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Abstract
Background  Classic lissencephaly is a malformation of cortical development that includes agyria and pachygyria. 
The major clinical symptoms are developmental impairment, muscular hypotonia, and drug-resistant epilepsy. The 
severity of the clinical phenotype depends on the associated gene and mutation. This study aimed to systematically 
investigate the genotype-specific course of the disease including neurodevelopmental outcome, medical 
complications, use of non-pharmacological supportive therapies, and its impact on the quality of life of the affected 
families.

Methods  47 patients with genetically and radiologically confirmed lissencephaly were included with mutation 
in LIS1/PAFAH1B1 (n = 38), DCX (n = 5 males), DYNC1H1 (n = 2), TUBA1A (n = 1) and TUBG1 (n = 1) genes. Standardized 
questionnaires were completed by families and treating pediatricians. Quality of life was assessed with the PedsQL™ 
Family Impact Module.

Results  Prenatal abnormalities, most commonly microcephaly, were observed in 14/37 (38%) of LIS1/PAFAH1B1 
patients and 2/5 (40%) of DCX patients. Early symptoms included microcephaly, developmental delay, muscular 
hypotonia, and epileptic seizures. The median age at suspected diagnosis was 5 months for LIS1/PAFAH1B1 patients 
and 9 months for DCX patients. Compared to LIS1/PAFAH1B1, DCX-related lissencephaly patients showed significantly 
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Background
Classic lissencephaly – commonly known as “smooth 
brain” and herein referred to as lissencephaly – is a spec-
trum of rare malformations of the entire cerebral cor-
tex, affecting only 11.7 to 40 per million births [1–3]. It 
is caused by a disruption of neuronal migration during 
embryonal cortex formation resulting in an enlarged 
(pachygyria) or absent gyration (agyria) and thickening 
of the cortex, which can vary in location and severity 
[4–6]. As early as in the second trimester, anomalies such 
as ventriculomegaly and delayed opercular development 
can be detected via ultrasound and serve as “red flags”, 
leading to early diagnosis [7, 8].

The first identified causative mutation was a heterozy-
gous microdeletion within 17p13.3 in patients with Miller 
Dieker Syndrome, discovered in 1983 by Dobyns et al. [9]. 
This observation was followed by the identification of the 
LIS1/PAFAH1B1 gene [10, 11]. Subsequently for many 
years, the DCX gene (also known as XLIS) remained 
then the only additional target for genetic evaluation of 
lissencephaly patients [12–14]. Causative mutations in 
the LIS1/PAFAH1B1 and DCX genes still are by far the 
most common lissencephaly-associated genes, now fol-
lowed by mutations in DYNC1H1 and TUBA1A [15, 16]. 
Thanks to more advanced technologies in recent years 
like next generation sequencing and whole exome anal-
ysis, currently 31 causative genes have been described 
in the literature [3]. In parallel with advances in genetic 
diagnostics, a novel classification system for MR imaging 
findings has been developed, which has helped to sim-
plify and concretize the previous classification system. 
This classification also supports the diagnostic approach 
in genetic testing [17, 18].

Patients with lissencephaly usually display a severe 
clinical phenotype with onset of symptoms in early 

infancy. Early-onset epilepsy may be the first symptom 
and major concern, commonly progressing to drug-resis-
tant epilepsy at all ages. Infantile epileptic spasm syn-
drome (IESS) is a frequent first seizure type and has been 
found in 57% of lissencephaly patients [19]. Over the 
course of the disease, epilepsy progresses to various epi-
leptic seizures types and other epileptic syndromes such 
as Lennox-Gastaut syndrome [1, 3, 19–22]. In addition, 
most patients with lissencephaly have profound develop-
mental delay and severe muscular hypotonia. Advanced 
motor milestones such as independent walking are rarely 
achieved [23]. Survival of these patients is limited, with 
a reported mortality rate of approximately 50% by the 
age of 10 years [21, 23]. However, the clinical phenotype 
and severity of the disease are known to depend on the 
mutated gene [18]. In general, DCX-associated lissen-
cephaly may follow a milder disease course compared to 
LIS1/PAFAH1B1-associated lissencephaly, which is often 
associated with the most severe end of the spectrum [12, 
21, 24, 25]. Furthermore, a genotype-phenotype corre-
lation can also be observed regarding cortex formation, 
with gene-specific changes in the resulting cortical archi-
tecture [26].

Only limited clinical data on the gene-specific long-
term clinical course, neurodevelopmental outcome and 
specific medical complications have been published 
for this rare cortical malformation, and comparisons 
between different genetic cohorts are scarce. Our study 
aimed to systematically analyze the genotype-specific 
disease course including neurodevelopmental outcome, 
neurological and medical problems in five genetic sub-
groups with radiologically and genetically confirmed 
lissencephaly. In addition, novel results on the use of 
non-pharmacological supportive therapies and on the 
family impact of the disease are provided.

better neurodevelopmental outcome in reaching more advanced milestones such as walking unassisted (z=-2.23, 
p = 0.026) and speaking sentences (z=-2.53, p = 0.011). Frequent medical complications included recurrent respiratory 
infections (14/38 (37%) of LIS1/PAFAH1B1 patients; 1/4 (25%) of DCX patients) and dysphagia/ vomiting (23/37 (62%); 
2/4 (50%)), which may require tube feeding (15/38 (40%); 1/5 (20%)). A median of eight different supportive therapies 
was used per patient (range 1–17), with physiotherapy and respiratory therapy considered the most effective. The 
scores obtained for health-related quality of life (HRQL) were low (parental HRQL mean 61.23; SD 16.79).

Conclusions  Our study confirms the severely impaired developmental potential and frequent neurological and 
medical complications in lissencephaly patients from an early age. The psychomotor prognosis in LIS1/PAFAH1B1-
related lissencephaly is significantly worse compared to DCX-related lissencephaly. Supportive therapies are used 
intensively and are considered to be very effective. The disease puts a high burden on caregivers and the entire family. 
This emphasizes the need for appropriate epilepsy treatment, personalized care for patients and professional support 
for their families.

Keywords  LIS1/PAFAH1B1, DCX, DYNC1H1, TUBA1A, TUBG1, Lissencephaly, Quality of Life, Neurodevelopmental 
outcome, Supportive therapies, Epidemiology
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Patients and methods
Patients
A total of 47 patients diagnosed with lissencephaly were 
included in our study cohort aged from 0.3 to 25 years. 
26 patients were recruited via the database of the Center 
for Human Genetics in Regensburg. Further recruitment 
was conducted through cooperation with the Germany-
based lissencephaly self-support group Liss e.V. (n = 17) 
and a network of pediatric neurologists in Germany, Aus-
tria and Switzerland (ESNEK = Erhebungen seltener neu-
rologischer Erkrankungen im Kindesalter) (n = 4). This 
cohort and the data on epilepsy and response to antisei-
zure medications have already been reported in a previ-
ous publication [19].

Inclusion criteria applied to our cohort were (I) radio-
logical diagnosis of lissencephaly on cerebral MRI, (II) 
genetic confirmation with presence of a causal patho-
genic variant in a gene related with lissencephaly, and 
(III) written informed consent from the legal guardians of 
the participants.

Questionnaire assessment
Standardized questionnaires evaluating the clinical data 
and neurodevelopmental outcome as well as the effec-
tiveness of treatments were answered by the patients’ 
families and the treating pediatricians (see supplemen-
tary material for the sample questionnaires). A smaller 
subgroup of families (n = 14) in addition provided data 
for a follow-up evaluation with a second questionnaire. 
For these 14 patients the more recent updated data were 
taken into account.

The neurologic assessment was performed by the treat-
ing pediatric neurologist or pediatrician. Neurodevel-
opmental outcome was evaluated in parent-reported 
questionnaires using an ordinal ranking scale (categories: 
always/ frequent/ rarely/ never achieved). The achieve-
ment of a developmental milestone was determined 
when “always” or “frequent” was described. If updated 
data were available with divergent results, the best psy-
chomotor answer was taken into account. At the time 
of the assessment, 7 children were younger than 2 years 
old. Since some of the assessed milestones are physi-
ologically not yet reached in these younger children, they 
were (partially) excluded from the subsequent analysis: 
2 patients with mutation in the LIS1/PAFAH1B1 gene 
who were younger than 1 year were excluded from the 
whole analysis, whereas 5 further patients between 1 
and 2 years (4 with mutation in LIS1/PAFAH1B1 and 1 
with mutation in TUBA1A) were excluded from selected 
more complex developmental milestones (free standing, 
walking with support, free walking, speaking of single 
words, speaking of whole sentences, pointing at persons/ 
objects, appointing objects on pictures).

The effectiveness of supportive therapies was rated by 
the parents on a subjective basis with ordinal categories 
(good/ partial/ no effect or clinical worsening).

In addition, we assessed health-related quality of life 
(HRQL) and family functioning using the standardized 
PedsQL™ Family Impact Module questionnaire. This vali-
dated module was established to measure the impact of 
pediatric chronic health conditions on parents and the 
family [27]. A validated German version of the question-
naire is available and was used for this study [28]. The 
questionnaire consists of 36 items covering 8 dimen-
sions (physical functioning, emotional functioning, social 
functioning, cognitive functioning, communication, 
worry, daily activities and family relationships). A five-
point scale is used to record the responses (0 = never a 
problem; 4 = always a problem). The items are reversed 
and linearly transformed into a 0-100 scale (0 = 100, 1 = 
75, 2 = 50, 3 = 25, 4 = 0), with lower values indicating a 
higher HRQL burden for the caregivers. Of the 41 fami-
lies contacted, valid HRQL questionnaires for evaluation 
were available for 18 patients. None of the HRQoL ques-
tionnaires received were considered invalid.

Genetic and radiologic testing
All patients were genetically tested prior to inclusion in 
our study cohort. 26 patients were tested in our labora-
tory in the Center of Human Genetics in Regensburg, 
the remaining 21 patients in different laboratories in 
Germany, Austria, Italy and Latvia. We included patients 
with known causative mutations (likely pathogenic or 
pathogenic variants according to the ACMG classifica-
tion [29]) in 5 different genes in our study cohort: LIS1/
PAFAH1B1 (n = 38), DCX (n = 5 males), DYNC1H1 (n 
= 2), TUBA1A (n = 1) and TUBG1 (n = 1) (see supple-
mental Table 2). All patients had characteristic radiologic 
findings of lissencephaly based on Magnet resonance 
imaging (MRI). The MR images were separately assessed 
for this study centrally and in a standardized manner by 
a neuroradiologist (G. S.) with longstanding experience 
in the diagnosis of cerebral malformations in pediatric 
patients.

Statistical analysis
We compared the neurodevelopmental outcome in the 
two biggest genetic subgroups of patients with mutation 
in the LIS1/PAFAH1B1 and DCX gene using the Mann-
Whitney U test. Here the patients´ ability to always or 
sometimes reach certain milestones was contrasted 
with patients, who rarely or never show these abilities. 
We reported the asymptotic significance (two-tailed), a 
P value of < 0.05 was considered statistically significant. 
The effect size was calculated using Pearson´s correlation 
coefficient (r).
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childhood. None of the other siblings in the LIS1 cohort 
were diagnosed with any other severe chronic disease.

DCX subgroup
Prenatal abnormalities were observed in 2/5 of DCX 
patients (40%), with microcephaly in one patient (1/5; 
20%). All patients were born at term with normal APGAR 
scores. One patient (1/3; 33%) exhibited microcephaly. 
Neonatal abnormalities were described in 2/5 (40%) indi-
viduals (see Table 1). Siblings were noted in 4/5 (80%) of 
patients. Epilepsy or neurodevelopmental compromise 
were reported in two mothers and three siblings (one sis-
ter diagnosed with subcortical band heterotopia) of the 
DCX patients. No further details on their phenotype or 
genetic result are available.

Others
The one TUBA1A patient was born at 39 weeks gesta-
tional age (GA) with a normal APGAR score and normal 
birth measures. Due to an abnormal prenatal ultrasound, 
a prenatal MRI had been performed confirmed the sus-
pected diagnosis of lissencephaly. After birth, she was 
observed in the NICU for 6 days because of suspected 
neonatal seizures. The one TUBG1 patient was born at 
42 weeks GA, with an APGAR score and birth measures 
within normal range. Neonatal feeding and sucking dif-
ficulties were reported. The two DYNC1H1 patients 
were delivered via caesarean section at term. 10-minute 
APGAR scores were normal. No prenatal abnormali-
ties were noted in the TUBG1 and the two DYNC1H1 
patients. All but one DYNC1H1 patient were single chil-
dren. No chronic condition was noted in that sibling.

Diagnosis & clinical evaluation
LIS1/PAFAH1B1 subgroup
In the subgroup of 38 patients with LIS1/PAFAH1B1 
mutation, the median age at suspected diagnosis was 5 
months. In one patient, an early diagnosis at 22 weeks 
GA was suspected in a routine prenatal ultrasound. Rou-
tine prenatal screening examinations were conducted in 
over half of the cohort (21/38; 55%), with suspect results 
observed in only 4/21 (19%) patients. First clinical signs 
or symptoms included most frequently epileptic sei-
zures, neurodevelopmental delay, and feeding problems. 
Neuropediatric assessments at a median age of 6.4 years 
(range 0.5 to 24 years) revealed the presence of muscu-
lar hypotonia and visual impairment (see Table 1) as the 
most prominent symptoms.

DCX subgroup
Median age at suspected diagnosis for 4 of the 5 DCX 
patients was 9 months, one patient was diagnosed as 
late as 14 years of age. Prenatal screening examinations 

Analysing the HRQL and family functioning with 
the PedsQL™ Family Impact Module questionnaire, the 
5-point response scale, the parents filled in, was trans-
formed to a 0-100 scale in accordance with Varni et al. 
[27]. If separate questionnaires of both parents were 
available, the mean value was taken. In addition to the 
total score, which is made up of all 36 items, the paren-
tal HRQL summary score (made up of 20 items from 
the scales for physical, emotional, social and cognitive 
functioning) and the family functioning summary score 
(made up of 8 items from the scales for daily activi-
ties and family relationships) were calculated. Correla-
tion between parental HRQL and seizure frequency was 
conducted using linear regression analysis. We deter-
mined an unadjusted P value of p < 0.05 to be significant 
(without multiplicity adjustment). A one-sample t-test 
was performed to assess the differences in quality of life 
between the families in our study and the data from a 
cohort of families without children with chronic diseases. 
A one-sided P value < 0.05 was considered significant. 
Effect sizes were expressed as Cohen´s d.

Efficacy of the various supportive therapies used in our 
study cohort was rated by the families, and the results 
were ranked in descending order based on the Krus-
kal-Wallis rank sum. Therapies rated in fewer than five 
patients were excluded from the analysis.

This study was exploratory in nature, aiming to identify 
potential trends rather than draw confirmatory conclu-
sions, therefore, no adjustment for multiple testing was 
applied, in line with the recommendations of Bender and 
Lange [30].

Statistical analysis was performed with SPSS Software, 
version 26.0.

Results
Pregnancy and birth
LIS1/PAFAH1B1 subgroup
Prenatally, 38% of the LIS1/PAFAH1B1 patients (14/37) 
were found to have any abnormality, with microcephaly 
(7/37; 19%) being the most common finding observed on 
prenatal ultrasound. Birth mode was spontaneous vaginal 
delivery in 28/37 patients (76%) and 35/38 (92%) patients 
were born at term. All 10-minute APGAR scores were 
within normal range (31/31). Abnormal birth measures 
were observed in nearly half of the patients (15/33; 46%), 
with microcephaly in 12/31 (39%) and low birth weight 
for gestational age (SGA) in 7/36 (19%). Neonatal abnor-
malities including sucking weakness and muscular hypo-
tonia were found in 18/37 (49%) patients (see Table  1). 
8/33 neonates were treated in the neonatal intensive 
care unit (NICU) with a median duration of 7.5 days. 
A total of 71% of LIS1 patients had at least one sibling. 
One sibling was reported to have had absence epilepsy in 
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were performed in 3/5 (60%). Neurological assessments 
at a median age of 12 years showed spasticity, contrac-
tures and scoliosis in one patient each (1/3; 33%). Visual 
impairment was documented in half of the DCX patients 
(2/4) (see Table 1).

Others
First abnormalities in the TUBA1A patient were already 
recognized in a prenatal ultrasound screening, whereas 
the causative mutation in the TUBA1A gene was identi-
fied at the age of 3.5 months. Clinical assessment at the 
age of 3 months revealed generalized muscular hypoto-
nia. In the individual with a TUBG1 mutation, a clinical 

Table 1  Clinical characteristics of LIS1 and DCX patient cohorts
patient cohort LIS1 DCX
number of patients n = 38 n = 5

median age [years] 6.0 10.0

prenatal abnormalities 37.8% (14/37) 40.0% (2/5)

microcephaly 18.9% (7/37) 20.0% (1/5)

SGA 13.5% (5/37) 0.0% (0/5)

reduced fetal movements 10.8% (4/37) 0.0% (0/5)

enlarged ventricles 5.4% (2/37) 0.0% (0/5)

polyhydramnios 5.4% (2/37) 0.0% (0/5)

oligohydramnios 0.0% (0/37) 20.0% (1/5)

birth

premature birth 7.9% (3/38) 0.0% (0/5)

birth mode: Sectio 24.3% (9/37) 25.0% (1/4)

normal APGAR score1 100% (31/31) 100% (3/3)

abnormal birth measures 45.5% (15/33) 50.0% (2/4)

microcephaly 38.7% (12/31) 33.3% (1/3)

SGA2 19.4% (7/36) 0% (0/3)

abnormalities during neonatal period 48.6% (18/37) 40.0% (2/5)

sucking weakness 40.5% (15/37) 40.0% (2/5)

muscular hypotonia 13.5% (5/37) 20.0% (1/5)

breathing problems 5.4% (2/37) 0.0% (0/5)

seizures 0.0% (0/37) 0.0% (0/5)

first clinical symptom

seizure 46.2% (12/26) (0/1)

neurodevelopmental delay 15.4% (4/26) (1/1)

muscular hypotonia 15.4% (4/26) (0/1)

Other 34.6% (9/26) (0/1)

Median age when diagnosis suspected [months] 5.03 9.0

neurologic assessment

median age at assessment [years] 6.4 12.0

muscular hypotonia 92.9% (26/28) 0.0% (0/3)

spasticity 28.6% (8/28) 33.3% (1/3)

scoliosis 25.9% (7/27) 33.3% (1/3)

contractures 32.1% (9/28) 33.3% (1/3)

visual impairment 69.4% (25/36) 50.0% (2/4)

hearing loss 23.5% (8/34) 0.0% (0/4)

medical complications

epilepsy 100% (38/38) 80.0% (4/5)

median onset of epilepsy [months] 6.0 5.0

complications4 related to food intake 62.2% (23/37) 50.0% (2/4)

PEG/ feeding tube 39.5% (15/38) 20.0% (1/5)

recurrent pulmonary infections 36.8% (14/38) 25.0% (1/4)
1APGAR score at 10 min ≥ 9
2birth weight < 3. percentile
3one patient with prenatal suspected diagnosis
4dysphagia/choking/vomiting
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diagnosis was made at the age of five months after the 
onset of epileptic seizures and concomitant psychomo-
tor retardation. Cerebral MRI revealed a thin cortex with 
enlarged lateral ventricles and partial pachygyria with 
a posterior-anterior gradient. At the age of 3.8 years, 
a pediatric neurological evaluation revealed muscu-
lar hypotonia. In the two patients with a mutation in 
DYNC1H1, the diagnosis of lissencephaly was suspected 
at 7 and 12 months, respectively. In a pediatric neuro-
logical clinical evaluation at the age of 13 months and 7 
years, respectively, both were diagnosed with generalized 
muscular hypotonia as the only abnormality.

Neurodevelopmental outcome
LIS1/PAFAH1B1 subgroup
At the time of the study, the median age of the children 
was 6 years (range from 0.6 to 25 years). Approximately 
half of the children with LIS1/PAFAH1B1 pathology 
achieved early developmental milestones (head con-
trol 24/36 (66.8%), babbling 20/34 (58.8%), rolling over 
20/36 (55.6%), directed arm movements 14/36 (38.9%)). 
Achievement of more advanced developmental mile-
stones, including pinch gripping, crawling, free sitting, 
standing without support and walking with support, was 
observed in less than 20% of children. Two patients in the 
cohort were described as having achieved free walking. 
Nearly all communicative milestones were absent. There 
was a follow-up subgroup with 14 participants, including 
nine patients with mutation in the LIS1/PAFAH1B1 gene. 
Of those, six LIS1/PAFAH1B1 patients were reported to 
have a partial regression of their abilities. 3/9 patients 
(33.4%) lost the ability to control their head, 2/9 (22.2%) 
the ability to grip an object, 2/9 (22.2%), the ability to roll 
over, 1/9 (11.1%) the function of visual fixation.

DCX subgroup
At the time of psychomotor evaluation, patients of the 
DCX subgroup had a median age of 10 years (range: 6.5 
to 21.1 years). Four of these five patients (80%) achieved 
early infantile milestones (head control, rolling over, 
babbling), and three of five (60%) were able to directed 
arm movement, unsupported sitting and crawling. Two 
patients (2/5; 40%) were able to either speak single words 
and two-word sentences and demonstrated the abil-
ity to pinch grip, or to stand and walk without support, 
respectively.

Comparison of LIS1/PAFAH1B1 and DCX cohort
As illustrated in Fig.  1, there are significant differ-
ences in the neurodevelopmental outcome between 
the LIS1/PAFAH1B1 and the DCX cohorts. A sig-
nificant higher proportion of DCX patients achieved 
more advanced milestones of development compared 
to LIS1/PAFAH1B1 patients, including sitting without 

support (z=-2.17, p = 0.030, r = 0.34), free walking (z=-
2.23, p = 0.026, r = 0.37), pointing at persons or objects 
(z=-1.97, p = 0.049, r = 0.32), speaking of single words (z=-
2.184, p = 0.029, r = 0.36) and whole sentences (z=-2.53, 
p = 0.011, r = 0.42) and appointing objects on pictures (z=-
2.77, p = 0.006, r = 0.46).

Others
At the time of data collection, the TUBA1A patient was 
20 months old. She was able to control her head, turn 
around and perform directed arm movements. She could 
babble, but was unable to crawl, sit or stand without sup-
port or speak words. The other patients with TUBG1 (at 
age 3.8 years) and DYNC1H1 mutation (at age 5 and 8 
years, respectively) had achieved the motor milestones 
of the first 9 months of life, such as head control, roll-
ing over, sitting freely, pulling up to stand and crawling. 
In this “others” subgroup, free walking was observed in 
one DYNC1H1 patient (starting at 32 months of age) and 
the TUBG1 individual was able to walk with support. The 
milestones of cognitive development were more diverse 
among the different genetic subtypes; babbling was found 
in all four patients, further developmental steps such as 
speaking of single words have only been observed in the 
child with TUBG1 mutation.

Medical complications and survival
LIS1/PAFAH1B1 subgroup
In all 38 children, epilepsy was diagnosed with a median 
age of onset of 6 months (range 2 months to 3.5 years). 
Feeding problems such as dysphagia, regurgitation, and 
vomiting were reported in 23/37 (62%) LIS1/PAFAH1B1 
patients. A gastrostomy/ feeding tube was present in 
15/38 (40%) patients. 14/38 (37%) of patients had recur-
rent respiratory infections (minimum 1 pneumonia/ 
year). At the time of the study 5/38 LIS1/PAFAH1B1 
patients had died from unknown causes with a median 
age at death of 9.1 years. The oldest living patient was 25 
years old.

DCX subgroup
Epilepsy was diagnosed in 4/5 (80%) males with a 
median age at onset of 5 months. Feeding problems were 
reported in half of the patients (2/4; 50%). One patient 
(1/5; 20%) had a feeding tube/ gastrostomy. Recurrent 
pneumonia was present in 1/4 (25%). At the time of data 
collection, one patient (1/5; 20%) had died at the age of 
6.8 years, the cause is unknown.

Others
At the time of data collection, the girl with the TUBA1A 
mutation was 20 months old and has never had an epi-
leptic seizure. She was fed orally and had frequent signs 
of dysphagia and regurgitation. Onset of epilepsy was 
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documented at 5 months of age in the TUBG1 patient 
and at 11 and 16 months, respectively, in the DYNC1H1 
patients. The TUBG1 patient and one of the DYNC1H1 
patients were able to feed and eat independently with-
out the need for a tube feeding. In the two DYNC1H1 
patients no feeding problems were reported, whereas the 
TUBG1 patient had daily dysphagia and regurgitation. 
Pulmonary infections were absent in all patients in this 
“others” subgroup.

Health-related quality of life
The mean HRQL total score was 58.54 (n = 18, SD 16.22), 
with the lowest (worst) scores recorded for the sections 
“worries” (46.94) and “daily activities” (43.39). The mean 
parental HRQL summary score was 61.23 (SD 16.79) 
and the mean family functioning summary score was 
58.86 (SD 19.03) (Fig. 2). The parental HRQL score and 
the total score of the PedsQL™ Family Impact Module 
tended to be lower in families of children with frequent 
seizures, but did not reach statistical significance. Using a 
one-sample t-test (significance level p < 0.05) the HRQL 
Family Impact Module in our cohort was compared 
to the reference cohort by Medrano et al. [31], which 

excluded chronically ill children. Significant differences 
were observed for the total score (p < 0.001, d=-0.904), 
the parental HRQL summary score (p = 0.011, d=-0.594), 
and the family functioning summary score (p = 0.034, 
d=-0.460).

Evaluation of supportive therapies
For 36/47 patients (28 LIS1/PAFAH1B1 patients, 5 DCX 
patients, 1 DYNC1H1, 1 TUBA1A, 1 TUBG1), data on 
the applied supportive therapies used were available for 
evaluation. 1–17 different supportive therapies were used 
per patient, with a median of 7.5 different therapies per 
patient. The evaluated efficacy of the different supportive 
therapies varied considerably (see Fig. 3). Physiotherapy 
(n = 25) and respiratory therapy (n = 11) were ranked the 
most effective (100% effective), with good or excellent 
efficacy in more than 90% (physiotherapy 23/25; respira-
tory therapy 10/11). Horse riding/ hippotherapy (n = 13) 
and aquatic therapy (n = 15) were classified as excellent 
or of good efficacy in 10/13 (76.9%) and 11/15 (73.3%), 
respectively. Vibrational therapy (n = 7), Bobath therapy 
(n = 28), and occupational therapy (n = 21) were rated as 
having excellent or good efficacy in almost 70% of cases. 

Fig. 1  Neurodevelopmental outcome in three genetic subgroups: the LIS1/PAFAH1B1 subgroup (n = 36), the DCX subgroup (n = 5), and rare others 
(DYNC1H1, n = 2; TUBA1A, n = 1; TUBG1, n = 1). Neurodevelopmental outcome was compared between the two largest genetic cohorts (LIS1/PAFAH1B1 
and DCX) using the Mann-Whitney U test. Asterisks (*) indicate statistical significance (p < 0.05)
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In contrast, early visual training (n = 18) and craniosacral 
therapy (n = 13) were rated as less effective, showing no 
or partial effect in half of the patients (50.0% and 53.9%, 
respectively).

Discussion
Lissencephaly is well recognized as a severe brain mal-
formation resulting in early epilepsy, muscular hypo-
tonia, severe neurodevelopmental delay and increased 
childhood mortality [21, 23, 32]. In this present study 
we describe in more detail the severe neurodevelopmen-
tal phenotypic spectrum of 47 patients with genetically 
confirmed lissencephaly including various medical com-
plications and long-term course and its profound impact 
on daily quality of life of their families. Our data provide 
significant novel data for medical care givers and guide 
information of the families newly confronted with this 
diagnosis in their children.

Pregnancy, birth and infancy
The prenatal diagnosis of lissencephaly is challenging. 
In this cohort only a minority of patients were identi-
fied during routine prenatal examinations to exhibit 
sonographic abnormalities. The most prevalent prena-
tal abnormality identified was fetal microcephaly, which 
occurred in approximately 20% of the LIS1/PAFAH1B1 
subgroup and the DCX subgroup, respectively. Two 

patients of the LIS1/PAFAH1B1 subgroup were diag-
nosed with dilated ventricles in prenatal ultrasound. 
Both findings are considered “red flags” and could lead 
to further diagnostic workup including prenatal MRI and 
genetic testing [7, 8].

It is noteworthy that, in the overall cohort, irrespec-
tive of genotype, the prematurity rate and the ceasarian 
section rate was not elevated, and APGAR scores were 
normal in all neonates. As previously reported, neonatal 
birth measurements could serve as a potential diagnos-
tic indicator in a subset of patients [32, 33]. In our study, 
microcephaly at birth was observed in 39% of LIS1/
PAFAH1B1 patients and 50% of DCX patients. Low birth 
weight for gestational age was noted in 19% of the LIS1/
PAFAH1B1 subgroup. Furthermore, approximately half 
of the neonates exhibited clinical signs of muscular hypo-
tonia and weak sucking, with some requiring treatment 
in a neonatal intensive care unit (NICU).

During infancy, the clinical key features – epileptic 
seizures, developmental delay, and muscular hypotonia 
– typically occur in most patients, leading to MR brain 
imaging and genetic diagnostics [4, 21, 33]. In our cohort, 
diagnosis of lissencephaly was suspected at a median 
age of 5 months in the LIS1/PAFAH1B1 subgroup and 9 
months in the DCX subgroup. The diagnostic age range 
was wide, spanning from prenatal to 14 years of age in 
individual cases. Recommendations for the clinical 

Fig. 2  Health-related quality of life assessed using the PedsQL™ Family Impact Module in our lissencephaly patient cohort. Valid data were available for 
18 patients
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approach to genetic testing have been published before 
[3, 18].

Neurodevelopmental outcome
A profound developmental delay is a hallmark of lis-
sencephaly patients [4, 20, 21, 33, 34]. Accordingly, all 
patients of our study displayed more or less severe devel-
opmental disability. At the most severe end of the spec-
trum, one third of the children with mutation in the 
LIS1/PAFAH1B1 gene did not even achieve head control. 
In this LIS1/PAFAH1B1 subgroup, only milestones of the 
first months of life, such as visual fixation (85%), social 
smiling (69%), head control (67%) and babbling (59%) 
were achieved by the majority of children. In contrast, 
hardly any of these patients mastered more advanced 
milestones of the second half of the first year of life, with 
less than 20% of children achieving sitting (6/36), crawl-
ing (7/36) and walking with support (5/32). Two patients 
in the present LIS1/PAFAH1B1 cohort were reported to 
walk independently. These findings were consistent with 
previous evaluation of our Regensburg LIS1/PAFAH1B1 
cohort, published in 2016 [20], and with previously pub-
lished reports of other cohorts [23, 33, 34]. As in previ-
ously published reports we also observed individual 
patients with apparently milder phenotype in the pres-
ence of a LIS1/PAFAH1B1 mutation [1, 5, 18].

In our study, patients with DCX-associated lissenceph-
aly were more likely to achieve more complex milestones 
of development in comparison to patients with LIS1/
PAFAH1B1-associated lissencephaly (Fig. 1). This was 
significant (p < 0.05) for achieving independent walk-
ing and speaking single words or whole sentences. This 
finding is in line with other previously published cohorts 
of patients with DCX-related lissencephaly [24, 25]. For 
example, 40% (2/5) of the DCX cohort in this study were 
able to walk unaided, in agreement with Leger et al., who 
described the ability to walk independently in a percent-
age of 46% in a DCX cohort of 33 patients [24].

In this study, a follow-up questionnaire was available 
from a subgroup of patients (n = 14), which made it pos-
sible to formulate new statements about the long-term 
course of the disease. A notable finding in this regard 
was the observation of developmental regression in some 
patients, with the loss of abilities (for example the loss 
of visual fixation, head control or gripping in advanced 
age) that had been previously acquired. This finding was 
reported in parallel with a deterioration in the nutritional 
status associated with worsening epilepsy over time [21] 
and suggests that psychomotor regression might be a 
consequence of drug-resistant epilepsy and long-term 
ASM (antiseizure medication) therapy, especially con-
sidering that the vast majority of patients in the present 
study cohort experienced epileptic seizures.

Fig. 3  Efficacy of supportive therapies in patients with lissencephaly (n = 36), ranked in descending order based on the Kruskal-Wallis rank sum. Therapies 
were rated by the families and categorized as effective (green), partially effective (yellow), or not effective (red)
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In our present study, the data on the development of 
the subgroup “rare others” with a causative mutation in 
DYNC1H1, TUBA1A or TUBG1 were heterogeneous 
and must be interpreted with caution due to the very 
limited number of patients. All 4 patients were mod-
erately to severely impaired in various developmental 
domains. Previously published data from patients with 
a DYNC1H1-associated neuronal migration disorder 
likewise described intellectual disability, psychomotor 
retardation and neurological findings, but with varying 
degrees of severity [22, 35, 36].

Most data on TUBA1A lissencephaly focus on MRI 
findings correlated with the mutation, fewer data are 
available on the clinical course. Previously reported lis-
sencephaly patients with TUBA1A mutations also pre-
sented with severe developmental delay and impairment 
[37–40]. However, also milder phenotypes of patients 
with TUBA1A-associated cerebral malformations other 
than classic lissencephaly were described [41]. At study 
enrollment at 5 months of age, the female with TUBA1A 
mutation of our study presented with generalized mus-
cular hypotonia but no developmental delay and no epi-
leptic seizures at this early age. It will be interesting to 
further evaluate the future course of disease.

Clinical data on very rare TUBG1-associated lissen-
cephaly include posterior predominant pachygyria, 
microcephaly and an often severe clinical phenotype 
including spastic quadriplegia and early onset epilepsy 
[16, 42–44]. Of note, Brock et al. collected information 
on eight patients with mutation in the TUBG1 gene, five 
of whom had a mutation at the same locus as the patient 
of this study [43]. Not surprisingly, the patient in the 
present study showed similar clinical and MRI features 
and epilepsy of early onset, but managed to achieve some 
motor development with walking with support.

In summary, although the small number of patients in 
the “rare others” subgroup precluded statistical evalua-
tion, the descriptions of the developmental and epileptic 
phenotypes added valuable data to the medical literature 
that may be helpful in counselling other affected families.

Medical complications and survival
Epilepsy, frequently drug-resistant, is another hallmark 
of lissencephaly patients [45]. Epilepsy was diagnosed 
in 100% of LIS1/PAFAH1B1 patients and 80% of DCX 
patients in this study. The age at seizure onset was simi-
larly early in the two main subgroups, with a median age 
of 6 months in the LIS1/PAFAH1B1 and 5 months in the 
DCX subgroup, which is in line with previous reports 
[21, 33, 34, 46]. Furthermore, a comparable daily seizure 
burden was initially observed in the LIS1/PAFAH1B1 
patients (median 1.0 seizures per day) and the DCX 
patients (median 2.0 seizures per day). A detailed and 
comprehensive analysis of epilepsy, seizure types and 

response to antiseizure medication for our cohort was 
published elsewhere [20]. In addition to epilepsy, we here 
describe in detail a number of other common medical 
problems in these lissencephaly patients, including dys-
phagia, regurgitation, tube feeding requirements, and 
recurrent respiratory infections and pneumonia [21]. 
Complications related to food intake were more preva-
lent in our LIS1/PAFAH1B1 subgroup when compared 
to the DCX subgroup. This was evidenced by the pres-
ence of a gastrostomy in 40% of LIS1/PAFAH1B1 patients 
and 20% of DCX patients, and frequent dysphagia in 62% 
of LIS1/PAFAH1B1 patients and 50% of DCX patients. 
These findings suggest that the more severe neurode-
velopmental condition observed in LIS1/PAFAH1B1 
patients may be a contributing factor.

In contrast to the very poor survival in classic lissen-
cephaly patients described in previous reports from 2010 
to 1991 [2, 21], survival was notably increased in the 
present study population. In the current era of improved 
medical care including aggressive infection manage-
ment, routine gastrostomy and respiratory therapy, a sig-
nificant proportion of patients with classic lissencephaly 
can reach the age of 20 years or even older. Likewise, an 
increased life expectancy had been reported in patients 
with LIS1/PAFAH1B1-related lissencephaly [45], in this 
study population 7/38 patients in the LIS1 cohort (18%) 
were older than 15 years at the time of examination.

Supportive therapies
For the first time, data on the use of supportive thera-
pies in patients with lissencephaly were collected and the 
effectiveness of the different therapies was assessed on a 
subjective parental basis. Many families rated the thera-
pies used as good or excellent, with respiratory therapy 
and physiotherapy ranked best. Similarly, a case of a 
2-year-old child with lissencephaly reported improve-
ments in various aspects such as muscle tone, assessed 
on an individual and subjective basis, after a 12-week 
program of daily application of different physiotherapy 
rehabilitation techniques [47]. In children with cere-
bral palsy, hippotherapy was found to be beneficial in 
physical, cognitive and social aspects [48]. However, 
meta-analyses of intervention programs in children with 
different neurodevelopmental disorders often complain 
about the lack of high-quality studies and show limited 
convincing conclusions about the efficacy of these thera-
pies [49]. Yet, it could be hypothesized that the different 
therapists themselves play a central role for the patients 
and especially their families by providing understanding 
of current problems and formulating future therapy goals 
to work on together. This may serve as motivation and be 
perceived as support for the caregivers on a subjective 
basis.
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An important finding of our study was that variable 
supportive therapies are widely used in patients with lis-
sencephaly, with a median of 7.5 different therapies used 
overall per patient. This reflects tremendous efforts of 
caregivers to support their children in all aspects and to 
do everything possible to improve not only the medical 
situation, but also overall quality of life. For the patients 
in our study, the wide range of supportive therapies was 
often reported as easily accessible thanks to specialized 
outpatient clinics (Sozialpaediatrische Zentren SPZ), a 
German facility for the care of chronically neurologically 
ill children.

Quality of life
Severe and often rare chronic neurological diseases in 
childhood place a heavy burden on caregivers and the 
broader family system [50, 51]. To date, there is no data 
on the quality of life of patients with lissencephaly, nor 
on the impact on the family and the quality of life of par-
ents caring for affected patients. The present study found 
significantly (p < 0.05) reduced scores for health-related 
quality of life and family functioning compared to ref-
erence data from families with healthy children [31]. 
Similarly, significantly reduced values for PedsQL™ total 
score (mean 57.3; SD 17.5), parental HRQL (60.8; 18.3) 
and family functioning (49.8; 22.2) were also reported in 
families with metachromatic leukodystrophy and ponto-
cerebellar hypoplasia type 2, which may serve as exam-
ples of other rare and very severe pediatric neurological 
disorders [50]. However, in other reports of families with 
severely disabled children after a near-drowning, the 
health-related quality of life of the parents was not 
impaired compared to the normal population, which is 
inconsistent with our data [52]. Furthermore, in families 
with children diagnosed with various types of epilepsy, a 
significant negative impact on the parents’ quality of life 
and family functioning was described before [53]. When 
analyzing the sub-domains, in line with our study, the 
best scores were obtained in the domains of “cognitive 
functioning” and “family relationships”, and the worst 
scores were obtained in the domains of “worry” and “daily 
activities”, reflecting parents’ well-founded concerns 
about their children’s health and future prospects and 
the resulting limitations in daily activities. The present 
study showed a non-significant trend towards an inverse 
relationship between parents’ quality of life and seizure 
frequency, with a better quality of life being associated 
with a lower seizure burden. This parallels the quality of 
life data from epilepsy patients, specifically with Dravet 
syndrome and Lennox-Gastaut syndrome, where lower 
seizure frequency and higher number of seizure-free 
days correlated with better quality of life [54–56]. These 
observations underscore that treating and improving 
epilepsy may have a significant impact on the quality of 

life of the whole family and should be at the center of the 
therapeutic efforts of the treating physicians.

Limitations
In addition to the retrospective design of this study, the 
most obvious limitation is that still only a small number 
of patients with causative mutations in genes other than 
LIS1/PAFAH1B1 could be included. Due to the very lim-
ited sample size, the four patients of the “rare others” 
subgroup must be regarded as individual case reports 
and were consequently excluded from the comparative 
analysis of the genetic subgroups. However, these dis-
eases are extremely rare, and despite the involvement of 
several study centers, only this limited number of indi-
viduals could be diagnosed and included. As recruitment 
was not random and some of the patients were recruited 
through collaboration with a lissencephaly self-support 
group (Liss e.V.), participating families may have been 
specifically motivated to care for their children. Due 
to their young age at the time of the study, some of the 
patients had to be excluded from some assessments, such 
as advanced motor milestones. A strength of this study is 
that the participating patients were characterized in great 
detail and the study covered a wide age range. Some fol-
low-up examinations were also possible. In addition, for 
the first time, there are some new data on parental qual-
ity of life, the burden of the disease on the family, and the 
use and parental evaluation of supportive therapies which 
may suggest potential effects on the disease course.

Conclusion

 	• Individuals with lissencephaly present with a 
variable but mainly severe phenotype that is 
highly dependent on the affected gene that causes 
lissencephaly.

 	• Prenatal diagnosis of lissencephaly remains 
challenging and the majority of patients with 
genetically confirmed forms of lissencephaly 
will only be detected postnatally, usually after an 
inconspicuous neonatal period, as abnormal cortical 
migration often is not detected at the time of routine 
prenatal ultrasound screening.

 	• Clinically, the combined observation of muscular 
hypotonia, developmental delay, microcephaly and 
epilepsy remains the clue for diagnostic confirmation 
by imaging and genetic analysis for the majority of 
patients.

 	• Patients with LIS1/PAFAH1B1 -related lissencephaly 
have a significantly worse psychomotor prognosis 
than DCX-related lissencephaly.

 	• Apart from pediatric neurological complications, 
respiratory and gastrointestinal problems are very 
common.
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 	• Supportive therapies are used intensively by affected 
families and are very often rated as excellent or good 
on a subjective basis.

 	• Lissencephaly is a very severe chronic progressive 
pediatric neurological disorder placing a high burden 
on caregivers and the entire family, which may relate 
to seizure activity in patients. Our data confirm the 
central role of effective treatment of the epilepsy and 
multi-professional support on quality of life of these 
patients and their families.
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