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LOEYS-DIETZ SYNDROME VS MARFAN SYNDROME: BROAD SPECTRA OF AORTIC/NON-AORTIC
PHENOTYPES IN JAPANESE PATIENTS
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Objectives: Loeys-Dietz syndrome (LDS) is a systemic connective tissue disorder characterized by
vascular and skeletal manifestations caused by mutations in TGFBR1 or TGFBR2. Although
characteristic craniofacial and arterial manifestations are helpful for diagnosis of LDS, there are many
overlapping features between LDS and Marfan syndrome (MFS). We tried to reveal phenotypic
differences between LDS and MFS. We also analyzed the genotype-phenotype correlations in LDS.

Methods: We analyzed the clinical details of 30 Japanese L.DS patients with TGFBR1 mutations (14
patients) and TGFBR2 mutations (16 patients) and compared them with those of MFS.

Results: Compared with patients genetically diagnosed as MFS, LDS patients were physically less
dolichostenomelic and more had ocular hypertelorism. Although Annuloaortic ectasia was observed in
most of the LDS patients, 11% of those who had already experienced TAAD were free of AAE.
Congenital retinal abnormalities and immunologic disorders were often observed in LDS patients. Dural
ectasia was observed in both, but the ectatic pattern was different. Significant differences between
patients with TGFBR1 and those with TGFBR2 mutations were observed in regard to age at diagnosis,
cleft/uvula abnormalities, skeletal involvement, lung involvement, and fulfillment of Ghent MFS diagnostic
criteria. LDS patients with TGFBR2 mutations tended to have more skeletal involvement and be
diagnosed at a younger age, often initially as MFS, while those with TGFBR1 mutations had a greater
chance to be diagnosed only when aortic symptoms were manifested.

Conclusions: Patients suspected of LDS should be carefully examined for specific features and be
tested for TGFBR1/TGFBR2 mutations.
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Abstract

Purpose. Loeys-Dietz syndrome (LDS) is a connective
tissue disease caused by mutations in the genes encoding
the transforming growth factor-p receptor (TGFBR).
LDS is associated with aneurysms or dissections of the
aorta similar to Marfan syndrome (MFS) as well as arte-
rial tortuosity and aneurysms in the peripheral arteries.
The purpose of this study was to evaluate the arterial
diseases of LDS to differentiate it from MFS.
Materials and methods. A total of 10 LDS patients with
an identified mutation in TGFBR (6 male, 4 female;
mean age 36.3 years) and 20 MFS patients with an iden-
tified mutation in fibrilin-1 who were age- and sex-
matched to the LDS subjects (12 male, 8 female; mean
age 37.1 years) were reviewed. The prevalence of verte-
bral arterial tortuosity (VAT) and peripheral aneurysm
(PAN) was studied using computed tomography
angiography.

Results. In all, 9 of the 10 LDS patients had VAT, and
five PANs were observed in 3 patients. In contrast, 8
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(40%) of the MFS patients had VAT, and 1 patient had
a PAN. LDS had a higher prevalence of VAT (P=0.017)
by Fisher’s exact test.

Conclusion. The VAT was highly prevalent among LDS
patients. Thus, the presence of VAT has the potential to
differentiate LDS from MFS.

Key words Loeys-Dietz syndrome - Vertebral artery
tortuosity - Peripheral aneurysm - Transforming
growth factor-B receptor

Introduction

Aortic dissection typically occurs in older patients with
a peak incidence during the sixth decade, but 7.2% of
cases occur in young subjects.' Aortic dissection in this
subgroup is related to connective tissue diseases, such as
Marfan syndrome (MFS), vascular Ehlers-Danlos syn-
drome, and Loeys-Dietz syndrome (LDS). LDS is a
newly described phenotype caused by mutations in the
genes encoding transforming growth factor-f receptor
(TGFBR).** Clinical features of LDS include vascular
disease, craniosynostosis, cleft palate/bifid uvula, hyper-
telorism, congenital heart defects, and mental retarda-
tion. Patients with LDS, similar to those with MFS, have
an aneurysm or dissection of the ascending aorta and
dilatation of the aortic root. In contrast to MFS, gener-
alized arterial tortuosity and aneurysms of arteries have
been noted in patients with LDS.* Aortic rupture and
dissection can occur in LDS patients with aortic root
diameters not considered at risk in MFS.’

The exact prevalence of LDS is unknown, and its
characteristics are not familiar to radiologists. However,
given the fact that LDS has recently been discovered,
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many cases might not have been diagnosed yet. Because
vascular pathology is more aggressive in LDS than in
MFS, it is important to recognize the characteristics of
this disorder and to diagnose it correctly.

The purpose of this study was to review radiological
findings of the arterial diseases of LDS and to differenti-
ate them from those found in MFS. Particular attention
was given to computed tomography angiography (CTA),
which is used quite frequently in the clinical setting.

Materials and methods

The study was approved by our institutional review
board. Written informed consent to use the patients’
clinical and imaging data was not required because it
was a retrospective study.

A total of 10 LDS patients with an identified mutation

in TGFBR (6 men, 4 women; mean age 36.3 years, range
20-54 years) were retrospectively reviewed. Causes of
hospitalization were aortic root dilatation in four
patients and aortic dissection in six. Among these 10
LDS patients, 9 (90%) were in a postoperative state (1
with aortic repair, 3 with valve replacement, 5 with
both). :
A group of 20 MFS patients with an identified muta-
tion in fibrilin-1 (12 men, 8 women; mean age 37.1 years,
range 20-56 years) were also reviewed. MFS patients
who were age- and sex-matched to the LDS patients
were selected randomly from our database. Causes of
hospitalization were aortic root dilatation in 11 patients,
aortic dissection in 8 patients, and mitral valve regurgita-
tion in 1 patient. In all 17 MFS patients (85%) were in
a postoperative state (3 with aortic repair, 7 with valve
replacement, 7 with both).

All patients had had clinical examinations including
a physical examination and laboratory data by a cardio-
vascular team. Initial and follow-up CTA was performed
in a clinical setting as described below. All patients had
undergone genetic analysis according to the method
reported by Akutsu et al.®

CT protocol

The CT angiography was performed using a multislice
CT scanner (16 or 64 slices) with an iodine contrast
material injection of 1 ml/kg with an iodine content of
350 mg I/ml or 370 mg I/ml. Injection time varied from
30 to 40 s with a variable injection rate. A saline chaser
of 25 ml with the same injection rate as the contrast
material was applied with a dual-syringe power injector.
The scan started when the density in the region of inter-
est (ROI) positioned at the ascending artery increased

100 HU from a baseline value using an intermittent
monitoring scan. The CT scan covered from the neck to
the pubis. A field of view (FOV) of 320 or 400 mm was
adopted according to the patient’s body size. For three-
dimensional (3D) reconstruction, a 1 or 2 mm slice
thickness data set without slice gap was used. The data
set was sent to a commercially available workstation and
a CT image server.

Imaging analysis

All CT images were reviewed on a Picture Archiving and
Communication System (PACS) viewer with an adjust-
able optimal widow setting and stack-view system.
Reconstructed images, such as 3D volume rendering or
multiplanar reconstruction, were also used if needed.

The prevalence of arterial diseases was studied in both
LDS and MFS subjects. Peripheral aneurysm and periph-
eralidiopathicdissection in the abdominal aorticbranches
were evaluated. Tortuosity in the vertebral artery and the
common carotid artery was also evaluated.

The presence of aneurysm and dissection was ana-
lyzed visually. The tortuosity was graded on a 3-point
scale (Fig. 1): 0, the artery runs straight or with a mild
curve; 1, the artery turns with multiple curves or a severe
curve of 10 mm distance from the upper to the lower
portion of a curve; and 2, the artery has a pigtail-like or
corkscrew-like curve. After summing up each score for
the right and left arteries, the score for patients varied
from 0 to 4.

Statistical analysis

For the statistical analysis, JMP software (version 7.0;
SAS Institute, Cary, NC, USA) was used. Continuous

Grade 0 Grade | Grade 2

FELLE

Fig. 1. Grading vertebral artery tortuosity. For grade 0, the artery
runs straight or with a mild curve. For grade 1, the artery turns
with multiple curves or has a severe curve, with 10 mm distance
from the upper to the lower portion of a curve. For grade 2, the
artery has a pigtail-like, or corkscrew-like, curve

— 112 —



Jpn J Radiol (2010) 28:273-277

2175

Fig. 2. a Computed tomography angiography (CTA) image, pos-
terior view, of a 37-year-old patient with Loeys-Dietz syndrome
(LDS). The patient is in a postoperative stage after aortic dissec-
tion. The right vertebral artery (arrow) is graded 0, and the left
vertebral artery (arrowhead) as 1 because of its multiple curves. b
CTA image from posterior view of a 19-year-old LDS patient. The

patient underwent CT examination for preoperative evaluation of
annuloaortic ectasia. Both vertebral arteries (arrows) are graded 2
owing to the pigtail-like curves (arrowheads). The right subclavian
artery shows pseudostenosis owing to the artifact of contrast mate-
rial in the vein

Table 1. Patient characteristics of Loeys-Dietz syndrome and Marfan syndrome

Characteristic LDS MFS Difference
Gene mutation TGFBR FBNI1

No. of patients 10 20

Age (years), mean + SD 36.3+12.6 37.1+£11.2 NS

Sex (M:F) 6:4 12:8 NS
Vascular disease:" (AAE/AD/other) 4/6/0 11/8/1 NS
Postoperative state 9 (90%) 17 (85%) NS

AAE, annuloaortic ectasia; AD, aortic dissection; TGFBR, transforming growth factor-B
receptor; FBNI, fibrilin-1; LDS, Loeys-Dietz syndrome; MFS, Marfan syndrome; NS, not

significant using a significance level of P < 0.05

*Vascular disease that caused the patients’ hospitalization

data were expressed as the mean + SD. A two-tailed
Student’s r-test was used to compare continuous vari-
ables. The x’ test or Fisher’s exact test was used for
discrete variables. P < 0.05 was considered statistically
significant.

Results

Patients’ characteristics and vascular pathologies are
summarized in Tables 1 and 2.

Arterial tortuosity
In all, nine (90%) of the LDS patients had vertebral arte-

rial tortuosity (Fig. 2): two on the right side, three on
the left, and four on both sides. Among the MFS patients,

Table 2. Vascular pathologies in Loeys-Dietz syndrome and
Marfan syndrome

Characteristic LDS MFS P
No. of patients 10 20
Vertebral artery tortuosity
Prevalence (no.) 9 (90%) 8 (40%) 0.017
Score®
0 1 12
1 3 4
2 3 2
3 1 2
4 2 0
Carotid artery tortuosity (no.) 0 0 NS
Peripheral aneurysm
Abdominal branch 330.0%) 1(5.0%) NS
Iliac artery 3(33.3%) 3(20.0%) NS
Abdominal aortic aneurysm 1 (14.3%) 1(8.3%) NS

NS, not significant using a significance level of P < 0.05
"Score was calculated by the summation of both grades of verte-
bral arteries shown in Fig. 1
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eight (40%) had vertebral artery tortuosity: two on the
right side, two on the left, and four on both sides. The
tortuosity scores are also noted in Table 2. The common
carotid artery showed no tortuosity in any patients.
The LDS patients had a high prevalence of vertebral
artery tortuosity (P =0.017). The mean tortuosity score
was 2.0 [95% confidence interval (CI) 1.26-2.73] for LDS
patients and 0.7 (95% CI 0.18-1.22) for MFS patients.

Aortic and peripheral artery disease

A total of five peripheral aneurysms were observed in
three LDS patients (30%). Three aneurysms presented in
the hepatic artery, one in the superior mesenteric artery,
and one in the pancreatic arcade. Three patients (33.3%)
had common iliac artery aneurysms, and one (10%) had
a common femoral artery aneurysm. Because one patient
had iliac artery involvement secondary to aortic dissec-
tion, we excluded him from the analysis of iliac aneu-
rysms. Among the seven patients without abdominal
aortic dissection, an abdominal aortic aneurysm was
observed in one patient (14.3%). No aneurysms were
observed in the thoracic aorta and its branches. Because
four patients had undergone thoracic aortic replace-
ment, three of which were due to dissection, they were
excluded from the analysis of the prevalence of aortic
aneurysms.

Among the MFS patients, one (5%) had a hepatic
artery aneurysm, and three (20%) had common iliac
aneurysms. Among the 12 patients without abdominal
aortic replacement, 1 (8.3%) had an abdominal aortic
aneurysm. Because two patients had involvement of the
celiac trunk and five of the iliac artery secondary to
aortic dissection, such territories were excluded for eval-
uation of the prevalence of peripheral aneurysms.
Because seven patients had thoracic aortic replacement
and eight had abdominal aortic replacement, they were
excluded from the analysis of the prevalence of aortic
aneurysms.

The prevalence of peripheral aneurysms was not sig-
nificantly different between LDS and MFS (P = 0.057).

Discussion

Our results showed that the high prevalence of vertebral
artery tortuosity in LDS helps to differentiate LDS from
MFS. Patients with LDS have aneurysms or dissection
of the ascending aorta, similar to those observed in
patients with MFS. In contrast to MFS, however, gen-
eralized arterial tortuosity and aneurysms of other arter-
ies have been noted in patients with LDS.* On the other
hand, there are some reports™® that arterial tortuosity

had not been found in their LDS groups although they
had not been systematically evaluated in all patients. The
exact prevalence of arterial tortuosity, especially in the
vertebral artery, has not yet been reported. Our results
showed that the vertebral arteries were highly affected
in LDS patients.

Assessing the vertebral artery to help differentiate
LDS from MFS is a superior method for a few reasons.
First, the lower portion of the vertebral artery is easy to
evaluate with thoracic or thoracoabdominal CTA.
Second, the vertebral artery is rarely affected by aortic
dissection, in contrast to the subclavian artery or carotid
artery. Third, the vertebral artery is easy to evaluate
because it runs straight, especially in young subjects.
According to our unpublished data, among 10 subjects
without either LDS or MFS (five men, five women; mean
age 26.7 years), tortuosity was not observed in the ver-
tebral artery. Arteries other than the vertebral artery
(e.g., abdominal visceral arteries, iliac arteries) are dif-
ficult to evaluate because they sometimes display tortu-
osity even in normal populations. For these reasons, we
recommend that the vertebral artery be evaluated.

An autosomal dominant genetic disorder, MFS has
symptoms that include those of cardiovascular diseases
(ascending aortic aneurysms, aortic dissections, mitral
valve abnormalities), skeletal manifestations (pectus
deformities, scoliosis, dolichostenomelia, arachnodac-
tyly, joint laxity, highly arched palate), and ocular com-
plications (ectopia lentis, retinal detachment, myopia).
Diagnostic criteria for MFS, currently known as the
Ghent criteria, emphasize the aortic aneurysms and dis-
sections, a constellation of skeletal findings, ectopia
lentis, dural ectasia, and the family history.” LDS has
many similarities to MFS with regard to cardiovascular
disorders or skeletal manifestations; therefore, if LDS
patients did not show some characteristic manifestation,
differentiation from MFS would be difficult without
genetic analysis. Vertebral artery tortuosity may be the
factor that can differentiate these disorders and so would
be helpful in the clinical setting when genetic analysis is
not immediately available.

Cardiovascular disease is more aggressive and wide-
spread in LDS than MFS. Aortic rupture and dissection
can occur in patients with aortic root diameters not con-
sidered at risk in MFS (<4.5 cm).’ Recognition of LDS
is important, especially for the management of these
patients. The two major causes of death in LDS patients
were reported to be aortic dissection and rupture in the
thoracic (67%) and abdominal (22%) regions.'® The third
cause of mortality was intracranial hemorrhaging due to
rupture of cranial arterial aneurysms (7%) because in
LDS aneurysms are not confined to the aortic root, as
with MFS, but occur throughout the entire arterial tree.
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Our results indicated that peripheral aneurysms in LDS
patients were present in the hepatic and mesenteric iliac
arteries. These results were consistent with the fact that
LDS has a high prevalence of peripheral aneurysms. The
difference in the prevalence of peripheral aneurysms was
not significant (P = 0.057), but it might be because the
sample number was too small. It is important to know
the prevalence of peripheral aneurysms for diagnosis
and management.

Limitations

The number of patients in our sample was small, which
was due to the requirement of genetic analysis to confirm
the diagnosis of LDS and MFS in this study. Genetic
analysis is not widely available in clinical settings. Also,
bias may be present because our institution is a cardio-
vascular center. Hence, the patients referred to our hos-
pital might have a higher prevalence of cardiovascular
diseases than patients in other hospitals or institutions.
Although the use of CT images for the initial diagnosis
is preferred, because many of the LDS and MFS patients
were referred to our hospital after the first operation we
used the images obtained in the pre- or postoperative
state. The mutation of TGFBR was classified as
TGFBR-1 and TGFBR-2. Because both of these types
have an aggressive vascular pathology, we did not
mention the TGFBR types in this study. Further exami-
nation of a larger sample is needed to understand the
relation between the gene type and the phenotype.

Conclusion

Vertebral artery tortuosity and peripheral aneurysms
had a high prevalence among LDS patients. Identifying
tortuosity in the vertebral artery has a potential to dif-

ferentiate LDS from MFS. In the diagnosis of patients
suspected of connective tissue disease, we should pay
attention to peripheral artery diseases as well as aortic
pathologies.
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Brief Report

Prenatal complex congenital heart disease with
Loeys—Dietz syndrome
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Abstract We report an infantile case of Loeys—Dietz syndrome prenatally diagnosed with congenital complex
heart disease — double outlet right ventricle and interruption of the aortic arch. The patient also showed
prominent dilatation of the main pulmonary artery. Emergency bilateral pulmonary artery banding was
performed on the 9th day. However, on the 21st day, the patient died of massive bleeding due to rupture of the
right pulmonary artery. Subsequently, a mutation of the TGFBR1 gene was detected. As cardiovascular lesions
of Loeys—Dietz syndrome appear early and progress rapidly, the prognosis is generally poor. Patients require
periodic examination and early intervention with medical therapy such as Losartan administration and
surgical therapy. Early genetic screening is thought to be useful for the prediction of complications as well as

vascular disease.
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rare autosomal dominantly inherited connec-

ive tissue disorder caused by heterogeneous
mutations in the genes encoding the transforming
growth factor beta receptor one or two.' This
syndrome is characterised by the triad of arterial
tortuosity, aneurysm or dissections, hypertelorism,
and bifid uvula or cleft palate.” Here, we present a
patient prenatally diagnosed with complex conge-
nital heart disease and confirmed with Loeys—Dietz
syndrome after birth.

I:EYS—DIETZ SYNDROME IS A NEWLY RECOGNISED,

Case report

A 3l-year-old pregnant woman was referred to
our paediatric cardiology unit at the 36th week of
gestation because of foetal congenital heart disease
and dilatation of the pulmonary artery.

Correspondence to: Y. Kawazu, MD, PhD, 840 Murodo-cho Izumi-city, Osaka
594-1101, Japan. Tel: +81 725 56 1220; Fax: +81 725 56 1858; E-mail:
kadoy@mch.pref.osaka.jp

The first foetal echocardiography revealed a huge
aneurysm of the main pulmonary artery and
complex congenital heart disease — double-outlet
right ventricle and interruption of the aortic arch
(Fig 1). Detailed multi-planar scanning showed that
there was no pulmonary valve stenosis, because of
no acceleration in pulmonic flow, and no absent
pulmonary valve. Therefore, we suspected a con-
nective tissue disorder, such as Marfan syndrome.
The foetus was followed up weekly for. foetal
decompensation and signs of hydrops until the
39th week of gestation, and an elective caesarean
section was then performed. The male infant
weighed 2834 grams at birth. After delivery, the
infant developed dyspnoea and was intubated for
artificial ventilation. Subsequently, a cleft of the soft
palate and bifid uvula were noted. To treat the
interruption of the aortic arch, we started him on a
prostaglandin infusion to maintain patent ductus
arteriosus and on nitrogen inhalation to prevent
pulmonary blood flow increase. Computed tomo-
graphy and angiocardiography confirmed the heart
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Figure 1.

Foetal echocardiography shows a large ventricular sepral defect (*) of the double-outlet right ventricle (a), anenrysmal pulmonary artery
(b, ©), and interruption of the aortic arch (d). aAo = ascending aorta; Ao = aorta; DA = ductus arteriosus; dAo = descending aorta;
LV = left ventricle; LSCA = left subclavian artery; PA = pulmonary artery; RSCA = right subclavian artery; RV =right ventricle;
SVC = supra caval vein.
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Figure 2.

Computed tomography (day 0) shows the interruption of the aortic arch and aneurysmal main pulmonary artery before operation ().
Computed tomography (day 18) shows progress of the significant expansion of the right and left pulmonary arteries and descending aorta
after operation (b). A = anterior; aAo = ascending aorta; dAo = descending aorta; L = left; ltpa = left pulmonary artery; P = posterior;
mPA = main pulmonary artery; rtPA = right pulmonary artery; R = right.

disease diagnosed prenatally (Fig 2a). Loeys—Dietz facial appearance. On the 9th day, as the patient
syndrome was strongly suspected because of the had suffered a pulmonary haemorrhage due to
presence of cardiovascular lesions, thin skin, and pulmonary blood flow increase, emergency bilateral
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