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Abstract Lissencephaly is a malformation of cortical

development associated with deficient neuronal migration

and abnormal formation of gyri. The natural course

includes developmental delay, mental retardation, epileptic

seizures, and microcephaly. Early diagnosis of lissence-

phaly is very important to give couples reproductive

choices. Cranial ultrasonography is often used for the ini-

tial evaluation of intracranial abnormalities in fetuses and

infants, and we believe that it is a safe and cost-efficient

alternative to MRI and CT in many cases. This study

combines a case of lissencephaly in our hospital and related

literature review, to explore the clinical manifestations,

epileptic seizures and ultrasonographic features of the

disease, in order to improve the understanding of the

disease.
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Introduction

Lissencephaly was first described by Owen in 1868 [1]. It

is a cortical development deformity, which is caused by

abnormal neuronal displacement, which leads to cortical

thickening and white matter thinning, and reduced gyra-

tion. The migration of neurons from the progenitor zones of

the developing central nervous system to form the complex

layers within the cortical regions represents an important

but incompletely understood, feature of brain development

[2]. The development of the fetal central nervous system

includes neuroectodermal development (3 * 4 weeks

gestation), forebrain development (8 * 12 weeks gesta-

tion), neuronal proliferation (12 * 16 weeks gestation),

neuronal migration (12 * 20 weeks gestation), differen-

tiation and tissue (20 weeks gestation to birth),

and myelination [3–6]. Neuronal migration is controlled by

a strict genetic program, precise time and space regulation,

and studies have found that during pregnancy, many

harmful factors such as radiation, infection, and metabolic

abnormality may lead to a neuronal migration disorder

[7, 8]. Genetic tests may be negative. In addition to

external factors, specific genetic mutations are also

important causes of neuronal migration disorders, such as

PAFAH1B1 [9] and DCX gene defects [7, 8], abnormal
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ARX [10], TUBA1A and TUBGCP gene mutation [2, 11],

FLNA and ARGEF2 gene mutations [12].

Clinical Manifestation

Although gestation is usually of normal duration or pre-

natal ultrasound scanning showed bilateral ventricu-

lomegaly. Many infants with lissencephaly are small for

gestational age and head circumference at birth varies

between 0-7SD [13], the majority within -1SD or -2SD. All

patients displayed facial dysmorphia, hypotonia, language

impairments, and autistic features; severe psychomotor

retardation, seizures, muscle spasticity, and failure-to-

thrive [14, 15]. However, these features varied greatly from

child to child, depending on the degree of brain malfor-

mation and seizure control [16]. For example, recurrent

subtle seizures and tonic seizures were the only clinical

manifestation in our case during the first few days of life.

Diagnosis and Management

In the past, lissencephaly has been diagnosed mainly at

autopsy, by computed tomography (CT) and magnetic

resonance imaging (MRI). In previous reports, most lis-

sencephaly cases have been diagnosed via MRI [17, 18].

MRI can provide a more complete and global depiction of

cerebral sulci and gyri than can ultrasound, due to its

excellent contrast differentiation and multiplanar capabili-

ties, and visibility is not restricted by cranial bones or fetal

position [19]. The classic MRI of lissencephaly shows

ventriculomegaly, globular and vertically oriented hip-

pocampi, agenesis of the corpus callosum, and severe

cerebellar and brainstem hypoplasia. Consistent with a

diagnosis of lissencephaly, our patient showed obvious

agyria, thickening of gray matter, qualitatively thin white

matter, and non-specific ventricular enlargement [20, 21].

In 1983, Babcock [22] showed for the first time that lis-

sencephaly can be diagnosed by real-time head ultrasound,

raising the possibility of early diagnosis of this condition

by noninvasive techniques. This is important because real-

time sonography is often the first screening method for

the evaluation of neonatal intracranial disease. Further

experience may demonstrate the feasibility of in utero

diagnosis of this condition by sonography.

It has been reported that most ultrasound examinations

have examined fetuses of different gestational ages to

demonstrate the normal cortical structure of this particular

gestational age [23, 24]. They have published an ultrasound

of fetal cortical development and confirmed prenatal

ultrasound can observe the development of fetal sulci

and gyri, gestational week and its depth, which provide an

effective basis for prenatal early evaluation of sulcus gyrus

dysplasia.

However, these studies suggest that the prenatal ultra-

sound diagnosis of lissencephaly is not possible until

27 * 28 weeks, and claim that ultrasound is less accurate

in detecting cortical abnormalities than MRI [25]. How-

ever, the development of fetal sulci can be observed by

prenatal ultrasonography at 16 * 19 weeks of gestation,

and it can dynamically monitor the development of fetal

sulci [26]. In addition, the progressive appearance of

cerebral fissures and sulci on prenatal ultrasound images

may allow estimation of the extent of brain maturation in a

fetus. The absence or abnormal appearance of a particular

sulcus at the appropriate fetal age should raise suspicion

about the possibility of abnormal or delayed cortical

development. Furthermore, fetal neurosonography was

compared with MRI diagnosis of brain abnormalities, and

it was found that MRI diagnosis of common brain abnor-

malities was not superior to ultrasound examination [26].

This study demonstrates that both ultrasound and MRI can

show the development of the sulci and gyri and, in some

cases, the cortical structure can be depicted more quickly

by ultrasound.

Electroencephalogram (EEG) is a better predictor of

clinical status and outcome, which pattern is associated

with severe developmental delay and drug resistant epi-

lepsy [27]. This study found that less severe lissencephaly

might appear to be more epileptogenic than severe lissen-

cephaly producing poor clinical correlation. Thus, there is

no clear correlation between epileptic seizures and the

severity of lissencephaly malformation.

In previous reports, most lissencephaly cases have been

definitively diagnosed by MRI [28]. However, cranial

ultrasonography is often used for the initial evaluation of

intracranial abnormalities in infants, and we believe that in

many cases it is a safe and cost-efficient alternative to MRI

and CT [28]. Ultrasound examination can not only be

carried out in the neonatal period, but also in the fetal

period, and early detection of the existence of the malfor-

mation can be made. MRI, CT and EEG are complemen-

tary to this examination.

There is no cure for lissencephaly. Treatment for chil-

dren with lissencephaly is symptomatic. However, these

features vary greatly from child to child, depending on the

degree of brain malformation and seizure control. Seizures

may be controlled with medication and hydrocephalus may

require shunting [19, 29]. A gastrostomy tube may be

considered in patients with feeding difficulty. Since there

are no effective therapy options, the prognosis for children

with lissencephaly is poor. Aspiration and respiratory dis-

ease are the most common causes of illness or death [30].

This study combined a case of lissencephaly in our

hospital with related literature review, to explore the
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clinical manifestations, epileptic seizures and ultrasono-

graphic features of the disease, in order to improve the

understanding of the disease, in order to better diagnose

and treat, and to provide a basis for prognosis.

Case Presentation

This report had received informed consent from the

patient’s family members. All procedures were approved

by the Center for Medical Ethics Central South University

and followed institutional guidelines.

A 25-day-old term newborn, male and small for gesta-

tional age, presented with recurrent subtle seizures and

tonic seizures after birth. He was born to a 30-year-old

woman, gravida 1 para 1, by vaginal delivery. The preg-

nancy and delivery were uncomplicated, with Apgar scores

of 9 and 9, respectively, at 1 and 5 min. Gestational age

was 38 weeks ? 5 days.

A diagnostic prenatal ultrasound showed ventricu-

lomegaly during the fetal period. There was no family

history of neonatal seizure or epilepsy. The physical

examination revealed that the boys’ weight (2.085 kg) and

head circumstance (31 cm) were each in the lower third

percentile. There was no fever. Notable neurologic exam-

ination findings included paroxysmal generalized hyperto-

nia and absent Moro reflex. Otherwise, the physical

examination was unremarkable. There was no obvious

dysmorphic anomaly.

The laboratory examination showed a peripheral blood

infection, with normal myocardial enzyme and hepatic and

renal functions.

Radiographic Appearance and Treatment

CT showed lateral ventricular dilatation at the local county

hospital.

The ultrasound examination showed few sulci, thick-

ening of gray matter and thinning of white matter, and

bilateral lateral ventricular dilatation (Fig. 1a, white

arrow). Most notably, multiple cystic spaces were seen

under the ventricular wall and ependyma, and there were

diffuse calcifications around the ventricles of the brain

(Fig. 1a, black arrow). Color Doppler flow imaging showed

a striped-color blood flow signal on the wall of the capsule

(Fig. 1b, black arrow). In the coronal section of the ultra-

sound the bilateral lateral ventricular dilation can be clearly

seen (Fig. 1c, black arrow) and there was a slight hypere-

choic group near the choroid plexus in both sides of the

ventricle (Fig. 1c, white arrow). We also found that part of

the cerebellum vermis was poorly developed (Fig. 1d,

black arrow).

A later MRI showed the absence of gyri (agyria),

thickening of gray matter, qualitatively thin white matter,

and non-specific ventricular enlargement (Fig. 2). An

electroencephalogram (EEG) showed irregular burst sup-

pression and delayed maturity (Fig. 3). On interictal EEG

the following were noted: delayed maturation, and frontal

and temporal regions visible behind the tip region were

significantly affected, such as d brush, hypsarrhythmia, and

irregular explosion-suppression. On EEG, there was a

continuous release of h activity from the origin of the right

or both sides of the head, a small amount of sharp wave

emission in the temporal region, whole brain extensive

high amplitude 1–2 Hz activity, and high amplitude slow

wave. Moreover, it showed d-wave complex low amplitude

fast motion in the thick cranium.

Finally, the patient was given a clinical diagnosis of

early-onset infantile epileptic encephalopathy induced by

lissencephaly. That is, severe brain malformation charac-

terized by the lack of normal cortical folds and an abnor-

mally thick cortex with deficient cortical layering. Seizures

were treated with phenobarbital but were still attacking at

the 1-month follow-up.

Discussion

Real-time cranial ultrasonography is often the first

screening method for the evaluation of fetal and neonatal

intracranial disease. In addition, it can follow the pro-

gression of lesions and can be more valuable than either CT

or MR.

For example, our case showed only lateral ventricular

dilatation in prenatal ultrasound images, head circumfer-

encestances (31 cm) all in the lower third percentile, no

facial malformation, no reproductive system malformation

and only repeated mild seizures after birth. Postnatal CT

examination results were the same as prenatal ultrasound

and only found ventricular dilatation and did not indicate

abnormal sulcal development. MRI examination was not

possible because of repeated epileptic seizures after birth

and early cranial ultrasound examination was the only

choice. In our case, ultrasound gave more information than

MRI, by not only clearly showing the periventricular

structures, gray matter thickening, white matter thinning,

the dense distribution of spots in the white matter around

the ventricle(Fig. 1a, black arrow). This image is very

sharp. We consider that the diffuse calcifications around

the ventricles are fiber tracts that remain after the abnormal

migration of nerve cells. This was first detected on the

ultrasound. Ultrasound revealed abnormal periventricular

cysts located within the germinal matrix. These are com-

patible with subependymal cysts/germinolysis (Fig. 1a, b),

and may reflect sequela of germinal matrix insult in utero
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such as ischemia or an infection. We also found a linear

echo loss in the vermis of the cerebellum, suggesting

partial dysplasia of the vermis of the cerebellum (Fig. 1d).

Thanks to the evolution of modern ultrasonic technology,

consequent malformations of the brain are detectable on

both pre- and postnatal examination with greater fre-

quency. Ultrasonography can be used to provide diagnostic

information as sensitively as CT or MRI, especially in the

neonatal period. Cranial ultrasound has some advantages

for the display of the ventricular system and white matter

in the surrounding brain of the newborn and can be applied

early and frequently during disease progression, with no

radiation and no sedation. Moreover, lissencephaly has

characteristic manifestations on ultrasound images.

Therefore, through efficient image analysis, cranial ultra-

sound is beneficial for the early detection of the disease and

its better understanding. It is our belief that familiarity with

both the MRI and ultrasonography images of these condi-

tions can be of considerable value for adequate disease

management.

Conclusion

Both prenatal ultrasound and MRI have certain character-

istic features, which can be combined with the case history,

clinical manifestation, laboratory examination, EEG and

imaging characteristics to make a diagnosis of

Lissencephaly.

There is currently no effective treatment plan for lis-

sencephaly, and the improvement of epilepsy control and

intelligence development is poor. Therefore, prenatal

Fig. 1 Cranial ultrasound of a 25-day-old male baby with

lissencephaly. a Abnormal periventricular cysts located within the

germinal matrix and abnormal smooth appearance of the brain with a

lack of sulcation (white arrow), consistent with a disorder of neuronal

migration such as lissencephaly and diffuse calcifications around the

ventricles of the brain (black arrow). b Color Doppler flow imaging

showed a striped-color blood flow signal on the wall of the capsule

(black arrow). c Bilateral lateral ventricle dilation, bilateral ventricle

ventral horn (black arrow). There was a slight hyperechoic group near

the choroid plexus on both sides of the ventricle (white arrow).

d Cerebellar vermis with abnormal development (black arrow)

224 J. Fetal Med. (September 2021) 8:221–226

123



Fig. 2 MRI of the 25-day-old male baby with lissencephaly. a There

is an overall immature sulcation pattern with thickening of the cortex

compatible with lissencephaly generalized throughout the brain.

b Bilateral colpocephaly (white arrow) with no interventricular

hemorrhage and abnormal periventricular cysts located within the

germinal matrix(black arrow)

Fig. 3 EEG manifestations of epileptic seizures and interictal seizures in this baby with lissencephaly
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ultrasound diagnosis of Lissencephaly is of great clinical

and social significance, and can reduce the number of

newborns with lissencephaly.
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