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Case Report

A case report of spastic diplegic cerebral palsy in a late preterm
child with hypoplastic left heart syndrome
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Background: Congenital heart disease (CHD) is the most common birth defect, affecting 1% of children
who are born in the United States each year. Children with hypoplastic left heart syndrome, a type of critical
CHD, are at high risk for neurodevelopmental disabilities, which are conditions that can affect motor,
language, and cognitive development. In children with critical CHD, the severity and prevalence of their
motor delays is most pronounced in infancy.

Case Description: We present a case of a former late preterm male with hypoplastic left heart syndrome
and history of hypoxic ischemic encephalopathy, who was diagnosed with spastic diplegic cerebral palsy
in the setting of periventricular leukomalacia. Like many children with critical CHD, this child had gross
motor delays and tone abnormalities in infancy. However, unlike many children with CHD, he continued
to have neurologic differences that prompted additional evaluation through a Cardiac Neurodevelopmental
Program. He was diagnosed with spastic diplegic cerebral palsy based upon clinical history and physical
examination. Ancillary testing showed periventricular leukomalacia on brain magnetic resonance imaging
(MRI); this finding was consistent with his clinical diagnosis.

Conclusions: This is an interesting case report of spastic diplegic cerebral palsy in a late preterm infant
with critical CHD. When making a diagnosis of cerebral palsy, it is important to consider the etiology
of the motor impairment. Selective vulnerability may have played a factor in this child’s condition. The
most vulnerable part of the neonatal brain is the periventricular white matter; cerebral hypoxia can lead
to periventricular leukomalacia. Children with CHD have brain dysmaturity beginning in-utero. Thus,
it is possible that this child’s brain dysmaturity may have increased his susceptibility to periventricular
leukomalacia. Because most children with CHD have gross motor delays in infancy, it may be challenging
to make a definitive diagnosis of cerebral palsy in an infant with critical CHD. Children with cerebral palsy
have early motor delays that persist throughout life. It is the identification of persistent motor impairments
through repeat evaluations that enabled this child’s cerebral palsy diagnosis. This illustrates the importance

of developmental surveillance in children with critical CHD.
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Introduction

Congenital heart disease (CHD) is the most common
birth defect, affecting 8 per 1,000 live births annually (1).
One example of CHD is hypoplastic left heart syndrome,
which accounts for 2-3% of all CHD (2). Children
with hypoplastic left heart syndrome are at high risk
for neurodevelopmental disabilities (NDD), a group of
conditions that can affect cognition, language, behavior, and
mobility (3).

In infancy, individuals with CHD often have abnormal
neurologic findings, including hypotonia (low tone) and
motor delay. As they mature, they commonly exhibit
additional delays in language skills, cognition, and social-
emotional development that persist into young adulthood
(3,4). Some children have minimal neurodevelopmental
impairment, and others have severe impairment (4).

Highlight box

Key findings

® This is an interesting case report of spastic diplegic cerebral palsy
in a late preterm infant with critical congenital heart disease
(CHD). Spastic diplegic cerebral palsy is uncommon in late
preterm children; however, developmental surveillance enabled the
identification of this condition.

® Motor delays can occur in children with conditions including
CHD and cerebral palsy. Because this child had CHD, his motor
delay in infancy was not unexpected; it was through developmental
surveillance that ongoing motor deficits led to further evaluation,
and his cerebral palsy was identified and treated.

What is known and what is new?

e Children with CHD are at high risk for neurodevelopmental
disabilities and have an evolving neurodevelopment trajectory.
Their maximal motor impairment occurs in infancy, their
behavioral problems are first noted in toddlerhood, and they have
learning disabilities during school age years.

* This case report also illustrates the importance of considering
brain dysmaturity in infants with CHD, how brain dysmaturity
contributes to neurodevelopment, and what diagnostic dilemmas
may arise when evaluating and treating these formerly critically ill
children.

What is the implication, and what should change now?

e With the evolution of neurodevelopmental trajectories in children
with CHD, continued developmental surveillance is imperative for
identification of persistent motor delays and risk for cerebral palsy.

* Research on brain dysmaturity and selective vulnerability in
children with CHD should continue, with a focus on etiology and
effects of cerebral palsy and other neurodevelopmental disabilities

in this population.
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In children with CHD, the prevalence of motor
impairments ranges from 20-50%. In toddlers with
critical CHD, the prevalence of severe motor impairments
reaches 60% (5,6). Overall, the prevalence of severe motor
impairments is highest in younger children and does not
result in cerebral palsy, which suggests that their motor
skills may improve over time (6).

Like children with CHD, children with cerebral palsy
have motor impairments in infancy. Cerebral palsy is
the leading cause of childhood disabilities in the United
States, and it refers to a group of neurological disorders
that permanently affect body movement and muscle
coordination (7). Unlike children with CHD, children with
cerebral palsy have motor impairments that continue, rather
than dissipate, over time. Children with cerebral palsy have
persistent primitive reflexes, asymmetric posture, and tone
differences in their neck or trunk (8). One of the leading
causes of cerebral palsy in very preterm (28-32 weeks’
gestation) infants is periventricular leukomalacia (9,10).

We present a case of a former late preterm (36 weeks’
gestation) male with hypoplastic left heart syndrome
and a history of hypoxic ischemic encephalopathy and
periventricular leukomalacia, first noted on head imaging
in infancy. He was subsequently diagnosed with diplegic
cerebral palsy during a neurodevelopmental evaluation in a
Cardiac Neurodevelopmental Program specialty clinic. We
present this case in accordance with the CARE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-24-57/rc).

Case presentation

We evaluated the chart of a four-year-old boy who
presented to a Cardiac Neurodevelopmental Program
specialty clinic for neurological concerns in the setting of
critical CHD.

Regarding his birth history, a prenatal echocardiogram
showed an hypoplastic left heart syndrome variant. There
were otherwise no pregnancy complications. The delivery
was initially planned as an elective Cesarean section to a
25-year G2 P1002 mother. Prior to the scheduled delivery,
the mother was admitted for premature rupture of
membranes and preterm labor at 36 3/7 weeks’ gestation.

The infant was in the transverse lie position at the
time of delivery. Initial Apgars were 8 at 1 minute and 9
at 5 minutes. He was cyanotic at delivery. He required
supplemental oxygen with 25% FiO, at 2 liters per minute
after delivery for mild grunting and transient tachypnea of
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the newborn. He did not require any other resuscitation.

His birth weight was 2,560 g, and his head circumference
was 32 cm. His initial blood gas was a pH of 7.18, CO,
of 49, and pO, of 23 at the birth hospital. Prostaglandin
infusion was initiated 0.05 mcg/kg/min at 45 min of life.

During transport to the cardiovascular intensive care unit,
he had a transient episode of apnea that resolved when he
was placed on nasal cannula and his prostaglandin infusion
was decreased to 0.02 mcg/kg/min. The prostaglandin
E (PGE) was further decreased to 0.01 mcg/kg/min.
He remained in normal sinus rhythm throughout his
course.

He had a postnatal echocardiogram that showed
hypoplastic left heart syndrome with mitral and aortic
atresia. He was then transported to another hospital for his
Norwood palliation.

His birth was complicated by hypoxic ischemic
encephalopathy. His brain magnetic resonance imaging
(MRI) at 2 days chronologic age was consistent with
hypoxic ischemic encephalopathy and periventricular
leukomalacia with pre-Wallerian degeneration. Because he
had not yet had any surgical intervention at that time, we
believe that this hypoxic insult occurred prenatally. Genetic
testing revealed unrelated findings. He was discharged from
the hospital at three months of age, secondary to surgical
palliation of his CHD, specifically the Norwood procedure.

Regarding his surgical history, he was initially palliated
with a Norwood Blalock-Taussig-Thomas shunt and
tricuspid valvuloplasty when he was 5 days old. During his
surgery, he was on cardiopulmonary bypass for 165 minutes
and had a cross-clamp time of 106 minutes. He had
antegrade cerebral perfusion of 76 min and circulatory
arrest of 30 minutes. His length of stay after the Norwood
procedure was 97 days.

Prior to his Glenn surgery, he had a rotavirus infection,
and he was readmitted when he was 4 months old. He
underwent fluid resuscitation and remained in the hospital
for his Bi-directional Glenn, which he had 6 days after
readmission. During his surgery, he was on cardiopulmonary
bypass for 76 minutes. He remained in the hospital for
26 days after his Glenn surgery. He was 5 months old when
he was discharged home.

This child was noted to have a right-hand preference at
five months of age. Otherwise, his development in infancy
was age-appropriate in other domains. By fourteen months,
he was receiving occupational, speech, and developmental
therapies. He had increased muscle tone in his extremities,
and he continued to have a right-sided preference. His
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brain MRI at sixteen months of age showed bilateral
periventricular leukomalacia (Figure 1). By 20 months, he
had both axial hypotonia and appendicular hypertonia.
At four years of age, he continued to have axial hypotonia
and left arm hypertonicity. He also had mild limb-length
discrepancies, with his right extremities longer than left.
He had gait asymmetry, mild Achilles tendon tightness,
and ankle spasticity. At four years of age, another brain
MRI showed periventricular leukomalacia with Wallerian
degeneration, now more prominent on the right (Figure 2).
Imaging findings were consistent with his developmental
history and physical examination findings. He was
diagnosed with asymmetric spastic diplegia and was referred
to physical therapy for appropriate services.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient’s legal guardian for the
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Discussion

This is an interesting case report of a late preterm infant
with critical CHD and spastic diplegic cerebral palsy.

A strength of this case is that this child had multidisciplinary
evaluations on a regular basis. After he was discharged from
the cardiovascular intensive care unit, he was scheduled
to have outpatient care through Pediatric Cardiology. He
also received outpatient care from several specialty services,
which included Pediatric Neurology, Neurodevelopment
Disabilities, and Developmental Therapies. Using the 2012
American Heart Association (AHA) Scientific Statement’s
risk categories, our center identifies high-risk individuals
who meet the criteria for risk category 1; these are
individuals who were cyanotic or acyanotic and had open-
heart surgery in infancy (11). Infants and toddlers with
single ventricle physiology fit this category. We evaluate all
children with single ventricle physiology through periodic
developmental and medical evaluations every 6 months in
the outpatient setting.

A limitation of this study is that knowledge about
neurologic and neurodevelopmental differences in children
with CHD is still emerging, and not all etiologies have
been identified. The etiologies are not well understood
and are multifactorial (12). Early research has focused on
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Figure 1 Brain MRI at 16 months of age. On the left is an axial T'1 image, which shows brain anatomy. On the right is an axial T2 FLAIR
image, which highlights areas of pathology. Both images show bilateral moderate to severe periventricular leukomalacia and corpus callosal
thinning. This is evident because of enlargement of the lateral ventricles, which signifies decreased volume in the white matter tracts. In the
T2 FLAIR image, there is hyperintensity around the ventricles, which highlights the area of brain injury. MRI, magnetic resonance imaging;
FLAIR, fluid-attenuated inversion recovery.

Figure 2 Brain MRI at 4 years of age. On the left is an axial T'1 image, and on the right is an axial T2 FLAIR image. Similar to Figure I,
both images show moderate bilateral periventricular leukomalacia and diffuse corpus callosal thinning. In addition, there is even more
hyperintense signal around the ventricles. These findings are consistent with the progression of the findings that are shown in Figure 1.

MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery.
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the intraoperative and perioperative factors and the risk
they pose on early neurodevelopment. Research has shown
that these factors can affect motor, language, and cognitive
outcomes in children with CHD (13-15). Prolonged
cardiopulmonary bypass time and length of stay also pose a
risk to brain growth (16).

Recently, genetic research has found some evidence that
alterations in certain genes may contribute to NDD in
children with CHD. One study found 12 NDD genes with
damaging de novo variants that alter both cardiac patterning
and the connectome (17). Many genetic syndromes such
as Trisomy 21, 22q11 deletions, and specific genes such
as CHD7 have been commonly associated with both
neurodevelopmental and cardiac features (18).

Cardiac pathophysiology can also lead to risk of NDD.
Heart defects such as single ventricle physiology decrease
the oxygen delivery to the brain, which may contribute to
neurodevelopmental impairment (12,19-22).

Prematurity is another factor that can affect
neurodevelopment. Children with CHD who are born
prematurely are at an increased risk for neurodevelopmental
impairments and mortality (23,24). A recent study found
that early term birth was associated with greater prevalence
of executive dysfunction (25).

There are also socioeconomic factors that can affect
neurodevelopment. These include maternal education,
health insurance, transportation to the hospital, and
living environment. Previous research has shown that
children with poor socioeconomic status have poor
neurodevelopmental outcomes (26-29). Because it is
difficult to identify one primary cause of NDD, we have
presented information about several risk factors that may
have contributed to this patient’s neurodevelopmental
outcomes.

While we hypothesize that brain dysmaturity is a
potential cause for this child’s increased susceptibility
to injury, we cannot be certain that this is a definitive
contributing factor. We have assumed that he had brain
insults before or during birth that led to periventricular
leukomalacia, but we cannot validate this assertion
retrospectively, as our earliest information about brain
imaging findings is when he was 2 days old. This was
prior to his surgical palliation procedures. He did not have
seizure activity in the post-operative period. Despite the
remaining questions about what made this child susceptible
to periventricular leukomalacia, our findings help to stress
the importance of continued developmental monitoring in
children with critical CHD.

© Translational Pediatrics. All rights reserved.

From 24-40 weeks of gestation, pre oligodendrocytes are
developing and are susceptible to hypoxia (9). Hypoxia can
result in the pathogenesis of periventricular leukomalacia,
which is associated with neurodevelopmental disorders that
include cerebral palsy (9). In a study of children with severe
periventricular leukomalacia, 63% were born between 24—
28 weeks gestation, 22% were born between 28-30 weeks
gestation, and 2% were born >37 weeks gestation (9).

Although it is rare for late preterm or full-term infants to
have diplegic cerebral palsy in the setting of periventricular
leukomalacia, this white matter injury should still be
considered. This child may have been more susceptible to
this condition, because children with CHD have dysmature
brain development, with brain volumes about 4-6 weeks
behind their healthy same-age peers (30,31). Thus, his brain
dysmaturity may have increased his risk for cerebral palsy in
the setting of periventricular leukomalacia (32).

There were several clinical challenges in this case. Like
many children with critical CHD, he had motor delays
in infancy. Therefore, it was challenging to determine at
an early age if his motor delays were a sign of cerebral
palsy, or if they were secondary to the neurological
sequalae associated with his existing CHD. His neurologic
examination continued to evolve through infancy and early
childhood. For instance, his combination of both axial
hypotonia and appendicular hypertonia made his cerebral
palsy diagnosis challenging.

In children with CHD, early motor delays and an evolving
neurological examination make early diagnosis of cerebral
palsy and other motor disorders difficult. Therefore, it is
important to adhere to the 2012 AHA’s recommendation for
ongoing neurodevelopmental surveillance for all children
with CHD (11). This statement recommended that high-
risk children with CHD undergo periodic developmental
evaluations for developmental delay from 12 to 24 months,
3 to 5 years, and 11 to 12 years of age. Concerning our
single ventricle population, our cardiac neurodevelopmental
program evaluates infants and toddlers (from birth to 3 years
of age) every 6 months. We also evaluate children for
school readiness and provide school related services as they
mature. Because of adherence to these recommendations,
our program identified the persistence of motor delays
in this child, diagnosed him with spastic diplegic cerebral
palsy, and enrolled him in additional appropriate therapies
to optimize his neurodevelopmental outcomes.

In 2024, a new AHA statement was released, and it
recommended that children with CHD be evaluated
for developmental delay at key time points: 6 months,

Transl Pediatr 2024;13(7):1258-1265 | https://dx.doi.org/10.21037/tp-24-57



Translational Pediatrics, Vol 13, No 7 July 2024

18 months, 3 years, and 5 years (21). These granular
milestones may allow us to identify delays at a much earlier
age. This systematic approach may allow us to better
identify and refer individuals to the appropriate therapies.
Going forward, we hope to incorporate this systematic
approach within our cardiac neurodevelopmental program.

Conclusions

With this case report, we hope to increase awareness of
diagnostic dilemmas related to motor impairments in
children with CHD. Through continued developmental
surveillance, clinicians can identify NDD and recommend
proven therapies that will ultimately improve quality of
life and neurodevelopmental outcomes in these formerly
critically ill children.
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