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Abstract

PURPOSE: The aim of the present study was to assess neurological sequelae within 30 days of surgical or cardiac
catheter interventions in infants and children.

METHOD: In this cross-sectional study, we evaluated all patients who developed neurological problems after cardiac
interventions either by surgery or by catheter by clinical evaluation, brain imaging, and electrophysiological studies.

RESULTS: Among 1200 procedures were performed; 895 (74.6%) were cardiac catheterizations either diagnostic
or intervention, 167 (13.9%) were open-heart surgery, and 138 (11.5%) were closed heart surgery. The overall
incidence of post-procedure neurological dysfunction in the studied population was 3.4%. The differences between
the three groups were statistically significant (p < 0.0001(. In our series, the neurological complications were in the
form of disturbed conscious level in 2/41 (4.9%), impaired motor function in 11/41 (26.8%), impaired mental functions
in 6/41(14.6%), hyperreflexia in 27/41 (65.9%), and seizures in 38/41 (92.7%). The most common presentation of
seizures was in the form of focal fits 21/41 (51.2%), followed by generalized fits in 15/41(36.6%) and then myoclonic
fits 2/41 (4.9%).

CONCLUSION: Seizures are the most common complication following cardiac interventions in pediatric age and the
highest percentage following open heart surgery.

competing interests exist.

Open Access: This is an open-access article distributed
under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Congenital heart diseases (CHDs) are one of
the most common congenital defects being responsible
for multitude of complications despite the recent surgical
and interventional techniques improvements [1].
The mortality rate is increased in complex conditions
associated with heart failure, respiratory failure, or shock.
Indeed, the mortality rate reported by several centers is
around 6% in children compared to 3% in adults [2].

Recent evidence suggests that recent
therapeutic interventions aimed at minimizing
progressive organ function deterioration, especially the
brain, might be as well helpful in reducing in-hospital
mortality and improving neurological outcome as well as
quality of life after cardiac arrest insults [3]. Circulatory
arrest during cardiac surgery is often associated
with a great risk of postoperative neurological deficit
with strokes in adults and seizures in children being
the most common neurological complication after a
cardiac surgery [4]. Early-onset seizures are common
manifestation in children afflicted with arterial ischemic
strokes, yet their clinical features and outcomes have
been understudied [5]. Recently, there have been
several retrospective reports suggesting an increase

in seizures frequency post-cardiopulmonary bypass
entailing increased patient morbidity [6]. A longstanding
concern about cerebral injury potential in infants after
heart surgery had been raised. The post-operative
cognitive function evaluation of such patients has
consistently demonstrated neurological impairment
deficits, the etiology of which appears to be multifactorial
and a growing need for better understanding is
warranted. Variety of techniques had been used to gain
insight into early neurological injury. Those techniques
included electroencephalography brain isoenzymes
and cerebral metabolism measurements. Brain imaging
studies can also play a key role in mapping the extent
and nature of the neurological insult [7]. The aim of this
current work is to identify neurological complications
within 30 days following pediatric cardiac interventions
may it be through surgery or catheterization.

Patients and Methods

This study was a cross-section analytical study
conducted at Cairo University Specialized Pediatric
Hospital, Faculty of Medicine, in the period from January
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2015 to February 2016. The study included all pediatric
cardiac patients who underwent cardiac interventions
either by surgery or by catheter and developed
neurological complications. The patients were recruited
from the pediatric postoperative or post-catheterization
ICU in Cairo University Specialized Pediatric Hospital.
The neurological sequelae within 30 days of pediatric
cardiac interventions were reported with exclusion
of patients who presented with any neurological
abnormality before the procedure or after 30 days
of the cardiac interventions. Neurologically affected
patients were subjected to (1) clinical evaluation;
general examination, initial cardiac condition, type of
cardiac intervention either by surgery or by catheter,
neurological examination, (2) neuroimaging including
CT/MRI, (3) neurophysiological studies including
electroencephalography, visual evoked potential (for
patients having abnormal gaze after intervention), and
(4) cranial ultrasound. Follow-up after 3 months for
the neurological sequelae: all patients were assessed
clinically and MRI was done for patients who had normal
CT brain at 1* presentation. Informed verbal consent
was taken and the study protocol was approved by the
Research Committee of Pediatric Department, Faculty
of Medicine, Cairo University (ref. number 1.230314).

Statistical methods

Data were analyzed using SPSS© Statistics
version 17 (SPSS Statistics for Windows, Version
17.0. Chicago: SPSS Inc.). Normality of numerical
data distribution was examined using the Shapiro-Wilk
test. Normally distributed numerical variables were
presented as mean + SD and intergroup differences
were compared using the unpaired t-test (for two-group
comparison). Categorical variables were presented as
number and percentage and intergroup differences were
compared using Fisher’s exact test (for nominal data) or
the Chi-squared test for linear-by-linear association (for
ordinal data). Time to event analysis was done using
the Kaplan—Meier method. All reported p-values are two
tailed. p < 0.05 was considered statistically significant.

Results

Our cohort included 1200 patients; 41 of
them (3.4%); 23 males and 18 females developed
neurological complications, the highest percentage was
among open heart surgery group (n = 19/167, 11.4%),

followed by closed heart surgery group (n = 10/138,
7.2%), the cardiac catheterization group (n = 12/895,
1.3%). The overall mortality was 110/1200 (9.2%)
with a significant difference between the three groups
(p < 0.001) (Table 1). Regarding the diagnosis and
type of cardiac intervention done of total 41 patients
suffered from neurological complications 12 patients
underwent interventional catherization, eight patients
were acyanotic (66.7%) while four patients were
cyanotic (33.3%) and the highest number of procedures
done were balloon valvoplasty for PS for 5/12 patients
(41.7%). Out of ten patients underwent closed heart
surgery seven of them (70%) were acyanotic while three
patients (30%) were cyanotic and the most frequent
procedure done was Coarctectomy (4/10, 40%). And
finally, out of 19 patients who had open heart surgery
11 patients (57.9%) were acyanotic and eight patients
(42.1%) were cyanotic and the most frequent procedure
done was VSD closure (5/19, 26.4%) (Table 2).

Seizures were the most common presentation
38 of 41 patients (92.6%) either in the form of focal fits
n = 21/41 (51.2%) or generalized fits in 15/41(36.6%)
or myoclonic fits 2/41 (4.9%). Among these groups, 27
patients were controlled within 48 h (71.1%) in comparison
to 11 patients (28.9%) controlled after 48 h (Table 3).
EEG was done for 24 patients presenting with seizures;
14 of them (58.3%) had normal EEG findings while the
remaining ten patients (41.7%) had diffuse brain insult
(Table 3). Among these 2 groups, five patients had normal
brain imaging, 13 had brain infarction and six atrophic
brain changes. There was no statistically significant
correlation between brain imaging and ICU stay (p =
0.552). Four patients had abnormal eye movements post
interventions with normal fundus examination in the four
and two of them had abnormal VEP.

The neurological sequelae in the studied
population were in the form of disturbed conscious level
(DCL) in 2/41 (4.9%), impaired motor function in 11/41
(26.8%), impaired mental functions in 6/41(14.6%), and
hyperreflexia in 27/41 (65.9%) (Table 3).

Regarding the early post-procedure motor
assessment, there was no statistically significant
difference between patients having normal motor
function and impaired motor function regarding the
occurrence of convulsions (p = 1.000). The mean for
cardiopulmonary bypass time in patients with normal
motor function was 110 min while those who have
abnormal motor function was 81 min with (p = 0.295)
and the mean for aortic clamping time for patients with
normal motor function was 77 min while those who have
abnormal motor function was 34 min with (p = 0.057).

Table 1: Comparison of the incidence of neurological complications associated with the cardiac interventions and the outcome

Procedure Total number of Neurological No neurological Outcome died Survived to hospital p value
procedures complications (%) neurological (%) (%) discharge (%)

Catheterization 895 12(1.3) 883 (98.7) 39 (4.4) 856 (95.6) <0.0001

Closed heart surgery 138 10(7.2) 128 (92.8) 33 (23.9) 105 (76.1)

Open heart surgery 167 19 (11.4) 148 (77.2) 38 (22) 129 (77.2)

Total 1200 41 (3.4) 1159 (96.6) 110 (9.1) 1090 (90.8)
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Table 2: Characteristics, initial diagnosis and interventions of
the studied groups

Variable No/Percentage

Total number of affected patients 41
Male 23 (56.1)
Female 18 (43.9)

Interventions done for affected groups

Interventional cardiac catheterization (n = 12)
Pulmonary Valvoplasty for PS 5(41.7)
VSD device closure for VSD 2(16.7)
PDA closure for PDA 1(8.3)
Aortic valvoplasty for AS 1(8.3)
RF ablation of atresia for PS 1(8.3)
PDA stenting for Pulmonary atresia - d. TGA 1(8.3)
Raskind procedure for TGA 1(8.3)

Closed heartsurgery (n = 10)
Coarctectomy for coactation of aorta 4 (40)
Vascular ring repair for Double aortic arch 1(10)
PA banding and PDA Closure for ASD - PDA 2 (20)
BT shunt for Fallot tetrology 1(10)
PA banding for tricuspid atresia -malposition great vessels 1(10)
PDA closure for PDA 1(10)

Open heart surgery (n = 19)
VSD closure for VSD 5(26.4)
Total repair of Fallot tetralogy 3(15.8)
ASD VSD repair for ASD-VSD 2(10.5)
ASD closure for ASD 1(5.3)
ASD&PDA closure for ASD, PDA and mild PS 1(5.3
CAVC repair for CAVC 1(5.3
Atrial repair for Common atrium 1(5.3
Senning operation for d. TGA

PA banding for DORV-TGA
Glenn operation and PDA ligation for extreme Fallot's tetralogy and PDA 1 (5.3

Pulmonary valvotomy for PS 1(5.3

Glenn and Septectomy for single ventricle 1(5.3
Number of antiepileptics used

Nil 3(7.3)

Single 26 (63.4)

Multiple 12 (29.3)
Outcome 3 month post procedure

Normal motor 17 (41.4)

Affected motor 3(7.3)

Died 21(51.2)

Table 3: Spectrum of neurological complications in the studied
groups (n = 41)

Variable
Early neurological assessment of the affected children
Motor function

Frequency (%)

Normal 30 (73.2)

Impaired 11 (26.8)
Mental function

Normal 35 (85.4)

Impaired 6 (14.6)
Tendon reflexes

Hyperreflexia 27 (65.9)

Hyporeflexia 5(12.2)

Normal tendon reflexes 9(21.9)
Seizures 38 (92.7)

16/38 (42.1)
10/38 (26.3)
12/38 (31.5)

Open heart surgery
Closed heart surgery
Catheterization

Onset
Day 1or2 21(55.3)
After day 2 17 (44.7)
Type of convulsions
Generalized 15/38 (39.5)
Focal 21/38 (55.2)
Myoclonic 2/38 (5.2)
Disturbed conscious level 2/41 (4.9)
Electroencephalogram 24
Normal 14 (58.3)
Diffuse brain injury 10 (41.7)
Brain imaging 27
Normal 5(18.5)
Brain infarction 15 (55.6)
Atrophic changes 7 (25.9)
Fundus examination 4
Normal 4 (100)
Abnormal 0
VEP 4
Normal 2 (50)
Abnormal 2 (50)

VEP: Visual evoked potential.

Assessment of the motor function of the patients after
3 months (total number 20 patients) (4 patients died
outside the ICU) revealed normal motor development
in 14 patients among this Group 1 patient had good

contractility and 13 had fair contractility while patients
who had delayed motor development were six patients
two of them had good contractility and four patients
had fair contractility with (p = 0.013). Furthermore,
assessment of the same two groups regarding number
of inotropic agents showed no statistically significant
difference between patients having normal motor
function and patients having impaired motor function
after 3 months post-procedure regarding number of
inotropic agents (p = 0.067) (Table 4).

Regarding the relationship between the brain
imaging and post-procedure myocardial contractility,
of the five patients who had normal brain imaging two
patients had good myocardial contractility, three had fair
contractility while all who had brain infarction had fair
contractility (total 15 patients) and finally out of those
who had atrophic changes (seven patients) two patients
had good contractility and five had fair contractility (p =
0.037) (Figure 1) and among the three groups of the brain
imaging results five patients had no inotropic support
while were admitted in the ICU, seven patients were on
single inotrope,11 patients on two inotropes while four
patients were on three inotropes with (p = 0.975).

THREE

NUMBER OF INOTROPIC AGENTS

FAIR

GOOD

MYOCARDIAL
CONTRACTILITY

= Brain infraction  m Normal CT/MRI

Atrophic changes

Figure 1: Relationship between CT/MRI findings and myocardial
contractility in affected children (p = 0.037)

Discussion

Congenital heart diseases (CHDs) have the
highest incidence as congenital fetal malformations
and are incriminated in causing a high rate of childhood
mortality and morbidity [8].

The previous studies demonstrate that
mortality from congenital heart disease (CHD) has
been declining among infants and young children.
There is little population-based data on behavior of
CHD mortality among older children and adults [9].

Neurological complications are the most
common long-term complication of congenital heart
diseases in patients underwent surgery during infancy.
Early surgical cardiac interventions, mainly in neonates
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Table 4: Relation between myocardial contractility, number of inotropes and outcome 3 months post-procedure in affected children

Variable Outcome 3 month post-procedure

Normal motor function (n = 17) Abnormal motor function (n = 3) Died (n = 21) b Df p value
n % n % n %
Contractility
Good 4 235 0 0 0 0 6.232 1.000 0.013
Fair 13 76.5 3 100 20 95.2
Poor 0 0 0 1 4.8
Number of inotropes
Nil 4 235 0 0 2 9.5 3.348 1.000 0.067
One inotrope 5 294 0 0 4 19
Two inotropes 6 35.3 2 66.7 9 429
Three inotropes 2 11.8 1 33.3 4 19
Four inotropes 0 0 0 0 2 9.5

N.B 4 patients died outside the ICU during the follow up period

and young children, increase the risk of brain injury.
Abnormal neurological development experienced early
in life has a long-term outcome [10].

Due to major developments in surgical
procedures and per- and post-operative management,
survival after neonatal cardiac surgery has risen
to > 90 percent over the past decades. It has also
become noticeable; however, that neurodevelopment
is compromised in around one-third of children who
underwent surgery in the neonatal period [11].

It is noteworthy to mention that among
1200 patients who underwent either catheterization
procedures (n = 895), closed heart surgery (n = 138),
or open-heart surgery (n = 167), and neurological
complications occurred in 41 patients representing 3.4%
of the studied population. Neurological complications
were more common among patients subjected to
open heart surgery, followed by closed heart surgery.
The least common was patients subjected to cardiac
catheterization. In our current work, 92.6% (38/41) had
seizures, half of them underwent open-heart surgery,
and the least happened post-cardiac catheterization.
The seizures were in the form of focal fits in 21 patients
(51.2%), generalized fits in 15 patients while myoclonic
fits happened only in 2 patients. In accordance to
our study, Liu et al. study [12] stated that out of 3,648
studied children 14 (0.38%) of them developed
neurological complications, 10/14 (71.5%) patients
had convulsions. On the other hand, Jafri et al. [13] in
2017 reported that 35 out 2000 patients (1.75%) who
underwent congenital heart disease surgery developed
acute neurological complications and 28 of them (80%)
had seizures. In our cohort, the onset of convulsion
was within the first 2 days after interventions in 21/38
patients (55.3%), while its frequency was less than 3/day
in 31/38 patients (81.6%). Response to anticonvulsants
varied, 27 patients were controlled within 48 h (71.1%)
in comparison to 11 (28.9%) controlled after 48 h.
Twenty-six patients (68.4%) were controlled with
one anticonvulsant, ten patients (26.3%) with two
anticonvulsants while only two patients needed three
anticonvulsants (5.3%). Similarly, Jafri et al. [13] study
found that regarding response for anticonvulsants in
his study three patients (8.5%) needed no treatment,
19 patients were controlled on single drug (54%) and
13 patients (36%) needed multiple dug therapy to
achieve control. The same study reported altered level

of consciousness in five patients out of 35 (14%) while
our study reported altered level of consciousness in
only 2/41 (4.9%).

In the present study, 24 patients underwent
electroencephalographic recordings, 14 cases had
normal recording, diffuse brain injury was recorded
in ten cases, hypoactive background activity in eight
cases while abnormal focal discharge was found in two
patients only.

In agreement to our study, Meyer et al. [14]
studied the role of EEG recordings in children
undergoing cardiac surgery. Sequential performance of
2 EEGs before and after cardiac surgery was done for
313 children (age: 54.2 + 55.7 months). An abnormal
EEG was detected in only eight of 313 patients (2.5%;
focal slowing in one patient, generalized slowing in five
patients, and epileptiform discharge in two patients)
after cardiac surgery, while the EEG was normal in the
remaining 305 patients (97.5%).

Regarding post-procedure neurological
assessment of the affected children (n = 41), motor
function was impaired in 11 of them (26.8%), in the
form of paresis, while impaired sensorium occurred in
six patients (14.6%). Hyperreflexia was recorded in 27
patients (65.9%), hyporeflexia in five patients (12.2 %).
and normal tendon reflexes in 9 patients (21.9%).

A study done by Asaki et al. [15] described
the occurrence of arterial ischemic stroke before and
after cardiac surgery, he found that out of 52 patients
who developed AIS postoperatively 19 patients (37%)
developed facial or limb weakness.

In our current work, 27 out of 41 cases did
brain imaging (CT or MRI). Fifteen patients had brain
infarction (55.5%), seven patients had atrophic changes
(25.9%), while five patients were normal.

Agarwal et al. [16] studied the occurrence
of postoperative complications and association with
outcomes in pediatric cardiac surgery, he found out
of total of 325 patients were studied: 271 with CPB
(cardiopulmonary bypass) and 54 without CPB,
neurological complications occurred in 13/271(4.8%)
and 2/54(3.7%). He also found abnormal neuroimaging
in 7/271(1.6%) and in 1/52(1.8%).

Similarly, Beca et al. [17] conducted his study
on 153 infants who underwent surgery for congenital
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heart disease at <8 weeks of age. He assessed his
patients with serial magnetic resonance imaging scans
before and after surgery and at 3 months of age and
found that out of 135 patients 59 infants (44%) had new
brain injury on their first post-operative scan (18 infants
could not be assessed for early post-operative MRI
imaging). Moreover, Peyvandi et al. [18] studied the
development of new MRI findings in two groups of
patients with HLHS (n = 30) and TGA (n = 49) who
underwent open heart surgery with pre- and post-
operative magnetic resonance. Post-operative MRI
missing in three subjects with TGA and three subjects
with HLHS due to death of subjects. He found a new
MRI lesions postoperatively in the form of stoke in
eight patients (one patient with TGA and seven patients
with HLHS) and white matter lesions in 22 patients (13
with TGA and 9 with HLHS). In Andropoulos et al. [19],
study, brain MRI was done for 67 neonates with cardiac
surgery at 7 days postoperatively and at age 3-6
months. Twenty-four of 67 patients (36%) had new post-
operative white matter injury, infarction, or hemorrhage.

In our cohort, by comparing CT and MRI brain
findings in the affected patients, there was no statistically
significant difference between patients having normal
EEG and those having abnormal EEG (p = 0.109).

However, in all the ten cases interpreted in
EEG as diffuse brain insult, CT, or MRI always revealed
a pathology; brain infarction in eight cases (85%) and
atrophic changes in the remaining two cases (20%).

In the contrary, Rappaport et al. [20] studied
the outcome of infants who have transient seizures
after open heart surgery who underwent arterial switch
operation for D-transposition of the great arteries
correction. He found that transient postoperative
clinical and EEG seizures were associated with MRI
abnormalities at 1 year of age.

The current study showed that there was
statistically significant correlation between CT and MRI
findings and post-procedure myocardial contractility
(p = 0.037). However, there was no statistically
significant correlation between CT and MRI findings
and length of ICU stay (p = 0.552).

In accordance to our work a previous study [17]
found no statistically significant correlation between
MRI findings and length of ICU stay (p = 0.40).

Regarding ICU duration, it is evident from the
results of the present study that there was statistically
significant correlation between number of inotropic
agents needed and ICU duration (p = 0.002). These
findings suggest that the long ICU stay was related
to the severity of the cardiac condition and not to the
severity of the neurological insult. On the contrary to
our study Von Rhein et al. [21] who studied the risk
factors for adverse neurodevelopmental outcomes in
school-age children after full flow open-heart surgery
for congenital heart disease in 117 children. He found
that the neurological abnormalities at the follow-up

examination were correlated with length of hospital stay
(p < 0.001), and post-operative focal neurologic signs
or EEG changes (p < 0.001). He also found that poor
motor function was associated with a greater number of
bypass surgeries (p < 0.01).

This was in contrast to our study that found
regarding the early motor function assessment there was
absence of statistically significant difference between
patients having normal motor function and abnormal
motor function regarding by-pass time (p = 0.295) while
there was near statistically significant difference between
both groups regarding the aortic clamping time (p =
0.057). Furthermore, there was no statistical significant
difference between patients having normal motor function
and those having abnormal motor function regarding the
occurrence of convulsions (p = 1.000).

The current study and the similar studies are
targeting the patients having congenital heart diseases
from the neurological point of view as they are suffering
during their course of disease from several factors that
can lead to neurological affection starting from chronic
hypoxia, increased susceptibility to thrombosis, and
intraoperative/intra catheterization insults.

Improving the neurological monitoring of these
patients, early detection of hypoxic insults and methods
that can detect early brain dysfunction like intraoperative
EEG can maintain the normal future neurological
development of these patients by providing early
intervention to prevent catastrophic events like cerebral
dehydrating measures intraoperatively or adding drugs
with neuroprotective effects in the early course of the ICU.

Although this hard work our study has some
limitations including, lacking of post-operative EEG
and brain imaging in some patients due to bad general
conditionand early death of the patients before doing these
investigations. Furthermore, lacking of the neurological
evaluation preoperatively because most of the cardiac
patients may have some sort of hypoxia which may lead
to minor neurlogical affection which in this condition will
not be related to the cardiac intervention done for these
patients. And finally, the short duration of follow-up (only
3 months) which cannot predict the overall and long-term
sequalae of the cardiac intervention.

Recommendations of the current study

1. Neurological assessment preoperatively for
patient that will undergo cardiac interventions.

2. Neurological imaging (brain CT or MRI)
preoperatively to help to identify new lesions
after cardiac interventions.

3. Intraoperative monitoring of early brain insult
and early postoperative by continues EEG
monitoring.

4, Mass studies for these types of interventions

with long-term follow-up till school age with 1Q
testing to detect any cognitive impairment.
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Conclusion

Neurological complications are the most
common long-term complications after pediatric cardiac
interventions and its early monitoring and management
can improve the future neurodevelopmental outcome in
infants and young children.
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