
SUMMARY
The aim of this study was to assess memory functioning

among children and adolescents with atrial-ventricular nodal

re-entry tachycardia (AVNRT) and atrial-ventricular re-entry

tachycardia (AVRT). 

A total of 113 pediatric cardiology clinic patients (62 F, 51 M),

aged 9–18 years, who were scheduled for radiofrequency

ablation due to AVRT or AVNRT underwent neuropsycholog-

ical examination. Patients who had suffered a cardiac arrest,

or had a congenital heart defect, neurological disorders or

other diseases affecting cognitive or emotional development

were excluded from the study. The control group consisted

of 41 patients diagnosed at the same clinic who did not show

any significant cardiovascular or nervous system disorders.

Standardized tests were used to measure verbal and visual

memory and visuo-spatial functions (Auditory-Verbal Learn-

ing Test, Benton Visual Retention Test and Rey’s Complex

Figure Test). 

Cognitive disorders were found significantly more frequently

in the study group (47.8%) than in the control group (22%;

Chi2=8.30, p=0.004). An early age at the onset of attacks, es-

pecially under the age of six, was an important factor that

negatively affected cognitive functioning (Chi2=3.87, p=0.04). 

AVNRT and AVRT in childhood have adverse effects on cog-

nitive and emotional development.
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INTRODUCTION
In adolescence, atrial-ventricular re-entry tachycardia (AVRT) and atrial-ven-

tricular nodal re-entry tachycardia (AVNRT) are the most common forms of car-

diac arrhythmia. AVRT is connected with Wolff-Parkinson-White Syndrome

(WPW) and results from the presence of an accessory connection between the

top atria and the bottom ventricles. AVNRT occurs when the reentry circuit forms

within or just next to atrioventricular node; the circuit involves two anatomical

pathways, which are both in the right atrium. The symptoms are due to loss of

atrioventricular synchrony and rapid or irregular ventricular rates. The most fre-

quent symptoms include palpitations, fatigue, and also dizziness, fainting and

syncope, indicating hypoxia of the central nervous system. As far as AVRT is

concerned, there is a serious risk of the transition of arrhythmia into ventricular

tachycardia and sudden cardiac death .

In some children, symptoms occur in the first days or weeks, and in others

they appear later in life, often in their twenties (Porter, Morton, Denman et al.

2004; Tortoriello, Snyder, O’Brian et al. 2003). Tachycardia in children and ado-

lescents is characterized by a faster rate compared to adults, but is relatively

well tolerated, which delays examination, correct diagnosis and treatment (van

Hare, 2008). 

There is no research on the cognitive functioning of children and adolescents

with paroxysmal arrhythmia. The present study was inspired by interviews with

patients and their families, during which they indicated learning difficulties. Pa-

tients complained of subjective memory problems, and their educational attain-

ment was unsatisfactory. The question arose whether paroxysmal tachycardia,

which may involve temporary hypoxia of the central nervous system, disorgan-

izes the everyday life of children and adolescents or affects their cognitive de-

velopment. Among the consequences of prolonged hypoxia is often memory

impairment (Caine & Watson, 2000; Garcia-Molina, Roig-Rovira, Enseñat-Can-

tallops et al. 2006; Peskine, Rosso & Picq, 2010), but there has been no research

on the effects of short-term, recurrent hypoxia.

The aim of out study was thus to assess chosen cognitive functions neuropsy-

chologically, particularly memory, in children and adolescents with tachycardia

attacks. In this study, we focused on those aspects of memory which most

strongly affect academic performance: word memory, verbal learning, and visu-

ospatial memory.

MATERIAL AND METHODS
The study group consisted of 113 pediatric cardiology patients (62 girls and

51 boys), within the age bracket of 9–18, who were scheduled for radiofrequency

ablation due to symptomatic AVNRT or AVRT arrhythmia. Patients with congen-

ital heart defects, born prematurely, with neurological or other diseases that may

have affected cognitive development, and those who had suffered a cardiac ar-

rest were excluded from the study. 
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The control group consisted of 41 patients hospitalized at the same clinic who

were being examined in relation to the suspicion of Marfan syndrome or in con-

nection with the presence of palpitations or faintness, who did not show any

symptoms of cardiovascular or neurological diseases. During hospitalization in

the Cardiac Clinic, the patients and their carers were asked to give their permis-

sion for the participation of the child in neuropsychological research. Those pa-

tients who gave their permission were examined by a neuropsychologist. Both

groups were examined under similar conditions by the same persons. Table 1

presents the demographic data from the two groups. 

In the study group, 50 patients suffered from AVNRT (44%) and 63 (56%)

from AVRT. Young female patients were equally affected by both forms of tachy-

cardia, which each affected 31 females (50%), while AVRT was more prevalent

in young males - in 32 patients, i.e. 62.7% (the difference did not reach statistical

significance: Chi2=1.84, p=0.17). The relationship between gender and the type

of tachycardia was similar to that of other studies (Porter, Morton, Denman et al.

2004; Liu, Yuan, Hertervig, Kongstad & Olsson, 2001).

The age at which the first symptoms occurred varied among individual pa-

tients. In 11% of patients the first tachycardia attacks occurred in infancy, while

half of the patients experienced symptoms after the age of 10. In the study group

there was a relationship between gender and tachycardia at young ages – in the

first year of life tachycardia affected 18% of young males and only 5% of young

females (Chi2=3.78; p=0.05), but by the end of the sixth year of life attacks af-

fected as many as 40% of males and 16% of females (Chi2=6.85; p=0.009). How-

ever, with the onset of adolescence, cases of tachycardia in females start to

outnumber those in males. This reflects the fact that AVNRT is more frequent in

young females, and that in this type of arrhythmia attacks occur later than in pa-

tients with AVRT. The average age of onset of AVRT is 8, while that for AVRNT

is 11 (t=3.42; p=0.0008). In 15.9% of patients suffering from AVRT, attacks oc-

curred in infancy, and in 41.3% they occurred up to the age of six (2.0% and

12.0% in AVNRT respectively, Chi2=6.10, p=0.01 and Chi2=11.76, p=0.0006).

The frequency of occurrence of arrhythmia attacks in the study group also

varied among individual patients. In 31% of patients arrhythmia attacks occurred

once or twice a year, in 46.4% they were more frequent – from a few to a dozen
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or so a year (22.6% experienced recurrent attacks several times a month). The

patients who suffered from AVRNT arrhythmia experienced attacks more fre-

quently than patients with AVRT (Chi2=4.59; p=0.20). However, the patients with

AVRT had to be hospitalized more often in order to restore sinus rhythm.

In one third of patients (31.7%) arrhythmia episodes were accompanied by

fainting – more frequently in patients with AVRT (37.5%) than in patients with

AVNRT (24.0%) (Chi2=1.96, p=0.16).

Standardized neuropsychological tests were used to identify deficits in mem-

ory functioning: the Auditory–Verbal Learning Test (AVLT), the Benton Visual Re-

tention Test (BVRT), the Rey’s Complex Figure Test (RCFT copy trail and

memory trail) and the Digit Span .

The results of the individual patients were compared with population norms

for the appropriate age. 

The comparison of results with norms allows the actual occurrence of possible

deficits in the studied functions to be assessed. A critical result indicating the

possibility of a disorder was defined for each test: 

• for the AVLT and Digit Span this was a scale score of ≤ 7; 

• for RCFT a result of 1, which is found in 10% of the lowest results in the nor-

mative population; 

• for BVRT two indicators were adopted: the number of correct reconstructions

(at least three less) and the number of errors (at least three more) compared

to the results expected for the given age. 

Patients who obtained a result indicating deficits in the examined functions in

at least two tests, in accordance with their rules of interpretation listed above,

were diagnosed as having memory disorders.

Statistical analysis was performed using the STATISTICA program. Individual

relationships were determined using the appropriate nonparametric (Mann Whit-

ney’s U, Chi2) and parametric (Student’s t) statistical tests.

RESULTS
Table 2 shows the results obtained in individual tests by the patients in the

study group and the control group. 

In almost every test the average result was lower in the study group than in

the controls; however, the differences did not reach statistical significance. 

It should be noted that the group of arrhythmia patients obtained results indi-

cating a significant decrease in the efficiency of a given function in all tasks

(Fig.1).

As a result, many more respondents from the study group were eligible for 

a clinical examination for memory disorders, i.e. obtained an abnormal result in

at least two tests. In the study group, 47.8% of patients were diagnosed as hav-

ing disorders, while in the control group only 22% received this diagnosis (Chi2=

8.30, p=0.004).
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The age at the first arrhythmia attack was related to memory deficits: the aver-

age age at which the first symptoms occurred was significantly lower in the group

with disorders than in the group without disorders (8.3 years and 10.2 years, re-

spectively; Student’s t=2.15, p=0.03). Patients who experienced their first symp-

toms before the age of six were more often diagnosed with disorders (62%) than

those who were affected by arrhythmia later in life (42%) (Chi2=3.87, p=0.04). 

DISCUSSION
The research we carried out shows that children and adolescents with parox-

ysmal AVNRT and AVRT are at risk for significant deficits in memory functioning.

There have been no other studies on cognitive functioning in children and ado-

lescents with paroxysmal tachycardia. The focus has been on adults with heart

failure and atrial fibrillation. In such patients cognitive deficits were primarily re-

lated to complications in the cerebral circulation and strokes of various extent

(Vogels, Scheltens, Schroeder-Tanka & Weinstein, 2007; Pullicino, Wadley, Mc-
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Clure et al. 2008; Gillian, Mead & Keir, 2001; Jozwiak, Guzik, Mathew, Wykre-

towicz & Wysocki, 2006; Wozakowska-Kaplon, Opolski & Kosior, 2009). Patients

in adolescence have been analyzed from the perspective of congenital heart de-

fects and the results of cardiac arrest. Examination confirmed the risk of serious

dysfunctions in cognitive development (Hovels-Gurich, Seghaye, Schnitker et

al. 2002; Uzark, Lincoln, Lamberti et al. 1998; Karl, Hall, Ford, et al. 2004; Mary-

niak, Bielwaska, Walczak et al. 2008). However, it appears that paroxysmal

tachycardia in children may be an important risk factor for the development of

memory deficits, especially when symptoms appear in the first years of life.

The mechanisms that lead to the development of memory disorders in this

group remain unknown. Various coexisting factors may influence cognitive func-

tioning in children and adolescents with cardiac arrhythmia. The impact of hy-

poxia accompanying tachycardia attacks should be taken into consideration –

the immature brain is susceptible to damage caused even by short-term hypoxia.

The hippocampus, which plays a crucial role in memory processes, is particularly

sensitive (Anderson, Northam, Hendy & Wrennall, 2001; Jennett, 1998; Allen,

Tranel, Bruss & Damasio, 2006). 

The central autonomic network concept points to anatomical and functional

links between areas (cingulate cortex) associated on the one hand with regula-

tion and perceived heart rhythm, and on the other hand with regulating complex

behavior. (Benarroch, 1993;Vogt, 2009; Critchley, Mathias, Josephs et al. 2003;

Matthews, Paulus, Simmons, Nelesen & Dimsdale, 2004). Maybe the incoher-

ence stimulus appearing during paroxysmal tachycardia attacks (fast irregular

rhythm not caused by exertion or emotion) have an improper affect on the de-

velopment of the central regulation of cognitive processes.

In some cases arrhythmia and cognitive deficits could be symptoms of the same

syndrome. Laloni (2009) describes four patients with electrocardiographic features

of WPW syndrome, neurocognitive deficits and dysmorphic features, who were

found to have various chromosomal deletions (Laloni, Thakuria, Cox et al. 2009). 

Tachycardia attacks in the first years of a child’s life can lead to a reduction in

its activity, both physical and exploratory, which can also have a negative influ-

ence on cognitive development.

To our knowledge, this study is the first to analyze cognitive functioning in

children and adolescents with AVRT and AVNRT. 

CONCLUSIONS
1. AVNRT and AVRT in childhood have adverse effects on cognitive and emo-

tional development.

2. Further research should be carried out in order to confirm our findings, explain

the mechanisms of the observed disorders and assess whether effective treat-

ment of causes of arrhythmia can improve cognitive functioning in patients

with existing cognitive deficits and whether, if applied early enough, such treat-

ment could reduce the risk of their development.
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