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Table 3. Complications

Elective (n = 401) Emergent (n = 43) P value
Cardiac 4(1.0%) 6 (14.0%) <.000]
Respiratory 6(1.5%) 8 (18.6%) <.0001
Acute rena) failure 4(1.0%) 10 23.3%) <.0001
Dleus 7 (1.7%) 1Q.3%) 0.7858
Gastrointestinal blceding 3(0.7%) 1(2.3%) 0.2982
Bowel necrosis 0 4 (9.3%) <.0001
Distal emboli 12 (3.0%) 1 (2.3%) 0.8053
Postoperative bleeding 4 (1.0%) I 2.3%) 04328
Graft infection 1 (0.2%) 0 0.7430

Table 4. Univariate and multivariate analysis related early death

Univariate Multivariate Multivariate
p value OR (95% CI) p value
Male gender 04725
Aged over 80 0.0030 3.314 (0.924-11.891) 0.0660
Emergency operation <0001 68.553 (8.042-584.364) 0.0001
Hyperteasion 0.6880
Hyperlipidemia 0.5690
Diabetes mellitus 0.7601
Ischemic heart discase 0.7596
Old cerebral infarction 0.7275
COPD 0.6820 .
Chronic renal failure 0.6936
TAA/TAAA 0.8280
Aortic dissection 0.7470
Atherosclerotic obliterans 0.4380

COPD, chronic obstructive pulmonary discasc; TAA/TAAA, thoracic and/or thoracoab-
dominal aortic arcurysm; OR, odds ratio; 95% CL 95% confidence interval.

other 2 patients because necrosis had spread throughout
most of the colon and the small intestine.

In the early results, only the emergency operation (p
= 0.0001; OR = 68.553; 95% CI, 8.042-584.364) was
the risk factor for an early death by multivariate logistic
regression (Table 4). In the previous clinical history,
patients aged 80 years and over at the time of the opera-
tion and gender did not correlate with the early
outcomes.

Long-term outcomes

A long-term follow-up was carried out for the 432
patients (97.3%) who survived and were discharged
from the hospital. Recent clinical data were obtained by
phone or from a questionnaire mailed to 335 patients
(77.5%) or their families. The other cases were checked
out through their most recent clinical records. Follow-
up periods were 33.8 + 24.8 months. There were 36 late
deaths (Table 5), 14 of which (38.9%) were altributed to
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Table 5. Causes of late death

Number %
Total late deaths 36
Maligoant tumor 14 389

Thoracic and/or thoracosbdominal aortic aneurysm 5§ 139

Ischemic heart disease 5 139
Respiratory failure 4 111
Gastrointestinal bleeding 3 83
Brain hemorrhage 2 56
Cerebral infarction 2 56
Renal failure 1 28

malignant tumors, 5 (13.9%) to rupture of the TAA/
TAAA, and an unnamed number of hospital deaths
after surgical treatment for the TAA/TAAA. The other
causes of late death were ischemic heart disease in 5
pattents, respiratory failure in 4, gastrointestinal bleed-
ing in 3, cerebrovascular event in 4, and renal failure in
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Table 6. Univariate and multivariate analyses related late death

Univariate Multivariate Multivariate

p value OR (95% CI) p value
Aged 80 years and over <001 2.091 (1.088-4.017) 0.027
Male gender 0.059 7.414 (1.017-54.050) 0.048
Hypertension 0926
Hyperlipidemia 0.143 0.917 (0.487-1.726) 0.788
Diabetes mellitus 0.440
Old cerebral infarction 0.764
Ischemic heart disease 0.842
QOPD 0.086 2.002 (0.821-4.881) 0.127
Chronic renal failure (Cr 2 1.5 mg/dl) 0.131 2.359 (1.026-5.425) 0.043
TAA/TAAA 0.341
Aortic dissection 0913
Atherosclerotic obliterans 0.036 3.279 (1.350~7.964) 0.009
Emergency operation <.001 5.663 (2.711-11.833) <.001

COPD, chronic obstructive pulinonary disease; Cr, creatinine; TAA/TAAA, thoracic and/or
thoracoabdominal acrtic ancurysm; OR, odds ratio; 95% CI, 95% confidence interval.

1. The late complications correlated with the previous
surgical treatments of AAA in 14 patients. Eleven
patients experienced mechanical ileus, 2 underwent
additional surgical treatment for the aneurysm of com-
mon iliac arteries after straight grafting of the AAA,
and 1 had undergone surgical intervention for the
pseudoaneurysm at the previous anastomotic site. All 3
patients survived after the second operation.

The strongest predictors of late mortality included
patients aged 80 years and over (p = 0.027; OR = 2.091;
95% CI, 1.088-4.017), male gender (p = 0.048; OR =
7.414; 95% CI, 1.017-54.050), chronic renal failure with
serum creatinine (Cr) level equal to or greater than 1.5
mgil (p = 0.043; OR = 2.359; 95% CI, 1.026-5.425),
history of atherosclerotic obliterans (p = 0.009; OR =
3.279; 95% CI, 1.350-7.964), and emergency operation
(p <001; OR = 5.663; 95% CIL, 2.711-11.833) by the Cox
hazard multivariate logistic regression (Table 6).

The quality of life was assessed by asking the patients
or their families. Among the survivors, 86.1% of patients
aged 80 and over and 91.6% of patients less than 80 were
able to maintain their previous lifestyles with indepen-
dent activities in everyday life. The median age of the
octogenarians upon investigation was 84.5 years, ranging
from 83 to 92. More than 80% of the octogenarians had
returned to their preoperative environment and lifestyle,
though some patients were transferred to extended care
or nursing facilities after surgical treatment.

The Kaplan-Meier life table analysis demonstrates
the long-term survival curve. The late results were sig-
nificantly worse in the emergency operation group, as
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well as in the early results (Fig. 1). By comparing the
late survival after the elective operation between the
octogenarians and patients less than 80 years old, we
found no significant difference in the 3-year survival
rate (Fig. 2). The 1- and 3-year rates were 97.6% and
90.9% in the octogenarians and 97.8% and 92.9% in
patients less than 80 years old.

Discussion

Life expectancy has recently become longer, and the
ratio of elderly patients subjected to AAA surgical
treatment has increased. The surgical indication for
AAA in elderly patients depends on the relative risk of
the operation compared with the risk of rupture of the
unoperated aneurysm in the natural course. However,
the surgical risk tends to rise with age because of
increases in the prevalence of various diseases associ-
ated with declines in the homeostatic reserve.'® Our
principle is not to deny surgical treatment of AAA even
in patients aged 80 and over if the surgical risk would
not exceed the risk of rupture, and if the surgery would
not impair the quality of life. We reviewed the early and
late outcomes of AAA surgical treatment to evaluate
the early and long-term results to justify our prompt
surgical intervention even for elderly patients.

The early results of the elective surgical treatment for
AAA had been well established because of the develop-
ment of high-quality artificial graft and postoperative
management. The surgical outcome of the emergency
operation, however, is not satisfactory. The early mor-
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Fig. 1. Kaplan-Meier analysis of latc survival compared with
elective and emergency cases,

tality reported after the surgical treatment for non-
ruptured AAA, including impending rupture, was 0 to
8.0%, and for the emergency operation for the ruptured
AAA it was 34 to 68%.'" These reports did not
include patieats who suffered from cardiac arrest after
the aneurysm’s rupture and died before reaching the
hospital; however, the actual mortality rate for ruptured
AAA would be even higher than that of previous
reports.

In our study, the early mortality rate was extremely
low and showed satisfactory surgical outcomes in com-
parison with previous reports.’2* In the early results,
the mortality rates for elective and emergency opera-
tions were 0.2% and 25.6%, respectively. The predictive
risk factor for early mortality was only the emergency
settings. The previous clinical history, patients aged 80
years and over at the time of operation, and gender did
not correlate with the early outcome,

The incidence of postoperative fatal complications
after an emergency operation was higher than after an
elective operation."%% The higher rate of fatal com-
plications, such as bowel necrosis or renal failure,
especially with rupture cases, led to the unsatisfactory
surgical outcome if the graft replacement itself had
undergone completely. In our study, heart failure, respi-
ratory insufficiency required a trachectomy, acute renal
failure required hemodialysis, and bowel necrosis was
significantly higher in the emergency cases (p <0001,
respectively) than in the elective cases.

The ratio of the emergency operation in our study
was significantly higher in the octogenarians than in
younger patients (20.3% versus 7.7%; p = 0.003). The
higher incidence of emergency operations among the
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Fig. 2. Kaplan-Meicr analysis of latc survival among elective
operations compared with octogenarians and patients less
than 80 years old.

elderly patients may be attributed 1o the reluctance of
primary care physicians to refer elder patients for sur-
gery. The mean age of the patients was slightly higher
(p = 0.0046) in the emergency cases (74.4 + 90 years
old) compared with that of the elective cases (72.0 7.3
years old). In 50% (7/14) of the octogenarians who had
undergone emergency operations, surgical treatment
had been denied at referral because of patient refusal,
unacceptable operative risk, or poor general condition
judged by the local clinicians. Surgical treatment was
finally indicated for those patients in the emergency
settings because of rupture or large symptomatic aneu-
rysm.

The elderly patients were considered a high risk for
surgery, not only because of their poor general condi-
tion, but also because of the potentially high risk of
postoperative complications. In the elective operations,
there were no fatal complications except for one patient
that died after the operation as a result of multiple organ
failure following serious reoperative coagulopathy. We
sometimes experience difficulties during the postopera-
tive management of elderly patients. However, there
were no fatal complications in the elective cases, and
there was no significant difference (p = 0.4278) in the
hospilal stay after elective surgical treatment between
the oclogenarians (21.4 + 12.6 days) and the younger
patients (19.8 + 13.5 days).

The previous report showed that bowel necrosis and
renal failure after surgical treatment had strongly corre-
lated with the worse early surgical outcomes.>*!~® The
reported bowel necrosis after AAA surgical treatment
was from 3.1 to 18.9% in ruptured AAAs, and 0 to 0.6%
in nonruptured AAAs."*2? The reported mortality rate
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for cases with bowel necrosis was 42 to 78%, remark-
ably higher than for those without bowel infarction. The
incidence and mortality rate of our study, which was
complicated by the bowel necrosis, was significantly
high, as in previous reports. Four patients (9.3%) expe-
rienced bowel necrosis after the emergency operation,
and all of them died, though no cases of necrosis were
found among the elective operations (p <.0001). Two
patients died after the second laparotomy as a result of
serious and extensive necrosis of the bowel and small
intestines impeding colectomy, and the other 2 died
despite early diagnosis and treatment with colectomy.
The prevention of bowel ischemia is important to
achieve a belter surgical outcome, since the infarction
of the colon or small intestine leads to higher mortality.

Acute renal failure requiring temporary hemodialysis
was observed in 14 patients, 4 in the elective patients
and 10 in the emergency patients. The 4 patients of elec-
tive cases could finally be weaned from hemodialysis,
and they survived after the operation. Acute renal fail-
ure occurred in the 10 patients having emergency
operations. Only 3 survived this complication despite
early and aggressive dialytic therapy.

In the late surgical outcome, no late deaths related
directly to AAA surgical treatment. Malignanl tumor
was the most frequent cause of death in these cases as it
also is reported to be in general statistical data in Japan.
Heart failure after myocardial infarction and respiratory
insufficiency were the next frequent causes of late
death. Five patients died in the late period because of
TAA/TAAAs. In 6.1% (n = 27), the size of either non-
treated aneurysm was more than 30 mm at the initial
AAA surgical treatment, and 5 patients died in the late
period as a result of ruptured TAA/TAAA or of fatal
complications after an elective graft replacement for
either aneurysm. By Cox hazard multivariate regression,
neither the history of nontreated TAA/TAAASs nor of
aortic dissection was the predictive factor for late mortal-
ity. Careful observation and adequate treatment are
important for better long-term survival, including surgical
or nonsurgical treatment, because of generalized ath-
erosclerosis, of which AAA is the one manifestation.

The predictive risk factor for early mortality was
only the emergency operation. The strongest predictors
for late mortality included an age of 80 years and over,
male gender, chronic renal failure with serum Cr level
equal to or exceeding 1.5 mg/dl, a history of atheroscle-
rotic obliterans, and emergency operation resulting
from the Cox hazard mulitivariate analysis. Surgical

Ann Thorac Candiovasc Surg Vol. 15, No. 1 (2009)

263

Surgical Treatment of Abdominal Aartic Aneurysm

treatment is therefore recommended in elective settings
for octogenarians and also for younger patients, and
close follow-up is necessary for patients having a high
risk of late mortality.

The surgical treatment for AAA, even in elderly
patients, did not exceed the risk of rupture and did not
impair the quality of life. By the Kaplan-Meier life
table analysis, the 5-year survival rate after the elective
surgical treatment was 62.9% in the octogenarians and
90.4% in patients less than 80 years old. This rate is
considered to be an excellent late outcome of surgical
treatment for octogenarians, compared with the 5-year
survival rate of Japan's general population aged 80,
which was 50%.%'? In this study, patients aged 80 years
and over who had survived had kept their previous life-
styles with independent activities of everyday life. The
3-year survival rate was similar in the octogenarians
and younger patients (90.9% and 92.9%, respectively),
and 86.1% of octogenarians who survived had returned
to their preoperative environments and lifestyles, except
for those who were transferred to nursing or extended
care facilities.

Conclusions

The surgical treatment for AAA in octogenarians had
comparable results with the younger patients in either
the elective or emergency settings. We believe that the
optimal method to reduce the high mortality rate of
emergency AAA operations is to repair AAA in the
elective setting with early diagnosis. The extension of
indications for AAA elective surgery in octogenarians
might lead to a lower rate of emergency settings and
subsequently to better early and late surgical results.
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ABSTRACT: Approximately 20% of aortic aneurysm and/or
dissection (AAD) cases result from inherited disorders,
including several systemic and syndromatic connective-tissue
disorders, such as Marfan syndrome, Ehlers-Danlos syn-
drome, and Loeys-Dietz syndrome, which are caused by
mutations in the FBN1, COL3Al, and TGFBRI and
TGFBR2 genes, respectively. Nonsyndromatic AAD also
has a familial background, and mutations of the ACTAZ2 gene
were recently shown to cause familial AAD. In the present
study, we conducted sequence analyses of the ACTAZ2 gene
in 14 unrelated Japanese patients with familial thoracic AAD
(TAAD), and in 26 with sporadic and young-onset TAAD.
Our results identified three mutations of ACTAZ2, two novel
[p.G152_T205del (c.616+1G>T), p.R212Q] and one
reported (p.R149C), in the 14 patients with familial TAAD,
and a novel mutation (p.Y145C) of ACTA2 in the 26
sporadic and young-onset TAAD patients, each of which are
considered to be causative for TAAD. Some of the clinical
features of these patients were the same as previously
reported, whereas others were different. These findings
confirm that ACTA2 mutations are important in familial
TAAD, while the first sporadic and young-onset TAAD case
with an ACTA2 mutation was also identified.

Hum Mutat 30:1406-1411, 2009. © 2009 Wiley-Liss, Inc.

KEY WORDS: aortic aneurysm and dissection; AAD;
smooth muscle actin

Introduction

Patients with an aortic aneurysm and/or dissection (AAD) have
significant cardiovascular morbidity and mortality. Approximately
20% of those aneurysms result from inherited disorders, including
several systemic and syndromatic connective-tissue disorders,

Additional Supporting Information may be found in the online version of this article.
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such as Marfan syndrome, Ehlers-Danlos syndrome, and Loeys-
Dietz syndrome, which are caused by mutations in the FBNI
(MIM# 134797) [Dietz et al, 1991], COL3A1 (MIM# 120180)
[Superti-Furga et al., 1988], and TGFBRI (MIM# 190181), and
TGFBR2 genes (MIM# 190182) [Mizuguchi et al., 2004; Loeys
et al., 2005], respectively. Familial aggregation studies have
revealed that up to 20% of nonsyndromatic AAD cases have a
familial background, inherited primarily in an autosomal
dominant manner [Biddinger et al., 1997; Coady et al., 1999;
Albornoz et al., 2006; Pannu et al., 2006], with several identified
genetic loci linked to nonsyndromatic AAD. In addition, a
bicuspid aortic valve is known to be present in as much as 1 to 2%
of the general population, and it has been noted that such a
condition can deteriorate blood flow and may cause AAD. Indeed,
mutations of NOTCHI (MIM# 190198) were reported to cause a
spectrum of developmental aortic valve anomalies, including
bicuspid valve and calcification leading to aortic diseases [Garg
et al., 2005]. Recently, heterozygous mutations affecting two
structural maintenance of chromosomes (SMC) contractile
proteins, MYH11 and ACTA2, were identified as causing familial
thoracic aortic aneurysms leading to acute aortic dissections [Zhu
et al., 2006; Guo et al., 2007]. Although MYHI11 (MIM# 160745)
mutations seem to be rare and only five mutations have been
reported thus far [Zhu et al., 2006; Pannu et al., 2007], Guo et al.
[2007] reported nine ACTA2 (MIM# 102620) mutations in 14
pedigrees among 97 analyzed families with thoracic AAD (TAAD)
and claimed that ACTA2 mutations are the most common cause of
familial TAAD yet found, responsible for 14% of reported cases.
They also pointed out that persistent livedo reticularis, which is
caused by constriction occlusion of deep dermal capillaries, was
present in most of the affected individuals.

In order to assess the clinical spectra and genetic contributions
associated with mutations in ACTA2, we performed sequence
analysis of this gene in 14 familial cases and 26 sporadic and
young-onset cases with TAAD, and identified four mutations,
three novel and one reported. We then compared the clinical
symptoms of our patients to those described in previous reports.
In one of our patients, who carried the same mutation as reported
in a previous study, livedo reticularis and an iris cyst were noted.
The other two patients in the pedigrees each had a strong family
history of TAAD or thoracoabdominal aortic aneurysm (TAAA),

© 2009 WILEY-LISS, INC.



though they did not show other symptoms that were described in
that previous report. Another case of sporadic and young-onset
TAAD also showed no specific features, though the patient was
obese. These characteristics demonstrate the variable clinical
features present in patients with ACTA2 mutations.

Materials and Methods

Study Subjects

For the present study, 14 unrelated Japanese patients with
TAAD and at least one first-degree relative suffering from aortic
disease without any known genetic syndromatic feature in any
family members (familial nonsyndromatic TAAD) were initially
recruited from patients referred to the National Cardiovascular
Center (Japan), between July 2005 and July 2008. Next, another 26
Japanese patients with sporadic and young-onset TAAD, whose
age of onset was younger than 50 years, who were without any
known genetic syndromatic feature, and did not have any family
history of AAD, were also recruited from patients referred to
National Cardiovascular Center (Japan) between July 2005 and
July 2008. All were screened in advance for mutations of the FBNI,
FBN2, TGFBR1, and TGFBR2 genes by sequencing all exons and
flanking intronic regions to rule out genetic disorders caused by
those genetic mutations. In one of the pedigrees (Family 3), five
other family members including two patients were also added
before our analysis to confirm cosegregation of the mutation with
the clinical phenotype. Data regarding the clinical phenotypes of
the patients were collected from medical records or obtained by a
physical examination. All participants gave written informed
consent for genetic analyses prior to participating in the study
protocol, which was approved by the Ethics Committee of the
National Cardiovascular Center.

Mutation Analysis

Genomic DNA was extracted from leukocytes isolated from
peripheral blood samples using an NA-3000 (Kurabo, Osaka,
Japan), according to the manufacturer’s protocol. All exons and
flanking intronic regions of the ACTA2 gene were amplified by
polymerase chain reaction (PCR) using AmpliTaq Gold polymer-
ase (Applied Biosystems, Foster City, CA) and an ABI 9700
thermal cycler (Applied Biosystems). The sequences of the PCR
primers have been described elsewhere [Guo et al, 2007]. PCR
products were purified with ExoSAP-IT (USB Corporation,
Cleveland, OH) and both strands sequenced using BigDye
Terminator chemistry version 1.1, followed by analysis using an
ABI genetic analyzer 3730 with sequence analysis software
(Applied Biosystems). PCR amplifications and direct sequencing
analyses were performed according to the manufacturer’s instruc-
tions. For the proband in Family 2, total RNA from an aortic
tissue sample was isolated using TRIzol (Invitrogen, Carlsbad, CA)
reagent, then reverse-transcribed using SuperScript III reverse
transcriptase (Invitrogen) and random primers prior to RT-PCR
analysis, according to the supplier’s instructions. RT-PCR primers
were designed to amplify a fragment containing the whole coding
sequence of ACTA2 ¢DNA, induding parts of the 5'- and 3'-
untranslated regions. RT-PCR analysis was also performed using
primers located in exon 5 and exon 7 to assess the amount of
transcripts with skipping of exon 6. Mutation numbering was
performed based on the reference c¢DNA sequence
(NM_001613.1), where +1 corresponded to the nucleotide A of
ATG, the translation initiation codon (www.hgvs.org/mutnomen).
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Illustrations of the protein structures of ACTA2 and interacting
proteins were created using a graphics program (Swiss-Pdb
Viewer, Deep View v4.0) {Guex and Peitsch, 1988] based on
structural data deposited in the Protein Data Bank (PDB-ID
INM1).

Results

In 3 out of 14 probands diagnosed with familial nonsyndro-
matic TAAD, we identified three mutations, two novel and one
reported, considered to have effects on the amino acid sequence of
ACTA2. In the study of 26 sporadic and young-onset TAAD
patients, we identified one novel missense mutation affecting a
highly-conserved amino acid that would be indispensable for
ligand binding. None of those TAAD patients had a bicuspid
aortic valve.

Family 1

c.445C>T (p.Argl49Cys in exon 5), which was the same
mutation of ACTA2 described as 492C>T (p.Argl49Cys) in a
previous report, was detected in a female proband (Patient II:2,
index) in Family 1, who had a positive family history of aortic
dissection and iris cysts. She had been an active amateur tennis
player in her teens. Her first pregnancy, 4 years prior to referral,
was uneventful with a spontaneous vaginal delivery at term. At the
age of 31 years, she experienced an acute thoracoabdominal aortic
dissection (Stanford B type) during spontaneous vaginal delivery
of her second child (male, 40 weeks, 2,680g) and was treated
conservatively with antihypertensive therapy. Three weeks later,
aggravation of the dissection was noted and she was transferred to
our hospital, where she underwent an endovascular repair with a
tube stent graft (Supporting Table S1).

A physical examination revealed livedo reticularis on both lower
legs and iris cysts in both eyes. Her only sibling was a brother
(Patient II:1, 32 years old) who suffered an acute aortic dissection
(Stanford A type) at the age of 28 years (Fig. 1; Supp. Table S1).
He also had iris cysts in both eyes, whereas livedo reticularis was
not noted. The aorta in the brother was not evaluated in detail.
Her mother (Patient I:2, 56 years old) had the same ocular
features, though her aorta was also not evaluated. No affected
individuals in this pedigree were noted to have patent ductus
arteriosus or bicuspid aortic valves.

The mutation of ACTA2 found in this patient has been reported
in five pedigrees in other studies and is the most common
mutation identified thus far. The clinical features of this pedigree
were comparable to those depicted in previous reports. Unfortu-
nately, the only DNA sample available for genetic analysis came
from the proband.

Family 2

Genomic sequence analysis revealed a heterozygous mutation in
the splice donor site of exon 6 (c.616+1G>T) in a male proband
(Patient IV:3, index) in Family 2. The transcriptional conse-
quences of this mutation were confirmed by RT-PCR analysis of
mRNA from surgical specimens of aortic tissue. RT-PCR using
primers for the sequences located in exon 5 and exon 7 showed the
existence of a shorter ACTAZ transcript with deletion of 162bp
(Fig. 2). Direct sequencing for both strands of the RT-PCR
product using primers for the sequences located in exon 1 and exon
9 revealed that the 3’ end of exon 5 connected directly to the 5" end
of exon 7, resulting in deletion of the 162-bp portion corresponding
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Patient pedigrees and mutations of ACTAZ gene. A: Pedigrees of families with thoracic aortic aneurysms and dissections with

ACTA2 mutations. Individuals with aortic dissections are indicated in black, AAEs are shown in shadows, and sudden deaths are shown in gray.
Individuals with iris cysts are indicated with the “A” symbol. Bars indicate individuals genetically tested and asterisks indicate those with ACTA2
mutations. Arrows indicate probands of the pedigrees. B: Locations of the ACTA2 mutations identified in this study are shown with pink blocks or
are underlined along with the highly-conserved orthologous protein sequences. Asterisks indicate gelsolin binding sites and arrowheads

indicate ATP binding sites.

to the entire exon 6 of the ACTA2 gene (Fig. 2). This shorter
transcript results in an in-frame 54-amino acid deletion from
Gly152 to Thr205 (p.G152_T205del), the region extending from
subdomains 3 and 4. The mutant peptide was also missing several
binding sites for known molecules, including ATP, gelsolin, and
profilin, resulting in a completely divergent actin structure [Page
et al., 1998; Vorabiev et al., 2003; Dominguez, 2004] (Fig. 3A).
The proband (Patient IV:3) was a 41-year-old male who was
presented with an acute aortic dissection (Stanford B type) at the
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age of 28 years, followed by graft replacement of the descending
aorta. At age 40 years, he experienced another acute aortic
dissection (Stanford A type), and underwent surgical repair
involving the ascending aorta and aortic arch (Supp. Table S1).
The patient had a strong family history of aortic dissection, as 6
out of 12 pedigree members (Patients III:1, III:2, IIL:5, III:6, IV:1,
and IV:3) had experienced an aortic dissection, of whom 1
(Patient II:1) died of heart failure and another (Patient II:2) died
suddenly of an unknown etiology at a young age (Fig. 1; Supp.
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