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Abstract

Background Hereditary Hemorrhagic Telangiectasia (HHT) is a rare, hereditary, autosomal dominant vascular disease,
characterized by visceral arteriovenous malformations (AVMs), mucocutaneous telangiectasias and epistaxis. While
symptomatic medical and surgical therapies are used in the management of pediatric patients, data comparing
phenotypic presentation between genetically related individuals (e.g., parent-child pairs) remain limited.

Aims and Methods \We conducted a single-center retrospective study involving pediatric patients with genetically
confirmed HHT and their affected parents at Fondazione Policlinico Universitario A. Gemelli IRCCS in Rome, Italy. The
aim of our study was to assess genotype-phenotype correlation and intrafamilial HHT-phenotypic variability. Clinical,
laboratory, imaging, and therapeutic data were collected between May 2022 and May 2023. Variables including
presence of AVMs, epistaxis, telangiectasias, anemia, and need for interventions were compared between children
and their parents.

Results The study included 11 children (mean age 11.8 years) and 9 adults (mean age 47 years), all exhibiting ENG or
ACVRL1 variants. While epistaxis was common in both cohorts (91% in children vs. 100% in adults), mucocutaneous
telangiectasias and AVMs were more prevalent in adults. AVMs were more frequently detected in adults, especially
among ENG carriers. Notably, phenotype concordance between parent-child pairs with the same mutation was
observed in only 3 up to 9 families (33.3%), with substantial intrafamilial variability in AVM distribution and disease
severity.

Conclusions Our findings confirm the variable expressivity of HHT, even among first-degree relatives sharing the
same pathogenic variant. No consistent overlap was observed between parent and child phenotypes, reinforcing
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the need for individualized pediatric screening and follow-up. Early genetic testing remains essential to prevent

complications and guide appropriate management.

Keywords Hereditary hemorrhagic telangiectasia, Pediatrics, Genotype-phenotype correlation, Anemia, ACVRLT, ENG,

HHT

Introduction
Hereditary Hemorrhagic Telangiectasia (HHT - OMIM
number #187300) or Rendu-Osler disease is a rare,
hereditary, autosomal dominant vascular disease (over-
all prevalence between 1/5000 and 1/8000 individuals).
It is characterized by abnormal angiogenesis leading to
the development of visceral arteriovenous malformations
(AVM) and mucocutaneous telangiectasias, with epi-
staxis being the most frequent manifestation [1-5].

The genetic mutations responsible for HHT are pri-
marily located in three genes:

— ENG (Endoglin): Located on chromosome 9,
mutations in ENG are associated with HHT type
(1) Endoglin is a co-receptor for transforming
growth factor-beta (TGF-p), crucial for vascular
development and integrity;

— ACVRLI (Activin A receptor-like kinase 1): Found
on chromosome 12, mutations in this gene lead to
HHT type (2) ACVRLL is also involved in TGF-f8
signaling pathways and plays a significant role in
endothelial cell function;

— SMAD4 (SMAD family member 4): This gene is
associated with a rare form of HHT that can present
with juvenile polyposis syndrome. Mutations in
SMAD#4 disrupt the TGF-J signaling pathway,
affecting vascular development.

Symptomatic medical and surgical therapies are used in
the management of pediatric HHT patients, as outlined
in the Second International Guidelines [6].

This is based on available literature [7—10] that presents
the limits of a rare disease. According to expert panel,
HHT pediatric patients should be tested for iron defi-
ciency and anemia just in case of recurrent bleeding and/
or symptoms of anemia, with hemoglobin targets indi-
vidualized on patients (depending on symptoms, severity
of HHT-related bleeding, previous iron supplementation,
comorbidity). As regard to pulmonary AVMs, the expert
panel recommends screening in children at the time
of symptoms and then every 5 years in asymptomatic
patients; it (screening) may be performed with chest radi-
ography and pulse oximetry or trans-thoracic contrast
echocardiography, while lung CT remains a confirma-
tory test, if screening tests are positive. Large pulmo-
nary AVMs (at least 3 mm in diameter) or AVMs causing
hypoxemia are suitable for embolotherapy to avoid com-
plications. Finally, brain AVM should be screened at the

time of presentation with MRI, representing the first-line
screening to detect the presence of malformations and to
determine the risk of hemorrhage. At the moment, there
is no agreement if routinely screening for brain AVMs
in asymptomatic children is recommended. Abdomi-
nal ultrasound for liver AVMs screening is performed
according to adult recommendations [6].

Finally, considering the higher risk of polyps and
colorectal cancer in SMAD4-HHT, screening colo-
noscopy is recommended from the age of 15 years and
repeated every 3 years if no polyps are found or every
year if colonic polyps are found. Other HHT-patients
(non-SMAD4) should be screened for colon cancer as
general population [6].

The different arteriovenous malformations associated
with HHT are summarized in Table 1.

There is no data in current literature about a com-
parative analysis of phenotypic manifestations among
patients belonging to the same family unit — i.e. sharing a
common genotype.

Therefore, the aim of our study is to determine, by
describing the genotype-phenotype correlation in chil-
dren with HHT and in their parents, whether HHT
phenotypes are comparable among parents and affected
children.

Methods

We conducted a single-centre retrospective study on
pediatric patients and their parents with a confirmed
diagnosis of HHT. Data were collected between May 1
2022, and May 31 2023, from the medical records of
Fondazione Policlinico Universitario A. Gemelli IRCCS
(Rome, Italy).

Affected parents of pediatric patients were asked to
respond to a standardized semi-structured questionnaire,
facilitating further investigation into the phenotypic
manifestations of the pathology.

Moreover, we conducted a standardized evaluation of
all patients (including physical examination, medical his-
tory, laboratory and imaging tests performed) consider-
ing the following data:

+ Clinical phenotype, investigated through the
evaluation of the presence or absence of epistaxis,
telangiectasias, AVMs (pulmonary, hepatic, cerebral,
gastrointestinal), and major bleeding (one of the
following criteria: past treatment for bleeding and/
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Table 1 Summary of different visceral arteriovenous
malformations prevalence associated with HHT

AVM site %

Hepatic 70%
Pulmonary 50%
Gastrointestinal 20%
Cerebral 10%
Skin teleangectasis 90%

Table 2 Demographic and clinical characteristics of the
population; statistically significant differences are marked with *

Children Adults
Mean age (years+SD) 11,82+5,51 47 +8,68
Sex (male/female ratio) 6/5 6/3
Epistaxis (N; %) 10/11; 9/9;
90,9% 100%
Mucocutaneous telangiectasias (N; %) 4/11; 9/9;*
36,4% 100%
Family history of HHT (N; %) 117 8/9;
100% 88,9%
AVM (N; %) 3/11; 5/9;
27,3% 55,6%
Pulmonary AVM (N; %) 3/11; 5/9;*
27,3% 55,6%
Hepatic AVM (N; %) 1/11; 2/9; %
9,1% 22,2%
Cerebral AYM (N; %) 2/11; 2/9;
18,2% 22,2%

or iron deficiency anemia — iron infusion/ blood
transfusion);

+ Hemoglobin, serum iron and ferritin values, analyzed
for all pediatric and adult patients. Hemoglobin
and ferritin levels differ between males and females
during adolescence and adulthood [11, 12];

+ Diagnostic tests -if performed-, such as ENT (ear-
nose-throat) target examination, ultrasonography of
the abdomen, MRI of the abdomen, brain MRI, chest
CT scan, echocardiography with bubble test;

« Therapeutic interventions, such as iron infusions,
laser ablation/cautery for epistaxis, embolizations,
blood transfusions.

For “subjects with a defined diagnosis of HHT, we mean
those who had confirmation of the pathology by genetic
testing [13].

Data were analyzed using GraphPad PRISM 9. Compa-
rable variables were analyzed using Student’s t test/one
way ANOVA. A 0,05 level of significance was considered
for all statistical tests.

Editorial policies and ethical considerations

This study was conducted in accordance with the Dec-
laration of Helsinki and approved by the Ethics Com-
mittee of the Fondazione Policlinico Universitario A.
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Gemelli IRCCS (protocol number 6241/20, ID 2999, date
of approval 20 February 2020). All patients and/or their
parents/legal guardians signed informed consent forms.

This research received no specific grant from any fund-
ing agency.

Demographic and clinical characteristics

The pediatric population [Table 2] consists of 11 children
aged between 0 and 20 years, including 6 boys and 5 girls,
with an average age of 11.82+5.51 years, as shown. Two
couples of siblings are included (child 1 A-1B and child
4 A-4B). All patients (100%) have a positive family history
of HHT. The clinical history of 10 patients (90.9%) — 5
males and 5 females — is characterized by the presence of
epistaxis. In 4 patients (36.4%) — 2 males and 2 females —
mucocutaneous telangiectasias were found, while AVMs
are present in 3 patients (27.3%) — 2 males and 1 female.
In particular, pulmonary AVM were diagnosed in 3
patients (27.3%), hepatic AVM in 1 (9.1%), cerebral AVM
in 2 (18.2%) [Figs. 1, 2 and 3].

The adult population [Table 2] — i.e. affected parents
who share the same genetic variant as pediatric patients
— consists of 9 patients, including six males and three
females, with an average age of 47 + 8.68 years. Of these, 8
patients (88.9%) have a positive family history of HHT. In
all patients (100%), epistaxis was found. 9 (100%) patients
present mucocutaneous telangiectasias, while AVM are
described in 5 patients (55.6%). In particular, pulmonary
AVM were diagnosed in 5 patients (55.6%), hepatic AVM
in 2 (22.2%), cerebral AVM in 2 (22.2%).

The diagnostic tests conducted in both populations are
as follows:

+ ENT the physical examination (the exam of nose,
lips, oral cavity for telangiectases), performed in 10
out of 11 (90.9%) children and 8 out of 9 (88.9%)
adults;

+ Ultrasonography of the abdomen, conducted in 10
out of 11 (90.9%) children and in all 9 (100%) adults;

+  MRI of the abdomen, conducted in 1 out of 11 (9.1%)
children and in 1 out of 9 (11.1%) adults;

+ Brain MRI, performed in 8 out of 11 (72.7%) children
and 5 out of 9 (55.6%) adults;

o Chest CT scan, performed in 3 out of 11 (27.3%)
children and 5 out of 9 (55.6%) adults, when
screening tests were positive [6];

+ Echocardiography with bubble test, performed in 4
out of 11 (36.4%) children and in 3 out of 9 (33.3%)
adults.

Genetic variants

All patients, children, and adults, have a genetic
diagnosis. In 11 children, 3 (27.3%) have a ENG
(NM_001114753.3) gene variant (OMIM #187300), and
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Fig. 1 16-year-old child with a simple pulmonary fistula in the right lung characterized by a single 4 mm feeding artery (dot) and a large venous aneu-
rysm (circle) without thrombotic apposition

8 (72.7%) have ACVRL1 (NM_000020.3) variants (OMIM
#600376). In 9 adults, 3 (33.3%) have an ENG variant, and
6 (66.7%) have ACVRLI variants.

Results

Laboratory values

To assess the impact of bleeding on anemia and iron
reserves, the following laboratory values were consid-
ered: hemoglobin, serum iron and ferritin.

Within the pediatric population, no patient (0%)
reported hemoglobin values below the cutoff [11]. In the
adult population, 2 patients (22.2%) reported hemoglobin
values below the cutoff [12].

No pediatric (0%) patient reported lower serum
iron values than the cutoff [11]. 2 adult patients (22%)
reported lower serum iron values than the cutoff [12].

No pediatric patient (0%) reported ferritin values below
the cutoff [12]. 3 (33.3%) adult patients reported ferritin
values below the cutoff [12].

Therapeutic interventions

Considering the therapeutic interventions (iron infu-
sions, laser ablation/cautery for epistaxis, embolizations,
blood transfusions) to which the pediatric population
has been subjected, it appears that no child (0%) has ever

needed transfusions for reasons related to HHT, while
2/11 children (18.2%) have had their AVM embolized.

Considering the therapeutic interventions to which the
adult population has been subjected, it appears that 1/9
adult (11.1%) has resorted to transfusions and 4/9 (44.4%)
to iron infusions due to HHT-related anemia. 3/9 adults
(33.3%) have also had their AVM embolized.

Major bleeding

A comparison between the number of children and
adults who have experienced major bleeding in the oral
and nasal cavity shows that no child (0%) has experienced
such bleeding, and 4 adults (44.4%) have required Emer-
gency Room access for this reason.

Genotype-phenotype correlation

Table 3 illustrates genotype-phenotype correlations
among pediatric patients and their affected parents, con-
sidering the following clinical data for evaluating pheno-
typic expression:

+ Presence of AVM (pulmonary, hepatic, cerebral,
gastrointestinal);

+ Treatments necessitated by the severity of anemia
and/or AVM (iron infusions, laser ablation/cautery
for epistaxis, embolizations, blood transfusions);
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Fig. 2 15-year-old child with a frontal lobe malformation with a 3 cm nidus

+ Major bleeding (one of the following criteria: past In family 1, with ¢.1435 C>T variant in ACVRLI, no
treatment for bleeding and/or iron deficiency anemia AVM, major treatments, or bleeding were recorded,
— iron infusion/ blood transfusion). neither in the parent nor in the two children.
In family 2, with ¢.200G > A variant in ACVRLI, no
It follows that: AVM, major treatment or bleeding was recorded in
the child, while iron infusions and major bleedings in
the parent were recorded.
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Fig.3 16-year-old child with a 20 mm liver vascular malformation between V and VI segment. US imaging shows the hypoechoic aspect of the lesion and
the typical reduction of vascular resistances within the lesion. MR confirmed the vascular nature of the lesion

+ Infamily 3, with ¢.526-6 C> G variant in ACVRLI,
no AVM, major treatments or bleeding was
recorded in the child, while pulmonary, hepatic, and
gastrointestinal AVMs, iron infusions, and major
bleedings in the parent were recorded.

+ In family 4, with ¢.230G > A variant in ACVRLI, no
AVM, major treatment or bleeding was recorded in
the parent, while pulmonary, hepatic, and cerebral
AVMs were recorded in one child and pulmonary
AVMs in the other.

+ Infamily 5, with ¢.230G > A variant in ACVRLI, no
AVM, major treatment or bleeding was recorded in

the child, while hepatic AVMs were recorded in the
parent.

In family 6, with ¢.1120 C> T variant in ACVRLI, no
AVM, major treatment or bleeding was recorded,
neither in the parent nor in the child.

In family 7, with c.893del variant in ENG, no AVM,
major treatment or bleeding was recorded in the
child, while pulmonary AVMs, blood transfusions,
iron infusions, embolizations and major bleedings in
the parent were recorded.

In family 8, with c.298del variant in ENG, no AVM,
major treatment or bleeding was recorded in the
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child, while pulmonary, hepatic, and cerebral AVMs
and embolizations in the parent were recorded.

+ Infamily 9, with c.1 A> G variant in ENG,
pulmonary and cerebral AVMs were recorded
in the child and pulmonary and cerebral AVMs,
embolizations, and major bleedings were recorded in
the parent.

Also, Table 3 illustrates the distribution of pulmonary,
hepatic and cerebral AVM in the pediatric and adult
population in relation to the genotype (ACVRLI or ENG
variants).

Out of a total of 8 children and 6 adults with ACVRLI
variants, 2 pediatric patients (25%) and 1 adult patient
(16.7%) have pulmonary AVMs.

Out of a total of 3 children and 3 adults with ENG
variants, 1 pediatric patient (33.3%) and 3 adult patients
(100%) have pulmonary AVMs.

In 1 pediatric patient (12.5%) and no adult patient
(0%) with ACVRLI variants, cerebral AVM were found.
Among patients with ENG variants, however, 1 child
(33.3%) and 2 adults (66.7%) have cerebral AVMs.

Discussion

Comparison with literature

The analysis of the phenotypes of the pediatric popula-
tion examined revealed a series of evidence confirming
the literature. 90.9% of patients have epistaxis, that is
confirmed to be the first symptom to manifest itself dur-
ing childhood, which, however, rarely requires cauteriza-
tion or other significant interventions to control bleeding
[9], as demonstrated by the absence of major bleedings
(0%) in the target population.

36.4% of pediatric patients have mucocutaneous tel-
angiectasias, which, when compared to the prevalence
of those in the adult population (100%), has their later
presentation confirmed [9]. The same applies to AVMs,
present in 27.3% of pediatric patients and 55.6% of adult
patients.

The correlation of the phenotype characterized by the
presence of pulmonary and cerebral AVMs with geno-
types characterized by ENG and ACVRLI variants is
reported in Table 3. The increased frequency of pul-
monary and cerebral AVMs in patients - both pediatric
and adult - with ENG variants has been confirmed, as
reported in literature [8]. However, as evidenced by the
presence of cerebral AVMs in 1 pediatric patient (12.5%)
with a ACVRLI variant, it must be reiterated that the
genotype alone cannot and must not guide the screening
practices, as different AVMs are potentially present in all
genotypes [8]. An important pediatric-specific consider-
ation is the higher prevalence of cortical malformations
in HHT children, with polymicrogyria described as the
most common type [14-16].
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Analysis of laboratory values

Hemoglobin, serum iron, and ferritin below the respec-
tive cutoffs — as referred for age specific pediatric cut-off
[11] - were not recorded for any pediatric patient. More-
over, none of these patients needed iron infusions or
blood transfusions. These data strengthen published rec-
ommendations about blood test timeline both in adults
and children with HHT [17]. An apparently normal value
of hemoglobin in patients with pulmonary phenotype,
as known, may depend on compensatory polycythe-
mia. These patients, therefore, should be focused during
the pubertal development period, due to the increase of
iron requirement or increased loss — in post-menarche
females.

Genotype-phenotype correlation

There is a well-known correlation between genotype and
phenotype in HHT. ENG mutations cause severe pulmo-
nary AVMs and a higher incidence of gastrointestinal
bleeding, ACVRLI mutations correlate to milder phe-
notype with fewer pulmonary complications but signifi-
cant epistaxis and gastrointestinal issues, while SMAD4
mutations are associated with additional complications,
including gastrointestinal polyps and an increased risk of
colorectal cancer.

Comparing children’s phenotypes to their parents shar-
ing the same genotype (Table 3), despite the intrinsic lim-
its linked to specific considerations relative to a dynamic
pathology, we have seen that, out of a total of 9 families
analyzed, a similar clinical phenotype was recorded in 3
families (33.3%).

In this regard, the case of family 4 deserves to be
reported. The history of this family began in 2018 with
the suspicion of HHT in the eldest son following the find-
ing of hypoxemia (SpO2 85%) and multiple pulmonary
AVMs, 2 of which were treated with embolization. Fur-
ther diagnostic investigations were simultaneously car-
ried out in the father and in the second child, and both
were found to be affected by HHT with ¢.230G > A vari-
ant in ACVRLI (shared by all three family members). It
is interesting to note that, with the same clinical score
(3) assigned through the Curacao criteria, we were faced
with extremely different clinical pictures. The firstborn
(20 years) presented epistaxis and the so called “lung
phenotype” The second son (16 years old) also presented
epistaxis, but more severe, and, in addition to pulmonary
AVMs, a hepatic AVM and a cerebral AVM - i.e. a mixed
phenotype. On the other hand, the father (58 years) pre-
sented only epistaxis - less severe than in the children -
and meager telangiectasias. Therefore, the difference in
the phenotypic expression of the disease is evident, as,
while it has no impact, if not small, on the quality of life
of the father, it has a great impact on that of both chil-
dren. The story of this family can help reminding that
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intra-familial phenotypic variation is well-established;
in fact, most disease-causing pathogenetic variants in
ACVRLI, ENG, and SMAD4 are null alleles that result
in haploinsufficiency [18]. Clinicians dealing with fami-
lies with HHT should keep this peculiarity in mind and
eventually discuss it with the families. Clinical vari-
ability is expected in the setting of autosomal dominant
diseases with variable expressivity, such as HHT. None-
theless, genotype-phenotype correlations have been well
described in adults with HHT [19], but much less in chil-
dren [20, 21]. In addition, a direct comparison between
the phenotypes of parents and children carrying the same
gene mutation within the same family has never been
performed. This is the added value of our study.

It is important to note that, in Italy, there is a National
Health Care System providing a free screening and follow
up program for rare diseases, including HHT. This pro-
gram includes periodic abdominal ultrasound, that can
be performed before the symptoms and/or signs of com-
plications might appear.

Our study has some limitations that need to be
addressed. This is a single center study including few
patients, with observational aims. It follows that, when
possible, statistical analysis has been performed but lim-
ited by the sample size. A further limitation of our study
is the shorter observation period in children compared
to their parents. However, it is important to underline
that, in recent years, the therapeutic approach for these
patients has evolved towards a more conservative strat-
egy, which may partially explain the lower number of
treatments observed in children.

Further studies are needed to better investigate these
findings.

Conclusions

Based on our study, it is not possible to talk about a phe-
notype overlap between HHT in children and their par-
ents with the same genotype, confirming that HHT is a
hereditary disease with variable expressiveness. Cur-
rent guidelines are useful and valuable for children and,
since complications themselves may represent the onset
manifestation in pediatric patients, an early diagnosis is
indispensable for their prevention. Genetic testing, early
screening, and close follow-up are crucial for optimizing
outcomes in children with HHT.
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