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Abstract 

Pathogenic variants in ACTA2, encoding smooth muscle α-actin, predispose to thoracic aortic 

aneurysms and dissections. ACTA2 variants altering arginine 179 predispose to a more severe, 

multisystemic disease termed smooth muscle dysfunction syndrome (SMDS; OMIM 613834).  

Vascular complications of SMDS include patent ductus arteriosus (PDA) or aortopulmonary 

window, early-onset thoracic aortic disease (TAD), moyamoya-like cerebrovascular disease, and 

primary pulmonary hypertension. Patients also have dysfunction of other smooth muscle-

dependent systems, including congenital mydriasis, hypotonic bladder, and gut hypoperistalsis. 

Here, we describe five patients with novel heterozygous ACTA2 missense variants, p.Arg179Gly, 

p.Met46Arg, p.Thr204Ile, p.Arg39Cys, and p.Ile66Asn, who have clinical complications that 

align or overlap with SMDS. Patients with the ACTA2 p.Arg179Gly and p.Thr204Ile variants 

display classic features of SMDS. The patient with the ACTA2 p.Met46Arg variant exhibits 

exclusively vascular complications of SMDS, including early-onset TAD, PDA, and moyamoya-

like cerebrovascular disease. The patient with the ACTA2 p.Ile66Asn variant has an unusual 

vascular complication: a large fusiform internal carotid artery aneurysm. The patient with the 

ACTA2 p.Arg39Cys variant has pulmonary, gastrointestinal, and genitourinary but no vascular 

SMDS manifestations. Identifying pathogenic ACTA2 variants associated with features of SMDS 

is critical for aggressive surveillance and management of vascular and non-vascular 

complications and delineating the molecular pathogenesis of SMDS. 



 
Introduction 

Pathogenic variants in ACTA2, which encodes the smooth muscle (SM)-specific α-actin 

monomer (SM α-actin), are the most frequent cause of non-syndromic heritable thoracic aortic 

aneurysms and dissections (Guo et al., 2007; Guo et al., 2009; Morisaki et al., 2009). SM α-actin 

polymerizes to form thin filaments that interact with smooth muscle myosin-containing thick 

filaments to form the contractile unit in smooth muscle cells (SMCs) (Milewicz et al., 2008). 

ACTA2 missense mutations disrupt SM α-actin polymerization and interaction with myosin, 

highlighting the importance of altered SMC contractile function in the pathogenesis of thoracic 

aortic disease (Lu et al., 2015; Lu et al., 2016; Milewicz et al., 2008; Milewicz et al., 2017). 

Specific ACTA2 mutations also predispose to other vascular diseases, either early onset ischemic 

strokes due to moyamoya- like occlusion of the distal internal carotid artery (ICA) or early onset 

coronary artery disease (Guo et al., 2009; Milewicz et al., 2010; Regalado et al., 2015; Regalado 

et al., 2018). At the severe end of the disease spectrum, de novo variants disrupting arginine 179 

cause a syndrome termed Smooth Muscle Dysfunction Syndrome (SMDS), which is 

characterized by early onset vascular complications along with disruption of other organs 

dependent on SMCs for their function (Milewicz et al., 2010). This syndrome is characterized by 

patent ductus arteriosus (PDA) or aortopulmonary window (APW), early-onset and highly 

penetrant thoracic aortic disease, moyamoya- like cerebrovascular disease, and congenital 

mydriasis, along with less penetrant pulmonary hypertension, chronic lung disease, 

hypoperistalsis, malrotation of the gut, prune belly syndrome, hypotonic bladder, megacystis, 

and hydronephrosis (Milewicz et al., 2010; Regalado et al., 2018; Richer et al., 2012). 

Cerebrovascular disease in these patients has features of moyamoya disease (MMD), specifically 

stenosis or occlusion of the terminal portion of the ICA that may extend into the middle and 



anterior cerebral arteries, without formation of collateral arteries typically observed in MMD 

patients (Munot et al., 2012). SMDS patients also have fusiform dilation of the proximal internal 

carotid arteries, abnormally straight intracranial arteries, and periventricular hyperintensities 

suggestive of small vessel disease (Georgescu et al., 2015; Lauer et al., 2021; Milewicz et al., 

2010; Munot et al., 2012; Regalado et al., 2018). The most common ACTA2 variant associated 

with SMDS is p.Arg179His, but p.Arg179Cys, p.Arg179Leu, and p.Arg179Ser variants have 

also been identified in SMDS patients (Regalado et al., 2018).  We report here five patients, all 

of European descent, with novel ACTA2 pathogenic variants who have features of SMDS.  

Materials and Methods 

The study was approved by the institutional review board of the University of Texas Health 

Science Center at Houston (UTHealth). Participants were recruited for the Montalcino 

Consortium patient registry at UTHealth. De-identified medical records, including imaging 

studies and interpretations, surgical reports, pathology reports, and physicians’ notes, were 

reviewed after obtaining informed consent by proband and/or family members. The ACTA2 

variants were identified through clinical genetic testing.  

Results 

Patient 1 was a female infant with a de novo missense ACTA2 p.Arg179Gly variant 

(c.535C>G; likely pathogenic) identified via whole exome sequencing shortly after birth. The 

patient was diagnosed antenatally with bladder dilation and bilateral ventriculomegaly in the 

brain by ultrasound at 20 weeks gestation. Brain fetal magnetic resonance imaging (MRI) at 27 

weeks gestation confirmed bilateral ventriculomegaly. She was found to have mild 

hydronephrosis on the left kidney at 35 weeks gestation and bilateral moderate hydronephrosis 

by 37 weeks gestation. The patient was delivered at 37 weeks gestation via Cesarean section due 



to breech presentation. Congenital mydriasis was noted at birth. She displayed regular respiratory 

effort and required continuous positive airway pressure at 7.0 cm H2O and FiO2 of 35%. 

Abdominal distension was noted at birth, and 100 ml of urine was drained from her bladder. The 

patient was also diagnosed with megacystis-microcolon- intestinal hypoperistalsis syndrome, 

previously associated with variants altering ACTA2 p.Arg179, and underwent surgery to correct 

gut malrotation (Richer et al., 2012). Postnatal brain MRI showed periventricular white matter 

loss. Cardiac assessment revealed a massively aneurysmal PDA with large volume bidirectional 

shunting, causing branch pulmonary artery dilatation, bronchial compression, and collapse of the 

left lower lobe medial basal segment. She developed progressive systemic steal through the PDA 

with increasing left to right shunting, leading to respiratory difficulties and systemic 

hypoperfusion. She went on to be diagnosed with bilateral interstitial pulmonary edema with 

scattered subpleural atelectasis in the right upper lobe. She also had innominate artery syndrome, 

with tracheal stenosis due to compression of the trachea by the brachiocephalic artery. PDA 

repair was not pursued due to the complexity of the procedure with the prospect of a prolonged 

recovery period. Patient received palliative care and died at 27 days old. 

Patient 2 is a 23-year-old male who had a patent foramen ovale and PDA repaired at 

birth. At 19 years of age, the patient was found to have abdominal and femoral bruit on routine 

examination. Echocardiography revealed a dilated aortic root and ascending aorta with maximum 

diameter at the aortic root sinuses of Valsalva of 40 mm (Z-score +3.70) (Fig. 1E). Three-

dimensional magnetic resonance angiography (MRA) confirmed mildly dilated aortic root 

measuring 40 x 40 x 41 mm in systole and a mildly dilated distal ascending aorta just proximal to 

origin of great vessels from arch measuring 39 x 36 mm (Fig. 1A, left). Valve sparing surgical 

repair of the aortic root and ascending aorta was performed at the age of 20 years, and 



postoperative computed tomography (CT) angiography a year later identified fusiform dilation 

of the proximal and mid aortic arch with the largest diameter of 47 mm (Fig. 1A, right). MRA 

showed continued mild fusiform aneurysm of the proximal abdominal aorta and at the origin of 

the celiac trunk (25 x 24 mm).  He also has diffuse narrowing of the left common iliac artery (4.7 

mm) (Fig. 1A, middle). Just proximal to bifurcation into external and internal iliacs, a short 

segment (8 mm) of more pronounced stenosis was noted, with a minimum vessel diameter of 4.1 

mm compared to 8.6 mm on the contralateral side (Fig. 1A, middle). There was also post-

stenotic dilation of the proximal left internal and external iliac arteries (Fig. 1A, middle). The 

patient’s brain MRA revealed robust appearance of the petrous and cavernous portions of the 

ICAs, then abrupt tapering and straightening of the clinoid and supraclinoid portions of the ICAs 

bilaterally without occlusion (Fig. 1B). Extracranial segments of ICA demonstrate bilateral 

symmetric fusiform dilation and straightened appearance (Fig. 1B). There was a straightened 

appearance to the intracerebral arteries, as well as diffuse and symmetric narrowing of the 

bilateral MCAs, ACAs, PCAs and their major branches (Fig. 1B, left, middle). The patient had 

onset of TIAs and psychosis, and MRI of the brain showed stable stenotic lesions with scattered 

focal areas of T2 or FLAIR hyperintense signal abnormalities suspicious for chronic ischemia in 

the bilateral cerebral hemispheres (Fig. 1C). MRA of the head and neck four years after 

diagnosis showed no significant changes. A de novo missense ACTA2 p.Met46Arg variant 

(c.137T>G; likely pathogenic) was identified, as previously described, and the patient is on 

currently taking atenolol (Zhang et al., 2019).  

Patient 3, a 6 year old female with a de novo ACTA2 p.Thr204Ile variant (c.611C>T; 

likely pathogenic), had a prenatal history of choroid plexus cyst, single umbilical artery, and 

megacystis at 20 week anatomy ultrasound. At birth, she had a hemodynamically significant 



PDA that was repaired, an atrial septal defect, and significant dilation of the aortic root (26 mm, 

Z-score +3.63) and ascending aorta (25 mm, Z-score +4.28) (Fig. 1D) with mild aortic 

insufficiency. She also exhibited bladder dysfunction at the time of birth requiring 

catheterizations until 20 months of age. She was diagnosed with pulmonary hypertension, and at 

the age of 6 years, with asthma. The patient was started on atenolol due to relatively rapid 

growth of aortic root and ascending aorta, which was later switched to losartan due to worsening 

of her asthma. She has no developmental delay or stroke-like symptoms and has not had imaging 

of her brain.  

Patient 4 is a 5 year old female who inherited a familial ACTA2, p.Arg39Cys variant (c. 

115C>T; likely pathogenic, Fig. 2). The patient was born at 37 weeks gestation and was 

hospitalized for 4 days due to feeding issues, difficulty breathing, and jaundice; echocardiogram 

was normal. MRI of the brain and MRA of the head, neck, chest, abdomen, and pelvis showed 

no abnormalities. She had obstructive sleep apnea secondary to severe tonsillar hyperplasia and 

underwent adenoidectomy at 2 years of age. She continued to experience mild obstructive sleep 

hypopnea and mild fatigue and was placed on bilevel positive airway pressure at 4 years old, 

with some relief. Chest x-ray at 2 years of age identified streaky perihilar changes and bilateral 

peribronchial cuffing, suggestive of chronic aspiration or viral/reactive airway disease. She was 

diagnosed with persistent asthma and recurrent laryngotracheobronchitis responsive to 

bronchodilators and dexamethasone. Chest x-ray imaging, a clinical history of asthma, and use of 

positive pressure in this patient are suggestive of the chronic lung disease observed in SMDS 

patients (Regalado et al., 2018).  

Patient 4 also has severe oropharyngeal phase dysphagia with recurrent aspiration 

pneumonia, gastrointestinal dysmotility, and chronic constipation. On fluoroscopy, no evidence 



of malrotation or gastric outlet obstruction was found, but significant stool burden in rectum was 

identified. A gastrostomy tube was placed at 2 years of age and at 5 years of age, she was 

advanced to oral thickened fluids but still receives 80% of her nutrition through the gastrostomy 

tube. Finally, Patient 4 has urinary retention, requiring catheterization to void the bladder.  

The ACTA2 p.Arg39Cys variant, inherited from her mother, is the cause of heritable 

thoracic aortic disease associated with variably penetrant PDA in the mother’s family (Fig. 2). 

The patient’s mother has a history of atrial septal defect and a surgically repaired PDA, and the 

patient’s brother has a PDA (Fig. 2). The maternal grandmother is heterozygous for the ACTA2 

pathogenic variant and was diagnosed with aortic enlargement identified in her 30s; she 

underwent thoracic aneurysm repair at age of 50 years (Fig. 2). The father of the maternal 

grandmother passed away at age 47 years due to an acute aortic dissection (Fig. 2). A cousin’s 

daughter with the ACTA2 variant had her PDA surgically corrected. No family members have 

lung, urinary, or gastrointestinal problems similar to the proband nor MMD-like cerebrovascular 

disease. 

Patient 5 is a 27-year-old woman who presented with a type A aortic dissection at the age 

of 21, three months after giving birth to her first child. Her ascending aorta diameter was 59 mm 

at the time of dissection, and a bicuspid aortic valve was identified. She underwent emergent 

valve sparing aortic root and ascending aortic repair. There is no family history of thoracic aortic 

disease in the proband’s large family, and genetic testing identified an ACTA2 p.Ile66Asn variant 

(c.197T>A; variant of unknown significance).  MRA four years later revealed fusiform aneurysm 

of the left intracranial ICA at its entrance into the skull to its terminus measuring 10 mm in the 

cavernous segment and tapering to 6 mm along with mild dilation of the distal right cavernous 

carotid measuring 6 mm to its supraclinoid segment (Fig. 1F). The maximum caliber of the left 



petrous segment is 13 mm (Fig. 1F). She also has hypoplastic cerebral arteries, suggesting 

diffuse stenosis, and non-specific periventricular white matter changes without classic findings 

of embolic stroke. Previously, relative narrowing of the terminal ICA to the petrous ICA was 

shown to correlate with acute ischemic stroke in ACTA2 p.Arg179 patients (Lauer et al., 2021). 

Patient 5 has a relative terminal ICA stenosis score >0.6, suggesting increased risk for acute 

ischemic stroke. She is currently taking metoprolol, losartan, and aspirin. 

Discussion 

We report here five patients with complications typically seen in SMDS that have 

missense variants not previously associated with SMDS. Patient 1 has classic features of SMDS 

and a de novo variant leading to an amino acid substitution, p.Arg179Gly, not previously 

identified in SMDS patients (Fig. 3, Table S1). In patients with SMDS, ACTA2 p.Arg179 is most 

commonly altered to histidine but can also be changed to cysteine, leucine and serine, and all 

these missense variants are associated with similar age of onset and features of SMDS (Fig. 3, 

Table S1).  Patient 1 was the first patient identified with an ACTA2 p.Arg179Gly variant and 

presented with typical features of SMDS but had severe complications leading to early death 

including cardiovascular, cerebrovascular, respiratory, gastrointestinal, and genitourinary issues. 

Thus, SMDS-causing variants alter Arg179 to 5 different amino acids, specifically histidine, 

cysteine, serine, leucine, and glycine. An additional amino acid substitution to proline is possible 

but has not been observed in SMDS patients. 

The moyamoya- like cerebrovascular disease can be observed in other recurrent inherited 

pathogenic variants in ACTA2 disrupting arginine 258 (p.Arg258Cys, p.Arg258His) (Fig. 3, 

Table S1) (Diness et al., 2020; Guo et al., 2009). These patients have variable penetrance of 

PDA, along with later onset thoracic aortic disease, moyamoya-like stenosis of the distal ICAs, 



white matter hyperintensities, and intracranial artery straightening seen in SMDS patients but do 

not have hypotonic bladders or gut complications (Fig. 3, Table S1) (Diness et al., 2020; Guo et 

al., 2009). A family with the ACTA2 p.Asn117Lys variant had MMD-like cerebrovascular 

disease, PDA, poorly reactive pupils, and retinal artery tortuosity without evidence of thoracic 

aortic disease. Other families with variants affecting p.Asn117 had adult onset thoracic aortic 

disease but were not reported to have cerebrovascular disease (Fig. 3, Table S1) (Ke et al., 2016; 

Mc Glacken-Byrne et al., 2020). Additionally, a patient with a de novo ACTA2 p.Asp181Val 

mutation was reported to have MMD-like disease, periventricular white matter hyperintensities, 

hypoplasia of the corpus callosum, and a prior history of PDA without evidence of aortic disease 

or ocular dysfunction (Fig. 3, Table S1) (Pinto, 2020). Patient 2 has a phenotype similar to these 

patients, including a PDA, early onset thoracic aortic disease and moyamoya-like 

cerebrovascular disease, intracranial artery straightening, and white matter hyperintensities, and 

he has a novel, de novo ACTA2 p.Met46Arg variant (Fig. 3, Table S1). This variant does not 

meet the American College of Medical Genetics criteria to be a pathogenic variant but given that 

the variant is de novo and the phenotype of the proband overlaps with SMDS, it is likely to be a 

pathogenic variant. He also has stenosis of the left common iliac artery. SMDS patients have 

been found to have steno-occlusive lesions in other muscular arteries, including the pulmonary, 

hepatic (unpublished data), and vasa vasorum arteries (Milewicz et al., 2010).  

Patient 3 had a PDA, early onset aortic disease, genitourinary, and pulmonary features of 

SMDS due to a de novo ACTA2 missense variant not previously associated with SMDS, 

p.Thr204Ile, but the status of her cerebrovascular disease is unknown (Fig. 3, Table S1). Patient 

4 has an ACTA2 pathogenic variant, p.Arg39Cys, established to predispose to thoracic aortic 

disease and causing heritable thoracic aortic disease associated with PDA in her family (Fig. 3, 



Table S1) (Hoffjan et al., 2011; Regalado et al., 2015). The proband had early-onset lung, bowel, 

and bladder complications typical for SMDS without vascular manifestations. We hypothesize 

that Patient 4 has an additional, unidentified rare variant in another gene that disrupts primarily 

the SMCs in the gut and bladder, and therefore augments the effect of the inherited ACTA2 

variant and leads to her SMDS complications. Loss of function variants in MYLK and MYH11 

have been associated with megacystis-microcolon- intestinal hypoperistalsis syndrome, 

supporting that genes causing thoracic aortic disease can also disrupt the gut and bladder 

(Gauthier et al., 2015; Halim et al., 2017; Wang et al., 2019). 

Finally, Patient 5 had early onset thoracic aortic disease, along with a distinct phenotype 

of cerebrovascular disease: a large fusiform aneurysm of her left ICA (Fig. 3, Table S1). 

Cerebral aneurysms are unusual in patients with ACTA2 pathogenic variants but have been 

associated with the ACTA2 p.Lys328Asn variant in addition to early-onset thoracic aortic 

aneurysms and dissections (<50 years of age) and distal ICA stenosis (Fig. 3, Table S1) (Amans 

et al., 2013; Shalhub et al., 2020; Ware et al., 2014). The patients with the ACTA2 p.Lys328Asn 

variants also presented with congenital mydriasis but did not have lung, gastrointestinal or 

bladder complications (Ware et al., 2014). 

The patients reported here raise a critical question of how to classify ACTA2 variants with 

variable features of SMDS (Fig. 3). The major causes of death in SMDS patients are due to 

aortic disease, MMD-like cerebrovascular disease, and pulmonary disease. Therefore, it is 

essential to correctly designate patients with ACTA2 variants associated with these features of 

SMDS. Based on the current recommendations, a dyadic approach to delineation of genetic 

conditions is recommended (Biesecker et al., 2021). Thus, both patients with fully penetrant 

SMDS and patients with variants previously reported to cause SMDS should be designated 



ACTA2-related SMDS. We recommend that patients with some features but not all the 

complications of SMDS (e.g, p.Arg258 variants) be designated ACTA2-related SMDS-like. 

Patients with disease-causing ACTA2 variants can present with a range of complications 

associated with SMDS, and it is essential for physicians to recognize these complications in 

order to ensure patients receive proper surveillance and treatment. It is also critical to identify 

complications of SMDS since these clinical features indicate more severe clinical prognosis. 

Congenital mydriasis, PDA, and gut and bladder complications, which when present in infancy 

in all patients with ACTA2 p.Arg179 variants, appear to be the reliable predictors of a diagnosis 

of SMDS (Fig. 3). The presence of a PDA and/or congenital mydriasis in the absence of other 

features of SMDS suggests higher risk for early-onset thoracic aortic disease and MMD-like 

cerebrovascular disease, as illustrated by Patient 2 with ACTA2 p.Met46Arg variant, Patient 3 

with the ACTA2 p.Thr204Ile variant, and the patients with ACTA2 p.Arg258, p.Asn117, 

p.Lys328Asn, and p.Asp181Val variants (Fig. 3). These patients should receive vascular disease 

surveillance and an annual ophthalmologic exam for congenital mydriasis, similar to the current 

recommendations for SMDS patients (Regalado et al., 2018). Based on this study and previous 

studies assessing aortic disease progression in SMDS patients, it is critical to consider 

concomitant repair of a normal arch when the root and ascending aorta are repaired in patients 

with SMDS-like features, as illustrated by Patient 2 in this report and as previously 

recommended for SMDS patients (Regalado et al., 2018). ICA aneurysms are rare in ACTA2 

patients, and not all patients with ACTA2 variants require cerebrovascular imaging, but these 

cases are associated with early-onset thoracic aortic disease. Importantly, individuals who have 

de novo novel variants, PDA, congenital mydriasis, and/or onset of thoracic aortic surgery or 

dissection before 30 years of age should have cerebrovascular imaging. 
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Figure 1 A. 3D MR angiogram from Patient 2 (p.Met46Arg) shows dilation of the aortic root and 
ascending aorta (pre-surgery) (left image) and stenosis of the left common iliac artery (red 
arrowhead, middle image). CT angiogram (post-surgical repair) shows fusiform dilation of the 
proximal and mid aortic arch with the largest diameter of 47 mm (post-surgery) (right image). B. 
MR angiogram images from Patient 2 (p.Met46Arg) show dilation of proximal ICAs (white 
arrows), stenosis of distal ICAs (red arrowheads), and straightening of intracranial arteries 
bilaterally. C. MRI of the brain of Patient 2 (p.Met46Arg) shows white matter signal 
change/hyperintensity on axial T2-weighted images (black arrowheads). D. Transthoracic 
echocardiography from Patient 3 (p.Thr204Ile) shows dilated aortic root (28.3 mm) and 
ascending aorta (30.1 mm) with point of measurement indicated by the white line. E. 
Transthoracic echocardiography from Patient 2 (p.Met46Arg) shows dilated aortic root (40 mm, 
white line). F. MRA from Patient 5 (p.Ile66Asn) shows fusiform aneurysm of the left intracranial 
ICA at its entrance into the skull to its terminous measuring 10 mm in the cavernous segment 
with maximal diameter measuring 13 mm in the petrous segment and tapering to 6 mm and mild 
dilation of the distal right cavernous carotid to its supraclinoid segment measuring 6 mm (white 
arrows). MR; magnetic resonance. CT; computed tomography. ICA; internal carotid artery. 



 

 

Figure 2. Pedigree for Patient 4 (ACTA2, p.Arg39Cys) shows inheritance of predominantly 
thoracic aortic disease segregating with the variant in this family. Males are designated as 
squares, females as circles, and presence of clinical presentation and genetic test results is 
indicated according to the legend. Age of death (d. age) or diagnosis (age) is indicated underneath 
the individual when available. The proband (Patient 4) is indicated with a red arrow (individual 
VI:5). PDA; patent ductus arteriosus. 



 

 

Figure 3. ACTA2 mutations associated with the increasingly severe spectrum of complications observed 
in SMDS patients. *Aortic events defined as aortic aneurysm repair or presentation with dissection. 
SMDS; smooth muscle dysfunction syndrome. ICA; internal carotid artery. Created 
with BioRender.com. 




