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Objective: The present study objectives were to determine the prevalence

of attention-deficit/hyperactivity disorder symptoms (ADHD-like symptoms)

in children and adolescent with d-transposition of great artery (D-TGA) after

arterial switch operation (ASO) and examine associated risk factors and

adverse personal, family dysfunctions.

Methods: This cohort study included 103 patients with D-TGA who underwent

ASO in early infancy at Shanghai Children’s Medical Center between 2011

and 2016 and then follow-up. Data analysis was conducted from September

2020 to April 2022. A standardized Swanson, Nolan, and Pelham IV (SNAP-

IV) questionnaire is used to evaluate inattention and hyperactivity symptoms.

Demographic, preoperative, intraoperative, and postoperative factor were

collected. Univariate and multivariable regression analyses were performed

with odds ratios (OR) and 95% confidence intervals (CIs).

Results: Prevalence of ADHD-like symptoms was 27.18% (28/103). Attention-

deficit (18/28, 64.29%) symptom was the predominant subphenotype. After

underwent TGA surgery, 39% of patients with ADHD-like symptoms receive

remedial special academic services. There is none had repeated grade.

Univariate analysis showed that, positive inotropic drug score (P = 0.03) and

delayed sternal closure (P = 0.02) were risk factors of ADHD-like symptoms;

increased preoperative oxygen saturation (SpO2) (P = 0.01) and surgical height
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(P = 0.01) and TGA subtype (VSD) (P = 0.02) were protective factor of ADHD-

like symptoms. Multivariable analysis showed that delayed sternal closure

(DSC) (OR, 1.50; 95% CI, 1.02–2.18) is a risk factor for the occurrence of

ADHD-like symptom while increased preoperative oxygen saturation [odds

ratio (OR), 0.95; 95% confidence interval (CI), 0.92–0.99] is a protective factor

of ADHD-like symptom.

Conclusion: The children and adolescents with D-TGA after ASO were at high

risk of ADHD-like symptoms. Preoperative hypoxic status and postoperative

DSC became predominant risk factors. Modification of the risk factors may be

helpful to relieve ADHD-like symptoms for these patients.

KEYWORDS

transposition of the great arteries, attention-deficit/hyperactivity disorder, attention
deficit symptom, prevalence, risk factors

Introduction

Congenital heart disease (CHD) is the most common
congenital malformation, accounting for about 2–3% of
population. D-transposition of the Great Arteries (TGA) is a
misalignment of the main ventricular arteries, showing that the
main artery starts from the right ventricle while the pulmonary
artery starts from the left ventricle. This anatomical anomaly
makes the systemic and pulmonary circulation become two
sets of parallel cycles. Shunt which depending on the levels of
atria, ventricles, or aorta allows children to survive with mixed
blood between the two circulations. TGA accounted for about
3% of all CHD and nearly 20% of all cyanosis CHD. Without
timely treatment, the mortality rate of d-transposition of great
artery (D-TGA) children within 1 year is 90% (1). D-TGA is
also one of the most complex congenital heart diseases (CHD)
in the neonatal period. Arterial switch operation (ASO) is the
gold-standard surgical approach for D-TGA, after surgery can
reduce the mortality to 5–10% (2). With advances in surgical
techniques, perfusion protocols, and perioperative intensive
care, the surgical mortality for this lesion is very low, now
less than 5% in many medical centers (3–5). However, the
morbidity of neurodevelopmental disorders including academic
achievement, memory, executive functions, visual-spatial skills,
attention, and social cognition was common at school age,
65% children and adolescents received remedial academic or
behavioral services (4). There are many neurodevelopmental
disorders in TGA, which may be caused by hemodynamic
blood flow during the fetal period, surgical factors during
the operation and postoperative socio-economic status. The
mechanism is unclear now. Some studies have reported that
attention deficit hyperactivity disorder (ADHD) symptoms
accounts for 20% (6) in TGA patients. However, the prevalence,

risk factors and clinical outcomes of ADHD-like symptoms in
TGA have not been reported. Therefore, neurodevelopmental
assessment, follow-up, and improving long-term outcomes after
ASO have become increasing important (3–5).

ADHD is a common neurobehavioral and psychiatric
disorder characterized by inattention and/or hyperactivity
and impulsivity with an estimated prevalence rate around
5% in children, and frequently persists into adult, estimated
to be around 2.5% (7, 8). It causes serious personal
dysfunctions including impaired academic, occupational, and
social functioning; increased rates of substantial comorbidity
including substance use, depression, anxiety, and accidents; and
increased costs to the family, school and society (7, 8). Previous
studies have suggested that attention and hyperactive symptoms
are frequent in children with CHD (9, 10) and the risk of
ADHD is 3–4 times higher in patients with complex CHD than
in the general population (11). However, the occurrence and
clinical characteristics of ADHD, and perioperative risk factors
in D-TGA patients after ASO have not been extensively studied.
The primary purpose of our study was to analyze the prevalence
of ADHD-like symptoms after TGA surgery. The secondary
purpose was to identify perioperative risk factors for adverse
outcomes. Therefore, our hypothesis is that the prevalence of
ADHD-like symptoms is high after surgery of TGA.

Materials and methods

Study participants

In this cohort study, consecutive patients (n = 341) mainly
diagnosed with transposition of TGA were retrospectively
identified from the hospital database in Shanghai Children’s
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Medical Center between 2011 and 2016 and follow-up. Data
analysis was conducted from September 2020 to April 2022. All
patients diagnosed with TGA in their infancy were approached
to participate. Children with double-outlet right ventricle and
outflow tract or arch obstruction were excluded from the
analysis. Patients with spontaneous genetic disorders, congenital
anomalies, severe intellectual disabilities, or severe nerve injury
(e.g., bacterial meningitis or head trauma or disorders of the
central nervous system) not related to open chest surgery
were also excluded. Parents fill out the SNAP-IV questionnaire
by an electronic questionnaire and a telephone interview.
Pediatricians will further understand the general details and
disease status of the child by telephone interview. The study
was approved by the Ethics Review Committee of Shanghai
Children’s Medical Center (number: SCMCIRB-K2022042-1).
This study has been registered with the Chinese Clinical Trials
Registry1 as ChiCTR2200062243.

Questionnaires, Swanson, Nolan, and
Pelham IV, and scoring

The children’s parents were asked to perform a series of tests,
which included the Swanson, Nolan, and Pelham IV (SNAP-IV)
questionnaire, which is designed to quantify ADHD symptoms
as described by the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition. This tool enables
the separate measurement of inattention and hyperactivity (12).
Briefly, the SNAP-IV includes 26 items, the first nine of which
assess core symptoms of inattention according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-
V). Items 10–18 correspond to core ADHD symptoms in the
DSM-V in relation to hyperactive impulses. The last items (12–
19) correspond to the core symptom of opposition, which is not
discussed in this article (20, 21), and basic information about
their children in a General Personal Information Summary,
which includes sex, age, birth weight, height, weight, age of
pregnancy, gestational age, family economic parental education,
outpatient review time and other neurological problems. The
questionnaire aimed to provide general information about the
children’s developmental history and it contained questions
pertaining to basic personal information, as well as neurologic
development services used by the child. Parents were also
asked to report whether their child had difficulties in school,
received remedial educational services, or was able to perform
mathematical calculations well.

We analyzed the prevalence of ADHD-like symptoms based
on the SNAP-IV results. This involved the quantification of
positive symptom scores (2 or 3 scales) of the inattention
and hyperactivity/impulsivity items. Each item was rated
using a 4-point Likert scale, with 0 indicating “never,”

1 https://www.chictr.org.cn

1 “occasional,” 2 “regular,” and 3 “always.” If participants
reported more than six positive symptoms in any of the two
subscales, they were diagnosed with ADHD-like symptoms of
predominantly inattentive or hyperactive/impulsive subtypes.
If a participant presented symptoms of both inattention
and hyperactivity/impulsivity, a combined subtype of ADHD
symptoms was diagnosed (12). The ADHD-like symptoms
prevalence in our cohort was compared with those of normal
age-matched populations worldwide (22, 23).

Characteristic

The primary outcomes were high-risk scores for inattention
and hyperactivity based on the parental answers in the SNAP-
IV questionnaire. For the risk analysis of adverse primary
outcomes, identified perioperative variables included sex,
gestational age, low birth weight, preoperative oxygen saturation
(SpO2), surgical age, surgical weight, surgical height, alprostadil
use, DHCA (Deep Hypothermic Circulatory Arrest), CPB
(cardiopulmonary bypass), total cardiac support time, delayed
sternal closure, positive inotropic drug score, and length of stay.

Statistical analyses

In the baseline data, categorical variables were analyzed
using the chi-square and Fisher’s precision tests. The
distributions of continuous variables were detected using
histograms and QQ plots. Two-sample independent t-tests
were used to analyze continuous data that followed the normal
distribution. Continuous data with non-normal distributions
were analyzed using the Mann–Whitney U-test. Risk factors
for the development of ADHD-like symptom after TGA
surgery were explored using logistic regression. The variables
included in the multivariate analysis were selected before
the univariate analysis based on clinical relevance. P < 0.05
was considered to be statistically significant. Results were
expressed as odds ratios (ORs) with 95% confidence intervals
(95% CIs). Statistical analyses were conducted using IBM SPSS
Statistics for Windows, version 26.0 (IBM Corp., Armonk,
NY, United States).

Results

Attention deficit hyperactivity
disorder-like symptoms epidemiology
in the Great Arteries-treated patients

The final analysis included 103 patients (83 boys and 20
girls) who were above 6 years (Figure 1). Among the 103
analyzed patients, 40 (38.8%) patients received preoperative
mechanical ventilation, drugs were preoperatively administered

Frontiers in Cardiovascular Medicine 03 frontiersin.org

https://doi.org/10.3389/fcvm.2022.937311
https://www.chictr.org.cn
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-937311 September 13, 2022 Time: 14:30 # 4

Chen et al. 10.3389/fcvm.2022.937311

FIGURE 1

Patient selection flow chart.

to 58 (56.3%) children, and emergency surgery was performed
in 33 (32.0%) patients before surgery. Postoperative peritoneal
dialysis was performed in 22 (21.4%) patients with TGA. Basic
demographic and clinical data are presented in Table 1.

Of the patients who had delayed sternal closure, 21 patients
developed ADHD-like symptoms, accounting for 38.2% of
those patients. By contrast, among the patients without delayed
sternal closure, only 7 (14.6%) children developed ADHD-
like symptoms (OR, 3.62; 95% CI: 1.37–9.53; chi-square test;
Table 2). The mean preoperative SpO2 in patients with ADHD-
like symptoms was 62.54% compared with 71.17% in patients
without ADHD-like symptoms (95% CI: 2.07–14.86). The
medium surgical weight at the time of surgery in patients with
TGA and ADHD-like symptoms was 3,500 g vs. 3,800 g in
patients without ADHD-like symptoms (95% CI: 0.009–0.013).
Likewise, the medium surgical height was 50 cm in TGA patients
with ADHD-like symptoms and 51 cm in those without ADHD-
like symptoms (95% CI, 0.01–0.02).

After surgery, the medium days in the Cardiac Intensive
Care Unit for patients with ADHD-like symptoms were 10 days
vs. 8 days in patients with TGA and without ADHD -
like symptoms (95% CI, 0.01–0.02). Moreover, postoperative
ventilator use was more common in ADHD-like symptoms
patients. The interquartile range of positive inotropic drug score
was 17.55 µg/kg/min in patients with ADHD-like symptoms
vs. 14.5 µg/kg/min than in those without (95% CI, 0.03–0.04).
Among the parameters with significant group differences were
also the total time of extracorporeal circulation and myocardial
ischemia time. A comparison of the clinical variables for
patients with and without ADHD-like symptoms is provided in
Table 2.

The prevalence of ADHD-like symptoms in
patients after TGA surgery was 27.18%. Inattention,
hyperactivity/impulsivity, and combined symptoms were
present in 17.5, 5.8, and 3.8% of TGA patients, respectively

TABLE 1 Demographic and clinical characteristics of 103 children
with congenital heart disease.

Variable n (%)

Sex (male) 83 (80.6)

Emergency surgery 33 (32)

Vascular malformation 20 (19.4)

TGA subtype

VSD 60 (58.3)

IVS 43 (41.7)

Cardiopulmonary bypass

Normal temperature 58 (56.3)

Not normal temperature 45 (43.7)

Alprostadil use 58 (56.3)

Breastfeeding 23 (22.3)

Preoperative ventilator use 40 (38.8)

Peritoneal dialysis 22 (21.4)

Postoperative rescuing 23 (22.3)

Second operation 8 (7.8)

Mode of delivery

Natural birth 43 (41.7)

Cesarean delivery 60 (58.3)

Parental education

Primary school 6 (5.8)

Junior high school 32 (31.1)

Senior high school 20 (19.4)

University 38 (36.9)

Postgraduate and above 7 (6.8)

Household income (yuan/month)

≤5,000 36 (40.0)

>5,000 67 (65.0)

Length of hospital stay/day 19.2 ± 6.8 (8–45)

Surgical age/day 47.1 ± 70.2 (1–383)

Surgical weight/g 3908.5 ± 1209.7 (2100–8800)

Surgical height/cm 52.9 ± 5.6 (40–74)

Preoperative HCT 43.5 ± 7.3 (24.7–68)

Total time of cardiopulmonary bypass/min 137.9 ± 51.1(42–435)

Myocardial ischemia time/min 86.2 ± 26.3 (18–180)

CICU time/day 11.2 ± 5.9 (4–39)

Ventilator use/min 133.9 ± 112.5 (4–816.5)

Preoperative SpO2 68.7 ± 15.0 (21–95)

Time of chest catheter placement/day 7.9 ± 2.8 (3–17)

Delayed sternal closure/day 1.4 ± 1.5 (0–5)

Positive inotropic drug score/µg/kg/min 17.0 ± 7.0 (7–47.5)

Birth weight/g 3183.2 ± 503.5 (1900–4550)

CICU, cardiac surgery intensive care unit; DHCA, deep hypothermic circulatory arrest;
HCT, hematocrit; IVS, intact ventricular septum; SpO2 , oxygen saturation; TGA,
transposition of the great arteries; VSD, ventricular septal defect; SD, Standard Deviation,
IQR, Interquartile Range.
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TABLE 2 Clinical variables for patients with and without ADHD-like
symptoms in D-TGA-treated patients.

Characteristics
number, n

ADHD-like
symptoms
(n = 28)

Non-ADHD
like symptoms

(n = 75)

P

Sex, n (%) 0.60

Female 4 (3.9%) 16 (15.5%)

Male 24 (23.3%) 59 (57.3%)

Emergency surgery, n (%) 12 (11.7%) 21 (20.4%) 0.15

Vascular malformation, n (%) 5 (4.9%) 15 (14.6%) 0.81

TGA subtype, n (%) 0.02

IVS 17 (16.5%) 26 (25.2%)

VSD 11 (10.7%) 49 (47.6%)

Cardiopulmonary bypass, n
(%)

0.73

Normal temperature 15 (14.6%) 43 (41.7%)

Not Normal temperature 13 (12.6%) 32 (31.1%)

Delayed sternal closure, n (%) 21 (20.4%) 34 (33%) 0.01

Alprostadil use, n (%) 18 (17.5%) 40 (38.8%) 0.32

Breastfeeding, n (%) 4 (3.9%) 19 (18.4%) 0.35

Preoperative ventilator use, n
(%)

12 (11.7%) 28 (27.2%) 0.61

Peritoneal dialysis, n (%) 9 (8.7%) 13 (12.6%) 0.10

Postoperative rescuing, n (%) 6 (5.8%) 17 (16.5%) 0.89

Second operation, n (%) 1 (1%) 7 (6.8%) 0.58

Mode of delivery, n (%) 0.76

Natural birth 11 (10.7%) 32 (31.1%)

Cesarean delivery 17 (16.5%) 43 (41.7%)

Parental education, n (%) 0.57

Primary school 2 (1.9%) 4 (3.9%)

Junior high school 8 (7.8%) 24 (23.3%)

Senior high school 3 (2.9%) 17 (16.5%)

University 12 (11.7%) 26 (25.2%)

Postgraduate and above 3 (2.9%) 4 (3.9%)

Length of hospital stay,
median (IQR)

18 (15, 23) 18 (14, 23) 0.72

Surgical age, median (IQR) 11.5 (8, 41) 25 (9, 60) 0.20

Surgical weight, median (IQR) 3500 (2900, 3875) 3800 (3300, 4400) 0.01

Surgical height, median (IQR) 50 (50, 51.75) 51 (50, 56) 0.02

Preoperative HTC,
mean ± SD

42.51 ± 5.65 43.82 ± 7.78 0.42

Total time of
cardiopulmonary bypass,
median (IQR)

114 (101, 136) 135 (115, 152) 0.05

Myocardial ischemia time,
median (IQR)

75 (63, 94) 85 (73, 96) 0.06

CICU time, median (IQR) 10 (8, 16) 8 (7, 14) 0.04

Ventilator use, median (IQR) 131.75 (94.58, 162.75) 93.9 (69, 161.5) 0.04

Preoperative SpO2 ,
mean ± SD

62.54 ± 18.07 71.00 ± 13.05 0.01

Time of chest catheter
placement, median (IQR)

7 (6, 10.75) 8 (6, 9) 0.83

Positive inotropic drug score,
median (IQR)

17.55 (13.73, 22.5) 14.5 (11.8, 19.5) 0.01

CICU, cardiac surgery intensive care unit; DHCA, deep hypothermic circulatory arrest;
HCT, hematocrit; IQR, interquartile range; IVS, intact ventricular septum; SpO2 , oxygen
saturation; TGA, transposition of the great arteries; VSD, ventricular septal defect.

(Figure 2). The percentage patients with ADHD-like symptoms
presented as inattention-predominant subtypes, but not of
combined or hyperactivity/impulsivity-predominant subtypes,
was significantly higher in TGA patients. The prevalence

FIGURE 2

Inattention, hyperactivity, and combined symptoms in
TGA-treated patients. ADHD, attention-deficit/hyperactivity
disorder; TGA, transposition of the great arteries. This chart
illustrates that in TGA patients, there were a total of 28 patients
with ADHD-like symptoms, including 18 patients with
inattention symptoms, 6 hyperactivity patients and 4 patients
with combined symptoms.

of inattention-related symptoms in our study population
was significantly higher than those in age-matched normal
populations worldwide.

Risk factors of attention deficit
hyperactivity disorder-like symptoms

We analyzed possible risk factors for the development of
ADHD-like symptoms after TGA surgery (Table 3). Univariate
analysis showed that positive inotropic drug score (OR, 1.07;
95% CI, 1.00–1.14) and delayed sternal closure (OR, 1.46; 95%
CI, 1.07–1.97) were risk factors of ADHD-like symptoms, while
increased preoperative SpO2 (OR, 0.96; 95% CI, 0.94–0.99),
surgical height (OR, 0.86; 95% CI, 0.76–0.97) and TGA subtype
(VSD) (OR, 0.34; 95% CI, 0.14–0.84) were protective factors.
After multivariate regression analysis, only delayed sternal
closure (OR, 1.49; 95% CI, 1.02–2.18) remained independent
risk factors and preoperative increased SpO2 (P < 0.01; OR,
0.95; 95% CI, 0.92–0.99) is a protective factor (Table 3). Using
the same parameters for the patients with TGA, we also analyzed
the risk factors for inattention- and hyperactivity/impulsivity-
related symptoms. Multivariate regression analysis indicated
that delayed sternal closure (OR, 1.81; 95% CI, 1.07–3.06) and
positive inotropic drug use (OR, 1.10; 95% CI, 1.00–1.20) were
significant risk predictors of inattention-related symptoms and
increased preoperative SpO2 (P < 0.01, OR, 0.91; 95% CI,
0.87–0.96) is a protective factor (Table 4).

Academic and educational outcomes

Based on the follow-up information provided by parents,
67.8% with ADHD-like symptoms ranked below average or
well below average in patients with TGA. In contrast, there
was 64% ranked above average or well above average without
ADHD-like symptoms.
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TABLE 3 Risk analysis of perioperative variables for ADHD-like symptoms.

Variable/ADHD-like symptoms risk Univariate factor Multivariate factor

OR 95% CI P OR 95% CI P

Sex (male or female) 1.63 0.49–5.37 0.42

Birth weight/g 1 1.00–1.001 0.88

Household income/yuan per monthly

<5,000 [Reference]

>5,000 0.77 0.32–1.90 0.57

Parental education 0.59

Primary school [Reference]

Junior high school 0.67 0.10–4.35 0.67

Senior high school 0.35 0.04–2.87 0.33

University 0.92 0.15–5.75 0.93

Above all 1.50 0.16–14.42 0.73

Breastfeeding 2.04 0.63–6.62 0.24

Surgical weight/g 1 0.99–1 0.07

Surgical height/cm 0.86 0.76–0.97 0.01*

Preoperative SpO2 0.96 0.94–0.99 0.01* 0.95 0.92–0.99 0.006*

Preoperative HCT 0.97 0.92–1.04 0.41

Alprostadil use 1.58 0.64–3.86 0.32

Preoperative ventilator use 1.26 0.52–3.04 0.61

Surgical age/day 0.99 0.98–1.00 0.14

Emergency surgery 1.93 0.78–4.76 0.15

Vascular malformation 0.81 0.28–2.67 0.81

TGA subtype

IVS [Reference]

VSD 0.34 0.14–0.84 0.02*

Cardiopulmonary bypass

Normal temperature [Reference]

Not normal temperature 1.17 0.49–2.79 0.73

Preoperative ventilator use 1.26 0.52–3.04 0.61

Delayed sternal closure/day 1.46 1.07–1.97 0.02* 1.49 1.02–2.18 0.037*

Cardiopulmonary bypass/min 0.99 0.98–1.00 0.10

Myocardial ischemia time/min 0.98 0.96–1.00 0.07

Postoperative SpO2 1.01 0.98–1.05 0.45

Postoperative rescuing 0.93 0.33–2.67 0.90

Positive inotropic drug score 1.07 1.00–1.14 0.03*

CICU time/day 1.06 0.98–1.13 0.13

Peritoneal dialysis 2.26 0.84–6.10 0.11

Chest catheter placement/day 1.03 0.88–1.20 0.72

Length of hospital stay/day 1.01 0.95–1.07 0.80

Second operation 0.36 0.04–3.07 0.35

Mode of delivery 1.15 0.47–2.79 0.76

ADHD, attention-deficit/hyperactivity disorder; CI, confidence interval; DHCA, deep hypothermic circulatory arrest; HCT, hematocrit; IQR, interquartile range; OR, dominance ratio;
SpO2 , oxygen saturation; TGA, transposition of the great arteries.
*Only significant variables provided.

In terms of math scores, there is only 7.1% of children
with ADHD-like symptoms ranked in upper level, whereas in
children without ADHD-like symptoms, 20% math scores were
in upper level (Figure 3).

There was statistical difference between them (P = 0.01; OR,
3.75; 95% CI, 1.48–8.83) in below average study performance
and above average performance in group of ADHD-like
symptoms and Non-ADHD like symptoms. Besides, the
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TABLE 4 Risk analysis of perioperative variables for inattention-related symptoms.

Univariate factor Multivariate factor

OR 95% CI P OR 95% CI P

Sex (male or female) 1.25 0.32–4.82 0.75

Birth weight/g 1.00 0.99–1.00 0.99

Household income/yuan per month 0.56

<5,000 [Reference]

>5,000 0.81 0.29–2.32 0.70

Parental education 0.87

Primary school [Reference]

Junior high school 1.40 0.14–14.03 0.78

Senior high school 0.56 0.04–7.46 0.66

University 1.13 0.11–11.24 0.92

Above all 0.83 0.04–16.99 0.91

Breastfeeding 5.94 0.75–47.25 0.09

Surgical weight/g 1.00 0.99–1.00 0.23

Surgical height/cm 0.86 0.75–0.99 0.04

Preoperative SpO2 0.95 0.91–0.98 0.00 0.91 0.87–0.96 0.001*

Preoperative HCT 0.99 0.93–1.07 0.91

Alprostadil use 2.31 0.76–7.05 0.14

Preoperative ventilator use 1.74 0.63–4.85 0.29

Surgical age/day 0.99 0.98–1.01 0.23

Emergency surgery 3.37 1.18–9.59 0.02

Vascular malformation 0.80 0.21–3.08 0.75

TGA subtype
IVS [Reference]

VSD 0.38 0.14–1.09 0.07

Cardiopulmonary bypass
Normal temperature [Reference]

Not Normal temperature 0.43 0.14–1.32 0.14

Preoperative ventilator use 1.74 0.63–4.85 0.29

Delayed sternal closure/day 1.55 1.08–2.22 0.02 1.807 1.07–3.06 0.03*

Cardiopulmonary bypass/min 0.99 0.97–1.00 0.11

Myocardial ischemia time/min 0.98 0.96–1.00 0.17

Postoperative rescuing 0.99 0.29–3.37 0.99

Positive inotropic drug score 1.10 1.03–1.18 0.00 1.096 1.01–1.20 0.04*

CICU time/day 1.07 0.99–1.15 0.09

Peritoneal dialysis 2.97 0.99–8.92 0.05

Chest catheter placement/day 0.94 0.77–1.15 0.55

Length of hospital stay/day 0.99 0.92–1.07 0.88

Second operation 0 0 0.99

Mode of delivery 0.88 0.31–2.44 0.80

ADHD, attention-deficit/hyperactivity disorder; CI, confidence interval; DHCA, Deep Hypothermic Circulatory Arrest; HTC, Hematocrit; IQR, interquartile range; OR, dominance ratio;
SpO2 , oxygen saturation; TGA, transposition of the great arteries.
*Only significant variables provided.

ADHD-like symptoms group had a higher percentage of
mathematics performance below average, there was statistical
difference between the two groups (P = 0.01; OR, 3.6; 95% CI,
1.43–9.03) (Figure 4).

We also counted the percentage of children who had
completed surgery with well below average academic
performance in study level is 20.4% and in mathematical
level is 12.6%.

Special education-seeking behavior

According to our research, only 14.3% of these 28 probable
patients had ever sought help in special preschool education.
Furthermore, 60.7% of the parents of CHD children with
ADHD-like symptoms did not notice considerable problems.
In addition, only 25% of these patients were receiving special
education (Figure 5). In the subtype analysis, parents of
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FIGURE 3

Parent rating of child’s academic and mathematical
performance. (A) Number of these patients with ADHD-like
symptoms of study level in well below average, at or below
average, at or above average, well above average was 11 (39.2%),
8 (28.6%), 6 (21.4%), 3 (10.7%). (B) Number of these patients
without ADHD-like symptoms of study level in well below
average, at or below average, at or above average, well above
average was 10 (13.3%), 17 (22.7%), 28 (37.3%), 20 (26.7%).
(C) Number of these patients with ADHD-like symptoms of
mathematical level in well below average, at or below average,
at or above average, well above average was 6 (21.4%), 12
(42.9%), 8 (28.6%), 2 (7.1%). (D) Number of these patients without
ADHD-like symptoms of mathematical level in well below
average, at or below average, at or above average, well above
average was 7 (9.3%), 18 (24%), 35 (46.7%), 15 (20%).

children with isolated inattention-related symptoms had the
lowest help-seeking rate. The main cause for this result
was the parents’ belief that treatment for TGA was more

important. This implies that knowledge about ADHD-like
symptoms among parents of children with CHD is low and that
they may underestimate the crucial role of early ADHD-like
symptoms intervention.

Discussion

In this study we found 27.2% of a cohort of patients with
D-TGA after ASO presented ADHD-like symptoms. Clinical
multivariable analysis showed that decreased preoperative SpO2

and postoperative DSC are two independent risk factors for
ADHD-like symptoms.

Attention deficit hyperactivity
disorder-like symptoms profiles in
patients after arterial switch operation

The high occurrence of ADHD symptoms have been
described in children with variety of CHD. Mahle et al.
reported 69.5% of children with hypoplastic left heart
syndrome had the symptoms of inattention, hyperactivity,
or both (24). Kirshbom et al. reported that 50% of children
with total anomalous pulmonary venous return displayed
abnormal hyperactivity, attention deficits, or both (25).
Hövels-Gürich et al. found that the tetralogy of Fallot group
demonstrated poor attention skills as compared with the
ventricular septal defect group and the healthy control
subjects (26). Hansen et al. also found that ADHD symptoms
are more prevalent in children with cyanotic CHD than

FIGURE 4

Academic and mathematical performance in TGA patients.
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FIGURE 5

Distribution of special preschool education services used by children in this cohort. (A) Of these TGA patients with ADHD-like symptoms, there
were 4 (14.3%) patients who had received special preschool education, (B) 7 (25%) patients were receiving special education, and (C) 17 (60.7%)
patients with no special education received.

acynotic CHD (9). Shillingford et al. identified that the
number of children with complex CHD receiving clinically
significant scores for inattention and hyperactivity was 3–
4 times higher than observed in the general population
(11). Moreover, recent studies showed that patients with a
simple CHD also have a higher ADHD symptom burden
compared with population means and controls in adults
(27, 28). Therefore, ADHD-like symptoms has now become
a common neurobehavioral and psychiatric disorder after
congenital heart surgery.

D-TGA is one of the most extensively studied cyanotic
CHD with regard to neurodevelopmental outcomes. Long-
term follow-up of these children who underwent the ASO
reveals multiple neurologic deficits in cognitive function,
motor skills, academic achievement, and language ability in
infancy and early childhood, and as they were followed into
their teenage years, behavioral problems and subsequently
psychiatric problems became increasingly prominent (29, 30).
Bellinger et al. found that their patients had difficulty with
higher-order executive function, including sustained attention
8 years after ASO (31). DeMaso et al. found that the most
common psychiatric diagnosis in adolescent with D-TGA was
ADHD symptoms, present in 16% of subjects (32). Holst
et al. also showed that inattention symptom loads were in
15.2% of the children with D-TGA (33). Surprisingly, in the
present study, the prevalence of ADHD-like symptom was

up to 27.2% in similar D-TGA population, though using
the same diagnostic criteria. The reasons for this significant
differences are not clear, but we speculated that it is at least
partly related to our suboptimal perioperative management
strategy including low prenatal diagnosis rates, late referral
due to the parents’ knowledge of this lesion or lack of
effective transport mechanisms, which increase the time of
cyanosis and pulmonary over-circulation, may contribute
to the impaired growth of the brain and thereby delayed
neurodevelopment (13).

In our study, it was found that inattention, hyperactivity and
the combination of the two accounted for about 64.3, 28.6, and
14.3% of ADHD-like symptoms, respectively. Consistent with
other studies, inattention was the main symptom. Less than 15%
of those children with ADHD-like symptoms requiring special
education received additional education.

Our findings are different from those of the Boston
Circulatory Arrest Study, which prospectively followed a cohort
of infants with dextrotransposition of TGA. Different to its
report, one-third of the children were receiving school support,
and 10% of the children had already repeated a grade, our
research found that twenty five percent received remedial
education, and none had repeated grades.

Mahle and Wernovsky (6) reported the school-age follow-
up in a group of children with hypoplastic left heart syndrome
and found that 34% were receiving special services in school.
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However, in our research, we could find there are indeed some
patients receive remedial special education support.

Potential mechanisms of attention
deficit hyperactivity disorder-like
symptoms in patients after arterial
switch operation

The mechanisms for neurodevelopmental impairment
in CHD are multifactorial. Early investigators attributed
neurologic injury to a direct consequence of surgical repair and
particularly exposure to cardiopulmonary bypass or circulatory
(14), and later, genetic syndrome, preoperative epilepsy, various
complications, timing of mechanical ventilation, and longer
postoperative hospital stays and socioeconomic disadvantage
had been reported as risk factors for neurodevelopment
abnormalities in patients with CHD (15, 16). In adolescents
with D-TGA, impaired cognitive functioning and parental
stress at younger age emerged as significant risk factors
for increased rates of ADHD symptoms (32). However, all
the above clinical covariates were included and analyzed in
this study, and it was not found that these factors were
correlated to the occurrence of ADHD-like symptoms, but
we confirmed that preoperative hypoxia was related to the
occurrence of ADHD-like symptoms like other studies (9,
11, 26).

In fetus and unrepaired neonates with D-TGA, oxygen
supply to brain tissue reduces due to abnormal ventricular-
arterial connection and abnormal hemodynamics. Chronic
hypoxia may cause brain developmental immaturity and
cerebral white matter injury seen on MRI neuroimaging, which
are related to behavioral changes in children with CHD (4).
Moreover, acute hypoxemia can cause injury to the prefrontal
cortex and corpus striatum of the brain (26). The striatum,
located at the border of the cerebral artery supply territories,
represents a watershed area between deep penetrating and
superficial blood vessels. Therefore, the striatum and thalamus
are extremely susceptible to changes in the circulatory system.
As the striatum is also rich in spiny neurons, it aggregates
almost the entire neuronal activity of the cortex. Thus, the
striatum is stimulated by hypoxia or ischemic conditions to
release excessive amounts of neurotransmitters and have been
associated with shaping response to emotion, inhibition of
socially unacceptable behavior and impaired executive control
network of attention (17).

Interestingly, DSC was also identified to be an independent
risk factor for ADHD-like symptoms occurrence in this study.
As a management strategy for hemodynamic instability and
severe coagulopathy after ASO, DSC could decrease the early
surgical mortality and morbidity of patients with D-TGA
(18), though no previous studies have found DSC to be
associated with neurodevelopment abnormality of CHD. We

speculated that DSC may led to longer ICU stays and hospital
stays and an increase in the rate of hospital infection, which
may comprehensively affect neurodevelopmental consequences.
On the other hand, unstable cardiac function in patients
with DSC might also impair blood supply to ADHD-like
symptoms associated sensitive brain domain in a way. Increased
inotropic score was a risk factor in univariate analysis for the
attention symptom in this study, which also demonstrated that
hemodynamic instability is indeed a non-negligible factor for
ADHD-like symptoms occurrence.

So we also could take some measures to help these patients
reduce the risk of ADHD-like symptoms. First of all, using some
appropriate vasoconstriction and enhanced blood pressure
drugs for some preoperative children. Appropriate blood
transfusion can be used to increase ventilation and improve
the oxygen carrying capacity of red blood cells. However,
due to the defection of the current research mechanism,
this method should be used with caution in combination of
childrens’ condition.

Secondly, the protection of myocardium can
be strengthened by selecting myocardial protective
fluid during surgery.

Thirdly, after the operation, we should strengthen the caring
for the serious degree of CHD and use timely anticoagulant drug
to reduce the duration of infection risk CICU.

Clinical implications and future
direction

Patients with D-TGA undergoing ASO, constitute a group
receiving a homogeneous treatment regimen. This facilitates
the assessment of the relative contributions of preoperative,
intraoperative and postoperative risk factors to neurological
outcomes. The main finding in our study is that the prevalence
of ADHD-like symptoms was significantly higher than that in
Western countries (32, 33). Meanwhile, half of the parents are
unaware of ADHD-like symptoms and its harmfulness, only
about one-fifth of parents sought special treatment, in particular,
parents of children with isolated inattention symptoms were less
likely to seek special help. Therefore, primary care clinicians
and cardiac team should be alert to the early identification of
ADHD-like symptoms in the children and adolescents with
D-TGA after ASO during the follow-up, and provide them with
appropriate medical treatments or interventions to improve
their quality of life (19, 27).

In this study, preoperative decreased hypoxia and DSC
were identified to be two potentially modifiable risk factors
for ADHD-like symptoms, which imply that ASO should be
performed as soon as possible to shorten the chronic hypoxic
time from birth to surgery and reduce the risk of brain injury
from preoperative acute hypoxic events (34, 35), and some
surgical maneuvers also need to be performed to reduce surgical
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trauma, duration of cardiopulmonary bypass and cross clamp
time to decrease the risk of DSC. The causal relationship
between hypoxia and ADHD-like symptoms will be studied
in future to establish the associate pathogenesis of ADHD,
and provide practical and clinically significant options for the
prevention and treatment of ADHD after ASO.

Limitations

Our study has some limitations. First, the screen of ADHD
was based on SNAP-IV. However, these criteria are highly
sensitivity, lacking of some specialty (36), so we still needed to
be cautious in determining and interpreting the results in this
study. Second, we only preliminarily investigated the prevalence
and risk factors of ADHD-like symptom. We did not set the
normal population or other simple CHD as the control group,
so we could not effectively compare the prevalence of ADHD-
like symptoms in children with various CHD. Meanwhile,
we did not evaluate other neurodevelopmental disorders and
could not fully reflect the overall neurodevelopmental status of
children in patients with D-TGA after ASO and its relationship
with ADHD-like symptoms. Third, this cohort study lacked
neuroimaging studies and failed to evaluate the relationship
between the brain structural and functional abnormalities and
ADHD-like symptoms. Fourth, some of the conclusions were
speculative and needed further validation.

Conclusion

In this study we concluded that children and adolescents
with D-TGA undergoing ASO are at high risk of ADHD-
like symptoms, especially inattention-related symptoms.
Preoperative hypoxia and postoperative DSC are two high-risk
factors. It is vital to carry out further research and strengthen
our evaluation, with regard to surveillance and management of
neurodevelopmental function, especially ADHD-like symptoms
in children and adolescents with D-TGA after ASO.
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