
SUMMARY
The study of neurocognitive functions in the context of congenital

heart disease (CHD) is a field of recognized importance, due to its

implications for the psychoeducational de ve lopment of young peo-

ple. The goal of our study was to characterize the neurocognitive

functioning of adolescents with several types of CHD.

Our sample comprised 49 subjects ranging in age from 13 to 18

years, organized in two groups: a control group (CG, n= 17) and 

a group with congenital heart disease (CHD, n=32). Selected neu-

ropsychological tests were administered to both groups, covering 

a wide range of neurocognitive functions, such as short term mem-

ory (verbal and visuoconstructive), working memory, processing

speed, attention (divided and selective), and planning.

Our results revealed significant differences between the two groups,

favoring the CG, on every test except for a logical memory task. No

differences were found between the different types of CHD. 

These results are highly suggestive of the need to implement neu-

ropsychological rehabilitation programs directed to this population,

in order to minimize cognitive and school-related consequences.
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INTRODUCTION
Congenital heart defects are the most common group of cardiac malforma-

tions. It is believed that one in every 120 babies is born with a heart defect

(Berkow, 2006). Congenital heart diseases (CHD) are the most common group

of birth defects, and may consist of an abnormal development of the walls or

valves of the heart, or abnormalities in the blood vessels that enter or leave the

heart. Several of these defects are severe; some, in spite of being present at

birth, are not diagnosed until later ages (Berkow, 2006; Manual Merck, 1987;

Manual Merck, 2008).

CHD can be divided into cyanotic and acyanotic subtypes, each with a distinct

clinical presentation. The cyanotic subtype implies a significant reduction of blood

oxygen, which is thought to be an important factor in functional impairment in the

cognitive and psychological domains (Anjos, 2003; Delamater & Grus, 2002).This

subtype encompasses several diagnoses, such as pulmonary atresia, Fallot´s

tetralogy and transposition of the great arteries. The acyanotic subtype includes

interventricular communication, interatrial communication, atrial-ventricular septal

defect, and coarctation of the aorta (Anjos, 2003; Delamater & Grus, 2002).

In recent decades, advances in the diagnosis and treatment of CHD has sig-

nificantly increased the longevity of these patients, leading to new challenges in

the identification of the sequelae and risk factors for morbidity in the long- term

(Massaro, El-dib, Aly & Glass, 2008; Kenny & Stuart, 2009).

Due to the significant increase in the number of CHD children who survive to

school age, interest in exploring the long-term consequences of cardiac disease

has increased (Brosig, Mussatto, Kuhn & Tweddell, 2007). Several studies have

reported alterations in executive functions, attention and information processing

speed, visual constructive abilities, motor functions and behavioral difficulties,

which appear to be areas of relative susceptibility in children with CHD, leading

to functional limitations (Wright & Nolan, 1994, Bellinger et al. 2003b; Dominguez,

Gaynor & Wernovsky, 2007; Hövels-Gürich et al. 2007a; Miatton, De Wolf, Fran-

cois Vingerhoets & Thiery, 2007; Majnemer et al., 2008).

Despite the ongoing effort, there are few studies that focus on adolescents.

Most studies evaluate the early years of life, not giving the opportunity to assess

certain late-maturing capacities, such as executive functions or complex problem

solving (Bellinger & Newburger, 2010). Additionally, there are no studies on the

Portuguese CHD adolescent population addressed to the neuropsychological

consequences of the disease. The aim of this study is to explore the performance

of adolescents with CHD in several areas of neurocognitive functioning. 

PATIENTS AND METHODS
The sample consists of 49 participants, between 13 and 18 years of age, di-

vided in two groups: a congenital heart disease group (CHD), composed of 32

patients recruited from the outpatient pediatric cardiology clinic at the Hospital

de São João (Porto); and a group control (CG), made up of 17 adolescents from
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several schools in the Porto city area (Table 1). The CHD group included individ-

uals with different types of congenital heart disease, as shown in Table2. The

presence of neurological or systemic disturbances in the medical history, other

than CHD for the clinical group, was an exclusion criterion for both groups.

The two groups did not differ significantly with respect to age (U = 268, p = .932),

gender (χ2 = 2.576, p =.096) or years of education (U = 178, p =.065). 

Neuropsychological Assessment

All participants underwent a brief neuropsychological assessment, designed

to cover an appropriate number of neurocognitive functions over a short period

of time. The following tasks were administered: 

• Wechsler’s Digit Test, in direct (DD) and indirect (ID) form, in order to assess

immediate auditory-verbal attention and working memory, respectively; 

• Wechsler’s Symbol Search (SS), to evaluate psychomotor performance,

speed of execution, perceptive organization, and persistence; 

• Rey’s Complex Figure, copy (RC) and reproduction from memory (RM) three

minutes after image exposure, allowing the assessment of visual construc-

tional ability and visual constructional memory; 

• Key Search Test (KS) from the Behavioural Assessment of the Dysexecutive

Syndrome- Children, for the assessment of the capability for efficient planning; 

• Color-Word Stroop Test (ST), to assess attention efficiency; 

• the Trail Making Test, part A (TMT A) to evaluate visual spatial orientation,

psychomotor speed, and part B (TMT B), to assess divided attention;

• Wechsler´s Logical Memory Task was administered in order to assess verbal

memory. 

Procedure

This research protocol was approved by the hospital ethics committee. The

participants were recruited from the pediatric cardiology outpatient clinic at the
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Hospital de S. João EPE, according to analyses of the clinical charts. Patients

with other health conditions, either neurologic or systemic, were excluded. The

neuropsychological assessment was performed by the same neuropsychologist

in a closed room. Identical procedures were taken for the assessment of the con-

trol group. Parents or legal guardians gave their informed consent. 

Statistical analysis

Statistical analysis was carried out using the program PASW for Windows,

version 18. A comparison of the obtained results on the neuropsychological tests

by the two groups was made through the Mann-Whitney’s U test. The Kruskal-

Wallis H test was used to compare the results obtained by individuals with differ-

ent diagnoses of CHD. Significance was determined with p≤.05.

RESULTS
The results obtained by the two groups on neuropsychological tests are pre-

sented in Table 4.

Table 5 shows significant differences on neurocognitive performance between

groups. CHD obtained worst results on every neuropsychological task, except
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on Weschler’s logical memory where the performance was similar to CG. There

are no differences on neurocognitive performance according to different CHD di-

agnosis. The same is observed when the clinical sample was divided according

to the presence of cyanosis.

DISCUSSION
In this study, the existence of congenital heart disease was related to a poor

performance in almost all neurocognitive functions assessed. Analyzing the re-

sults, we found that adolescents with CHD obtained worst scores on all neuropsy-

chological tasks, except on the logical memory test. The neurocognitive

performance of the CHD group wasn’t related to the specific CHD diagnosis nei-

ther to the presence of cyanosis. These observations are not consistent with

those made by other authors that suggests a negative effect of additional diag-

noses such as transposition of the great arteries (Bellinger et al., 2003b), hypoplas-

tic left heart syndrome (Brosig et al., 2007) and Fallot’s tetralogy (Hövels-Gürich

et al., 2007) on attention. However, it should be noted that two previous studies

were performed in younger children (8 and 7 years respectively). In addition, the

number of patients within each diagnosis group in our sample was low. The ex-

istence of differences in neurocognitive functioning in cyanotic and acyanotic con-

genital heart diseases has been somewhat contradictory. Most of the studies are in

accordance to our findings, pointing to similar performances in cyanotic and acyan-

otic patients (Wright & Nolan, 1994; Hövels-Gürich, et al., 2006; Miatton et al., 2007;

Hövels-Gürich, et al., 2007b; Miatton et al., 2008), while others point to the existence

of additional affectation in the cyanotic group (Majnemer et al., 2008). 

The performance of CHD group on DD task, suggests difficulties in auditory-

verbal immediate attention in these patients, a fact corroborated by previous stud-
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ies (Bellinger et al., 2010; Brosig et al., 2007; Mahle et al., 2000; Mahle & Wernovsky,

2004). In addition, the performance on ST and TMT B points to the presence of

alterations in the efficiency of attention and in the ability to divide it. These results

are consistent with the idea that CHD survivors are at increased risk for attentional

problems as Attention – deficit disorder (Gerdes & Flynn, 2010). For instance,

Shillingfor and colleagues (Shillingfor et al., 2008), obtained ratings of behavior re-

lated to attention from the parents of CHD children with ages ranging from 5 to 10

years. They signal that 30% of the children were at high risk for inattention. 

The performance of the CHD group on ID task, also points to working memory

affectation in addition to attentional deficits. This finding is consistent with those

of previous studies in younger children (Bellinger et al., 2003b).

The same consistency of findings is noted when referring to the visual con-

structional ability (RC) and visual constructional memory (RM) in CHD patients

(Bellinger et al., 2003a). In fact, changes in visual constructive ability are assumed

as a common denominator to several studies in younger children, independently

of the neuropsychological test used (Bellinger et al., 2003b; Mahle & Wernovsky,

2004, Brosig et al., 2007; Miatton et al., 2007; Majnemer et al., 2008).

The obtained results on SS and on TMT A are common indicators of lower

psychomotor speed in CHD. This is also corroborated by previous studies

(Bellinger et al., 2003b). In addition, perceptive organization and visual spatial

orientation both implied in these tasks, could account for the low performance on

the visual constructional test (RC).

In the key search test the CHD group performance was significantly lower than

the control group, thus revealing low efficiency in planning, organizing and prob-

lem-solving. Several studies have already indicated the existence of changes in

executive functioning and problem solving in children with CHD (Bellinger et al.,

1999; Mahle & Wernovsky, 2004; Majnemer et al., 2008); however, our results

highlight the existence of deficits in the ability to plan and to formulate an effective

strategy in order to achieve a goal. These deficits in CHD adolescents seem to

have continuity in adulthood. Daliento and colleagues using other executive func-

tioning test (Tower of London) have signaled the presence of planning deficits in

adult patients. (Daliento et al., 2005).

These data reinforce the idea that children with CHD have more difficulties in

performing complex mental tasks (Bellinger et al., 2003b; Hövels-Gürich, et al.,

2007a; Miatton et al., 2008).

Despite several references in literature relating CHD to verbal memory impair-

ment (Bellinger et al., 2003b; Majnemer et al.. 2008; Miatton et al., 2008), our study

points to the perseveration of this cognitive function. This finding may be due to

different age samples or to the use of different neuropsychological tasks. The as-

sessment of this function in youngsters and in children is commonly carried by

requesting the evocation of single words. In the present study it was demanded

the immediate evocation a text, meaning that the elements to be evoked were

integrated in a proper context and in relation with temporal coordinates. These

characteristics may have accounted for the obtained results. 
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According to the above, adolescents with CHD showed marked impairments

on several domains of attention as immediate auditory-verbal, selective and di-

vided attention. Psychomotor speed, verbal working memory, visual construc-

tional capacity and memory, planning ability are also affected. Verbal memory,

with a logical context seems to be unimpaired. The described neurocognitve im-

plications of CHD in adolescents, points to the need to implement neuropsycho-

logical interventions programs aimed to promote the development of cognitive

skills in order to minimize educational impacts. 

REFERENCES
Anjos, R. (2003). Aparelho cardiocirculatório. In J.M. Palminha & E.M. Carrilho (Ed.) Orientação

diagnóstica em pediatria: Volume 1. Dos sinais e sintomas ao diagnóstico diferencial (pp. 325-

360). Lisboa: Lidel – Edições Técnicas.

Baity, M.R. (2008). Brief rating scales for the assessment of cognitive and neuropsychological sta-

tus. In L. Baer & M.A. Blais (Ed.) Handbook of clinical rating scales and assessment in Psychi-
atric and mental Health. (pp. 239-256). New York: Humana Press.

Ballweg, J.A., Wernovsky, G. & Gaynor, W. (2007). Neurodevelopmental outcomes following con-

genital heart surgery. Pediatric Cardiology, 28 (2), 126-133. 

Baum, M., Freier, M.C., Freeman, K.R. & Chinnock, R.E. (2000). Developmental outcomes and

cognitive functioning in infant and child heart transplant recipients. Progress in Pediatric Cardio -
logy 11, 159-163.

Baum, M., Freier, M.C., Freeman, K., Babikian, T., Ashwal, S., Chinnock, R. & Bailey, L. (2004).

Neuropsychological outcome of infant heart transplant recipients. The Journal of Pediatrics,

145 (3), 365-372.

Bellinger, D.C., Wypij, D., Kuban, K.C., Rappaport, L.A., Hickey, P.R., Wernovsky, G., Jonas, R.A.

& Newburger, J.W. (1999). Developmental and neurological status of children at 4 years of age

after heart surgery with hypothermic circulatory arrest or low-flow cardiopulmonary bypass. Cir-
culation, 100, 526-532.

Bellinger, D.C., Bernstein, J.H., Kirkwood, M.W., Rappaport, L.A. & Newburger, J.W. (2003a) Vi-

sual-spatial skills in children after open-heart surgery. Journal of Developmental & Behavioral
Pediatrics, 24 (3), 169–179.

Bellinger, D.C., Wypij, D., duPlessis, A.J., Rappaport, L.A., Jonas, R.A., Wernovsky, G. & New-

burger, J.W. (2003b). Neurodevelopmental status at eight years in children with dextro-trans-

position of the great arteries: The Boston circulatory arrest trial. The Journal of Thoracic and
Cardiovascular Surgery, 126 (5), 1385-1396.

Bellinger, D.C. & Newburger, J.W. (2010). Neuropsychological, psychosocial, and quality-of-life

outcomes in children and adolescents with congenital heart disease. Progress in Pediatric Car-
diology 29, 87–92.

Berkow, R. (Ed.) (2006). Enciclopédia médica. (Volume 4: problemas de saúde na infância).

Barcelona: Editorial Oceano.

Body, R., Perkins, M., & McDonald, S. (1999). Pragmatics, cognition, and communication in trau-

matic brain injury. In. S. McDonald, L. Togher & C. Code (Ed.) Communication disorders fol-
lowing traumatic brain injury. (pp. 81-112). East Sussex: Psychology Press.

Braaten, E. (2007). The child clinician’s report-writing handbook. New York: The Guilford Press.

Brosig, C.L., Mussatto, K.A., Kuhn, E.M. & Tweddell, J.S.(2007). Neurodevelopmental Outcome in

Preschool Survivors of Complex Congenital Heart Disease: Implications for Clinical Practice.

Journal of Pediatric Health Care, 21 (1), 3-12.

Daliento, L., Mapelli, D., Russo, G., Scarso, P., Limongi, F., Iannizzi, P., Melendugno, A., Mazzotti,

E. & Volpe, B. (2005). Health related quality of life in adults with repaired tetralogy of Fallot:

psychosocial and cognitive outcomes. Heart, 91 (2), 213-218. 

Magalhães Pereira et al., Congenital heart diseases 

357

113 Pereira:Layout 1  2012-01-30  14:58  Strona 7



Delamater, A.M. & Grus, C.L. (2002). Congenital abnormalities. In T.J. Boll, S.B. Johnson, N.W Perry

& R.H. Rozensky (Ed.) Handbook of clinical health psychology: Volume 1. Medical disorders and
behavioral applications (pp. 443-481). Washington: American Psychological Association.

del Nido, P.J. (2002). Developmental and neurologic outcomes late after neonatal corrective sur-

gery. The Journal of Thoracic and Cardiovascular Surgery, 124 (3), 425-427.

De Noreña, D., Sánchez-Cubillo, I., García-Molina, A., Tirapu-Ustárroz, J., Bombín-González, I. &

Ríos-Lago M. (2010). Efectividad de la rehabilitación neuropsicológica en el daño cerebral

adquirido (II): funciones ejecutivas, modificación de conducta y psicoterapia, y uso de nuevas

tecnologías. Revista de Neurologia, 51 (12), 733-744.

Dominguez, T.E., Wernovsky, G. & Gaynor, J.W. (2007). Cause and prevention of central nervous

system injury in neonates undergoing cardiac surgery. Semin Thoracic and Cardiovascular Sur-
gery, 19, 269-277.

Flanagan, D.P. & Kaufman, A.S. (2009). Essentials of WISC-IV Assessment. New Jersey: John

Wiley & Sons.

Forbess, J.M., Visconti, K.J., Bellinger, D.C., Howe, R.J. & Jonas, R.A. (2002a). Neurodevelop-

mental outcomes after biventricular repair of congenital heart defects. The Journal of Thoracic
and Cardiovascular Surgery, 123 (4), 631-637.

Forbess, J.M., Visconti, K.J., Hancock-Friesen, C., Howe, R.J., Bellinger, D.C. & Jonas, R.A.

(2002b). Neurodevelopmental outcome after congenital heart surgery: results from an institu-

tional registry. Circulation, 106 (supl I), 95-102.

Gerdes, M. & Flyn, T. (2010). Clinical assessement of neurobehavioral outcomes in infants and

children with +congenital heart disease. Progress in Pediatric Cardiology, 29: 97-105.

Galli, K.K., Zimmerman, R.A., Jarvik, G.P., Wernovsky, G., Kuypers, M.K.,Clancy, R.R., Montene-

gro, L.M., Mahle, W.T., Newman, M.F, Saunders, A.M., Nicolson, S.C., Spray, T.L. & Gaynor,

J.W. (2004). Periventricular leukomalacia is common following neonatal cardiac surgery. The
Journal of Thoracic and Cardiovascular Surgery, 127 (3), 692-704.

Golden, C.J. (1994). Stroop test de colores y palabras: Manual. Madrid: TEA Publicaciones de Psi-

cología Aplicada.

Heilbronner, R.L. (2008). Neuropsychology in the courtroom: expert analysis of reports and testi-
mony. New York: The Guilford Press.

Hemphill, L., Uccelli, P., Winner, K., Chang, C.J. & Bellinger, D. (2002). Narrative discourse in young

children with histories of early corrective heart surgery. Journal of Speech, Language, and Hear-
ing Research, 45(2):318-331.

Hodges, J.R. (2007). Cognitive assessment for clinicians. Oxford: Oxford University Press.

Hövels-Gürich, H.H., Seghaye, M.C., Däbritz, S., Messmer, B.J. & von Bernuth, G. (1997). Cognitive

and motor development in preschool and school-aged children after neonatal arterial switch

operation. The journal of Thoracic and cardiovascular surgery, 114, 578-585.

Hövels-Gürich, H.H., Seghaye, M.C., Schnitker, R., Wiesner, M., Huber, W., Minkenberg, R., Kot-

larek, F., Messmer, B.J. & von Bernuth, G. (2002). Long-term neurodevelopmental outcomes

in school-aged children after neonatal arterial switch operation. The journal of Thoracic and
cardiovascular surgery, 124 (3), 448-458.

Hövels-Gürich, H.H., Konrad, K., Skorzenski, D., Nacken, C., Minkenberg, R., Phys, D., Messmer,

B.J. & Seghaye, M.C. (2006) Longterm neurodevelopmental outcome and exercise capacity

after corrective surgery for tetralogy of Fallot or ventricular septal defect. The Annals of Thoracic
Surgery, 81, 958–967.

Hövels-Gürich, H.H., Konrad, K., Skorzenski, D., Herpertz-Dahlmann, B., Messmer, B.J. & Seghaye,

M.C. (2007a). Attentional dysfunction in children after corrective cardiac surgery in infancy. The
Annals of Thoracic Surgery, 83, 1425-1430.

Hövels-Gürich, H.H., Konrad, K., Skorzenski, D., Minkenberg, R., Herpertz-Dahlmann, B., Messmer,

B.J. & Seghaye, M.C. (2007b). Long-term behavior and quality of life after corrective cardiac

surgery in infancy for tetralogy of Fallot or ventricular septal defect. Pediatric Cardiology. 28(5),

346-354.

Magalhães Pereira et al., Congenital heart diseases 

358

113 Pereira:Layout 1  2012-01-30  14:58  Strona 8



Kenny, D. & Stuart, A.G. (2009). Long-term outcome of the child with congenital heart disease.

Paediatrics and Child Health, 19 (1), 37- 42.

Kovacs, A.H., Sears, S.F. & Saidi, A.S. (2005). Biopsychosocial experiences of adults with congen-

ital heart disease: Review of the literature. American Heart Journal, 150(2), 193-201.

Lezak, M.D. (1995). Neuropsychological assessment: Third edition. New York: Oxford University

Press.

Licht, D.J., Shera, D.M., Clancy, R.R., Wernovsky, G., Montenegro, L.M., Nicolson, S.C., Zimmer-

man, R.A., Spray, T.L., Gaynor, J.W. & Vossough, A. (2009). Brain maturation is delayed in in-

fants with complex congenital heart defects. The Journal of Thoracic Cardiovascular Surgery,
137(3), 529-537.

Limperopoulos, C., Majnemer, A., Shevell, M.I., Rosenblatt, B., Rohlicek, C. & Tchervenkov, C.

(1999). Neurologic status of newborns with congenital heart defects before open heart surgery.

Pediatrics, 103 (2), 402-408.

Limperopoulos, C., Majnemer, A., Shevell, M.I., Rosenblatt, B., Rohlicek, C. & Tchervenkov, C.

(2000). Neurodevelopmental status of newborns and infants with congenital heart defects before

and after open heart surgery. The Journal of Pediatrics, 137 (5), 638-45.

Mahle, W.T., Clancy, R.R., Moss, E.M., Gerdes, M., Jobes, D.R. & Wernovsky, G. (2000). Neurode-

velopmental outcome and lifestyle assessment in school-aged and adolescent children with hy-

poplastic left heart syndrome. Pediatrics, 105(5), 1082-1089.

Mahle, W.T. & Wernovsky, G. (2004). Neurodevelopmental outcomes in hypoplastic left heart syn-

drome. Pediatric Cardiac Surgery Annual of the Seminars in Thoracic and Cardiovascular Sur-
gery, 7, 39-47.

Mahle, W., Visconti, K., Freier, C., Kanne, S., Hamilton, W., Sharkey, A., Chinnock, R., Jenkins, K.,

Isquith, P., Burns, T. & Jenkins, P. (2006). Relationship of surgical approach to neurodevelop-

mental outcomes in hypoplastic left heart syndrome. Pediatrics, 117 (1), e90-e97. 

Majnemer, A., Limperopoulos, C., Shevell, M., Rohlicek, C., Rosenblatt, B. & Tchervenkov, C.

(2008). Developmental and functional outcomes at school entry in children with congenital heart

defects. The Journal of Pediatrics, 153, 55-60

Manual Merck de Medicina (15 ª ed.). (1987). São Paulo: Livraria Roca.

Manual Merck de informação médica (2008). Barcelona: Editorial Oceano.

Massaro, A.N., El-dib, M., Glass, P. & Aly, H. (2008). Factors associated with adverse neurodevelop-

mental outcomes in infants with congenital heart disease. Brain & Development, 30, 437-446.

McCusker, C.G., Doherty, N.N., Molloy, B., Casey, F., Rooney, N., Mulholland, C., Sands, A., Craig,

B. & Stewart, M. (2007). Determinants of neuropsychological and behavioural outcomes in early

childhood survivors of congenital heart disease. Archives of Diseases in Childhood, 92 (2), 137-141.

Miatton, M., De Wolf, D., François, K., Thiery, E. & Vingerhoets, G. (2007). Intellectual, neuropsy-

chological, and behavioral functioning in children with tetralogy of Fallot. The Journal of Thoracic
and Cardiovascular Surgery, 133 (2), 449-455.

Miatton, M., De Wolf, D., François, K., Thiery, E. & Vingerhoets, G. (2008). Do parental ratings on

cognition reflect neuropsychological outcome in congenital heart disease? Acta Paediatrica,

97, 41-45.

Miller, S.P., McQuillen, P.S., Hamrick, S., Xu, D., Glidden, D.V., Charlton, N., Karl, T., Azakie, A., Fer-

riero, D.M., Barkovich, A.J. & Vigneron, D.B. (2007). Abnormal brain development in newborns

with congenital heart disease. The New England Journal of Medicine, 357 (19), 1928-1938. 

Palencia, R. (2002). Complicaciones neurológicas del paciente con cardiopatía. Revista de Neu-
rologia, 35 (3), 279-285.

Rey, A. (1998). Teste de cópia de figuras complexas – 1ª Edição: Manual. Lisboa: CEGOTEC-TEA.

Sahu, B., Chauhan, S., Kiran, U., Bisoi, A., Ramakrishnan, L. & Nehra, A. (2009). Neuropsycho-

logical function in children with cyanotic heart disease undergoing corrective cardiac surgery:

effect of two different rewarming strategies. European Journal of Cardio-thoracic Surgery, 35,

505-510.

Scifers, J.R. (2008). Special tests for neurologic examination. USA: Slack Incorporated. 

Magalhães Pereira et al., Congenital heart diseases 

359

113 Pereira:Layout 1  2012-01-30  14:58  Strona 9



Shillingford, A.J., Glanzman, M.M., Ittenbach, R.F., Clancy, R.R., Gaynor, J.W. & Wernovsky, G.

(2008). Inattention, hyperactivity, and school performance in a population of school-age children

with complex congenital heart disease. Pediatrics, 121 (4), e759-767.

Stavinoha, P.L., Fixler, D.E. & Mahony, L. (2003).Cardiopulmonary Bypass to Repair an Atrial Septal

Defect Does Not Affect Cognitive Function in Children. Circulation, 107, 2722-2725.

Ternestedt, B., Wall, K., Oddsson, H., Riesenfeld, T., Groth, I. & Schollin, J. (2001). Quality of life

20 and 30 years after surgery in patients operated on for Tetralogy of Fallot and for atrial septal

defect. Pediatric Cardiology, 22, 128-132.

Uzark, K., Lincolm, A., Lamberti, J.J., Mainwaring, R.D., Spicer, R.L. & Moore, J.W. (1998). Neu-

rodevelopmental outcomes in children with Fontan repair of functional single ventricle. Pedi-
atrics, 101(4), 630-633.

Van Rijen, E., Utens, E., Roos-Hesselink, J., Meijboom, F., Van Domburg, R., Roelandt, J., Bogers,

A. & Verhulst, F. (2003). Psychosocial functioning of the adult with congenital heart disease: 

a 20–33 years follow-up. European Heart Journal, 24 (7), 673–683.

Van der Rijken, R., Maassen, B., Walk, T., Daniëls, O. & Hulstijn-Dirkmaat, G. (2007). Outcome

after surgical repair of congenital cardiac malformations at school age. Cardiology in the Young,
17 (1), 64-71.

Wechsler, D. (2008). WAIS – III Escala de inteligência de Wechsler para adultos – 3ª Edição: Man-
ual. Lisboa: CEGOTEC-TEA.

Weiner, I.B. & Craighead, W.E. (2010). The corsini encyclopedia of psychology, Volume 4. New

Jersey: John Wiley & Sons.

Wernovsky, G., Stiles, K.M., Gauvreau, K., Gentles, T.L., duPlessis, A.J., Bellinger, D.C., Walsh,

A.Z., Burnett, J., Jonas, R.A., Mayer, J.E. & Newburger, J.W. (2000). Cognitive development

after the Fontan operation. Circulation, 102, 883-889.

Wernovsky, G., Shillingford, A.J. & Gaynor, J.W. (2005). Central nervous system outcomes in chil-

dren with complex congenital heart disease. Current Opinion in Cardiology, 20 (2), 94-99.

Wernovsky, G. (2006). Current insights regarding neurological and developmental abnormalities

in children and young adults with complex congenital cardiac disease. Cardiology in the Young,
16 (1), 92-104.

Wray, J. & Sensky, T. (1999). Controlled study of preschool development after surgery for congenital

heart disease. Archives of Disease in Childhood, 80 (6), 511-516.

Wray, J. & Sensky, T. (2001). Congenital heart disease and cardiac surgery in childhood: effects

on cognitive function and academic ability. Heart, 85 (6), 687-691.

Wright, M. & Nolan, T. (1994). Impact of cyanotic heart disease on school performance. Archives
of Disease in Childhood, 71, 64-70.

Wypij, D., Newburger, J.W., Rappaport, L.A., duPlessis, A.J., Jonas, R.A., Wernovsky, G., Lin, M.

& Bellinger, D.C. (2003). The effect of duration of deep hypothermic circulatory arrest in infant

heart surgery on late neurodevelopment: The Boston circulatory arrest trial. The Journal of Tho-
racic and Cardiovascular Surgery, 126 (5), 1397-1403.

Address for correspondence: 

Bruno Peixoto

R. Central de Gandra, 1317

4585-116 GANDRA

PORTUGAL

00351 962501501

bruno.peixoto@iscsn.cespu.pt

Magalhães Pereira et al., Congenital heart diseases 

360

113 Pereira:Layout 1  2012-01-30  14:58  Strona 10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


