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Asymptomatic Huge Popliteal Pseudoaneurysm With 2
Internal Solid Thrombi

Shumpei Mori, MD; Mitsuru Abe, MD; Atsushi Kawamura. MD: Kei Kazuno. MD;
Masahiro Higashi. MD; Hatsue Ishibashi-Ueda. MD; Hiroshi Nonogi. MD

66-year-old woman was admitted o our hospital with

acule inferior myocardial infarction. She had a history of

hypertension, hyperlipidemia, and surgical replacement of the

descending aortic aneurysm with a prosthetic graftat 59 years of

age. Emergent coronary angiography showed 90% stenosis in
the middle right coronary artery. The lesion was successfully
dilated with the deployment of a bare metal stent.

Physical examination revealed an absence of pulsation of

the left popliteal artery and a slight swelling above the left
popliteal fossa without pulsation and tendemess. The ankle-
brachial pressure indexes of her right and left extremities
were 108 and (158, respectively. Regardless of our careful
history taking. she had no history of claudication. traumas.
surgery. or acupuncture around the left knee joint. A com-
puted tomography revealed a huge mass (65X 70X S50 mm)
above the felt knee joint (Figure [A) and ruled out adjacent
osteochondroma. Her left popliteal artery was obstructed just
behind the mass (Figure 1B). Abundant collateral arteries
were observed running around the mass and connecting into
the distal part ol popliteal artery. The mass had 2 high-density
enhanced areas surrounded by an outer low-density area
without enhancement (Figure 1C and 1D).

An ancurysmectomy was performed (Figure 2A). and the
left popliteal avery was repaired with a 7-mm-diameter
Dacron graft. A resceted specimen had 2 internal solid
thrombi surrounded by eatensive thick blood with capsule
(Figure 2B). The arterial perforation communicating with the
ancurysimal sac was covered by the thrombus, HistoJogically,
the wall of ancurysm lost elastic tissues in the media that were

replaced by collagen fibers, indicating a pseudoancurysm
(Figure 2C). Rich capillary channcls were observed in an old
mura] thrombus inside the aneurysm (Figure 2D).

A pseudoancurysm of the poplitcal artery is rare and
mostly reported in association with penetrating trauma. adja-
cent osteochondroma. or jatrogenic complications such as
lota} knee arthroplasty, arthroscopic meniscectomy. and acu-
puncture.'=* In this case, none of the conceivable reasons
listed above applied. However, spontancous dissection of the
arterial wall of patients with arteriosclerosis could be un
initial trigger leading 1o repeated bleeding from the membra-
nous capsule into the closed sac. Consequently, such a giant
pulseless ancurysm may be formed with internal thrombus.
To the best of our knowledge. this iy the Jargest case of an
asymptomatic popliteal psendoaneurysm reported to date.
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Figure 1. Three-dimensional reconstruction image of an enhanced computed tomographic scan of lower limbs revealed huge

65X 70X50-mm mass above the left knee joint (A; thin white arrow). Computed tomographic angiogram showed an obstruction of the
left popliteal artery just behind the mass (B; thick white arrow). Abundant collateral arteries were observed running around the mass
and connecling into the distal part of popliteal artery (B; arrowheads). A horizontal section (C) and oblique vertical section (D) of the
mass revealed 2 internal high-density enhanced areas (H) surrounded by an outer low-density area (L) with capsule.
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Figure 2. The mass had 2 internal solid thrombi (T} surrounded by extensive thick blood with capsule (A, B). Histopathological exami-
nation showed the disappearance of elastic fibers in the tunica media replaced by collagen fibers (asterisk) in the wall of aneurysm (C;
Masson's trichrome stain; magnification X 12.8) and rich capillary channels (asterisk) in an old mural thrombus (D; elastica van Gieson
stain; magnification x12.5). N indicates neointima; M, media; and A, adventitia.
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Case
Report

A Case of Acute Type B Aortic Dissection: Limited Role

of Laboratory Testing for the Diagnosis of

Mesenteric Ischemia

Koichi Akutsu, MD,' Hitoshi Matsuda, MD,? Hiroaki Sasaki, MD,?

Kenji Minatoya, MD,? Hitoshi Ogino, MD,? Satoshi Kasai, MD,'

Yuiichi Tamori, MD,' Naoyuki Yokoyama, MD,' Hiroshi Nonogi, MD," and
Satoshi Takeshita, MD'

A 30-year-old man with severe back and abdominal pain was referred to our hospital because of
a recurrence of acute type B aortic dissection. A computed tomography scan showed a 3-channel
dissection and a severe narrowing of the true lumen of the descending aorta to the abdominal
aorta because of the expansion of the newly formed second false lumen. Although laboratory
testing, including creatine phosphokinase, lactate dehydrogenase, and lactate levels, indicated
no visceral ischemia, abdominal pain requiring narcotics treatment had to be continued for more
than 1 week. Based on the symptoms and computed tomography findings, the patient finally
underwent aortic replacement, fenestration, and a reconstruction of the inferior mesenteric
artery, after which the abdominal pain disappeared. Operative findings confirmed a pale shrunken
intestine, indicative of mesenteric ischemia. The present case is a good demonstration revealing
that mesenteric ischemia still remains a diagnostic challenge, and suggests that currently avail-
able laboratory markers are not sensitive enough to detect the presence of ischemia. A strong
clinical suspicion for mesenteric ischemia may be the only key to preventing a catastrophic

outcome in this condition. (Ann Thorac Cardiovasc Surg 2007; 13: 360-364)

Key words: acute aortic dissection, mesenteric ischemia, mesenteric necrosis, surgical repair

Introduction

Acute aortic dissection (AAD) is a lethal condition af-
fecting the aorta. Without appropriate treatment, approxi-
mately 75% of patients with AAD die within 2 weeks of
the disease onset.” The principal cause of early death,
particularly in patients with proximal dissection, is aortic
rupture. However, dissection also involves the branches
of the aorta and could obstruct the branch ostia. When
malperfusion affects the central nervous system or ab-
dominal viscera, the mortality rate increases dramatically.

From Departments of ' Cardiovascular Medicine and *Cardiovascular
Surgery, National Cardiovascular Center, Suita, Japan
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The reported mortality rates of patients presenting with
mesenteric ischemia are 45%—87%.%* According to the
International Registry of Acute Aortic Dissection IRAD)
data, 15% of all the deaths of patients with type B dissec-
tion were related to mesenteric ischemia.® Although sur-
gical therapy is required for patients with visceral is-
chemia, the repair is often delayed, and organ necrosis
may develop. This is mainly because mesenteric ischemia
is extremely difficult to diagnose before necrosis'devel-
ops. Herein we describe the case of an AAD presenting
with mesenteric ischemia in which repetitive laboratory
testing failed to indicate it.

Case Report

A 30-year-old man was referred to our hoépital for acute
type B aortic dissection. He had no family history of aor-

Ann Thorac Cardiovasc Surg Vol. 13, No. 5 (2007)
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Table 1. Clinical course

Acute Aortic Dissection with Mesenteric Ischemia

Arrival Surgery
l d

Days after onset 0 1 2 3 4 5 6 7 8 9 10
Dose of pentazocine (mg) 15 15 15 30 30 30
Computed tomography scan v v \
Intestinal gas on abdominal X-ray - - - - - - - - -
Occult blood in stool + ~
Blood tests:

D-dimer (normal: <1.0 ug/mL) 160 125 10.8 6.2

CRP (normal: <0.3 mg/dL) 1.3 1.7 13.9 14.9

Lactate (normal: <17 mg/dL) 25 12 8 14 12

Base excess (normal: —3.0 — +3.0 mmol/L) -34 07 0.1 0.4 1.3 0.2 2.5 2.7 2.7

CPK (normal: 62287 IU/L) 84 73 74 72 43 40

V, performed computed tomography scan; +, present; —, absent. CRP, C-reactive protein; CPK fcreatine phosphokinase.

Fig. 1. A computed tomography (CT) scan obtained 12 months after the first occurrence of aottic dissection shows a true lumen (T)
compressed by false lumen extending from the distal arch to the right common iliac artery. The celiac arteries (CeA), the superior
mesenteric arteries (SMA), and the left renal arteries originate from the true lumen, whereas the right renal artery originates from

the false lumen.

Ann Thorac Cardiovasc Surg Vol. 13, No. 5 (2007)
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Fig. 2. A computed tomography (CT) scan obtained upon arrival (2 years after the first occurrence of aortic dissection) shows a 3-
channel dissection. A newly formed false lumen (second false lumen: F2) is seen anterior to the true lumen (T). The first false
lumen (F1), which developed at the time of the first occurrence of aortic dissection, is difficult to identify because of the com-
pression by the second false lumen. The true lumen, from which the celiac and the superior mesenteric arteries arise, is also
compressed by the second false lumen.

tic disease and did not meet the diagnostic criteria for
Marfan syndrome. He had a history of hypertension and
hyperlipidemia.

The patient first had acute type B aortic dissection 2

years earlier. A computed tomography (CT) scan at the
time of the first occurrence of aortic dissection revealed

an enlarged false aortic lumen, originating from the proxi-
mal descending thoracic aorta and extending to the right’

common iliac artery. The false aortic lumen had com-

pressed the true lumen, from which the celiac, the supe-.

rior mesenteric, and the left renal arteries originated. The
right renal artery arose from the false lumen (Fig. 1).

At this second occurrence of aortic dissection, the pa- .

tient suffered a severe tearing pain that migrated from his

362

chest to his back and then to his abdomen. The next day
he was referred to our hospital. Physical examination upon
arrival revealed blood pressure of 182/78 mmHg and ab-
dominal tenderness around the navel. The pulsation in
the lower limbs was decreased, which soon resolved on
the day of admission. L '

A CT scan obtained upon arrival revealed a 3-channel
dissection (Fig. 2). The newly formed false lumen (sec-
ond false lumen, F2), originating from the level of tra-
cheal bifurcation and extending down to the right com-
mon iliac artery, was completely thrombosed below the
level of the renal arteries. Above this level, the expanded
second false lumen severely compressed the true lumen
(T), from which the celiac and superior mesenteric arter-

Ann Thorac Cardiovasc Surg Vol. 13, No. 5 (2007)
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Acute Aortic Dissection with Mesenteric Ischemia

Fig. 3. A CT scan obtained 9 days after the onset of symptoms shows that the second false lumen (F2) is further expanded and that
thrombosis has developed in it. The true lumen (T) is more severely compressed.

ies arose. The first false lumen (F1) that had developed
with the first occurrence of aortic dissection was also se-
verely compressed by the second false lumen and was
difficult to identify. At the time of his arrival, despite these
CT findings suggestive of severely disturbed abdominal
flow, laboratory results, including creatine phosphokinase
(CPK) and lactate dehydrogenase (LDH) levels, stayed
within the normal limits. Slight acidemia (pH 7.38; base
excess —3.2) and a slightly elevated lactate level (25 mg/
dL; normal range: <17 mg/dL) that were observed upon
arrival resolved soon after the admission (Table 1). With
the administration of a 8-blocking agent and a calcium
channel blocker, the patient’s systolic blood pressure de-
creased to 100-120 mmHg, and his pain was alleviated.
However, severe abdominal pain recurred on the second

Ann Thorac Cardiovasc Surg Vol. 13, No. S (2007)

day and continued for more than 1 week. The patient re-
quired 15-30 mg of pentazocine per day for pain relief.
Laboratory tests were performed repeatedly but showed
no sings of mesenteric ischemia/necrosis. Abdominal X-
ray examination was also performed repeatedly, but showed
no intestinal gas or niveau formation, which would have
been indicative of ischemic colitis. Although occult blood
was detected once in his stool, another test was negative.

Nine days after the onset of symptoms, a follow-up CT
scan was performed (Fig. 3). The second false lumen (F2)
had expanded further, and as a result the true lumen (T)
had become more severely compressed. Although during
the admission, no definitive signs of mesenteric ischemia
had been observed by laboratory testing, surgical repair
was undertaken on the next day based on a strong clinical

363
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suspicion.

A pale shrunken intestine was found during the sur-
gery, indicative of mesenteric ischemia. The aorta was
opened just below the renal arteries, and the thrombi in-
side the false lumens were removed. Two flaps were
widely resected, and proximal anastomosis was performed
with a knitted Dacron graft (GelsoftPlus, Vascutek, UK).
Bilateral distal anastomoses were performed on the com-
mon iliac arteries, and the inferior mesenteric artery was
attached to the left limb of the graft. The surgical repair
alleviated the patient’s abdominal pain. He started taking
meals on postoperative day 12 and was discharged on
postoperative day 27.

Discussion

Previous studies have indicated that medical therapy pro-
vides an excellent outcome for patients with uncompli-
cated distal dissection of the aorta. The 30-day survival
rate for patients with distal dissection treated medically
is as high as 92%.Y Therefore medical therapy is pre-
ferred to surgical therapy for patients with uncomplicated
distal dissection. However, the outcome of medical
therapy may be poor when distal dissection is compli-
cated by abdominal visceral ischemia, uncontrolled pain,
and rapid expansion of the dissected aorta. Mesenteric
ischemia and necrosis, for example, are potentially lethal
complications of distal dissection seen in 3%-5% of
cases.2*5" The operative mortality rates for patients with
mesenteric ischemia or necrosis are 45%-87%.2* Despite
successful visceral vascular reconstruction, death often
results from the sequela of mesenteric necrosis.? In fact,
mesenteric ischemia is also recognized as an indepen-
dent risk factor for surgical death.® Thus it is strongly
recommended that when patients with distal dissection
are treated medically, they should be carefully monitored
for any evidence of branch arterial malperfusion, particu-
larly mesenteric ischemia. The clinical features of me-
senteric ischemia, however, may be subtle and therefore
can go unrecognized.

Laboratory testing, including the measurement of
CPK? and lactate'®'V levels, has been reported as a good
diagnostic tool for mesenteric ischemia. When CPK and
lactate levels are elevated, however, small intestine or
colon necrosis may be in progress. By the time mesen-
teric ischemia is clinically obvious, irreversible organ
damage may have already occurred. Thus it appears that
these markers could be markers of necrosis rather than
ischemia.

364

In this patient, lasting abdominal pain requiring anal-
gesics and narrowing the true lumen on CT scan were
clinical signs suggesting mesenteric ischemia. However,
through the entire clinical course, repetitive laboratory
testing showed no abnormalities. In this regard, the present
case is a good demonstration that mesenteric ischemia
still remains a diagnostic challenge and suggests that cur-
rently available laboratory markers are not sensitive
enough to detect the presence of ischemia. Physicians
cannot rely heavily on these markers; a strong clinical
suspicion for mesenteric ischemia may be the only key to
preventing a catastrophic outcome in this condition.
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Phenotypic Heterogeneity of Marfan-Like Connective Tissue
Disorders Associated With Mutations in the Transforming
Growth Factor-ff Receptor Genes

Koichi Akutsu, MD'; Hiroko Morisaki, MD*:; Satoshi Takeshita, MD; Shingo Sakamoto, MD;
Yuiichi Tamori, MD; Tsuyoshi Yoshimuta, MD; Naoyuki Yokoyama, MD;
Hiroshi Nonogi, MD; Hitoshi Ogino, MD**; Takayuki Morisaki, MD*

Background Mutations in the genes for transforming growth factor-f receptor (TGFBR) have been identified
in patients with Marfan syndrome (MFS) and Marfan-like connective tissue disorders. There are several syn-
dromes associated with mutations in TGFBR genes, including Loeys-Dietz syndrome (LDS), MFS2, Furlong
syndrome, and Shprintzen-Goldberg syndrome. However, with the exception of the first report by Loeys et al,
the phenotypic features of patients with TGFBR gene mutations have not been precisely reported.

Methods and Results A total of 8 patients suspected of having MFS were recruited and 7 were diagnosed with
MES and mutations in FBNI. Among the remaining 11 patients, | patient had mutations in TGFBRI, 2 had muta-
tions in TGFBR2, and | had mutations in COL3A1. The clinical manifestations of the 3 patients with TGFBR
gene mutations were examined according to the list of 36 clinical features described in the first report by Loeys
et al. The clinical manifestations of these 3 patients differed from those previously observed in patients with
MFS2, Furlong syndrome, and Shprintzen-Goldberg syndrome. Thus, the most probable diagnosis of these 3
patients was LDS, despite the fact that they presented with only a fraction of the 36 clinical features associated

. with LDS.

Conclusions  Although the number of the patients was limited, the findings support the notion that mutations in
the TGFBR gene may be associated with greater phenotypic heterogeneity than previously reported. (Circ J
2007, 71: 1305-1309)

Key Words: Loeys-Dietz syndrome; Marfan-like connective tissue disorder; Marfan syndrome; Transforming

growth factor-f3 receptor genes

arfan syndrome (MES) is an autosomal dominant
M connective tissue disorder associated with acute
aortic dissection (AAD) and annulo-aortic
ectasia (AAE). The diagnosis of MFS depends on manifes-
tations in multiple organ systems, primarily the skeletal,
ocular, and cardiovascular systems, and on family history.
However, many patients with young-onset AAD or-AAE
fail to meet the diagnostic criteria for MFS and are not
characterized by a mutation of the fibrillin-1 gene (FBNI).
These cases have therefore been classified as Marfan-like
connective tissue disorders.

Recently, mutations in the genes for transforming growth
factor-f receptor (TGFBR) have been found in patients with
MES or Marfan-like connective tissue disorders!:2 and sev-
eral distinct syndromes have been proposed that are associ-
ated with such mutations, including MFS type 2 (MFS2)}
Loeys-Dietz syndrome (LDS)2? Shprintzen-Goldberg syn-
dromes and Furlong syndrome? With the exception of the
first report by Loeys et al? however, none of these reports
present precise clinical characteristics of each patient.

(Received February 12, 2007; revised manuscript received May 2,
2007, accepted May 8, 2007) .
Departments of Cardiovascular Medicine, *Bioscience and **Cardio-
vascular Surgery, National Cardiovascular Center, Suita, Japan
Koichi Akutsu and Hiroko Morisaki contributed equally to this paper.
Mailing address: Koichi Akutsu, MD, Department of Cardiovascular
Medicine, National Cardiovascular Center, 5-7-1 Fujishirodai, Suita
565-8565, Japan.  E-mail: koiaku@hsp.ncve.go.jp
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We describe here the clinical features of 3 patients with
Marfan-like connective tissue disorders associated with
TGFBR gene mutations in accordance with the 36 clinical
features proposed by Loeys et al?

Methods

Patients

Between March 2004 and February 2006, a total of 21
patients with suspected MFES were referred to us. Patients
were suspected of MFS because of presentation of young-
onset AAD (<40 years) (n=8), AAE (n=5), and patient
background (n=8); that is, family history, physical findings,
and the presence of mitral valve prolapse. Among the 21
patientr, 3 were excluded because they had relatives in the
study group. The current study thus included 18 patients.

All 18 patients underwent genetic analysis as well as
careful assessment including physical examination, com-
puted tomography scanning, magnetic resonance imaging,
echocardiography, and slit-lamp examination. These assess-
ments covered all the diagnostic criteria for MFS$ as well
as the 36 clinical features of LDS? (Table 1).

The study was conducted according to the Declaration of
Helsinki and was approved by the Ethics Committee of the
National Cardiovascular Center (Osaka, Japan). All patients
gave written informed consent to participate in this study.
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Table 1 Clinical Characteristics of the Patients With Mutations in the TGFBR Gene
Patient 1 Patient 2 Patient 3 Loeys et al Singh et al
Individual )
Age (years) 44 35 33
Gene nuilation TGFBR2 TGFBR2 TGFBRI
Craniofacial
Hypertelorism* + - - 36/40 (90%) 177 (14%)
Cleft palate or abnormal wvala*t + - - 36/40 (90%) 17 (14%)
Mular hypoplusia + - - 24/40 (60%) 5/7(71%)
Rentrognathia - - - 20740 (50%)
Craniosynostosis - . - 19/40 (48%) 0/9 (0%)
Exotropia - + - /713 (54%)
Proptosis - - - 6/13 (46%)
Blue sclerae ) - - - 16/40 (40%) 177 (14%)
Ectopia lentist - - - 0/40 (0%) 09 (0%)
Cardiovascular
Aortic root anenrysm* + + + 39/40 (98%) 10/11(91%)
Patent ductus arteriosus - - - 14/40 (35%) 0/7 (0%)
Arterial tortuosity* - + - 21725 (84%) 072 (0%)
Bicuspid aortic valve - - - 2/12(17%)
Bicuspid pulmonary valve - - - 109 (11%)
Mitral valve prolapse - - 4/14 (29%)
Pulmonary artery anewrysm - - 913 (69%)
Descending aortic aneurysm + + - 3/9 (33%)
Ductal aneurysm - - 3/12 (25%)
Subclavian artery anerurysm - - - 2/7 (29%)
Superior mesenteric artery aneurysm - - + 178 (13%)
Cerebral aneurysm - NE NE 2/9 (22%)
Atrial sptal defect - - - 9/40 (22%) /7 (0%)
Aneurysm of other vessels*! - - + 21740 (52%) 179 (11%)
Skeletal
Dolichostenomelia - - - 7/40 (18%) 7/9 (78%)
Arachnotuctyly - - - 28/40 (70%) 6/8 (75%)
Pectus deformity - + + 27/40 (68%) 7/9 (78%)
Camptodactyly - - - 6/14 (43%)
Scoliosis - - - 20/40 (50%) 6/9 (67%)
Postaxial polydactyly - - ~ 2/14 (14%)
Talipes equinovarus - - - 18/40 (45%)
Camptodactytly - - - 15/40 (38%) 2/9 (22%)
Joint laxity - - - 27/40 (68%) 6/9 (67%)
Cervical spine instability! - - - 7/40 (18%)
Culaneous
Velvety skin - - - 11740 (28%)
Translucent skin - - 13/40 (32%)
Nervous system
Chiari malformation - - - 2/10(20%)
Hydrocephalus - - - 2/13(15%) 0/11 (0%)
Developmental delay - - - 314 (21%) o/11 (0%)
Dural ectasia - - - 172 (50%)
*Defined as typical by Loeys et al (2006).
TGFBR, transforming growth factor-f receptor; NE, not examined.
tEctopia lentis, aneurysm of other vessels, and cervical spine instability were not listed in the first report by Loeys et al® of the 36
clinical features of Loeys-Dietz syndrome.
HCleft palate and abnormal uvila were listed as separate 2 items in the first report by Loeys et al?
Genetic Analysis

Genetic analysis was performed to screen for mutations in
the FBNI and TGFBR genes. Genomic DNA was isolated
from the peripheral blood leukocytes of patients by an NA-
3000 Nucleic Acid Isolation System (Kurabo Industries
Ltd, Osaka, Japan) and amplified by polymerase chain
reaction (PCR). Primers and conditions for PCR were as
described previously!27 Genetic variants were screened
with a denaturing high-performance liquid chromatography
method in which the PCR products were analyzed with a
WAVE DNA Fragment Analysis System (Transgenomic
Inc, Omaha, NB, USA) according to the manufacturer’s
protocol. All detected variations were further confirmed by
direct sequencing with an ABI 3700 Autosequencing
System (Applied Biosystems, Foster City, CA, USA).

Results

Genetic Analysis

The median age of the patients at the time of blood sam-
‘pling for genetic analysis was 33 years (range: 9-58).
Among the 18 patients with suspected MFS, 7 fulfilled the
diagnostic criteria of MFS, including 2 patients with AAD
and 3 with AAE. Each of these 7 patients had mutations in
FBNI, Eleven of the 18 patients were not diagnosed with
MFS according to the criteria, and these patients were
instead classified as having a Marfan-like connective tissue
disorder. Among the latter, 1 patient had mutations in type
I TGFBR gene (TGFBRI), 2 had mutations in type I
TGFBR gene (TGFBR2), 1 had mutations in COL3AI and 7
did not have any mutations in the FBNI and TGFBR genes.
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These 7 patients showed only reported polymorphisms in )
FBNI, FBN2, TGFBRI, and TGFBR2. Details of the 3 " « w | E
patients with TGFBR gene mutations are described below. £ Y 3o « z 3
Clinical Course of the Patients With TGFBR Gene S| 58 ‘ié a g %z 5
Mutations 2EISEXET o ; & 5.:1 N <
Patient 1 Patient | was a 44-year-old woman (height, $3| &= §§ i< < = s 2 =
157cm; weight, 43kg). She suffered the first episode of 5§28 §5° E AN
AAD (DeBakey Ilb) at the age of 29 years. Her identical g% S0 a8 5 8T
twin sister also developed AAD at the same age. Surgical - S8
replacement of the proximal descending aorta for expansion §
of a false lumen was performed when the patient was 31 >
years of age. At 33 years of age, she suffered a recurrence 2 E
of the AAD (IlIb), which was associated with expansion of 5 3 g
the false lumen in the distal descending aorta to the ab- s L L5 g E
dominal aorta. At the age of 35 years, she suffered a third S |8 o & & a E o &
episode of AAD (II), for which emergency surgery, includ- 12 3 2 = = 8 5 3|&5
ing total arch replacement, aortic root remodeling, and S | § £ 3 g ]
reconstruction of the right coronary artery, was performed. g s 2 g
At 43 years of age she underwent surgical replacement of § B o
the thoracoabdominal aorta to correct expansion of the = §
distal descending to abdominal aortic aneurysm and she - — )
also underwent the Bentall procedure for AAE with aortic . 2 E £
regurgitation at 44 years of age. She did not show any of 2, N g :
the following phenotypic manifestations of MFS: wrist sign, g §| 24 2 8 3
thumb sign, pectus carinatum, pectus excavatum, ectopia B g 3& a4 32 2
lentis, pneumothorax, mitral valve prolapse, striae distensae, £F ‘\.‘15 T T~ B ) L8
or dural ectasia. The arm span to height ratio was <1.05. 28l L8 s o g
The clinical manifestations did not fulfill the diagnostic 22| 28 : < <
criteria for MFS, and Marfan-like connective tissue disorder §3| <2 < £ 5
was thus diagnosed. Although the patient had hypertelor- = g 3 = S
ism, bifid uvula, and aneurysm of aortic root, she had & < g
neither aneurysms of other vessels nor a tortuous aorta, - £
which are typical clinical features of LDS? Mutations were $ 3
not detected within the FBNI. However, we did detect a 3 :N
mutation in exon 7-of TGFBR2, leading to an Arg-to-Cys gl sl 2 0 0 0 S
. . N & =1 A
substitution at residue 537, N EE
Patient 2 Patient 2 was a 35-year-old man (height, =1 5§y
179 cm; weight, 69kg). His mother had died from AAD g1 ° X °
and his first episode of AAD (DeBakey IIb) occurred at 34 & g8
years of age. Replacement of the descending aorta was ~ | & g2
performed when he was 35 years of age. Although he had N 3 %
moderate-grade pectus excavatum, he did not show any of L; § o 2 s £ N
the following phenotypic manifestations of MFS: wrist sign, g = T R ;E & 8 w|ZS
thumb sign, pectus carinatum, ectopia lentis, pneumothorax, 2l 2| g § ' = S 2 3|9
mitral valve prolapse, striae distensae, or dural ectasia. The § 8 3 a Q oS
arm span to height ratio was <1.05. The clinical manifesta- = .§ < h S8
tions did not fulfill the diagnostic criteria for MFS, and 2 S ;§
therefore he was classified as having a Marfan-like connec- ‘3: 2%
tive tissue disorder, Although the patient had aortic root all . “ 23
aneurysm and a tortuous aorta, he did not have hyper- 8| 3 8 §%
telorism, cleft palate, abnormal uvula, or aneurysms of &1 8 g S§ o
other vessels, which are typical clinical features of LDS. In StEl « & o+ < g . .| 58
addition, he had exotropia. Genetic analysis detected a = g F a <5
nonsense mutation in exon 6 of TGFBR?2 that caused a stop al 3 = £8 £3
codon instead of an Arg at amino acid position 495. We did g1 & g S5
not detect mutations in FBN/ responsible for MFS. 8 S
Patient 3 Patient 3 was a 33-year-old man (height, gl= 2o © o © - - 3@
181 cm; weight, 56kg). He did not have a family history |8l 2 2 ¢ 8 & 7 alsz
suggestive of heritable connective tissue disorders or aortic = = § S
disease. At 16 years of age, he developed AAD (DeBakey - Jls 3 w 3 w ow o w3 H
I) and underwent a modified Bentall procedure. At 27 years o £3
of age, he underwent surgeries to repair right pneumothorax alle® S8
and then left pneumothorax. Also at age 27 years, he had a s [<s MR8 8 a8 83 SE
. ST . 2 = 2 F
second episode of AAD (DeBakey II) originating from the & &S
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distal portion of the previously replaced ascending aorta,
and replacement of the aortic arch was performed by the
elephant trunk method. At 33 years of age, he presented
with ectasia of the ostias of both coronary arteries, as well
as an aneurysm of the superior mesenteric artery. He under-
went another Bentall procedure and reconstruction of the
left coronary artery. Although he had moderate grade pectus
excavatum and a history of pneumothorax, he did not show
any of the following phenotypic manifestations of MFS:
wrist sign,:thumb sign, pectus carinatum, ectopia lentis,
mitral valve prolapse, striae distensae, or dural ectasia. The
arm span to height ratio was <1.05. The clinical features
did not fuifill the diagnostic criteria for MFS, and therefore
a diagnosis of a Marfan-like connective tissue disorder was
made. Although some features characteristic of LDS, in-
cluding aortic root aneurysm and superior mesenteric
artery aneurysm, were observed, other features such as
hypertelorism, cleft palate, abnormal uvula, and tortuous
aorta were absent. Genetic analysis detected a mutation in
exon 9 of TGFBRI, resulting in an Arg487Gln substitution.
Mutations of FBNI associated with MFS were not detected.

Comparison of the Present Clinical Features With Those in
Previous Reports

The clinical features of these 3 patients are summarized
and compared with those described by Loeys et al23 and
Singh et al® (Table1). Loeys et al proposed 36 clinical
features of LDS, of which the median number of features
examined in each patient was 31, with a median number of
positive features of 13, and a median positive ratio of 46%.
In the present study, the number of these 36 features exam-
ined was 36 in patient 1, 35 in patient 2, and 35 in patient 3,
The number of positive features in these 3 patients was 5 in
patient 1, 5 in patient 2, and 3 in patient 3, with a positive
ratio therefore of 14% (5/36), 14% (5/35), and 9% (3/35),
respectively, which is much less than the ratio reported by
Loeys et al. :

Clinical Features of Patients Without FBNI or TGFBR
Gene Mutations

The clinical features of the 8 patients without FBNI or
TGFBR gene mutations are shown in Table2. Among
them, 1 patient had mutations of COL3A! and was diag-
nosed as having Ehlers-Danlos syndrome. The remaining 7
patients showed reported polymorphisms only in FBNI,
FBN2, TGFBRI, and TGFBR2. They were associated with
several phenotypes of MFS such as pes planus, thumb sign,
scoliosis, pectus excavatum, mitral valve prolapse, aortic
dissection, and annuloaortic ectasia, but did not fulfill the
criteria for MFS (Table 2).

Discussion

The diagnostic criteria for MFS were first established
in 19867 and were based solely upon phenotypic abnor-
malities of the skeletal, ocular, and cardiovascular systems.
The observation that mutations in FBNJ were linked to this
syndrome required that these classic criteria be revised to
include genetic factorsé However, mutations in FBNJ have
been detected in only 66-91% of MFS patients!%.!! Some
patients who present with Marfan-like skeletal and cardio-
vascular phenotypes, but who lack or exhibit only mild
ocular involvement and who do not exhibit mutations in the
FBNI locus have been classified as MFS2!2 Chromosome
3p25-p24.2 has been identified as a second locus for

AKUTSU K etal.

MES! in lineages in which MFS2 was shown. This locus is
also known as TAAD2 and is thought to be responsible for
familial TAA and AAD!4 Subsequent studies by Mizuguchi
et al! identified mutations in TGFBR?2 as a cause of MFS2.
More recently, Loeys et al reported that mutations in
TGFBRI or TGFBR2 are responsible for the development
of a Marfan-like connective tissue disorder in certain pa-
tients, and proposed a new disease entity, named LDS? LDS
is characterized by widely spaced eyes (hypertelorism),
bifid uvula and/or cleft palate, and generalized arterial
tortuosity with ascending aortic aneurysm and dissection,
Although the phenotype overlaps somewhat with that of
MES, LDS does not fulfill the diagnostic criteria for MFS.

There is clear evidence in the literatare for the existence of
at least 4 syndromes associated with mutations in TGFBR!
or TGFBR2; that is, LDS? MFS2! Shprintzen-Goldberg
syndrome# and Furlong syndrome’ LDS has been subdi-
vided into types 1 and 23 LDS type 1 is associated with
craniofacial involvement consisting of cleft palate, cranio-
synostosis, or hypertelorism, whereas type 2 is associated
with Ehlers-Danlos syndrome. Shprintzen-Goldberg syn-
drome is characterized by craniosynostosis and mental
retardation, and Furlong syndrome is characterized by only
craniosynostosis.

We report 3 cases of young-onset AAD associated with
mutations in TGFBRI and TGFBR2. Diagnoses of MFS
and MFS2 were excluded because the patients did not
fulfill the diagnostic criteria for MFS. In addition, because
the patients exhibited neither craniosynostosis nor mental
retardation, diagnoses of Shprintzen-Goldberg or Furlong
syndromes were excluded. We also did not observe charac-
teristics associated with Ehlers-Danlos syndrome, such as
skin hyperextensibility, fragile and soft skin, delayed wound
healing with formation of atrophic scars, and generalized
joint hypermobility. Thus, LDS type 2 was also ruled out,
Consequently, the most probable diagnosis of these 3 pa-
tients was LDS type 1. However, these 3 patients presented
only a fraction of the features associated with LDS type 1;2
only 9-14% of the 36 reported clinical features of LDS,
which is far less than that reported by Loeys et al (median
46% of the 36 features). It should be also pointed out that
patient 3 had repetitive pneumothorax, which is not listed in
the features of LDS. These observations support the notion
that TGFBR gene mutations may give rise to greater pheno-
typic heterogeneity than previously reported. '

Finally, as described above, several syndromes have been
linked to TGFBR gene mutations. Although the phenotypic
manifestations of these syndromes overlap, the extent of
this remains to be determined more precisely, mainly be-
cause the precise clinical features have not been evaluated
and/or reported in most patients with TGFBR gene muta-
tions. In fact, to our knowledge, the study performed by
Loeys et al3 is the only one in which as many as 36 clinical
features associated with TGFBR gene mutations have been
evaluated, although there are some published reports of
mutations of TGFBR genes!5-19 Given the current incom-
plete understanding of the clinical features associated with
TGFBR gene mutations, more detailed clinical studies
should be performed in patients who present with these
mutations.

Conclusions

We described 3 cases of Marfan-like connective tissue
disorder associated with TGFBR gene mutations. The clini-
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cal features differed from those of previously reported cases
of Marfan-like connective tissue disorder associated with
TGFBR gene mutations. Although the number of patients
was limited, our findings support the notion that these
mutations may give rise to greater phenotypic heterogeneity
than previously reported.
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