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Background: Interstitial lung disease (ILD) has been recently reported in a few patients with pathogenic variants
in the Filamin A (FLNA) gene with variable presentation and prognosis. This study evaluated the respiratory
manifestations and clinical features in children with FLNA disease.
Methods: We conducted a retrospective review of pediatric patients with variants in FLNA in a tertiary children’s
hospital. The clinical features, genotype, management, and outcomes were analyzed.
Results: We identified 9 patients with variants in FLNA aged 15 months to 24 years, 4 females and 5 males. Six
patients had abnormal chest imaging ranging from mild interstitial prominence to atelectasis, interstitial densities,
and hyperinflation. Three patients with ILD presented during the neonatal period or early infancy with respiratory
distress or respiratory failure requiring supplemental oxygen or assisted ventilation via tracheostomy. We report
male twins with the same FLNA variant and lung disease, but different ages and clinical features at presentation
eventually culminating in respiratory failure requiring assisted ventilation. All patients had FLNA variants identified
by FLNA sequencing, had abnormal echocardiograms, and none of the patients underwent lung biopsy or lung
transplantation. The outcomes were variable and could be as severe as chronic respiratory failure.
Conclusion: The wide spectrum of respiratory manifestations and abnormal chest imaging in our study
highlights the importance of evaluation for lung disease in patients with variants in FLNA. FLNA sequencing in
suspected cases with ILD may obviate the need for a lung biopsy, prompt surveillance for progressive lung
disease, and evaluation for associated clinical features.
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Introduction

Pathogenic variants in Filamin A (FLNA) gene are
inherited in an X-linked dominant pattern and result in

alterations of cytoskeletal structure and cell signaling.1 FLNA
protein is essential for the migration of several cell types,
and protein dysfunction results in a range of abnormalities
that can include periventricular nodular heterotopia (PVNH),
cardiovascular disease, pulmonary arterial hypertension (PH),
interstitial lung disease (ILD), skeletal dysplasia, hematologic
abnormalities, and intestinal pseudo-obstruction.1–10 Some
of these phenotypes are the result of losses or reductions
in function of the encoded protein, others with a gain-of-

function.11 Due to the location of the gene on the X chro-
mosome, gender differences in the expression of pathogenic
variants exist. For example, heterozygous loss-of-function
FLNA variants in females can result in PVNH, whereas in
males, variants of this type are associated with high mor-
tality with only a few reported cases in the literature.4,10,12

FLNA-related lung disease (FLNA-RLD) is a rare and re-
cently reported consequence of pathogenic variation in
FLNA that results in ILD with additional syndromic fea-
tures. To date, only a few cases have been reported.1–3

Childhood ILD is a rare and heterogeneous group of
disorders characterized by persistent respiratory symptoms
and signs along with hypoxemia and diffuse pulmonary
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abnormalities on chest imaging.13 Although the specific
role of FLNA in the pathogenesis of lung disease is unclear,
the FLNA protein is believed to influence alveolar matu-
ration, lung growth, and development.14,15 Most reported
patients with FLNA-RLD are females and have variable
presentation, management, and outcome. The phenotypes
of FLNA-RLD are heterogenous ranging from clinical re-
covery to progressive respiratory failure and death.1–3,5,6,8,16

It is currently unclear what dictates the presence or severity
of lung disease in those with pathogenic variants in FLNA.
The incidence and prevalence of FLNA-RLD are un-
known, and currently, there are no recommendations on
screening FLNA patients for pulmonary disease.14 The
aim of our study was to describe the pulmonary mani-
festations and associated clinical features in patients with
variation in FLNA.

Methods

The study is a retrospective review of pediatric patients
with pathogenic variants or variants of uncertain significance
(VUS) in FLNA treated at Children’s Healthcare of Atlanta
between 1995 and 2019. Patients were identified by reviewing
the medical records of all patients in the cardiology and pul-
monary hypertension clinics. De-identified demographic and
clinical information were collected for all eligible patients
during the study period. The recorded data included the var-
iant of FLNA, family history, clinical features, chest, cardiac,
and brain imaging studies, management, and outcome. Ge-
netic tests were performed during routine clinical management
by the treating physicians when patients presented with clin-
ical features of FLNA-related cardiovascular or lung disease,
and when siblings of patients with previously identified
FLNA variants were identified. All FLNA genetic studies
were performed through commercial laboratories. Although
this included multiple different laboratories, as part of our
study, the variants were also classified independently by the
same author (K.B.G.) according to current American Col-
lege of Medical Genetics variant interpretation guide-
lines.17 The study was approved by the Institutional Review
Board at Children’s Healthcare of Atlanta.

Results

We identified 9 patients with FLNA pathogenic variants
or VUS between 15 months and 24 years of age. This in-
cluded 2 sets of siblings, of which 2 were male twins. The
clinical characteristics of our patients are summarized in
Tables 1 and 2 and presented more thoroughly in the Sup-
plementary Data. Abnormalities in chest imaging were
identified in 6 (67%) patients (out of 8 total who had chest
imaging) and the remainder of this article describes the
characteristics of these patients. The clinical features at
presentation ranged from recurrent respiratory infections to
hypoxemia and respiratory distress with an age at presenta-
tion between 1 day and 1 year of age (Table 1). Four patients
(1, 3, 7, and 8) presented during the neonatal period or early
infancy with respiratory distress or respiratory failure. All 4
of these patients also had abnormal echocardiograms with
either patent ductus arteriosus (PDA), PH, valvular, or aortic
abnormalities. A fifth case (patient 9) developed respiratory
failure during infancy; he failed several attempts of extuba-
tion following abdominal trauma at 12 months of age. Of

these cases, 3 (7, 8, and 9) developed progressive lung dis-
ease and chronic respiratory failure requiring supplemental
oxygen or positive pressure ventilation (PPV) via tracheos-
tomy. Six patients were diagnosed with PH that eventually
resolved on echocardiography in 3 of them.

The radiographic abnormalities identified among 6 pa-
tients ranged from mild interstitial prominence to chronic
interstitial densities, atelectasis, and hyperinflation sugges-
tive of diffuse lung disease (Supplementary Fig. S1). Chest
computed tomography (CT) was performed in 4 patients (3,
7, 8, and 9) that demonstrated various abnormalities, in-
cluding diffuse ground glass opacities, septal thickening,
lobar hyperinflation, atelectasis, and subpleural cysts. None
of the patients underwent pulmonary function tests, lung bi-
opsy, or a referral for lung transplantation. Bronchoscopy
was only performed in patient 9 and showed no airway ma-
lacia. There were no deaths during the study period.

A brief description of the variable respiratory presentations
is discussed here with detailed description in the Supplemen-
tary Data. Patient 7 presented during early infancy with hyp-
oxemia, normal chest radiograph, and capillary blood gas
(Table 1). However, chest CT showed abnormalities sugges-
tive of diffuse lung disease. At 4 months, typical CT findings of
lobar hyperinflation and atelectasis were identified (Fig. 1).
She developed hypercapnia and progressive increase in oxygen
requirement during infancy. At 15 months, she developed mild
PH, required 1.5 liter per minute (LPM) oxygen, and thrice-
weekly azithromycin was initiated. At 2 years, PH had resolved
on echocardiography, however, stable hypercapnia persisted
without increasing oxygen requirement.

In contrast to patient 7, patient 8 developed PH and re-
spiratory failure in the neonatal period requiring mechanical
ventilation. Although he initially tolerated extubation, he
developed recurrent episodes of acute respiratory failure
requiring mechanical ventilation. Chest CT demonstrated
multifocal atelectasis, septal thickening, and subpleural
cysts (Fig. 2). Tracheostomy was performed at 8 months for
inability to wean off ventilatory support. At 1-year, severe
PH persisted, and he required continuous PPV via trache-
ostomy and diuretics. Patient 9, the twin sibling of patient 8,
only presented with a cardiac murmur at birth and was di-
agnosed with a PDA and dysplastic tricuspid valve. At 12
months of age, he sustained a blunt abdominal trauma re-
quiring abdominal surgery. Following the surgery, he was
unable to wean off assisted ventilation and developed mild
PH. Hence, tracheostomy was performed at 14 months. At
15 months, PH had resolved on echocardiography; however,
he required continuous PPV via tracheostomy.

Patient 4 had an uncomplicated infancy and developed
recurrent respiratory infections at 1 year of age requiring
bronchodilators and antibiotics. At 2 years, a PDA was
detected requiring closure and she was also diagnosed with
PH. At 3 years, chest radiograph showed right lung hyper-
inflation. Chest radiograph showed stable right lung hyper-
inflation at 5 years (Fig. 3). At 6 years, PH persisted
requiring medications without hypoxemia.

In addition to the pulmonary issues described above, all
patients also had nonpulmonary manifestations and abnor-
mal echocardiograms (Table 2 and Supplementary Fig. S2).
All patients (n = 4) who underwent brain magnetic reso-
nance imaging (MRI) had PVNH (Supplementary Fig. S3).
Two patients with PVNH had neurodevelopmental delay
and none had seizures.
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All patients in our study had a previously undescribed
FLNA variant identified on genetic studies. Among these were
3 frameshift variants (patients 1, 4, and 7) that were quite
clearly loss-of-function variation and were classified as path-
ogenic (Table 1). All patients with one of these variants were
females and had lung disease. Only one of these individuals
(patient 7) had a brain MRI, and it showed PVNH. Two of the
other variants were missense VUS (NM_001456.3:c.134A>G
(p.Q45R) and NM_001456.3:c.278A>G (p.H93R) in patients
3, 8, and 9). Neither one was found in the Genome Aggrega-
tion Database (gnomAD), nor had they been previously re-
ported in individuals with FLNA-related phenotypes.18 Both
substitutions were predicted to be deleterious with Combined
Annotation-Dependent Depletion scores of 27 and 23.2,
respectively.19 The c.278A>G (p.H93R) and c.134A>G
(p.Q45R) variants were found in individuals with pheno-
types highly suspicious for FLNA-related disease. The
c.278A>G (p.H93R) variant was found in a pair of male
twin siblings, both with PVNH and early lung disease,
whereas c.134A>G (p.Q45R) was found in a female with
neonatal lung disease, PVNH, and a PDA. However, due
to the lack of further information on either variant, both
were classified as VUS.

The NM_001456.3:c.7647C>T (p.A2549A) variant was
found in a 17-year old male with dyspnea and severe valvular
insufficiency (patient 2). Although this variant was not found in
gnomAD, it is predicted to be silent, bringing it into question as
a pathogenic variant. Further, the presentation in this patient is

less classic for FLNA-related disease and may be due to other
causes. The final variant occurs at the canonical splice ac-
ceptor site for intron 22 (NM_001456.3:c.3806-1G>T) and
was found in 2 male siblings (patients 5 and 6). Although
variants of this type alter splicing and often lead to loss of
function, the phenotypes of the 2 brothers do not fit with the
severe outcome expected for complete loss of FLNA.11 In-
deed, looking further at the sequence, skipping exon 23 would
be predicted to yield an in-frame product that may have some
function. Although we do not have experimental evidence to
support this theory, it would help to explain the milder than
expected phenotype in these brothers.

Family members were found to have FLNA-related phe-
notypes in 3 families. This included the 2 sets of male sib-
lings among our subjects (patients 5, 6 and 8, 9), of which
only 1 pair (patients 8, 9) had lung disease. Maternal PVNH
or cardiac polyvalvar dysplasia (PVD) was identified in 2
families (patients 3 and 5, 6). The mother of patient 3 had
mild intellectual disability, PVNH, PDA requiring ligation,
aortic root dilatation, and PH. She underwent FLNA se-
quencing that identified the same VUS that was in her child.
Parental genetic studies were either declined, not performed,
or not available for review in the remaining patients.

Discussion

We performed a retrospective study of patients with
FLNA variation and identified 9 patients with novel FLNA

FIG. 1. Patient 7: Axial
chest CT images at 4 months
of age in the upper (a), middle
(b), and lower (c) lung zones
demonstrate right upper lobe
atelectasis, mild diffuse ground
glass opacities, and basilar
predominant septal thickening.
Axial chest CT images at 9
months of age in the upper (d),
middle (e), and lower (f) lung
zones demonstrate progressive
hyperinflation of right upper,
left upper, and left lower lobes
with persistent atelectasis and
basilar septal thickening. CT,
computed tomography.

FIG. 2. Patient 8: Initial chest radiograph at age 2 weeks (a) demonstrates diffuse pulmonary interstitial prominence and
cardiomegaly. Chest radiograph at age 4 months (b) demonstrates persistent interstitial prominence and slight hyperinflation of
the upper lobes. Chest CT at 5 months (c) demonstrates mixed aeration throughout the lungs with regions of atelectasis
interposed with regions of hyperinflation, thickened interlobular septa, and subpleural cysts along the right minor fissure (/).
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variants, including 2 families of male siblings. There were 6
patients with abnormal findings on chest imaging, indicating a
high prevalence of lung disease in the sample. In our sample,
the lung disease was variable ranging from asymptomatic to
chronic respiratory failure requiring assisted ventilation. Our
study adds to the limited literature describing the heteroge-
neous pulmonary phenotypes in patients with FLNA variants.
Indeed, we report on male twin siblings who share an FLNA
variant but had different ages and clinical features at pre-
sentation, although both ultimately developed respiratory
failure requiring PPV via tracheostomy.

Most patients in our study with lung disease presented
in the neonatal period or infancy with respiratory mani-
festations being the presenting feature of this disorder. Our
findings are consistent with prior reports where hypoxemia,
respiratory distress, and recurrent respiratory infections
were the presenting features of FLNA-related disease.1–4

Similar to previous cases, our patients demonstrated typi-
cal chest imaging findings of FLNA-RLD, such as lobar
hyperinflation, atelectasis, and septal thickening.2,3,5,7,16

Since chest imaging demonstrated pulmonary abnormali-
ties in many patients with FLNA disease, our study high-
lights the importance of screening patients with suspected
FLNA disease for pulmonary involvement. In studies where
bronchoscopy was performed in the evaluation of FLNA-
RLD, airway malacia has been reported.2–4,7,9 However,
only 1 patient in our study underwent bronchoscopy, and
airway malacia was not present. In this study, FLNA-RLD
was suspected based on typical cardiovascular manifesta-
tions, chest, or brain imaging findings, and subsequently
confirmed by FLNA genetic studies. In prior studies where
lung biopsy/lobectomy was performed for suspected FLNA-
related ILD, features of alveolar growth abnormalities such
as alveolar simplification, alveolar enlargement, hyperten-
sive pulmonary arteriopathy, and abnormalities of airway
cartilage have been reported.2,4,7,16 Our case study demon-
strates the utility of FLNA genetic tests in suspected cases
that obviated the need for lung biopsy.

The current knowledge of FLNA-RLD is limited to case
studies and there is no established genotype and phenotype
correlation.7 Consistent with previous studies, our patients had
heterogeneous pulmonary phenotypes with variable ages at
presentation, severity of lung disease, respiratory support re-
quirements, and outcome.1,2,4,5 Although mortality from pro-
gressive lung disease has been reported, there were no deaths
in our study.16,20 There are no specific therapies for FLNA-
RLD and patients have required supplemental oxygen, assisted
ventilation, lobectomy, or lung transplantation.2–4,14 Demirel
et al. reported the therapeutic response to systemic steroid in an

infant with lung disease due to a pathogenic variant in FLNA
and pulmonary interstitial glycogenosis suggesting the utility
of steroids in some cases.7 Sasaki et al. reported a 4-week-old
female with FLNA-related ILD who was treated with azi-
thromycin and remained clinically stable on supplemental
oxygen at 11 months of age.1 In our study, patient 7 developed
progressive lung disease during infancy initially requiring only
0.125 LPM oxygen at 7 weeks that later increased to 1.5 LPM
at 15 months of age. Following initiation of azithromycin, her
oxygen requirement and hypercapnia stabilized. Although the
duration of azithromycin therapy was limited to 9 months until
the end of the study, our results suggest a beneficial effect of
azithromycin in some patients with FLNA-RLD that requires
further investigation.

There are only a few reports of males with FLNA-related
ILD.1,4,12 A high perinatal mortality has been reported in
hemizygous males with FLNA variants and severe clini-
cal features in surviving males.10,12 Gerard-Blanluet et al.
reported preterm twin boys with FLNA variant and lung dis-
ease.12 Both twins had PVNH and severe bronchopulmonary
dysplasia that resulted in the death of 1 sibling at 8 months of
age due to respiratory complications. We identified term male
twin siblings with FLNA-RLD who had variable phenotypes
and ages at presentation eventually requiring PPV via tra-
cheostomy. Although both siblings had the same FLNA vari-
ant, the first infant presented in the neonatal period with
respiratory failure, whereas the second infant presented at
1 year of age after failure to extubate following blunt ab-
dominal trauma. This suggests that other environmental or
genetic factors may influence variable expressivity. The zy-
gosity of the twins was unable to be ascertained. To our
knowledge, there are no prior reports of term male twin sib-
lings with FLNA-RLD and variable clinical manifestations. In
contrast to the twin males, patients 5 and 6 were male siblings
with hemizygous FLNA likely pathogenic variant and rela-
tively less severe phenotypes that could possibly be attributed
to residual protein function.1

All patients had cardiovascular manifestations, including
PDA, PVD, and/or aortic dilatation. Cardiovascular associ-
ations in patients with FLNA variants include PDA, PVD, PH,
sinus of Valsalva aneurysm, aortic dilatation, and death due
to aortic rupture.1,2,21 While there are no specific guidelines
for the management of those with aortic dilatation due to
FLNA variants, given the aggressive nature of aortic disease
described in this setting, we concur with prior authors that
surgical management should mirror guidelines for Loeys-
Dietz syndrome.21,22 More specifically, if a patient were to
exhibit a rapid rate of aortic growth (>5 mm/year) or an aortic
size >4.5cm then elective surgical intervention may be

FIG. 3. Patient 4: Upright
posteroanterior chest radio-
graph at 3 years (a), 4 years
(b), and 5 years (c) of age
demonstrate persistent right
lung hyperinflation.
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warranted. PH is likely multifactorial and caused by hypox-
emia, lung growth abnormality, progressive lung disease, and
left sided valvular heart disease. Given the relatively rare
nature of PVD, the combination of lung disease and PVD with
or without aortic dilatation should trigger an evaluation for
FLNA-related disease. Since progressive dilation of the as-
cending aorta can occur, even in the absence of significant
aortic valve involvement, patients should be closely moni-
tored with serial echocardiograms by a pediatric cardiologist.3

PVNH, a common manifestation of FLNA pathogenic
variants, was seen in all 4 patients who underwent brain MRI.
In a study of 47 patients with FLNA-associated PVNH, Lange
et al. identified several subgroups with seizure onset ranging
from childhood to adulthood and a subgroup of 10 patients
without any seizures.10 Since 5 of our patients lacked neuro-
logical symptoms, brain MRI was not performed, and the
parents were counseled on seizures and neurologic symptoms
requiring further evaluation. The joint hypermobility, natal
teeth, and thrombocytopenia seen in our patients are previ-
ously reported associations with FLNA disease.4,9,16,20,23

Genetic studies may help identify family members with
FLNA-related disease as seen in patients 3, 5, and 6. Since
some females with FLNA pathogenic variants only have mild
clinical features, genetic tests, and counseling can aid with
family planning and assess recurrence risk in future preg-
nancies.10 For patients with FLNA-related PVNH, screening
recommendations include evaluations by a) a neurologist, b)
an epileptologist if seizures occur, c) a clinical geneticist, d) a
cardiologist along with echocardiogram to assess for con-
genital cardiac anomalies, aortic, and valvular disease, and e)
a pulmonologist to provide general assessment and consider-
ation of imaging to demonstrate the presence of intrinsic lung
disease. Based on our review of the literature, during infancy
and early childhood, individuals with FLNA variants should be
monitored for seizures, abnormal cardiovascular findings,
signs of pulmonary disease, and dyslexia.14,24

Our study is limited by the single institution retrospective
design. Since patients in our study were identified by re-
viewing medical records in the cardiology and PH clinics,
we acknowledge the possibility of other patients with
FLNA-related disease at our institution who were not iden-
tified. Although uncommon, clinicians should maintain a
high index of suspicion for FLNA-related ILD in infants
with progressive lung disease, lobar hyperinflation, and
PVD and perform FLNA genetic studies. The early diagnosis
of FLNA disease can aid in close clinical monitoring for
progressive lung disease, prompt evaluations for associated
manifestations, and genetic counseling. Currently, there are
no specific recommendations on screening patients with
FLNA pathogenic variants for pulmonary disease.14 Based
on the wide spectrum of respiratory manifestations and
variable prognosis seen in our study and the existing liter-
ature reporting potentially fatal outcomes, evaluation for
lung disease should be considered in these patients. Long-
term pulmonary outcomes for patients with FLNA disease
are unknown. Future multicenter prospective cohort studies
are required to identify a genotype-phenotype correlation
and risk factors for developing ILD to assess therapies and
long-term outcomes.
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