 (−0.97, 0.04) 0.071

Readmission days (Ref. = no)
Readmission within 30 days
Admission > 30 days

−1.28 (−2.63, 0.07)
−0.25 (−0.64, 0.14)

0.104
0.063**
0.200**

–

Notes: * F test, ** t-test, MBTS, modified Blalock–Taussig shunt; Ref., reference; QOL, quality of life; CI, confidence interval.
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3.2 Subgroup Analysis in the Total Repair Group
Among the 110 children who underwent total repair, 74 underwent the operation at our hospital and

36 were transferred to other hospitals. We recorded the surgery-related and anesthesia-related variables
according to the total repair. Appendix F shows the univariate linear regression analysis for factors
associated with the physical health and psychosocial health evaluated by the parents. Table 5 summarizes
the multivariate linear regression analysis for factors associated with the physical health and psychosocial
evaluated by the parents. Predictors of lower physical standardized HRQOL score included age 5–7 years
(vs. 13–18 years) at QOL assessment (p = 0.023 by t-test), history of sepsis (p = 0.010), and children who
underwent the Fontan procedure/total correction (vs. Glenn procedure) (p = 0.021/p = 0.046 by t-test).
Higher socioeconomic status and higher postoperative oxygen saturation were predictors of improvements
in the physical standardized HRQOL score (p = 0.039 and p = 0.021, respectively). Predictors of lower
psychosocial standardized HRQOL score included age 5–7 years (vs. 13–18 years) at QOL assessment (p =
0.006 by t-test), UVH (vs. TOF) (p = 0.037 by t-test), total correction (vs. Glenn procedure) (p = 0.030 by
t-test); and intraoperative complications (p = 0.048). Predictor of improvement in psychosocial health
standardized HRQOL score was higher socioeconomic status (p = 0.048). Higher socioeconomic status was
a common predictor of improvements in both physical and psychosocial standardized HRQOL scores.

Table 5: Multivariate linear regression analysis for physical and psychosocial health evaluated by parents in
the total repair subgroup (n = 73)

Variable Physical health Psychosocial health

ß-coefficient (95% CI) p-value* ß-coefficient (95% CI) p-value *

Age at receive total repair (months) – −0.008 (−0.018, 0.002) 0.112

Age at QOL test (Ref. = 5–7 years)
2–4
8–12
13–18

0.50 (−0.21, 1.21)
0.35 (−0.18, 0.89)
0.81 (0.11, 1.51)

0.109
0.166**
0.191**
0.023**

−0.03 (−0.82, 0.76)
0.48 (−0.11, 1.07)
1.16 (0.35, 1.97)

0.048
0.936**
0.108**
0.006**

History of sepsis −0.93 (−1.62, −0.23) 0.010 –

Diagnosis (Ref. = TOF)
Univentricular heart
PA/VSD
TGA

–

−2.20 (−4.27, −0.14)
−2.00 (−4.44, 0.43)
−1.83 (−4.07, 0.41)

0.185
0.037**
0.105**
0.108**

Operation (Ref. = Glenn procedure)
Fontan procedure
Total correction
Rastelli procedure
Arterial switch
Others

−0.82 (−1.52, −0.13)
−0.76 (−1.51, 0.01)
−0.07 (−0.84, 0.70)
−0.07 (−1.24, 1.10)
0.10 (−1.37, 1.57)

0.061
0.021**
0.046**
0.861**
0.903**
0.891**

−0.90 (−1.81, 0.01)
−2.44 (−4.63, −0.25)
0.63 (−0.73, 1.99)
−0.17 (−1.80, 1.45)
0.49 (−1.23, 2.20)

0.077
0.053**
0.030**
0.356**
0.831**
0.570**

Intraoperative complications – −0.61 (−1.22, −0.01) 0.048

Intraoperative blood loss (ml) – −0.0008 (−0.002, 0) 0.058

Duration of stay in the intensive care unit (days) – 0.10 (−0.005, 0.20) 0.062

Duration of hospital stay (days) – −0.03 (−0.09, 0.02) 0.206

Postoperative oxygen saturation 0.06 (0.01, 0.10) 0.021 –

Socioeconomic index 0.018 (0.001 0.034) 0.039 0.012 (0.0001, 0.040) 0.048
Notes: * F test, ** t-test, CI, confidence interval; PA/VSD, pulmonary atresia with ventricular septal defect; QOL, quality of life; TOF, Tetralogy of
Fallot.
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4 Discussion

This historical cohort and follow-up study found that the total/partial correction procedure improved the
patients’ physical HRQOL but did not improve the psychosocial HRQOL from the parents’ perspective,
which could arise from the fact that parents are subjected to greater burden and suffering across all family
dimensions compared with those experienced by their children. A study by Geerdink et al. [10] supports
our findings that parents reported significantly more internalizing problems such as anxiety, depression,
and attention problems in their children with the Ebstein Anomaly rather than adolescents themselves.
According to our results, a variety of predictors related to the patient’s condition and surgical treatment
could affect the HRQOL in children with complex heart disease after undergoing the MBTS procedure.

The overall median score in both the physical and psychological HRQOL assessments in children with
cyanotic heart disease in our study was high (>92) compared to those reported in France (73.5) [11] and the
USA [5] using the same HRQOL tools. The higher HRQOL scores in Thai children with partial correction
compared with other populations may be due to parental overprotection/over-support associated with Thai
culture, or it could be due to individual resilience [9]; however, further investigations are warranted.
Abassi et al. [11] examined the HRQOL in children with CHD aged 5–7 years, while our study and
Uzark’s study included children of a wider age range of 2–18 years [5]. Therefore, we generated
standardized HRQOL scores for better comparisons and as the outcome variable in the linear regression
analysis.

Only children aged at least 5 years can complete the child self-report questionnaire; therefore, the
number of child self-reports (n = 148) was fewer than that of parent-proxy reports (n = 232). However,
the HRQOL in each domain as well as the overall physical and psychological HRQOL scores between
the child self-reports and parent-proxy reports were similar.

4.1 Improvements in Physical and Psychosocial HRQOL
Both univariate and multivariate linear regression analysis revealed that total repair/progression to the

next stage (vs. palliative shunt) was one of the important predictors of improvements in physical HRQOL
(p = 0.007) but not psychosocial HRQOL scores in the parent-proxy reports (p = 0.083). Nevertheless,
approximately 80% of the children survived total repair at our hospital, while the others died from
intraoperative and postoperative complications. The children who survived total repair can experience
improvements in physical functions, such as walking, running, and doing household chores without
developing dyspnea. However, the child self-reports in the total repair group revealed improvements in
social function (p = 0.031) as well as the overall psychosocial HRQOL score in the multivariate analysis
(p < 0.001). Therefore, physical HRQOL can be improved with total repair; when physical health
improves, it may promote better emotional as well as social and school functions [12,13]. Consequently,
psychosocial HRQOL may eventually improve following total repair. However, children with a complex
cardiac condition might still have poorer psychosocial HRQOL regardless of their diagnosis or type of
operation compared to simple conditions [14]. Uzark et al. [5] reported that patients with moderate
cardiac disease who underwent curative surgery had higher physical and psychosocial HRQOL scores
than those with severe cardiac disease and uncorrectable defects (89 vs. 76 and 82 vs. 74, respectively).

We observed that younger age at the time of the MBTS procedure can help improve the psychosocial
HRQOL score. Since all children had cyanotic heart disease in this study, good left-to-right shunt flow
could improve the child’s oxygenation and promote fair living in terms of emotional and social functions
but not improve complete physical function if total repair is not performed. This may be why younger
age at the time of the MBTS procedure could improve the psychosocial but not physical HRQOL score.
Moreover, Wang et al. [15] reported that adolescents’ knowledge of their cardiac condition incorporated
with an increase in the sense of well-being improved the psychosocial quality of life of the affected
individual. In our routine preoperative care, our disciplinary team, especially the pediatric cardiologist,
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take a reasonable amount of time to explain to the patient their cardiac abnormality condition and discusses
the possible morbidities and prognosis with the parent or adolescents themselves at the pediatric outpatient
clinic at least 1 month before surgery or at the pediatric ward at least one day before surgery.

4.2 Congenital Heart Defect after Total Repair and HRQOL
In the total repair subgroup, UVH was associated with worse psychosocial HRQOL scores compared

with TOF (p = 0.037 using t-test). Previous studies have shown that a diagnosis other than TOF is the
principal risk factor for early mortality [16,17], which could be associated with poorer HRQOL if the
patients survive. After total repair, the HRQOL score in these children could be similar [11] or lower than
those of healthy peers [18]. Higher HRQOL scores following corrective surgery can be due to several
factors, such as residual heart defect/chronic disease [19,20], socioeconomic reasons [20,21], and familial
relationships [22].

Higher socioeconomic status was not an independent predictor of our primary outcome but was one of
the predictors of improvements in both physical and psychosocial HRQOL scores following total repair.
Landolt et al. [22] reported that socioeconomic status was not associated with physical and psychosocial
HRQOL scores following open-heart surgery, while adverse familial relationships negatively affected the
parent-related HRQOL scores. Socioeconomic status includes the family’s income and parents’ education.
Families with higher income or higher education would have better capability to take care of sick
children than those with poorer socioeconomic status. Since some of the children with UVH (29%)
received only the Glenn shunt and not definite Fontan’s procedure, they may still experience cyanotic
manifestations. Therefore, parental support in terms of both financial and psychosocial aspects can
improve the child’s physical and psychosocial health, which has been previously reported [20,21].

4.3 Risk Factors of Poor Physical and Psychosocial HRQOL Scores
Common risk factors of poor physical and psychosocial HRQOL scores included chronic lung disease

and delayed development. Patients with chronic lung disease, such as bronchopulmonary dysplasia, can
develop worsening of cyanotic symptoms in conjunction with postoperative shunt problems, which can
result in poor physical and psychosocial HRQOL scores. Similarly, children with cyanotic heart defects
and intellectual developmental problems can also develop worsening of both physical and psychosocial
functions due to shunt malfunction. Both diseases are classified as chronic diseases, which can affect the
overall HRQOL in pediatric patients. If children with CHD also have other chronic diseases, they will
have a poorer QOL [19]. Such children require a sense of coherence or a sense of appreciation for life
and expectations earlier than healthy children, which may affect their HRQOL [23].

Longer duration of mechanical ventilation and longer duration of hospital stay were risk factors for poor
physical HRQOL. The duration of mechanical ventilation and the duration of hospital stay may represent the
severity of cyanotic heart disease, its treatments, and postoperative MBTS complications, such as shunt
thrombosis, coagulopathy, and sepsis. Our previous study has shown that postoperative complications
following MBTS procedure, such as shunt thrombosis (5-fold), bleeding (4.5-fold), and renal failure
(4.1-fold), were strong predictors of time-to-death <90 days postoperatively [7]. Therefore, children who
survive such complications would require prolonged mechanical ventilation, which results in a longer
duration of hospital stay. Landolt et al. [22] also reported that prolonged duration of hospital stay was
related to impaired HRQOL in children following open-heart surgery based on parent-proxy reports,
which was consistent with the findings of our study. The poor physical health might also be related to
complications due to shunt problems or partial recovery from infections after prolonged mechanical
ventilation and admission. Secondary hypothyroidism in the immediate postoperative period has also
been reported in children who underwent cardiac surgery. Furthermore, Bettendorf et al. [24] showed that
lower thyroid hormone concentrations were significantly associated with prolonged mechanical
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ventilation and length of hospital stay. Therefore, the effects of thyroid function on long-term cognitive
function during the postoperative period after congenital heart surgery remain to be investigated.

Older age at QOL assessment was also one of the risk factors of poor physical HRQOL in child self-
reports and psychological HRQOL in both child and parent reports, irrespective of the status of total
repair (Tables 3 and 4). However, older age at QOL assessment in the total repair subgroup was
associated with a higher psychological HRQOL score. Therefore, irrespective of total repair status, in
children who receive only a palliative shunt (MBTS), increasing waiting time for total repair is associated
with worsening physical and psychosocial functions at the time of QOL assessment. In contrast, in
children who undergo total repair, the physical and psychosocial functions will improve with time.
Longer time after surgery was associated with older age at QOL assessment. We observed that
adolescents (aged 13–18 years) had much better QOL scores than children aged 5–7 years (Table 5).

4.4 Summary of Main Finding and Clinical Implications
We found that total repair/progression to the next stage can improve physical HRQOL scores, whereas

higher psychological HRQOL scores was associated with younger age during MBTS surgery. In total repair
subgroup, higher socioeconomic status and older age at QOL assessment were associated with higher
physical and psychological HRQOL scores. Although total repair/progression to the next stage can
improve physical HRQOL scores in children with cyanotic heart disease, the overall in-hospital mortality
at our hospital following Glenn’s procedure/Fontan procedure/total repair was relatively high (20%)
compared with those in other studies, which varied from 2%–12% depending on the severity, co-
morbidities and experience of the surgeon [25–30]. Therefore, patient selection for total repair is critical
for minimizing postoperative mortality. Competing risk analysis in our previous study revealed that the
proportion of children who underwent Glenn’s procedure/total repair increased at approximately 5 months
of age; however, only 31.5% had undergone Glenn’s procedure/total repair at 5 years after the MBTS
procedure due to various limitations [7]. Therefore, we propose the following two solutions to improve
HRQOL. First, Glenn’s procedure/total repair should be considered in young children with chronic
conditions that affect HRQOL, such as delayed development and chronic lung disease. Second, the
MBTS procedure should be performed as soon as possible after the diagnosis of UVH/biventricular heart
or other cyanotic heart conditions to prevent worsening of symptoms and, perhaps, improve HRQOL
while awaiting definite repair. Since individual HRQOL courses are unpredictable regardless of the
surgery, repeated HRQOL assessments over time might benefit children with congenital heart disease [31].

4.5 Strengths and Limitations
There are a number of strengths of this study. First, we used a valid Thai translated questionnaire and

only one pediatric psychologist for the assessment of HRQOL, which ensured the validity and reliability
of the results. Second, we used multivariate linear regression analysis to adjust for potential independent
predictors. Third, the results in the total repair subgroup supported the primary findings, which may also
reflect the accuracy of the study. Despite these strengths, a few limitations need mentioning. First, the
duration between surgery and HRQOL evaluation in each child varied (1–11 years); for example, only
five patients were of 1–2 years of age, which might have affected the HRQOL score for that age group.
Second, one-third of the patients underwent total repair at other institutions, which resulted in a small
sample and, possible oversight related to some predictors of HRQOL.

5 Conclusions

The total/partial correction procedure was one of the most important predictors of a higher physical
HRQOL, although it was not associated with improved psychosocial HRQOL from the parents’
perspective. Young age at the time of the MBTS procedure was a predictor of higher psychological
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HRQOL scores. Futhermore, higher socioeconomic status and older age at QOL assessment were predictors
of higher both physical and psychological HRQOL scores following total repair.
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Appendix B: Physical and psychosocial HRQOL assessed using the child self-report. HRQOL, health-
related quality of life; MBTS, modified Blalock–Taussig shunt

Appendix C: Predictors of physical and psychosocial health evaluated by parents

Variable Physical health QOL Psychosocial health QOL

Parent (n = 232) p-value Parent (n = 232) p-value

Received total repair
No (n = 122)
Yes (n = 110)

94.5 (88, 100)
100 (97, 100)

<0.001a

93 (85.5, 98)
95 (85.5, 98)

0.686

Age at MBTS (months) NA NA

Age at QOL test (years) 0.128 0.009b

1–2 (n = 5) 95 (88, 95) 97 (94, 98)

2–4 (n = 70) 97 (91, 100) 95.5 (90, 100)

5–7 (n = 58) 97 (85, 100) 93 (83, 97)

8–12 (n = 80) 100 (90.2, 100) 92 (82, 97)

13–18 (n = 19) 100 (97, 100) 98 (84, 100)

Body weight < 3 kg
No (n = 194)
Yes (n = 38)

100 (90.2, 100)
97 (88, 100)

0.259
93 (87, 98)
95 (83.5, 97)

0.660

History of prematurity
No (n = 203)
Yes (n = 29)

100 (91, 100)
95 (84, 100)

0.057
94 (87, 98)
92 (80, 97)

0.239

Diagnosis 0.247 0.245

TOF (n = 98) 100 (94, 100) 93 (85, 98)
(Continued)
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Appendix C (continued)

Variable Physical health QOL Psychosocial health QOL

Parent (n = 232) p-value Parent (n = 232) p-value

UVH (n = 66) 97 (88, 100) 94.5 (84.2, 97)

PA/VSD (n = 53) 94 (84, 100) 94 (87, 98)

TGA (n = 15) 100 (95.5, 100) 98 (93.5, 100)

Dextrocardia
No (n = 219)
Yes (n = 13)

97 (90, 100)
94 (91, 100)

0.456
93 (85, 98)
95 (92, 97)

0.956

Heterotaxy syndrome
No (n = 219)
Yes (n = 13)

97 (90.5, 100)
95 (88, 97)

0.089
93 (86, 98)
92 (83, 95)

0.269

Delayed development
No (n = 209)
Yes (n = 23)

97 (91, 100)
95 (86, 100)

0.155
94 (87, 98)
90 (69, 97.5)

0.026a

Chronic lung disease
No (n = 205)
Yes (n = 27)

97 (91, 100)
95 (82.5, 100)

0.071
95 (87, 98)
92 (80, 97.5)

0.139

History of hypoxic spell
No (n = 176)
Yes (n = 56)

97 (91, 100)
97 (88, 100)

0.343
93 (86.5, 98)
93.5 (84.5, 98)

0.961

Socioeconomic index NA NA

ASA classification
II (n = 4)
III (n = 191)
IV (n = 37)

100 (97, 100)
97 (91, 100)
97 (84, 100)

0.394
97.5 (96, 98)
94 (85, 98)
90 (83, 97)

0.372

Intraoperative anesthetic complication 0.095 0.358

No (n = 175) 97 (91, 100) 93 (86, 98)

Hypoxemia with bradycardia (n = 10) 89 (81.8, 96.5) 89 (84, 96)

Hypoxemia without bradycardia (n = 47) 100 (89, 100) 95 (86.5, 98)

Differential oxygen saturation NA NA

Ratio of shunt size to body weight 0.074 0.053

<0.65 (n = 118) 100 (91, 100) 93 (85, 98)

0.65–1.1 (n = 70) 97 (91, 100) 95 (90, 98)

>/=1.2 (n = 44) 96 (84, 100) 93 (80, 97.2)

Duration of mechanical ventilator (hours) NA NA

Duration of stay in the intensive care unit (days) NA NA

Re-operative during admission
No (n = 196)
Yes (n = 36)

100 (91, 100)
97 (84, 100)

0.082
93.5 (87, 98)
93 (80.8, 96.2)

0.162

(Continued)
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Appendix C (continued)

Variable Physical health QOL Psychosocial health QOL

Parent (n = 232) p-value Parent (n = 232) p-value

Postoperative complication

Shunt thrombosis
No (n = 217)
Yes (n = 15)

97 (91, 100)
95 (86, 100)

0.176
94 (87, 98)
90 (80.5, 95.5)

0.167

Congestive heart failure
No (n = 224)
Yes (n = 8)

97 (89.5, 100)
97 (90.8, 100)

0.873
93 (85, 98)
96 (93.8, 98.5)

0.249

Sepsis
No (n = 216)
Yes (n = 16)

98.5 (90.8, 100)
92.5 (87, 97.8)

0.044
94.5 (86.5, 98)
89 (82.8, 94.2)

0.053

Pneumonia
No (n = 179)
Yes (n = 53)

97 (90, 100)
97 (94, 100)

0.932
93 (86, 98)
95 (85, 97)

0.598

History of shunt revision in admission
No (n = 218)
Yes (n = 14)

97 (91, 100)
92 (85, 100)

0.162
94 (87, 98)
90 (80.2, 94.8)

0.071

Total number of MBTS procedures and
other procedures related to the patient’s condition

NA NA

Length of hospital stay (days) NA NA

Readmission
No readmission (n = 195)
Readmission within 30 days (n = 2)
Admission > 30 days (n = 35)

97 (90, 100)
78 (67, 89)
97 (91, 100)

NA
94 (87, 98)
79 (71, 87)
93 (81, 97)

NA

Notes: The values are presented as median (interquartile range), aWilcoxon’s rank sum test, bKruskal-Wallis test, ASA, American Society of
Anesthesiologists; MBTS, modified Blalock–Taussig shunt; PA/VSD, pulmonary atresia with ventricular septal defect; QOL, quality of life; TOF,
Tetralogy of Fallot; UVH, univentricular heart; TGA, transposition of great arteries; NA, not applicable.

Appendix D: Univariate linear regression analysis for physical health evaluated by parents and children

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard error)

p-value* ß-coefficient
(standard error)

p-value*

Patient-related factors

Age at MBTS (months) −0.0050
(0.0048)

0.292 0.0014
(0.0058)

0.813

Age at QOL test (ref = 1–2 years) 0.259 0.133

2–4 years 0.281 (0.462) 0.543** -

5–7 years 0.033 (0.465) 0.943** -

8–12 years 0.273 (0.460) 0.553** -0.306 (0.178) 0.088**

13–18 years 0.590 (0.501) 0.240** 0.083 (0.272) 0.759**
(Continued)
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Appendix D (continued)

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard error)

p-value* ß-coefficient
(standard error)

p-value*

Body weight < 3 kg −0.025 (0.178) 0.888 0.024 (0.232) 0.916

Preterm −0.289 (0.198) 0.146 −0.644 (0.268) 0.018

Diagnosis (Ref. = UVH) 0.345 0.9645

TOF 0.077 (0.159) 0.627** −0.048 (0.201) 0.813**

PA/VSD −0.153 (0.184) 0.409** −0.002 (0.237) 0.994**

TGA 0.326 (0.286) 0.255** 0.151 (0.414) 0.715**

Dextrocardia 0.095 (0.286) 0.741 0.110 (0.418) 0.794

Asplenia −0.315 (0.285) 0.270 −0.286 (0.388) 0.462

Delayed development −0.517 (0.218) 0.018 −0.633 (0.287) 0.029

Chronic lung disease −0.620 (0.201) 0.002 −0.537 (0.248) 0.032

History of preoperative hypoxic spell −0.129 (0.154) 0.402 −0.180 (0.187) 0.337

Socioeconomic index −0.004 (0.007) 0.574 −0.001 (0.008) 0.893

Anesthesia related factor

ASA classification (Ref. = ASA III) 0.076 0.423

ASA II 0.293 (0.502) 0.560** −0.550 (0.509) 0.281**

ASA IV −0.387 (0.178) 0.031** −0.180 (0.217) 0.408**

Intraoperative anesthetic complication 0.126 0.632

Hypoxemia with bradycardia −0.657 (0.324) 0.044** 0.026 (0.459) 0.954**

Hypoxemia without bradycardia 0.003 (0.164) 0.986** −0.185 (0.195) 0.345**

Surgical factors

Differential oxygen saturation −0.004 (0.007) 0.576 0.006 (0.008) 0.424

The ratio of shunt size to body weight
(Ref. = <0.65)

0.102 0.850

0.65–1.1 0.117 (0.150) 0.435** 0.058 (0.207) 0.781**

>/=1.2 −0.289 (0.176) 0.101** −0.091 (0.221) 0.680**

Duration of mechanical ventilator (h) −0.0015
(0.0004)

0.0002 0.0003
(0.0005)

0.559

Duration of stay in the intensive care unit (days) −0.015 (0.006) 0.014 0.006 (0.008) 0.430

Re-operative during admission −0.458 (0.179) 0.011 0.064 (0.228) 0.779

Postoperative complication

Shunt thrombosis −0.324 (0.267) 0.226 −0.286 (0.34) 0.408

Congestive heart failure 0.208 (0.360) 0.564 0.545 (0.584) 0.352

Sepsis −0.349 (0.259) 0.179 −0.051 (0.329) 0.878
(Continued)

CHD, 2022, vol.17, no.3 263



Appendix D (continued)

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard error)

p-value* ß-coefficient
(standard error)

p-value*

Pneumonia −0.144 (0.156) 0.358 0.201 (0.207) 0.333

Coagulopathy −0.535 (0.339) 0.116 0.072 (0.456) 0.876

History of shunt revision at admission −0.379 (0.275) 0.170 −0.255 (0.328) 0.437

Received total repair 0.349 (0.130) 0.008 0.573 (0.168) 0.001

Total number of MBTS procedures and other
procedures related to the patient’s condition

−0.124 (0.082) 0.134 −0.087 (0.095) 0.362

Length of hospital stay (days) −0.012 (0.003) 0.0003 0.005 (0.005) 0.322

Readmission (Ref. = no) 0.117 0.296

Readmission within 30 days −1.418 (0.707) 0.046** 0.585 (1.002) 0.561**

Admission > 30 days −0.117 (0.183) 0.524** 0.362 (0.245) 0.143**
Notes: * F test, ** t-test, ASA, American Society of Anesthesiologists; MBTS, modified Blalock–Taussig shunt; PA/VSD, pulmonary atresia with
ventricular septal defect; QOL, quality of life; TOF, Tetralogy of Fallot; UVH, univentricular heart; TGA, transposition of great arteries.

Appendix E: Univariate linear regression analysis for psychosocial health evaluated by the parents and
children

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard
error)

p-value* ß-coefficient
(standard error)

p-value*

Patient-related factors

Age at MBTS (months) −0.010376
(0.004739)

0.030 −0.001553
(0.005763)

0.788

Age at QOL test (Ref. = 1–2 years) 0.021 0.005

2–4 years −0.304 (0.455) 0.504** -

5–7 years −0.795 (0.458) 0.084** -

8–12 years −0.705 (0.453) 0.121** −0.573 (0.174)** 0.001

13–18 years −0.420 (0.494) 0.397** −0.278 (0.266)** 0.296

Body weight < 3 kg −0.030 (0.178) 0.866 −0.170(0.231) 0.464

Preterm −0.182 (0.199) 0.361 −0.477 (0.270) 0.080

Diagnosis (Ref. = UVH) 0.475 0.944

TOF −0.037 (0.159) 0.815** 0.074 (0.201) 0.715**

PA/VSD −0.005 (0.185) 0.980** 0.135 (0.237) 0.570**

TGA 0.400 (0.286) 0.164** 0.15680
(0.41339)

0.705**

(Continued)
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Appendix E (continued)

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard
error)

p-value* ß-coefficient
(standard error)

p-value*

Dextrocardia 0.163 (0.286) 0.569 0.126239
(0.418070)

0.763

Asplenia −0.102 (0.286) 0.721 −0.24081
(0.38804)

0.536

Delayeded development −0.881 (0.212) 4.67e−05 −0.498 (0.288) 0.086

Chronic lung disease −0.467 (0.203) 0.022 −0.414 (0.250) 0.100

History of preoperative hypoxic spell −0.092 (0.154) 0.550 −0.076 (0.187) 0.683

Socioeconomic index 0.001 (0.007) 0.893 −0.0003 (0.008) 0.966

Anesthesia-related factors

ASA classification (Ref. = ASA III) 0.321 0.844

ASA II 0.582 (0.505) 0.250** −0.174 (0.511) 0.733**

ASA IV −0.163 (0.180) 0.364** −0.108 (0.218) 0.620**

Intraoperative anesthetic complication 0.620 0.956

Hypoxemia with bradycardia −0.319 (0.326) 0.329** −0.038 (0.460) 0.935**

Hypoxemia without bradycardia −0.024 (0.165) 0.883** −0.058 (0.196) 0.767**

Surgical factors

Differential oxygen saturation −0.008 (0.007) 0.235 −0.0007 (0.008) 0.931

The ratio of shunt size to body weight
(Ref. = <0.65)

0.020 0.740

0.65–1.1 0.373 (0.149) 0.013** 0.126 (0.207) 0.545**

>/=1.2 −0.078 (0.174) 0.655** −0.068 (0.221) 0.758**

Duration of mechanical ventilator (h) −0.0011
(0.0004)

0.009 0.0002 (0.0005) 0.755

Duration of stay in the intensive care unit
(days)

−0.010 (0.006) 0.106 0.004 (0.008) 0.634

Re-operative during admission −0.330 (0.180) 0.068 0.220 (0.227) 0.334

Postoperative complication

Shunt thrombosis −0.328 (0.267) 0.220 −0.356 (0.344) 0.302

Congestive heart failure 0.466 (0.359) 0.196 −0.161 (0.585) 0.783

Sepsis −0.431 (0.258) 0.097 0.023 (0.329) 0.945

Pneumonia −0.136 (0.156) 0.386 0.071 (0.208) 0.734

Coagulopathy −0.672 (0.338) 0.048 −0.115 (0.456) 0.802

History of shunt revision in admission −0.429 (0.275) 0.120 −0.261 (0.328) 0.427
(Continued)
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Appendix E (continued)

Variable Parent (n = 232) Child (n = 148)

ß-coefficient
(standard
error)

p-value* ß-coefficient
(standard error)

p-value*

Received total repair 0.078 (0.132) 0.555 0.463 (0.170) 0.007

Total number of MBTS procedures and other
procedures related to the patient’s condition

−0.116 (0.083) 0.161 −0.092 (0.095) 0.338

Length of hospital stay (days) −0.008 (0.003) 0.011 0.002 (0.005) 0.716

Readmission (Ref. = no) 0.089 0.415

Readmission within 30 days −1.180 (0.706) 0.096** 0.880 (1.005) 0.383**

Admission > 30 days −0.276 (0.182) 0.132** 0.253 (0.246) 0.305**
Notes: * F test, ** t-test, ASA, American Society of Anesthesiologists; MBTS, modified Blalock–Taussig shunt; PA/VSD, pulmonary atresia with
ventricular septal defect; QOL, quality of life; TOF, Tetralogy of Fallot; UVH, univentricular heart; TGA, transposition of great arteries.

Appendix F: Univariate linear regression analysis of physical and psychosocial health evaluated by parents
in the total repair subgroup

Variable N (%)
(n = 74)

Physical health QOL Psychosocial health QOL

ß-coefficient
(standard error)

p-value* ß-coefficient
(standard error)

p-value*

Age at receive total repair
(months); median (IQR)

62 (35, 77) −0.002 (0.003) 0.495 −0.006 (0.004) 0.107

Age at QOL test (years) 0.651 0.705

1–2 0 (0) – –

2–4 9 (12.2%) 0 0

5–7 16 (21.6%) −0.076 (0.314) 0.810** −0.437 (0.377) 0.250**

8–12 38 (51.4%) −0.139 (0.279) 0.620** −0.281 (0.335) 0.405**

13–18 11 (14.9%) 0.185 (0.339) 0.587** −0.207 (0.406) 0.612**

Body weight at receive total
repair (kg); median (IQR)

15 (12,
18.5)

−0.003 (0.018) 0.852 −0.015 (0.021) 0.474

History of prematurity 6 (8.1) −0.156 (0.319) 0.628 −0.142 (0.383) 0.712

Diagnosis 0.388 0.232

TOF 31 (41.9) 0 0

UVH 30 (40.5) −0.174 (0.191) 0.365** −0.091 (0.227) 0.689**

PA/VSD 8 (10.8) 0.286 (0.296) 0.336** 0.597 (0.351) 0.094**

TGA 5 (6.8) −0.281 (0.359) 0.437** 0.323 (0.427) 0.451**

Dextrocardia 2 (2.7) 0.355 (0.537) 0.511 0.525 (0.642) 0.417

Heterotaxy syndrome 4 (5.4) 0.292 (0.385) 0.450 −0.216 (0.462) 0.641
(Continued)
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Appendix F (continued)

Variable N (%)
(n = 74)

Physical health QOL Psychosocial health QOL

ß-coefficient
(standard error)

p-value* ß-coefficient
(standard error)

p-value*

Delayed development 6 (8.1) −0.239 (0.319) 0.457 −0.500 (0.379) 0.191

Chronic lung disease 7 (9.5) −0.067 (0.298) 0.824 0.035 (0.358) 0.923

History of coagulopathy 4 (5.4) 0.002 (0.386) 0.996 −0.399 (0.460) 0.389

History of sepsis 6 (8.1) −0.753 (0.307) 0.017 −1.019 (0.364) 0.007

Socioeconomic index; median
(IQR)

56.0 (44.2,
62.5)

0.015 (0.008) 0.073 0.015 (0.010) 0.127

ASA classification
III
IV

72 (97.3)
2 (2.7)

0
−0.210 (0.538)

0.698
0
−0.033 (0.645)

0.960

Operation
Glenn procedure
Fontan procedure
Total correction
Rastelli procedure
Arterial switch
Others

21 (28.4)
10 (13.5)
30 (40.5)
10 (13.5)
2 (2.7)
1 (1.4)

0
−0.369 (0.283)
0.122 (0.210)
0.418 (0.283)
0.418 (0.546)
0.418 (0.755)

0.252

0.198**
0.561**
0.144**
0.446**
0.581**

0
−0.489 (0.337)
−0.081 (0.250)
0.528 (0.337)
0.153 (0.649)
0.794 (0.898)

0.181

0.152**
0.747**
0.122**
0.815**
0.380**

Intraoperative complication 12 (16.2) 0.111 (0.237) 0.639 −0.686 (0.272) 0.014

Intraoperative blood loss (ml);
median (IQR)

300 (200,
375)

9.623e−06
(2.505e−04)

0.970 −0.0005
(0.0003)

0.086

Duration of mechanical ventilator
(h); median (IQR)

37.3 (20.0,
69.3)

−1.737e−06
(2.275e−05)

0.939 −4.163e−05
(2.682e−05)

0.125

Duration of stay in the intensive
care unit (days); median (IQR)

5.0 (3.0,
7.0)

−0.011 (0.021) 0.623 −0.029 (0.025) 0.251

Postoperative oxygen saturation
(%); median (IQR)

98 (92, 100) 0.019
(0.01376)

0.183 0.003 (0.017) 0.836

Length of hospital stay (days);
median (IQR)

13.0 (10.0,
16.0)

−0.005
(0.01015)

0.560 −0.016 (0.012) 0.186

Notes: * F test, ** t-test, ASA, American Society of Anesthesiologists; IQR, interquartile range; MBTS, modified Blalock–Taussig shunt; PA/VSD,
pulmonary atresia with ventricular septal defect; QOL, quality of life; TOF, Tetralogy of Fallot; UVH, univentricular heart; TGA, transposition of
great arteries.
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