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Abstract  

Background: Children with Congenital Heart Disease  
(CHD) as well as survivors of cardiac surgeries are at risk for  
brain injury and neurodevelopmental deficits.  

The Aim of this Work:  Is to evaluate the Electroencepha-
lography (EEG) findings as an indicator for cerebral function  

in children with congenital heart disease and to correlate these  
findings to the oxygen saturation.  

Patients and Methods:  This is a cross-sectional study  
included 30 patients (17 males and 13 females) with CHD  
(20 with cyanotic and 10 with acyanotic CHD) with age range  
4-9 years. Compared with 30 age and sex matched healthy  

children as controls. All children underwent; digital EEG  
recording for detection of background slowing and epileptic  

changes and measurement of oxygen saturation using pulse  
oximeter.  

Results:  EEG findings were present in 17 (30%) patients  
(16 patients with cyanotic and 1 with acyanotic CHD). Detected  
EEG changes were: Epileptic activity in 6 (20%) patients (all  
had cyanotic CHD), background activity slowing in 16 (53.3%)  

patients (1 with acyanotic and 15 with cyanotic CHD), while  
both epileptic changes & back ground activity slowing were  

detected in 5 (16.7%) patients (all with cyanotic CHD). The  
cut off value of O 2  saturation below which background activity  
slowing are liable to occur was 87%, with a sensitivity and  
specificity of 81.2% and 71.4% respectively.  

Conclusion:  Children with cyanotic CHD had significantly  
higher EEG changes than those with acyanotic CHD.  

Recommendation:  The digital EEG should be performed  
routinely in patients with CHD (particularly cyanotic) to  
detect abnormalities in the cerebral function.  

Key Words: Congenital heart disease – Cyanotic – Electro- 
encephalography – Oxygen saturation.  

Introduction  

CHILDREN  with severe Congenital Heart Defects  
(CHD) requiring open heart surgeries (especially  
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in the first year of life) are at high risk for devel-
oping neurological and psychomotor abnormalities.  
Depending on the type and severity of the CHD,  
between 15 and over 50% of these children have  
deficits, which are usually confined to distinct  
domains of development, although formal intelli-
gence tends to be normal. Children with mild CHD,  
who comprise the majority of congenital heart  
defects, have a far better developmental prognosis  
than those with complex CHD [1] . Children with  
cyanotic lesions will show a greater degree of  
cognitive impairment than those with acyanotic  
lesions [2] , as the duration and severity of hypoxia  
contributes to the cognitive deficits in those chil-
dren [3] .  

These neurodevelopmental abnormalities are  
clinically underappreciated [4] . Identification of  
such significant deficits as early as possible, allows  
for appropriate therapies and education to enhance  
later academic, behavioral, psychosocial, and adap-
tive functioning [5] .  

An accurate tool to monitor brain function is  
digital EEG. It is increasingly used in neonatal  
intensive care units to record both background  
patterns and electrographic seizure activity & can  
be used to evaluate the brain function prior to  
cardiac surgery, and in follow-up after surgery [6] .  

Patients and Methods  

This is a cross sectional study including 30  
children with CHD aged from 4-9 years, as well  
as 30 age and sex matched healthy children as  
controls. Patients were recruited from the pediatric  
cardiology clinic & inpatient Pediatric Cardiology  
Unit at Cairo University Children's Hospital, during  
the period of January 2014 to January 2015.  
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Exclusion criteria were:  Acquired heart diseas-
es, prior history of convulsions, patients with family  
history of epilepsy and patients with other systemic  

diseases (i.e.; liver or renal failure and nervous  
system affection).  

All patients were subjected to:  Full history  
taking (with special attention to cardiac symptoms),  

cardiac examination & echocardiographic diagnoses  

were documented. All children were evaluated for  
respiratory and heart rates with measurement of  

oxygen saturation using the pulse oximeter.  

Digital awake Electro-Encephalo-Gram (EEG)  

and brain mapping was performed for all children  
(patients and controls) at the Clinical Neurophys-
iology Unit, Cairo University Hospital, using:  
"EbNeuro Galileo" machine. Electrodes were  

placed according to the 10-20 international system  

of electrode placement using a cap to which the  

electrodes are adherent. Monopolar and bipolar  
montages with 21 channels were recorded for 30- 
40 minutes of recording. Provocative techniques  

like hyperventilation couldn't be done at most of  
patients due to their heart conditions.  

The EEG machine parameters were adjusted  
before the recording as follows:  

• Time constant: 0.3sec. for EEG.  
• Drawing speed:  3.0cm/sec.  
.• Filter:  75Hz for EEG  

• Gain:  70v/cm.  

The EEG tracings were analyzed digitally and  

then reviewed manually as regards frequency,  

amplitude and symmetry of the background activity,  

as well as the presence of any epileptic charges.  

The background slowing was defined as; if the  
posterior dominant background rhythm is reactive  

but the frequency is too slow for age. At age of 3  

years; 82% of normal (full term) children show a  

mean occipital alpha rhythm of 8Hz mixed with  
theta, by 5-6 years; background become all of alpha  

rhythm (8-9Hz), and at 8 years; if not 8Hz so its  

definite abnormal [7] .  

The epileptic abnormalities were defined as:  
Spike; which is a pointed peak with 20-<70msec  
duration, sharp waves; pointed peak with 70-200  

msec duration, polyspikes or spike and wave com-
plexes. These abnormalities could be: Focal, gen-
eralized or focal with secondary generalization.  

Epileptiform activity was considered lateralized if  

more than 80% of the discharges originated from  

one side.  

Spectral analysis:  
Artifact free recordings were selected. Ten  

epochs of 10 seconds each were analyzed by ap-
plying Fast Fourier Transfor-Spectral EEG and the  

mean absolute power spectrum are calculated for  

the frequencies of delta (1-4c/s), theta (5-7c/s),  

alpha (8-12c/s), beta (>13c/s) waves.  

Normal reference patterns for, EEG were estab-
lished from the evaluation of cerebral function in  

healthy subjects matched for age and sex. The  
patient's parents attended during the recording  

sessions for reassurance of the patients and to  

report any abnormal events, this criterion can  
increase the diagnostic accuracy of this tool, oral  

informed consent was obtained from all parents.  

Statistical analysis:  
Data were statistically described in terms of  

mean ±  standard deviation (±  SD), or frequencies  
(number of cases) and percentages when appropri-
ate (the data was normalized if not, by using square  

root). Comparison of numerical variables between  
the study groups was done using student t-test for  
independent samples. For comparing categorical  

data, Chi square (χ 2
) test was performed.  

Accuracy was represented using the terms sen-
sitivity, and specificity. Receiver Operator Charac-
teristic (ROC) analysis was used to determine the  

optimum cut off value for the studied diagnostic  
markers. Pearson correlation coefficient ( r) was  
used to measure correlation between quantitative  

variables. (p-value) less than 0.05 was considered  
statistically significant and less than 0.01 was  
considered statistically highly significant.  

All statistical calculations were done using  
computer program SPSS (Statistical Package for  

the Social Science; SPSS Inc., Chicago, IL, USA)  

release 20 for Microsoft Windows (2010).  

Results  

Patients' characteristics:  

The study included 30 patients with CHD (17  
males and 13 females), their ages ranged from 4  

to 9 years with a mean of (5.84± 1.54 years). Com-
pared to 30 healthy children with matched sex and  

age (14 males and 16 females), as controls, their  
mean ages were (5.89± 1.31 years) with (p<0.05).  

The mean weight among the patients and con-
trols was (16.33 ±4.27 and 19.9±3.16kg) respec-
tively, while their mean height was (105.34 ± 16.8  
cm) for patients and (1 13.07 ± 10.54cm) for controls.  
The patients had significantly lower anthropometric  
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values (weight, height) than control group with  
(p<0.05) (Table 1).  

On comparing the mean values of oxygen sat-
uration, heart rate and respiratory rate between  
patients and controls we found highly significant  
difference between both groups (p<0.01).  

In 9 (30%) patients there was history of prior  
cardiac surgery, either open in 5 (16.7%) patients  
or closed heart surgeries in 4 (13.3%) patients.  

Patients were classified into two groups accord-
ing to the type of the cardiac lesion and their  
oxygen saturation, namely:  
A- Patients with acyanotic heart diseases which  

included 10 (33.3%) patients.  
B- Patients with cyanotic heart diseases including  

20 (66.7%) patients.  

EEG finding among patients with congenital  
heart diseases:  

Abnormal EEG findings were present in 17  
(56.7%) patients while none of the control group  
showed abnormal EEG changes.  

EEG abnormalities detected were in the form of:  
A- Epileptic changes were found in 6 (20%) pa-

tients.  
B- Background activity slowing detected in 16  

(53.3%) patients.  
C- Both epileptic changes & back ground activity  

slowing were found in 5 (16.7%) patients.  

On comparing the EEG findings between pa-
tients with cyanotic & acyanotic heart diseases,  
cyanotic patients had background slowing in 15  
patients, compared to 1 acyanotic patient. While  
epileptic changes were found in 6 patients in com-
parison to 0 patients with acyanotic heart diseases.  

Both epileptic changes and background activity  
slowing were found in 5 cyanotic patients compared  
to 0 acyanotic patients. And this was statistically  
highly significant (p-value <0.001) (Table 2). Also,  
5/9 patients with cardiac surgery had abnormal  
EEG findings; 1 patient had background slowing,  

1 had epileptic changes and 3 patients had both  
slowing and epileptic changes.  

Correlations:  
On correlating the EEG findings with the other  

parameters we found; highly significant correlation  
between background slowing and presence of cy-
anosis, and significant negative correlation between  
slowing and oxygen saturation. Epileptic changes  
were significantly correlated with the presence of  

previous operation. High significant correlation  
between oxygen saturation and cyanosis was  
present, (Table 3).  

When performing the receiver-operator charac-
teristic (ROC) curve analysis to determine the  
cutoff values of oxygen saturation below which  
background slowing are liable to occur was (0.87),  
which gives a sensitivity of 81.2% and 71.4%  
specificity (Table 4). When performing the (ROC)  

curve analysis for the epileptic changes, no cut off  

value could be obtained.  

Table (1): Demographic data comparison between patients  
and control.  

Variable  Patients (n=30)  
Mean ±  SD  

Control (n=30)  
Mean ±  SD  

p- 

value  

Age (in years)  5.84±1.54  5.89± 1.31  0.886  
Weight (in Kg)  16.33±4.27  19.9±3.16  0.001**  
Height (in cm)  105.34±16.8  113.07±10.54  0.032*  

SD: Standard Deviation.  
p-value <0.05: Significant*.  
p-value <0.01: Highly significant**.  

Table (2): Showed EEG findings among the patients.  

• Background 10 (50) 1 (10) 11 (36.7) <0.001**  
slowing only  

• Epileptic 1  (5) 0 (0) 1  (5)  
changes only  

• Both 5 (25) 0 (0) 5 (16.7)  

p-value <0.01: Highly significant**.  

Table (3): Correlations between different parameters in the  

patient group.  

Oxygen  Background  
saturation  slowing  

Oxygen  
saturation:  

(r)  
p-value  

Background  
slowing:  

–0.367  
0.046*  

–0.161  
0.395  

–0.798  
0.000**  

–0.222  
0.237  

(r)  –0.367  0.301  0.614  –0.117  
p-value  0.046*  0.106  0.000**  0.539  

Epileptic  
changes:  

(r)  –0.161  0.301  0.354  0.400  
p-value  0.395  0.106  0.055  0.028*  

Cyanosis:  
(r)  –0.798  0.614  0.354  0.154  
p-value  0.000**  0.000**  0.055  0.416  

Cardiac  
operation:  

(r)  –0.222  –0.117  0.400  0.154  
p-value  0.237  0.539  0.028*  0.416  

(r): Correlation coefficient.  
p-value <0.05: Significant*.  
p-value <0.01: Highly significant**  
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Table (4): ROC curve analysis of oxygen saturation to detect  

background slowing.  

Area under the curve  
Standard error  
95% confidence interval  

82%  
0.088  
0.653–0.999  

p-value  0.002*  
Cutoff value  >0.87  
Sensitivity  81.2%  
Specificity  71.4%  

p-value<0.05: Significant*  

Discussion  

In our study, patients with CHD showed signif-
icantly lower mean weight & height than the control  

group. The study done by Cheung et al., had similar  

results as they found that more than 50% of their  
patients fall below the 16 th  centile for weight and  
height [8] . Weintraub and Menahem also found that  

25-30% of their patients fall below the 3 rd  centile  
for both parameters in their previous study [9] .  
Failure of growth is common in patients with  

congenital cardiac malformations, and may be  

related to congestive heart failure and/or hypoxia  

as repair of simple lesions appears to reverse the  

retardation in growth. This growth failure could  
have many explanations, as hemodynamic distur-
bances, higher basal metabolic rates and decreased  
caloric intake, also the degree of growth impairment  

did not always correlate with the severity of the  

cardiac lesion [9] .  

Our study showed that (56.7%) of the patients  
had EEG abnormalities. EEG changes were in the  
form of: Epileptic activity in (20%), background  

activity slowing in (53.3%) or both in (16.7%).  

Similarly, Horst et al., demonstrated in their study,  

that (60%) of the infants with CHD had mild to  
severe abnormal EEG background pattern at some  

point during the recording period [6] . Epileptic  
activity appeared in (19%) of the infants which  

was also comparable with data reported by Limpe-
ropoulos et al., and El-Nagger et al.,  [10,11] .  

Another study performed by Aberastury et al.  

to detect abnormal cerebral function in neonates  
with congenital heart disease, revealed that (70%)  

of patients had EEG abnormalities with (35%) of  
them had moderate abnormalities with focal epi-
leptiform activity [12] , while Clancy et al., reported  
EEG changes in the absence of obvious clinical  

seizure in (11.5%) of neonates with CHD in their  
study [13] .  

In our study, EEG changes were more frequent  
in cyanotic CHD than those with acyanotic heart  
disease (53.3% and 3.3% respectively). Epileptic  

changes and background slowing were found in  
(20% and 50% respectively) of cyanotic while only  

one acyanotic patient had background slowing.  

Both epileptic changes and background slowing  
were found in (16.7%) of cyanotic patients com-
pared to (0%) of acyanotic patients. This goes in  

line with many previous studies, which reported  

more common neurological abnormalities in cyan-
otic infants [4,10,14,15] . Although, the results ob-
tained by Horst et al., Limperopoulos et al., and  
Rosenblatt, revealed that background patterns  

emerged equally often in infants with acyanotic  
and infants with cyanotic CHD and surprisingly,  
epileptic activity was more frequent in infants with  

acyanotic CHD [6,14,16] . This discrepancy between  
our results and their results may be due to the  

difference in the study design as they included  
infants with previous history of convulsions, while  
we excluded such patients from our study. Also  

Horst et al., used amplitude integrated EEG which  

records only one channel [6] , while conventional  
EEG (used in our study) always will provide more  

detailed information, but recordings are often  

shorter [17] .  

EEG abnormalities may be explained by many  
factors including associated genetic syndromes,  
potential risk of hypoxia, acidosis, and hypotension,  
all of which may increase the risk of neurodevel-
opmental delay [4,14,18,19] . Contributing factors  
include, associated congenital brain anomalies,  

coexisting genetic disorders that result in brain  

dysfunction, cerebrovascular complications, and  

complications of therapy. In addition to the devel-
opmental lesions previously mentioned, acquired  

lesions may be detectable in babies with CHD [20] .  

In the current work, we found that 5/9 (55.6%)  

patients with previous cardiac surgery had an  

abnormal EEG findings, also 3/5 patients with both  

epileptic changes and background slowing, showed  

history of previous cardiac operation, however we  
lack the early post-operative data and also the  

number of patients was too small. Post-operative  

EEG abnormalities were also reported in many  
studies where the incidence of post-operative sei-
zure detected by continuous EEG monitoring was  
12-20% of patients in the 48 hours following sur-
gery [13,17,21,22] . And could be recorded in up to  
56% of patients after the first week of surgery [15] .  
Many factors during the cardiac surgery could  

affect the brain development, longer ventilation  

duration and longer intensive care stay were asso-
ciated with a greater risk for an abnormal post-
operative background pattern abnormality and  

epileptic activity [17] .  

In our study we estimated that the cut off value  

of O2  saturation below which background activity  
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slowing are liable to occur was 87%. To the best  
of our knowledge, only few papers were concerned  
with noninvasive O2  saturation monitoring and its  
relation to EEG abnormalities as Donofrio and  
Massaro who reported that cyanotic infants with  
an oxygen saturation <85% had a higher incidence  
of abnormalities in the form of background activity  

disturbance and epileptiform activity [20] .  

In our result we found negative significant  
correlation between oxygen saturation and back-
ground slowing in EEG. Reduction in oxygen  
delivery initiates the shift to anaerobic metabolism  
which results in rapid depletion of energy reserves,  
accumulation of lactic acid, and the inability to  

maintain cellular functions. This energy failure  
will eventually cause neuronal cell death in the  
developing brain [6] .  

As the mortality rate for all congenital heart  

surgeries decreasing to be 1-2% in many large  

experienced centers, attention has increasingly  

turned to other morbidities affecting quality of life  

especially neurological outcome. Many non-
invasive monitors for cerebral oxygenation, blood  

flow and EEG can improve the outcome and most  

importantly the quality of life of our patients [23] .  

Limitations:  
Our study had some limitations, first the small  

number of patients with many heterogeneous char-
acteristics (cyanotic and acyanotic, pre-operative  

and post-operative). Another limitation of our study  

is that we do not have early post-operative data  

and long-term follow-up. Third, the intra-operative  

management strategies were not standardized.  

Conclusion:  
The early & sustained exposure to hypoxia in  

patients with CHD results in significant cerebral  
function changes in the form of background slow-
ing, epileptic changes or both.  
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