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Abstract

The purpose of this study is to report the neuroradiological manifestations of hereditary hemorrhagic
telangiectasia (HHT). One hundred and thirty-nine Japanese HHT patients (73 men and 66 women, aged
2-78 years) were included in this study. Diagnosis of HHT was based on genetic analysis and/or clinical
diagnosis of Curacgao. They included 68 HHT1 and 37 HHT2 patients. Essentially, all patients underwent
brain magnetic resonance imaging (MRI) and pulmonary computed tomography (CT). Contrast enhanced
studies of brain MRI and hepatic CT were performed in a subset of patients. Catheter cerebral angiog-
raphy was performed when indicated. Their neuroradiological features were reviewed retrospectively.
Various imaging abnormalities were found. Brain arteriovenous malformations (AVMs) were observed
in 27/136 patients (19.9%, 21 patients with HHT1 and 1 patient with HHT2). Pulmonary arteriovenous
fistulas (AVFs) were found in 73/137 patients (65.2%, 45 patients with HHT1 and 6 patients with HHT2).
Cerebral infarction and brain abscess were found in 17 patients and 3 patients with pulmonary AVFs,
respectively. T1 high lesions in the basal ganglia suggestive of porto-venous shunts were observed in
51/136 patients (37.5%, 9 patients with HHT1 and 28 patients with HHT2). Hepatic AVMs were observed
in 61/136 patients (44.9%, 15 patients in HHT1 and 29 patients in HHT2). Brain AVMs and pulmonary
AVFs were more common in HHT1 than in HHT2 (both p < 0.01), but hepatic AVMs were conversely more
common in HHT2 than in HHT1 (p < 0.01). In conclusion, HHT patients present with a variety of neurora-
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diological manifestations, which are related to substantial causes of morbid-mortality in HHT.
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Introduction

Hereditary hemorrhagic telangiectasia (HHT) is
inherited in the autosomal dominant manner, and
its incidence is reported as approximately 1 in
5,000-8,000.% HHT produces a variety of vascular
lesions in many organs, including skin and mucosa,
gastrointestinal tract, lung, liver, brain, and spinal
cord.** Among them, brain arteriovenous malfor-
mations (AVMs) and pulmonary arteriovenous
fistulas (AVFs) are the main causes of substantial
morbidity and mortality. Clinical diagnosis of HHT
is usually based on the Curagao criteria.”’ Two gene
mutations; that is, mutations of endoglin (ENG)
at chromosome 9q34.1%% and activin A receptor
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type II-like 1 (ACVRL1) at chromosome 12g31%'%
are known to produce HHT1 and HHTZ2, respectively.
In addition to ENG and ACVRL1 genes, mutation
of SMAD family member 4 (SMAD4) gene is related
to a combined syndrome of HHT and juvenile
polyposis.'V Genotype-phenotype correlations
have been reported mostly from North America
and Europe.'?™

Although neuroradiological features of HHT in
the large series are reported from several HHT
centers,""” their diagnoses of HHT were mostly
based on Curacao criteria. Thus correlation between
genotype and neuroradiological features are not
clearly understood. Furthermore, there has been
no report on T, high lesions in the basal ganglia
on magnetic resonance (MR) imaging suggestive
of port-venous shunts in HHT in a large series.
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The purpose of this study is to report neuroradio-
logical manifestations in HHT patients and genotype-
neuroradiological phenotype correlations for better
understanding of the diverse presentations of HHT
in the largest Japanese cohort.

Materials and Methods

One hundred and thirty-nine Japanese HHT consecu-
tive patients (73 men and 66 women, aged 2-78
years with a mean of 40.1 years) were included in
this study. They were evaluated at the HHT center
in Osaka City General Hospital, Osaka, Japan, during
the past 10 years. Age of the patients was timing
when they visited us for the first time. Diagnosis
of HHT of these patients was established on either
genetic analysis (105 patients) and/or clinical “defi-
nite” diagnosis of Curagao criteria (34 patients).”
END and ACVRL1 gene mutations were first inves-
tigated. When END and ACVRLI1 gene mutations
were not detected, SMAD4 gene mutation was then
investigated. The Curagao diagnostic criteria are as
follows: (a) spontaneous recurrent nosebleeds; (b)
mucocutaneous telangiectasia at the characteristic
sites (lips, tongue, fingertips, and so on); (c) visceral
AVMs in lung, liver, brain, or spinal cord; and (d)
affected patients in the first-degree relative according
to these criteria. When the patients have more than
three criteria, they are classified as “definite” HHT
patients, and when two criteria are met, they are
“probable.” When one or no criterion is present, they
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are classified as “unlikely.” According to the Curagao
criteria, 139 patients were classified as follows:
125 definite, 10 probable, and 4 unlikely HHT
patients. Fourteen patients with either probable or
unlikely diagnosis had either END or ACVRL1 gene
mutations. Characteristics of the patients are listed
in Table 1.

Among 139 patients, 118 patients underwent
genetic analysis. There were 68 HHT1 patients
(57.6%, 38 men and 30 women with a mean age of
34.8 years, 34 kindred), 37 HHT2 patients (31.3%,
17 men and 20 women with a mean age of 47.1
years, 23 kindred), and 13 patients with definite
clinical diagnosis without identifiable gene (11.0%,
5 men and 8 women with a mean age of 45.9 years,
9 kindred). The remaining 21 patients were clinically
definite HHT without genetic confirmation. SMAD4
gene mutation was not found in any patient.

Essentially, all patients except few pediatric patients
underwent brain MR examination at 1.5 tesla or 3.0
tesla without contrast enhancement (136 patients)
and X-ray CT of the lungs without contrast material
(137 patients). Brain MR study usually included at
least T;- and T,-weighted images, fluid-attenuated
inversion recovery (FLAIR) images, and time-of-
flight MR angiography. Slice thickness of lung CT
was usually 3 mm. Because many patients were
referred from many hospitals where initial brain
MR and lung CT studies were performed, scan-
ning parameters of CT and MR examinations were
variable. Contrast enhanced brain MR studies were

Table 1 Characteristics of 139 Japanese patients with hereditary hemorrhagic telangiectasia

Genetically HHT Clinically HHT
HHT1 HHT2 NIM No genetic Total p-value
confirmation

No. of patients 68 37 13 21 139
Male/female 38/30 17/20 5/8 8/13 68/71
Age 2-78/34.8 2-77/47.1 12-70/45.9 3-72/41.3 2-78/40.1 p<0.01
Curagao criteria 60/6/2 31/4/2 13/0/0 21/0/0 125/10/4
Nose bleed 65 (95.6%) 34 (91.9%) 12 (92.3%) 21 (100%) 132 (95.0%) p=0.67 (ns)
Telangiectasia 42 (61.8%) 30 (81.1%) 7 (53.8%) 13 (61.9%) 92 (66.2%) p <0.05
Family history 64 (94.1%) 36 (97.3%) 13 (100%) 20 (95.2%) 133 (95.7%) p = 0.65 (ns)
Any visceral AVM 57 (83.8%) 31 (83.8%) 12 (92.3%) 20 (95.2%) 120 (86.3%)*
Brain AVM 21/66 (31.8%) 1/36 (2.8%) 0 (0%) 5(23.8%) 27/136 (19.9%) p <0.01
Pulmonary AVF 45/69 (65.2%)  6/36 (16.7%) 11 (84.6%) 11 (52.4%)  73/137 (53.3%) p<0.01
Hepatic AVM 15/43 (34.9%) 29/34 (85.3%) 6 (46.2%) 11 (52.4%)  61/111 (55.0%) p<0.01

*: pediatric patients were not always examined, age: age range/mean, AVF: arteriovenous fistula, AVM: arteriovenous
malformation, Curagao criteria: definite/probable/not likely, HHT: hereditary hemorrhagic telangiectasia, NIM: not identifiable

mutation, p: significant difference between HHT1 and HHT2.
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also performed in a subset of patients. Neuroradio-
logical changes during follow-up periods among the
limited number of the patients were also evaluated
when the clinical and neuroradiological data were
available. When brain MR examination showed
either possible small AVMs or AVFs, the patients
underwent digital subtraction angiography (DSA).
Angiographic classification of brain AVMs were as
follows: (a) micro-AVM with a lesion size less than
1 cm; (b) small AVM with a nidus larger than 1 cm
and smaller than 3 cm; and (c) AVF with a direct
arteriovenous (AV) shunt, according to the clas-
sification reported by Matsubara et al.’® If a nidus
of the AVM was larger than 3 cm, this AVM was
separately described. Three patients with AVMs had
undergone surgical treatment before they came to
us. Although they were evaluated again, available
data on the removed lesions were added to the
present study.

High intensity of the basal ganglia on T;-weighted
MR images was interpreted to have porto-venous
shunts in the liver when the intensity was obvi-
ously high in comparison to the surrounding brain
structures and other etiologies to cause such high
intensity lesions (chronic liver diseases, alcoholism,
hepatitis, parenteral nutrition, and so on) were
denied. Suspicious lesions with slightly T, high
intensity was not interpreted as high intensity lesions.
In a subset of the patients with (22 patients) and
without (12 patients) T; high intensity lesions, serum
manganese level was evaluated. Contrast enhanced
and/or dynamic studies of the liver to detect AV
and arterio-portal shunts were also performed in
selected patients. The early filling of contrast mate-
rial into the portal veins and/or hepatic veins was
interpreted as the presence of arterio-portal and/or
AV intrahepatic shunts.

The neuroradiological features, which include
vascular malformations, vascular anomalies, cerebral
aneurysms, parenchymal changes, cortical develop-
ment, and T, high lesions in the basal ganglia, as
well as imaging of pulmonary AVFs and hepatic
AVMs were reviewed retrospectively.

Our institutional review board did not require
approval for this type of retrospective study. Genetic
analysis was approved by the institutional review
board of the National Cerebral and Cardiovascular
Center, Osaka, Japan. Written informed consent
was obtained from each patient or from parents of
patients younger than 18 years old for all radiological
examinations and genetic analysis.

The characteristics of the patients and results of
the radiological examinations between HHT1 and
HHT?2 were compared using chi-square test. Intergroup
difference of the age was compared using Student
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t-test. Statistically, p value < 0.05 was considered
to be significant.

Results

Various imaging abnormalities were observed. Brain
AVMs were found in 27/136 patients (19.9%): 21/66
patients with HHT1 and 1/36 patient with HHT2.
Brain AVMs were more common in HHT1 than in
HHT2 (p < 0.01). Multiple AVMs were found in
12/27 patients (44.4%) while single AVM was found
in 15 patients (55.6%). In HHT1, multiple AVMs
were found in 9/20 patients (1 patient with previous
hemorrhage due to AVM was excluded since only
post-operative MR was available). Multiple AVMs
were found in 1/1 patient in HHT2. Total number
of observed AVMs was 51 (mean 2.0) in 26 patients
(above-mentioned 1 patient was excluded), which
included 22 micro-AVMs, 19 small AVMs, 9 pial
AVFs, and 1 vein of Galen aneurysmal malformation.
There was no patient with AVM, of which a nidus
size was more than 3 cm. As for locations of AVMs,
35 lesions (68.6%) were supratentorial-superficial,
6 lesions (11.8%) were supratentorial-deep, and
9 lesions (17.6%) were infratentorial-superficial.
In 26 HHT1 patients, 18 micro-AVMs, 18 small
AVMs, 7 pial AVFs, and 1 vein of Galen aneurysmal
malformation were found while no micro-AVM, 1
small AVM, and 1 pial AVF were found in 1 HHT2
patient. One patient with vein of Galen aneurysmal
malformation was initially treated and reported by
other group.'” Since many patients with AVMs were
followed by the primary physicians after consulta-
tion to our hospital, there were no patients who
presented with new cerebral hemorrhage during the
study period to the best of our knowledge (Fig. 1).
Among 139 HHT patients, two symptomatic spinal
AVMs (1.4%) were observed in HHT1 and HHT?2
patient each. Since the latter patient underwent
surgical removal of the spinal AVM more than 40
years ago, detailed information was not available.
The other spinal abnormality included cervical
syringomyelia in the HHT1 patient with Chiari
malformation type 1 (mother of the vein of Galen
aneurysmal malformation patient), and cervical
epidural AVFs in 2 patients with brain AVMs.
Seventy-three patients among 137 had pulmonary
AVFs (65.2%), 45/69 patients with HHT1 and 6/36
patients with HHT2). Pulmonary AVFs were more
common in HHT1 than in HHT2 (p < 0.01). Due
to paradoxical embolism through pulmonary AVFs,
brain infarction was observed in 17 patients (35.6%,
16/45 HHT1 patients and 0/6 HHT2 patient) and
brain abscess in 3 patients (4.1%, 1 HHT1 patient
and 1 HHT2 patient). Four pediatric patients under



482 M. Komiyama et al.

Al

Fig. 1 Classification of AVMs in HHT. A: Micro-AVM. Size of the lesion is smaller than 1 cm. Right internal
carotid angiogram (late phase, lateral view) shows two micro-AVMs (arrows) in a 5-year-old HHT1 female. B:
Small AVM with a nidus size between 1 cm and 3 cm. Right internal carotid angiogram (AP view) shows a
small AVM in the right temporal lobe in a 2-year-old HHT1 male. C: Pial AVF with a huge varix (arrow) in a
29-year-old HHT1 male. AP: anteroposterior, AVM: arteriovenous malformation, AVF: arteriovenous fistula, HHT:
hereditary hemorrhagic telangiectasia.

Fig. 2 Pulmonary AVF and cerebral infarction. Pulmonary AVF caused cerebral infarction twice in the 15 years’
interval in a 67-year-old HHT1 female. AVF: arteriovenous fistula. A: This pulmonary arteriovenous fistula (arrow)
shown on computed tomography caused paradoxical embolism. B: T,-weighted image shows resultant cerebral
infarction in bilateral middle cerebral artery territories.

18 years old among these 17 patients presented
with asymptomatic brain infarction. Brain infarc-
tion was more common in HHT1 than in HHT2
(p < 0.01) (Figs. 2, 3).

High intensity lesions in the basal ganglia on
T,-weighted images were all symmetrical, and were
observed in 51/136 patients (37.5%, 9/66 patients
with HHT1 and 28/36 patients with HHT2). These
high intensity lesions were more common in HHT2

patients than in HHT1 patients (p < 0.01). In 25
patients with high intensity lesions, serum manga-
nese level ranged from 1.7 pg/dl to 6.8 pg/dl (mean
3.6 and standard deviation 1.3 pg/dl) where normal
manganese level is between 0.8 pg/dl and 2.5 pg/dl.
Serum manganese level in 11 patients without such
high intensity lesions ranged between 1.0 ng/dl and
2.3 pg/dl (mean 1.4 and standard deviation 0.38
ng/dl). Hepatic AVMs (at least one shunt among
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Fig. 3 Brain abscess and empyema, and brain tumor developed sequentially in a 47-year-old HHT1 male.
A: Pulmonary AVF (arrow) shown on this CT is responsible for paradoxical embolism. B: Brain abscess and
empyema (arrows) due to paradoxical embolism on contrast enhanced T;-weighted image. C: Contrast enhanced
Ti-weighted image showing glioblastoma multiforme developed 4 years later at the location near to the prior
brain abscess. AVF: arteriovenous fistula, CT: computed tomography, HHT: hereditary hemorrhagic telangiectasia.

AV, arterio-portal, and/or porto-venous shunts) were
observed in 61/111 patients (55.0%, 15/43 patients
in HHT1 and 29/34 patients in HHT2). Hepatic
AVMs were more common in HHT2 than in HHT1
(p < 0.01) (Fig. 4).

Other imaging abnormalities included new subcor-
tical hemorrhage not attributable to brain AVM in 1
HHT2 patient, dural AVF at the clivus in 1 patient,
developmental venous anomaly in 2 patients (1 in
HHT2 patient and 1 patient without identifiable
gene mutation who also had an aberrant right
subclavian artery), and cortical maldevelopment in
1 patient (Fig. 5). Cerebral aneurysms were found
in 3 patients. Two aneurysms (1.5%) were located
at the common sites for cerebral aneurysms (one
located at the C2 portion of the internal carotid
artery, 3.4 mm in size in HHT1 patient and one at
the bifurcation of the middle cerebral artery, 8.5 mm
in size). The third HHT1 patient with a left occipital
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Fig. 4 T, high lesions in the basal
ganglia and porto-venous shunts in a
48-year-old HHT2 female with hepatic
arteriovenous malformations. A:
Symmetrical high intensity lesions in
the basal ganglia on T,-weighted image.
Serum level of manganese was 5.9
pg/dl (normal range 0.8-2.5 pg/dl). B:
Dynamic computed tomography of
the liver (early phase) shows large
hepatic arteries (arrows) and hepatic
vein (arrowhead) indicative of the
arteriovenous shunts. HHT: hereditary
hemorrhagic telangiectasia.

huge AVF had 1 dysplastic feeder aneurysm of the
left posterior cerebral artery. Brain tumors were
observed in 2 patients (astrocytoma in HHT1 patient
and glioblastoma multiforme in HHT2 patient). In
the latter HHT2 patient, glioblastoma developed
4 years later to successful treatment of right frontal
brain abscess and empyema. Cavernous malforma-
tion was not observed in our series.

Discussion

HHT patients present with various neurological
symptoms and signs, which include headache,
seizure, and a variety of neurological deficits caused
by brain AVM/AVFs, brain ischemia, and abscess
due to paradoxical embolism through pulmonary
AVFs, spinal AVMs, and hepatic AVMs.

Maher et al.? reported 3.7% incidence (n = 12)
of cerebrovascular malformations among 321 HHT
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Fig. 5 Cortical maldevelopment in an 8-year-old
clinically definite hereditary hemorrhagic telangiectasia
female. A pial arteriovenous fistula in the right frontal
lobe (arrowhead) and the cortical maldevelopment with
thick gray matter in the left parietal lobe (arrow) are
demonstrated on T,-weighted image.

patients, although not all patients in their study
underwent examination for brain vascular malfor-
mation. They included 10 brain AVMs, 1 cavernous
malformation, and 1 dural AVF. Seventy-one patients
(22.1%), who had pulmonary AVFs, developed either
cerebral ischemia or brain abscess, with incidences
of 29.6% (n = 21) and 7.0% (n = 5), respectively.
Fulbright et al.'¥ reported on brain MR findings
in a series of 184 HHT patients. Among them, 63
cerebral vascular malformations were found in
42 patients (22.8%), which included classic AVM
(n = 10), developmental venous anomaly (n = 5), and
indeterminate vascular malformations (n = 48). Most
indeterminate vascular malformations on MRI were
confirmed to be AVMs by angiography. Incidences
of brain AVM (19.9%), brain infarction (23.3%),
and brain abscess (4.1%) among the patients with
pulmonary AVFs in this series are similar to the
previous reports.

It is known that clinical manifestations of HHT1
and HHT2 are different. In our series, brain AVMs
were noted in 31.8% of HHT1 patients and in
2.8% of HHT2 patients, more common in HHT1
than in HHT2, p < 0.01. Pulmonary AVMs were
revealed in 64.1% of HHT1 and 16.7% of HHT?2
patients, more common in HHT1 than in HHTZ2,
p < 0.01. Hepatic AVMs (any shunts) were observed

in 34.9% of HHT1 patients and 85.3% of HHT2
patients, more common in HHT2 than in HHT1,
p < 0.01. It is reported that HHT1 is more prone to
pulmonary AVMs®121320 and brain AVMs'?'? while
HHT2 is less frequent to have pulmonary AVMs?
and is prone to hepatic AVMs.'2% This was proved
in Japanese HHT patients by our previous study??
and the present study again.

Angioarchitecture of brain AVMs in HHT were
classified into three types, micro-AVM, small AVM,
and pial AVF.'® Capillary telangiectasia is reported
to be associated with HHT.'” Difference between
micro-AVM and capillary telangiectasia in HHT is
not well defined.'®*?? We believe that it is simply
the difference of the transit time in the lesion, i.e.,
degree of AV shunting, where micro-AVM has a
slow AV shunt and capillary telangiectasia has
extremely slow AV shunt. This phenomenon is
observed in cutaneous telangiectases in HHT.?® In
this study, we found 51 brain AVMs, which included
22 micro-AVMs, 19 small AVMs, 9 pial AVFs, and
1 vein of Galen aneurysmal malformation. Multi-
plicity in our series was 44.4%, which is similar
to the result of 39% reported by Bharatha et al.,'®
who concluded that multiplicity of brain AVMs is
highly predictive of the diagnosis of HHT.'® When
discussing the size of the AVMs, pial AVFs should
be evaluated separately since simple direct AV
shunts often have large varices > 3 cm and their
treatments are different from small AVMs with nidi
and micro-AVMs. In our series, most brain AVMs
were small (80.4%, micro-AVM + small AVM < 3 cm),
superficial in location (86.2%), and multiple (44.4%).
This result is consistent with the previous report
that brain AVMs in HHT show a trend toward small
size, superficial location, and multiplicity.!®

It is not clear whether cerebral aneurysms are
related to HHT. Incidences of the unruptured cerebral
aneurysms of 2.4% reported by Woodall et al.'” and
1.5% in our series is not higher than the common
incidence of 1-2% among healthy adults.?” Since the
pathological changes in HHT predominantly occur
in the capillo-venous side of the vasculature,??) we
believe that aneurysmal formation at the common
sites in the circle of Willis is fortuitous. Flow-related
aneurysmal formation in association with high-flow
AVM/AVF is a possibility, which was noted in 1
huge pial AVF patient in our series.

Developmental venous anomaly is observed in 2
HHT patients in our series. This lesion is thought
to be an extreme anatomical variant, with normal
venous drainage,” which occurs in 2.5-3.0% of
the population.?” Although pathogenesis of this
lesion might be related to HHT, incidences of
developmental venous anomaly of 4.3% reported
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by Woodall et al.'” and 1.5% in our series are not
high enough to conclude strong relationship of this
vascular variants and HHT. Presence of cervical
epidural AVFs in 2 HHT patients and dural AVF
at the clivus in 1 patient could be related to HHT.
It is not clear that HHT contributes to the patho-
genesis of brain tumors. It may be also fortuitous.
Interestingly, glioblastoma multiforme developed
at the same location where the prior brain abscess
had observed in 1 HHT1 patient.

Cortical maldevelopment was observed in 1 patient
in our series. Bergerot et al. reported such cortical
maldevelopments in 13/162 HHT patients (8.0%)
(Malformations of cortical development and brain
vessels in patients with hereditary haemorrhagic
telangiectasia, presented in 10th International
Hereditary Hemorrhagic Telangiectasia Scientific
Conference June 12th—15th, 2013 Cork, Ireland).
Twelve of them were polymicrogyria, predominantly
observed in perisylvian areas. The remaining 1
patient had occipital dysplasia. Although it remains
unclear that cortical maldevelopment is related to
HHT, further accumulation of clinical data of such
cases is required.

Hepatic involvement in HHT consists of intrahe-
patic vascular malformations, which include AV,
artertio-portal, and/or porto-venous shunts.?®’ T, high
intensity lesions in the basal ganglia, especially in
the globus pallidus, are symmetrically located and
they may extend to the cerebral peduncle. These
high intensity lesions are caused by the deposition of
paramagnetic substance of manganese.?® Accumula-
tion of manganese in the basal ganglia is the result
of bypassing serum manganese through the liver by
porto-venous shunts in HHT. Although commonly
observed in our series (37.5%), this has been ignored
in most of MRI studies of the large series. Serum
level of manganese among them (mean 3.6 pg/dl)
was higher than normal range (0.8-2.5 pg/dl). Our
result that T, high lesions were more common in
HHT2 than in HHT1 (p < 0.01) is consistent with
the fact that hepatic involvement is more common
in HHT2 than in HHT1. It is postulated that the
concentration of manganese to produce T, high
lesions is lower than the threshold required to cause
hepatic symptoms clinically.??

In conclusion, HHT patients present with a variety
of neuroradiological manifestations, including brain
AVM/Fs, brain infarctions, brain abscesses, and T,
high lesions in the basal ganglia, which are substan-
tial causes of morbid-mortality in HHT.
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