1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Int J Cardiol Congenit Heart Dis. Author manuscript; available in PMC 2022 April 13.

-, HHS Public Access
«

Published in final edited form as:
Int J Cardiol Congenit Heart Dis. 2021 December ; 6: . doi:10.1016/j.ijcchd.2021.100290.

Cognitive impairment in adult CHD survivors: A pilot study*

Carla P. Rodriguez®P*, Emily Clay?, Rajeshwari Jakkam?@, Kimberlee Gauvreau?, Michelle
GurvitzaPp

aDepartment of Cardiology, Boston Children's Hospital, and Department of Pediatrics, Harvard
Medical School, Boston, MA, USA

bDepartment of Medicine, Division of Cardiology, Brigham and Women's Hospital, Harvard
Medical School, Boston, MA, USA

Abstract

The most common comorbidities in children with congenital heart disease (CHD) are
neurodevelopmental impairments, particularly in areas of executive function, memory and
attention. Limited studies have demonstrated similar impairments in CHD adults although no
studies have screened specifically for mild cognitive impairment and dementia. Methods We
performed a prospective cross-sectional study of CHD patients, ages 30-65 years, who were
coming for clinic visits. We administered the Mini-Mental State Exam (MMSE), and scores were
compared with population norms adjusted by age and education level. Results A total of 125
patients were recruited (55% male). The median age was 40 years (range 30-65). More than a

half (80%) had some college education or advanced degrees. Adjusting for age and education,
CHD participants scored significantly lower than the general population (median 1 point lower,
p<0.001) on the MMSE. The greatest impairments occurred in recall and orientation. Five percent
of the total cohort met the general threshold for mild cognitive impairment (MMSE < 24). Clinical
factors associated with this degree of cognitive impairment were duration of cyanosis (p=0.005)
and decreased systemic ventricular function (p=0.003). Conclusions Our pilot study showed that,
when adjusted for age and education level, CHD adults had significantly lower MMSE scores than
the general population, with 5% meeting criteria for mild cognitive impairment. These findings
suggest that subtle and early cognitive changes are present in the adult CHD population. Further
studies are needed to investigate those changes that might influence long-term outcomes in the
adult CHD population.
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1. Introduction

Survival in patients with congenital heart disease (CHD) has improved significantly in
recent decades such that ~90% of children are expected to survive to adulthood [1,2].With
an improved lifespan, adults with CHD can expect to face the sequelae of their heart
disease and cardiac procedures as well as typical medical conditions of adulthood such

as hypertension, heart failure, atrial fibrillation, and stroke [2-8]. Using administrative
data, Bagge, et al. showed that adults with CHD have a higher prevalence of dementia
diagnoses relative to the general population [9]. A few other small studies have shown
neuropsychological deficits in ACHD patients including areas of memory and executive
function, but no studies have evaluated specifically for cognitive impairment [10-12].
Understanding cognitive outcomes was included as a high priority research area by a recent
National Institutes of Health/Adult Congenital Heart Association working group [13,14].

Multiple studies over the last two decades have shown that children with CHD, particularly
those with moderate and complex disease, are at an increased risk of deficiencies

in all neurodevelopmental domains [15-23]. These domains include intellect, language,
attention, memory, executive functioning, fine and gross motor skills, and psychosocial
maladjustment. It has been postulated that genetic and structural brain abnormalities, all play
arole [24-29].

In addition, adult CHD patients can also develop acquired cardiovascular conditions that
have a risk of cognitive impairment such as heart failure, stroke or the need for cardiac
surgery [30-32]. These acquired cardiovascular comorbidities are postulated to have a direct
effect on cerebral blood flow, cognitive decline and the development of dementia.

The purpose of this study was to evaluate the cognitive status in middle age adults with CHD
compare to age and education matched general population norms. We hypothesized that
ACHD patients will have a higher prevalence of cognitive deficits compared to the general
population. This hypothesis is based on the known risk of impairments in neurodevelopment
during childhood and the superimposed risks of ACHD general adult cardiovascular
comorbidities [15-17,33]. In order to explore this hypothesis, we used a standardized test the
Mini-Mental State Exam (MMSE) to evaluate different neurological domains. This test was
initially developed to screen for dementia although in clinical practice is used routinely to
measure general cognitive functioning due to ease and speed of administration. The MMSE
also has general population norms adjusted for age and education level.

2. Methods and materials

We performed a cross-sectional study of 125 ACHD patients between the ages of 30-65
years and compared the results to the Mini Mental State Exam population norms by age and
education level. The study was conducted during a single clinic visit. Elegible participants
were identified from the cardiology clinic schedule prior to the visit. We included
participants who had the cognitive and language abilities to complete the informed consent
process and study questionnaires in English. People without structural congenital heart
disease, those with cardiac surgery or other general anesthesia procedures in the preceding
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6 weeks or those who were unable to complete the surveys or testing independently were
excluded. Participants with known genetic syndromes were not automatically excluded from
the study unless they met one of the other exclusion criteria. Permission prior the visit was
obtained from the primary cardiologist to approach the participant for the study. The study
was approved by the IRB at the Boston Children's Hospital.

2.1. Recruitment

We recruited participants between the ages of 30-65 years old from the outpatient clinic

of our tertiary ACHD clinic at Boston Children's Hospital from July 2019 to February
2020. Eligible patients who chose to participate in the study were required to give informed
consent and then the MMSE test was administered during the clinic visit.

2.2. Measures

The Mini Mental State Exam is widely used to measure cognition in clinical practice and
research [34-36]. The results provide an assessment of cognitive function in the areas of
orientation, memory, attention, calculation, language and visual construction. The total score
measures between 0 and 30 points and a value of less than 24 suggests cognitive impairment
regardless of age and education level norms. The MMSE was administered by a trained
research assistant. Data on socio-demographic factors including age, gender, ethnicity, race
and educational level were collected from medical records. Medical records were used to
collect data about past medical history including number of heart surgeries which required
cardiopulmonary bypass, number of cardiac catheterizations, actual medications, percentage
of systemic ventricular function, presence of cyanosis at birth, years of cyanosis, current
oxygen saturation and presence of other medical conditions.

2.3. Data analysis

MMSE scores from ACHD patients were compared to age and education specific population
norms for the MMSE. Demographic and clinical characteristics were reported as means with
standard deviations or medians with interquartile ranges (IQR) for continuous variables, and
frequencies and percentages for categorical variables.

MMSE scores were compared for categories of demographic and clinical characteristics
using Wilcoxon rank sum and Kruskal-Wallis tests. Patient characteristics were compared
for subjects with and without mild cognitive impairment using Fisher's exact test.

In order to compare MMSE scores with population norms, for each study subject, a z-score
for MMSE was created by subtracting the mean for the normative population MMSE

of the appropriate age and education level and dividing by the standard deviation. Mean
z-score was then compared to the value 0 — the mean which would be expected if adult
CHD survivors have scores comparable to the general population — using a one-sample
signed-rank test. All statistical tests were performed with the use of STATA version 15.
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3. Results

3.1. Descriptive data

In our study sample the median age was 40 years [33,49] with 55% male participants and
98% Caucasian among those who reported race. The group was highly educated with 80%
having more than a high school degree including 38% with a college diploma and 27% with
an advanced degree (Table .1).

From the clinical standpoint, 8 (6%) had simple complexity, 68 (55%) had moderate
complexity CHD and 49 (39%) had severe complexity (Table .1). Sixty percent had cyanosis
at birth, and most had surgical repair prior 4 years of age. In addition, a majority of patients
had undergone cardiac surgery or catheterization. The majority of the study group (91%) had
normal systemic ventricular function, with only 4 patients having severe systemic ventricular
dysfunction. Among the 125 participants, cardiac and non-cardiac comorbidities were
common, and most took at least one medication. The most common cardiac comorbidities
were arrhythmia (37%) and systemic hypertension (17%).

The mean MMSE score of the whole cohort was 28 [28,29]. Table 2 shows socio-
demographic and clinical characteristics associated with MMSE scores. The demographic
factors associated with lower than expected MMSE scores were female sex and high school
or less education. Relevant clinical factors associated with low MMSE scores were low
systemic ventricular systolic function and multiple (=2) cardiac catheterizations. When the
ACHD sample was compared with population norms, the mean Z score was 0.6 (SD 1.4;
p<0.001) (Fig. 1). The areas of most difficulty were orientation where at least 22% had one
question wrong, recall with >32% unable to recall at least one object, and language and
praxis where 10% of the population was not able to copy the assigned object or do the 3-step
command correctly (Fig. 2).

The group with mild cognitive impairment (MMSE<24) had a longer period of cyanosis
although they were also older and had lower systemic ventricular function.

4. Discussion

This study is the first to evaluate a middle-age cohort of ACHD patients with a specific
dementia screening test. Even in this highly educated patient cohort, the ACHD population
had significantly lower scores than an age and education matched general population, and
5% scored in the mild cognitive impairment range overall. Studies have demonstrated

that many children and adolescents with CHD have neurodevelopmental disabilities

and struggle with academic requirements and social and vocational skills with a large
proportion requiring remedial academic services, occupational therapy and special education
[17,22,37]. Limited studies highlight that neurocognitive challenges are also present in the
adult population with CHD and there may be a risk of early dementia [3,5,9,10,33]. In
addition to the known neurodevelopmental deficits from childhood, most of the known
cardiovascular comorbidities associated with early dementia or the development of mild
cognitive impairment such as hypertension, atrial fibrillation, heart failure, exposure to
cardiopulmonary bypass, and stroke are also common in the ACHD population. These risks
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factors in addition to a possible genetic basis share similar mechanism to affect the cognitive
function which includes cerebral hypoperfusion, reduced brain volumes, microbleeds, and
neuroinflammation.

Our MMSE results support previous data seen in children, particularly those with moderate
and complex disease, with neurocognitive deficiencies in language, attention, memory, and
executive function [9,16,17,20-23]. Higher risk for impairment in ACHD patients was seen
with decreased systemic ventricular function and multiple procedures, suggesting that early
brain injury from procedures and hypoxemia or lower perfusion from decreased systemic
ventricular function may contribute. Lower MMSE scores were also seen in women and
high-school or less educated patients; similar results have been reported in other studies

in participants without CHD [38,39]. A study of more than 18,000 participants showed
than MMSE scores are influenced by age and education [36]. The reason for the gender
difference it is still controversial where some authors have found no difference, others
more robust difference in specific items of the test and other have correlated with a higher
prevalence of less education.

The MMSE is a well validated measure of screening for cognitive functioning, with similar
reliability statistics to more comprehensive cognitive measures, although full assessment of
cognitive function is limited. MMSE has limited specificity with respect to an individual
clinical syndrome or disorder such as Alzheimer disease, vascular dementia among others
[34,35,40]. It is well known that results can be influenced by age and educational level.

In order to avoid this bias, we standardized our results by age and education level

for comparison. The actual diagnosis of cognitive impairment and dementia requires an
extensive evaluation beyond a screening test.

There are some limitations to our study. The study was conducted in a tertiary level
specialized ACHD clinic, which may limit generalizability of the findings. Most of our
population has a high school diploma or higher degrees, which in general could affect

the MMSE scores. Also, they are in close ACHD care, which may also influence overall
cardiovascular health which can affect cognitive performance. However, our pilot data show
findings consistent with the cognitive phenotype identified in childhood CHD, even in
highly educated patients. In addition, we did not perform a psychosocial evaluation in our
study which can influence the performance of the MMSE. Other studies have shown a
higher prevalence of depression and other psychosocial problems in the ACHD population
which could cause lower scores [11,41].We also recognize that our sociodemographic and
past clinical data was based on record review. There were several cases without or with
limited old records about operative reports and past procedures for which we were not

able to know if patients were placed on cardiopulmonary bypass or had more cardiac
catheterization as an infant which in our study were found as risks for lower MMSE scores.

In conclusion, our findings suggest that early cognitive changes are present in the adult
CHD population. This significant finding underscores the importance of identifying early
cognitive impairment changes as well as assoiated psychological and clinical factors that
may be amenable to intervention. Cognitive impairment can impact well-being, self-care,
decision making capacity, compliance with treatment, morbidity and mortality. Further
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studies are needed to more deeply investigate cognitive changes, and potential disease
modifying therapies that might influence long-term outcomes and quality of life in the adult
CHD population.

Acknowledgements

This project has been jointly funded by a research grant for the Adult Congenital Heart Association (ACHA) and
Project Heart from 7/1/19-6/30/20.The authors express their gratitude to the members of ACHA, their participants
and the Boston Children's Hospital for their contributions to the study.

Abbreviation:
MMSE Mini-Mental State Exam

ACHD Adult Congenital Heart Disease.

References

[1]. Gilboa SM, Devine OJ, Kucik JE, Oster ME, Riehle-Colarusso T, Nembhard WN, et al.
Congenital heart defects in the United States: estimating the magnitude of the affected Population
in 2010. Circulation 2016;134(2):101-9. [PubMed: 27382105]

[2]. Khairy P, lonescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L, Marelli AJ. Changing mortality
in congenital heart disease. J Am Coll Cardiol 2010;56(14):1149-57. [PubMed: 20863956]

[3]. Afilalo J, Therrien J, Pilote L, lonescu-Ittu R, Martucci G, Marelli AJ. Geriatric congenital heart
disease: burden of disease and predictors of mortality. J Am Coll Cardiol 2011;58(14):1509-15.
[PubMed: 21939837]

[4]. Bernier M, Marelli AJ, Pilote L, Bouchardy J, Bottega N, Martucci G, et al. Atrial arrhythmias
in adult patients with right- versus left-sided congenital heart disease anomalies. Am J Cardiol
2010;106(4):547-51. [PubMed: 20691314]

[5]. Perloff JK, Marelli AJ, Miner PD. Risk of stroke in adults with cyanotic congenital heart disease.
Circulation 1993;87(6):1954-9. [PubMed: 8504509]

[6]. Rodriguez FH 3rd, Marelli AJ The epidemiology of heart failure in adults with congenital heart
disease. Heart Fail Clin 2014;10(1):1-7. [PubMed: 24275290]

[7]. Wald RM, Marie Valente A, Marelli A. Heart failure in adult congenital heart disease: emerging
concepts with a focus on tetralogy of Fallot. Trends Cardiovasc Med 2015;25(5):422-32.
10.1016/j.tcm.2014.11.011. [PubMed: 25630927]

[8]. Lui GK, Saidi A, Bhatt AB, Burchill LJ, Deen JF, Earing MG, et al. Diagnosis and management of
noncardiac complications in adults with congenital heart disease: a scientific statement from the
American heart association. Circulation 2017;136(20):e348-92. [PubMed: 28993401]

[9]. Bagge CN, Henderson VW, Laursen HB, Adelborg K, Olsen M, Madsen NL. Risk of
dementia in adults with congenital heart disease: Population-based cohort study. Circulation
2018;137(18):1912-20. [PubMed: 29440121]

[10]. Klouda L, Franklin WJ, Saraf A, Parekh DR, Schwartz DD. Neurocognitive and executive
functioning in adult survivors of congenital heart disease. Congenit Heart Dis 2017;12(1):91-8.
[PubMed: 27650247]

[11]. Daliento L, Mapelli D, Russo G, Scarso P, Limongi F, lannizzi P, et al. Health related quality
of life in adults with repaired tetralogy of Fallot: psychosocial and cognitive outcomes. Heart
2005;91(2):213-8. [PubMed: 15657236]

[12]. lardi D, Ono KE, McCartney R, Book W, Stringer AY. Neurocognitive functioning in adults with
congenital heart disease. Congenit Heart Dis 2017;12(2):166—73. [PubMed: 27957813]

[13]. Gurvitz M, Burns KM, Brindis R, Broberg CS, Daniels CJ, Fuller SM, et al. Emerging research
directions in adult congenital heart disease: a report from an NHLBI/ACHA working group. J
Am Coll Cardiol 2016;67(16):1956-64. [PubMed: 27102511]

Int J Cardiol Congenit Heart Dis. Author manuscript; available in PMC 2022 April 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rodriguez et al. Page 7

[14]. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, et al. AHA/ACC
guideline for the management of adults with congenital heart disease: executive summary: a
report of the American college of cardiology/American heart association task force on clinical
Practice guidelines. J Am Coll Cardiol 2018;73(12):1494-563. [PubMed: 30121240]

[15]. Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW, et al.
Neurodevelopmental outcomes in children with congenital heart disease: evaluation and
management: a scientific statement from the American Heart Association. Circulation
2012;126(9):1143-72. [PubMed: 22851541]

[16]. Bellinger DC, Newburger JW, Wypij D, Kuban KC, duPlesssis AJ, Rappaport LA. Behaviour
at eight years in children with surgically corrected transposition: the Boston Circulatory Arrest
Trial. Cardiol Young 2009;19(1):86-97. [PubMed: 19079812]

[17]. Bellinge DCBJ, Kirkwood MW, Rappaport LA, Newburger JW. Visual-spatial skills in children
after open-heart surgery. J Dev Behav Pediatr 2003;24(3):169-79. [PubMed: 12806229]

[18]. Cassidy AR, White MT, DeMaso DR, Newburger JW, Bellinger DC. Executive function in
children and adolescents with critical cyanotic congenital heart disease. J Int Neuropsychol Soc
2014:1-16.

[19]. Gaynor JW, Stopp C, Wypij D, Andropoulos DB, Atallah J, Atz AM, et al. Neurodevelopmental
outcomes after cardiac surgery in infancy. Pediatrics 2015;135(5):816—25. [PubMed: 25917996]

[20]. Tabbutt S, Gaynor JW, Newburger JW. Neurodevelopmental outcomes after congenital heart
surgery and strategies for improvement. Curr Opin Cardiol 2012;27(2):82-91. [PubMed:
22274574]

[21]. Mahle WT, Lu M, Ohye RG, William Gaynor J, Goldberg CS, Sleeper LA, etal. A
predictive model for neurodevelopmental outcome after the Norwood procedure. Pediatr Cardiol
2013;34(2):327-33. [PubMed: 22864647]

[22]. Shillingford AJ, Glanzman MM, Ittenbach RF, Clancy RR, Gaynor JW, Wernovsky G.
Inattention, hyperactivity, and school performance in a population of school-age children with
complex congenital heart disease. Pediatrics 2008;121(4):e759-67. [PubMed: 18381503]

[23]. Wernovsky G, Stiles KM, Gauvreau K, Gentles TL, duPlessis AJ, Bellinger DC, et al. Cognitive
development after the Fontan operation. Circulation 2000;102(8):883-9. [PubMed: 10952957]

[24]. Carey AS, Liang L, Edwards J, Brandt T, Mei H, Sharp AJ, et al. Effect of copy number
variants on outcomes for infants with single ventricle heart defects. Circ Cardiovasc Genet
2013;6(5):444-51. [PubMed: 24021551]

[25]. Gaynor JW, Kim DS, Arrington CB, Atz AM, Bellinger DC, Burt AA, et al. Validation
of association of the apolipoprotein E epsilon2 allele with neurodevelopmental dysfunction
after cardiac surgery in neonates and infants. J Thorac Cardiovasc Surg 2014;148(6):2560-6.
[PubMed: 25282659]

[26]. Panigrahy A, Schmithorst VVJ, Wisnowski JL, Watson CG, Bellinger DC, Newburger JW, et
al. Relationship of white matter network topology and cognitive outcome in adolescents with
d-transposition of the great arteries. Neuroimage Clin 2015;7:438-48. [PubMed: 25685710]

[27]. Schmithorst VJ, Panigrahy A, Gaynor JW, Watson CG, Lee V, Bellinger DC, et al. Organizational
topology of brain and its relationship to ADHD in adolescents with d-transposition of the great
arteries. Brain Behav 2016;6(8):e00504. [PubMed: 27547505]

[28]. King TZ, Smith KM, Burns TG, Sun B, Shin J, Jones RA, et al. fMRI investigation of working
memory in adolescents with surgically treated congenital heart disease. Appl Neuropsychol Child
2017;6(1):7-21. [PubMed: 26985707]

[29]. Mahle WT, Tavani F, Zimmerman RA, Nicolson SC, Galli KK, Gaynor JW, et al. An MRI study
of neurological injury before and after congenital heart surgery. Circulation 2002;106(12 Suppl
1):1109-14. [PubMed: 12354718]

[30]. Dodson JA, Truong TT, Towle VR, Kerins G, Chaudhry SI. Cognitive impairment in older
adults with heart failure: prevalence, documentation, and impact on outcomes. Am J Med
2013;126(2):120-6. [PubMed: 23331439]

[31]. Kim J, Shin MS, Hwang SY, Park E, Lim YH, Shim JL, et al. Memory loss and decreased
executive function are associated with limited functional capacity in patients with heart failure

Int J Cardiol Congenit Heart Dis. Author manuscript; available in PMC 2022 April 13.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rodriguez et al.

[32].

[33].

[34].

Page 8

compared to patients with other medical conditions. Heart Lung 2018;47(1):61-7. [PubMed:
29103662]

Murkin JM, Newman SP, Stump DA, Blumenthal JA. Statement of consensus on assessment

of neurobehavioral outcomes after cardiac surgery. Ann Thorac Surg 1995;59(5):1289-95.
[PubMed: 7733754]

Marelli A, Miller SP, Marino BS, Jefferson AL, Newburger JW. Brain in congenital heart
disease across the lifespan: the cumulative burden of injury. Circulation 2016;133(20):1951-62.
[PubMed: 27185022]

Rovner BW, Folstein MF. Mini-mental state exam in clinical practice. Hosp Pract
1987;22(1A):99. 103, 6, 10.

[35]. Wells JC, Keyl PM, Chase GA, Aboraya A, Folstein MF, Anthony JC. Discriminant validity of a

[36].
[37].

[38].

[39].

[40].

[41].

reduced set of Mini-Mental State Examination items for dementia and Alzheimer's disease. Acta
Psychiatr Scand 1992;86(1):23-31. [PubMed: 1414395]

Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-based norms for the Mini-Mental
State Examination by age and educational level. J Am Med Assoc 1993;269(18):2386-91.

Cohen S, Earing MG. Neurocognitive impairment and its long-term impact on adults with
congenital heart disease. Prog Cardiovasc Dis 2018;61(3-4):287-93. [PubMed: 30118722]
Jones RN, Gallo JJ. Education and sex differences in the mini-mental state examination:
effects of differential item functioning. J Gerontol B Psychol Sci Soc Sci 2002;57(6):P548-58.
[PubMed: 12426438]

Rosselli M, Tappen R, Williams C, Salvatierra J. The relation of education and gender on the
attention items of the Mini-Mental State Examination in Spanish speaking Hispanic elders. Arch
Clin Neuropsychol 2006;21(7):677-86. [PubMed: 16968662]

Folstein MF, Folstein SE, McHugh PR. Mini-mental state". A practical method for grading
the cognitive state of patients for the clinician. J Psychiatr Res 1975;12(3):189-98. [PubMed:
1202204]

Deng LX, Khan AM, Drajpuch D, Fuller S, Ludmir J, Mascio CE, et al. Prevalence and
correlates of post-traumatic stress disorder in adults with congenital heart disease. Am J Cardiol
2016;117(5):853-7. [PubMed: 26803381]

Int J Cardiol Congenit Heart Dis. Author manuscript; available in PMC 2022 April 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Rodriguez et al.

Page 9
MMSE Z- scores

35

30

25
w
©
2

20 8
wv
“—
o

15 8
£
=}
<

10

I I 5
I = . | 0
1 0 1 2 -3 -4 5 -6 7 -11
Z-score

Fig. 1.
MMSE score deviations from population norms by age and education.
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MMSE Test : Orientation MMSE Test: Recall 3 objects
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Fig. 2.
MMSE Test: Percentage of subjects who have the questions correct. (A) Orientation (B)

Recall 3 objects.
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Table 1

Social-demographic and Clinical Characteristics and MMSE scores.

Congenital Heart Disease Group n = 125
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Age

Median age [IQR] 40 [33, 49]
Sex at Birth

Male 69 (55%)
Race

White or Caucasian 98 (78%)

Other races 2 (2%)

Not reported 25 (20%)
Ethnicity

Non-Hispanic/Latino 72 (58%)

Not reported 45 (36%)
Education Level

Less than high school 4 (3%)

High school graduate 21 (17%)

Vocational school or higher degree 100 (80%)
Anatomic Complexity

Simple 8 (6%)

Moderate 68 (55%)

Severe 49 (39%)
Duration of Cyanosis

0-4 years 42 (60%)

5 years or more 27 (39%)

Unrepaired 1 (1%)

Number of Surgeries Requiring Cardiopulmonary Bypass

0 42 (34%)

1 49 (39%)

2 or more 34 (27%)
Number of Cardiac Catheterizations

Less than 2 65 (52%)

2 or more 60 (48%)
Systemic Ventricle Systolic Function

241% 114 (91%)

<40% 11 (9%)

Most Recent Oxygen Saturation, Day of the Appointment

285% 123 (98%)

<85% 2 (2%)
Any Medications

Yes 96 (77%)

No 29 (23%)
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Congenital Heart Disease Group n = 125

Number of Comorbid Conditions

None 10 (8%)

1 23 (18%)

2 or more 90 (72%)

None 2 (2%)
MMSE Score

24-30: No cognitive impairment 119 (95%)
18-23: Mild cognitive impairment 6 (5%)
0-17: Severe cognitive impairment 0 (0%)

Median MMSE score with IQR 28 [28, 29]
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Table 2

MMSE score by socio-demographic and clinical characteristics.

Mean+SD P Value
Age
30-44 28019 0.27
45-54 285+21
55-65 28.0+25
Gender
Female 27.8+2.0 0.039
Male 28320
Education Level
Less than high school, high school graduate 26.3+2.4 <0.001
More than high school 285+16
Anatomic Complexity
Simple 286+1.7 0.30
Moderate 28.2+2.0
Severe 27.8+2.1
Cyanosis at Birth
Yes 27823 0.11
No 285+1.6
Duration of Cyanosis
0-4 years 282+1.7 0.43
5-10 years 28019
>10 years 26.3+3.4
Number of surgeries requiring cardiopulmonary bypass
0 283+1.7 0.78
1 28.0+23
2 27623
>3 28414
Number of Cardiac Catheterizations
0 286+13 0.051
1 283+2.6
2 or more 271.7+£2.0
Systemic Ventricular Systolic Function
250% 284+1.6 0.028
41-49% 272+25
30-40% 26.7+3.0
<30% 258+29
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