Bobba et al. Journal of Cardiothoracic Surgery (2023) 18:352 J ourna | Of

https://doi.org/10.1186/s13019-023-02420-0 . .
Cardiothoracic Surgery

CASE REPORT Open Access

A highly penetrant ACTA2 mutation e

of thoracic aortic disease

Christopher M. Bobba'", Ryan Azarrafiy', John R. Spratt!, Jill Hendrickson?, Tomas D. Martin'?,
George J. Arnaoutakis', Eric . Jeng' and Thomas M. Beaver'

Abstract

Background The role of ACTA2 mutations in Familial Aortic Disease has been increasingly recognized. We describe
a highly penetrant variant (R118Q) in a family with aortic disease.

Case report A patient presented to us for elective repair of an ascending aortic aneurysm with a family history

of his mother expiring after aortic dissection. Genetic testing revealed he was a heterozygous carrier of the ACTA2
missense mutation R118Q. Subsequently, all living family members were tested for this variant and a full medical
history was obtained to compile a family tree for the variant and penetrance of an aortic event (defined as lifetime
occurrence of aortic surgery / dissection). In total 9 family members were identified and underwent genetic testing
with 7/9 showing presence of the ACTA2 R118Q mutation or an aortic event. All patients over the age of 50 (n=4)
had an aortic event. Those events occurred at ages 54, 55, 60, and 62 (mean event at 57.8+3.9 years). Three family
members with the variant under the age of 40 have not had an aortic event and most are undergoing regular aortic
surveillance via CT scan.

Conclusions Existing studies of known ACTA2 mutations describe a 76% aortic event rate by 85 years old. The R118Q
missense mutation is a less common ACTA2 variant, estimated to be found in about 5% of patients with known muta-
tions. Prior studies have predicted the R118Q mutation to have a slightly decreased risk of aortic events compared

to other ACTA2 mutations. In this family, however, we demonstrate 100% penetrance of aortic disease above age

50. In today’s era of excellent outcomes in elective aortic surgery, our team aggressively offers elective repair. We
advocate for strict aortic surveillance for patients with this variant and would consider elective aortic replacement
at4.5 cm, or at an even smaller diameter in patients with a strong family history of dissection who are identified

with this mutation.
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Background

Some connective tissue disorders (CTD), including Mar-
fan’s syndrome, vascular Ehlers-Danlos syndrome, and
Loeys-Dietz syndrome, carry increased risk of aortic
aneurysm formation and subsequent dissection. Cur-
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USA crete mutations associated with the formation of familial

non-syndromic aortic aneurysms, which place patients
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Fig. 1 Family pedigree. The arrow indicates the proband (II-2). Plus signs (+) and minus signs (—) indicate presence and absence, respectively,
of R118Q variant of the ACTA2 gene. Slashed line indicates death at the age indicated. Proband son (lll-1) has undergone genetic testing
but has declined CT surveillance for aneurysmal disease. Proband brother (lI-4) underwent emergent repair for dissection at 60y

at increased risk of aortic catastrophe. In this report we  Case report

characterize a heterozygous mutation of the actin alpha2 A 60-year old male was referred for evaluation of an
(ACTA2) gene thought to contribute to familial thoracic  ascending aortic aneurysm following several months
aortic aneurysms (OMIM ID 611788). Based on This of intermittent chest pain. CT angiography revealed a
variant, R118Q, is associated with a high, age-dependent 4.8 cm aortic root and moderate aortic insufficiency was
penetrance of aortic disease. seen on transthoracic echocardiography. Family history
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was notable for a mother and brother who died from
acute aortic dissection and a second brother who under-
went emergent repair of a type A dissection. Due to his
symptoms and strong family history, elective aortic repair
was recommended to mitigate the risk of rupture/dissec-
tion and progression of aortic valved disease. The patient
underwent aortic root replacement using a bioprosthetic
composite valved conduit in a modified Bentall fashion.
The patient tolerated the procedure well and was dis-
charged home on postoperative day 4 following unevent-
ful inpatient convalescence.

Given his strong family history, genetics consultation
was sought and genetic testing was performed on the
proband. A commercially available Invitae panel was used
to identify a potential mutation. This revealed that he was
a heterozygous carrier of the ACTA2 missense mutation
R118Q. All living family members were contacted and all
agreed to be tested for this variant, allowing construction
of a pedigree for the variant and penetrance of an aor-
tic event (Fig. 1). An aortic event was defined as lifetime
occurrence of aortic surgery or dissection. 7 family mem-
bers underwent genetic testing and 5/7 harbored the var-
iant. Of those 5: both members over the age of 50 had an
aortic event (II-4 experienced a dissection with emergent
repair and the proband II-2 underwent elective repair for
large aneurysm), one member (III-4) has known aortic
dilation and is monitored with regular surveillance CT
angiography, one has imaging with normal aortic diam-
eter (III-2, 3.8 cm ascending aorta), and one has declined
imaging surveillance (III-1). Notably, all descendants of
I-1 over the age of 50 had an aortic event. Regardless of
genetic presence of genetic mutation, all descendants of
I-1 over the age of 50 (n=4) had an aortic event (mean
age at event 57.8 + 3.9 years).

Discussion and conclusions

The ACTA2 gene codes for a smooth muscle-specific
isoform of a-actin and is involved in smooth muscle
contraction. Mutations in this gene are the most fre-
quently encountered non-syndromic cause of familial
thoracic aortic disease, and estimated to encompass
14% of those with this disease [2]. A variety of ACTA2
mutations have been characterized as pathogenic. The
overall penetrance of an aortic event with any ACTA2
mutation was observed to be 48%, with an estimated
75% risk of aortic event by 85 years of age. The specific
R118Q missense mutation identified in this family is
estimated to comprise about 5% of all ACTA2 muta-
tions with an estimated 76% lifetime risk of aortic event
by 85 years of age [3]. Although published estimates of
risk profiles for specific variants are hindered by small
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patient cohort sizes, R118Q is also estimated to confer
a lower risk of aortic event than other characterized
mutations (i.e. R179). Though we do not have genetic
testing for 2/4 family members who passed away from
dissection, in this family we observed a 100% pen-
etrance of aortic events in family members>50 years
of age.This suggests a higher risk and age dependent
penetrance with this variant than previously estimated
(Additional file 1).

In the current era of excellent outcomes in elective aor-
tic surgery, we advocate an aggressive approach to elec-
tive repair in patients at elevated risk for aortic events.
We further advocate strict aortic surveillance in patients
with this and other high-risk genetic variants. The deci-
sion for repair should account for family history (includ-
ing age of dissection of other family members), patient
preferences, and concomitant cardiovascular pathol-
ogy [4]. Threshold aneurysm diameter for repair in
these patients remains controversial but repair at diam-
eters >4.0—4.5 cm should be strongly considered in oth-
erwise healthy patients with a strong family history of
dissection [5, 6]. At our experienced center we advocate
replacement at 4.5 cm in patients with an ACTA2 muta-
tion and a strong family history of dissection. As these
disorders become increasingly recognized and families
followed with imaging surveillance with elective aneu-
rysmal repair when indicated, we hope for a reduction
in morbidity and mortality in these families, We also
advocate for strict surveillance and genetic testing in all
patients with a family history of aortic dissection.
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