ischemia. Chemical cauterization should always be avoided as
it may harm nasal structures. In the presence of anemia, oral
iron supplementation or rarely parenteral iron therapy with or
without blood transfusion, depending on the level of anemia
and clinical symptoms, may be required. An old local remedy
using "salt pork" may also be used with some success. Salt pork
is cut into plugs the size of the nostril, a loop of thick thread
placed through one end, and each plug is wrapped in wax paper
and frozen until required. Application of this material provides
local hemostasis through vessel constriction due to cold and
presence of tissue thromboplastin to enhance local coagulation,
while the oily texture allows easy removal without disruption
of the clot once formed.

Skin - Multiple telangiectases of the hands, face, and oral
cavity occur in similar percentages of patients, but the age at
onset is often later than for epistaxis. It is common for patients
to report appearance of telangiectases in one or more of these
locations in the decade between 30 and 40 years of age (Figure
2 below). Telangiectases in these locations are not commonly

a source of troublesome bleeding and patients may receive
treatment for cosmetic reasons. Painful cutaneous telangiec-
tases can be treated with laser therapy.

Figure 2: Clinical photographs of patients with hereditary hemor-
rhagic telangiectasia: a) facial telengeictses; b) telangiectases over
the lip and tongue.

Gastrointestinal tract - The prevalence of intestinal
telangiectasia varies from 10% to 33% in patients with HHT.
They occur anywhere in the gastrointestinal tract, most com-
monly in the stomach and upper duodenum. Approximately
25% of individuals older than 60 years present with melena
or anemia. Bleeding tends to be slow but persistent and may
increase in severity with age. Endoscopy and less commonly
angiography can demonstrate the presence of large telangiec-
tases, AVMs, or angiodysplasia. Use of photocoagulation with
bipolar electrocoagulation or laser techniques is useful for
control of bleeding in the short term. In clinical trials, medical
treatment with estrogen and progesterone has shown to be
beneficial to reduce the incidence of bleeding. Anecdotal
reports exist regarding resolution of gastrointestinal HHT
lesions after treatment with interferon-o utilized for chronic
hepatitis.

Lung - Pulmonary AVMs occur more frequently in patients
with HHT1 than HHT?2, 75% and 44% respectively. They

can occur as discrete lesions versus a diffuse pattern, and

are thought to be congenital and may enlarge over time.

They are commonly located in the posterior lower lobes. They
may be asymptomatic for many years and present insidiously
or dramatically with respiratory symptoms such as exercise
intolerance, cyanosis or pulmonary hemorrhage, migraine
headaches, polycythemia, and clubbing. Approximately 30-
40% of individuals with HHT who have pulmonary AVMs

will have a CNS presentation with thrombotic and embolic
events, such as stroke, brain abscess, or transient ischemic
attack, due to right-to-left shunting that can occur even in the
presence of near normal pulmonary arterial oxygen tension.
It is common for several adverse events to occur before a pul-
monary AVM is identified as the source of the CNS event.
Pregnant women with untreated pulmonary AVMs are at high
risk of pulmonary hemorrhage. Pulmonary disease indistin-
guishable from PPHN has been reported in multiple patients
with HHT with mutations in the ALK1 gene, indicating that
close monitoring for the development of PPHN is required.

Pulmonary AVMs with a feeder vessel of more than 3 mm
should be treated using transcatheter embolization to reduce
the risk of embolic events. Pulmonary AVMs may grow in size
over time, so smaller lesions that are detected require ongoing
surveillance. To prevent cerebral abscess, antibiotic
prophylaxis is recommended for dental and surgical
procedures in any patient with evidence of an intrapul-
monary shunt. Patients with diffuse pulmonary AVMs may
require lung transplantation if severely hypoxic. The morbidity
and mortality associated with lung transplantation could be
the limitation with this therapeutic modality.

Central nervous system - Central nervous system AVMs,
including the brain, meninges, and spinal cord, are also thought
to be congenital. Cerebral AVMs occur more frequently in
individuals with HHT1 than in HHT2, 15-20% versus 1-2%
respectively. Although the risk of neurological symptoms
increases with multiplicity of pulmonary AVMs, CNS lesions

may present at any age with seizure, headache, or intracranial
hemorrhage. Complications, including stroke, transient
ischemic attack, and brain abscess, have been reported due to
paradoxical embolization of thrombus or bacterial emboli that
bypass pulmonary capillaries. CNS lesions may present in the
neonatal period, infancy, or childhood in otherwise asympto-
matic children. Spinal AVMs are less common, occurring in
approximately 1% of individuals with HHT, and may manifest
as subarachnoid hemorrhage, progressive myelopathy, radicular
pain, or sphincter disturbance. Techniques currently used to
treat CNS AVMs include transcatheter embolization, resection,
and stereotactic radiosurgery.

Hepatic AVMs - Hepatic vascular lesions include a variety

of intrahepatic shunts and disseminated intraparenchymal
telangiectases. The prevalence of hepatic involvement in HHT
is unknown; in one study hepatic vascular abnormalities were
identified by CT in 74% of consecutive HHT patients. In most
patients with HHT, liver involvement remains clinically silent,
but hepatic vascular lesions (shunts between portal hepatic
artery and hepatic vein) can present as high-output heart
failure, portal hypertension, biliary disease, and portosystemic
encephalopathy.

Hepatic AVMs are not treated in asymptomatic patients as
they rarely present with catastrophic emergencies, and unlike
pulmonary AVMs, treatment with embolization results in a
high mortality rate due to liver infarction. At present, liver
transplantation is the treatment of choice for patients with
otherwise life-threatening symptoms secondary to hepatic
shunts. Recently, a case report of successful treatment of mas-
sive hepatic AVM with VEGF antibody (Bevacizumab; dose:
5,mg/kg over 12 weeks period) was published suggesting a
potential role of targeted therapies in treatment of HHT.
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Rare sites of AVMs - AVMs have been described only rarely in
other locations, including coronary arteries and the vessels of

the eye, spleen, urinary tract, and vagina. These lesions are
treated with embolization, ligation, or surgical resection.

Links to Organizations

www. hht.org
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Hereditary hemorrhagic telangiectasia (HHT; also known as
Osler-Weber-Rendu syndrome) is a relatively common and
underrecognized disorder. HHT affects all ethnic and racial
groups and is seen over a wide geographic distribution with an
overall frequency of 1 per 5,000 to 10,000 persons. HHT is
inherited as an autosomal-dominant disorder resulting in
multisystem vascular dysplasia. Characteristics of HHT include
telangiectases and arteriovenous malformations (AVMs) of skin,
mucosa, and viscera. HHT was recognized as a distinct disease
entity in 1909. The important milestones contributing to
improving the understanding of HHT are elaborated in Table 1.

Table 1: Important milestone in understanding HHT or
Osler-Weber- Rendu Syndrome

YEAR MILESTONES IN HISTORY OF HHT

First description of HHT by Sutton in a man with
1864 . .

a vascular malformation and recurrent epistaxis
1896 Rendu recognized combination of hereditary nature

of telangiectasia and epistaxis

Osler described familial nature and published as a syndrome
1901 |.

in textbook

Weber emphasized the association between hereditary
1907 . .

telangiectasia and hemorrhage

Hanes coined the term "Hereditary Hemorrhagic
1909 . .0

Telangiectasia

What is a telangiectasis? The individual lesion in HHT is
known as telangiectasis (pleural telangiectases) while the pro-
cess of formation of telangiectasia or telangiectasis is referred
as "telangiectasia” (OMIM#187300). The telangiectasis is a
small arteriovenous shunt involving both dilated arterioles
and venules and appears as 1-2 mm red spot on the skin that
blanches with slight pressure.

The morphogenesis of telangiectasis is not fully understood.
Based on histopathological findings of skin telangiectases it has
been hypothesized that the earliest clinically detectable lesion

of HHT is a focal dilatation of postcapillary venules, that contin-
ue to enlarge and eventually connect with dilated arterioles
through capillaries. In fully developed telangiectases, the venules
are markedly dilated and convoluted, extend through the entire
dermis, have excessive layers of smooth muscle without elastic
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fibers, and often connect directly to dilated arterioles.

What is the difference between a telangiectasis and an
arteriovenous malformation? Arteriovenous malformations
(AVMs), the second most prominent lesion of HHT, lack
capillaries and consist of direct connections between arteries
and veins and are much larger than telangiectases.
Telangiectases, as previously mentioned, are direct connections
between arterioles and venules. Both telangiectases and AVMs
lead to the common presenting symptoms observed in patients
affected with this disorder.

What is the molecular pathogenesis of HHT? HHT is a
genetically heterogenous disorder. Mechanisms contributing
to the pathogenesis of HHT involve disregulation of the molecu-
lar pathways associated with vascular genesis. Studies have
demonstrated that mutations in different loci (ALK1, ENG,
BMPRII and MADH 4) in the transforming growth factor-3/
Bone Morphogenesis Protein (TGF-f3/BMP) signaling pathway
are involved in HHT pathogenesis (Table 2 & Figure 2 on page
2). This pathway regulates a number of biological processes
including cell cycle control, embryogenesis, growth, develop-
ment, and differentiation of cell types including angiogenesis.

Early linkage studies of extended HHT kindreds provided
compelling evidence for at least two distinct locations for HHT
genes within the human genome: endoglin (ENG) for HHT1
(OMIM #187300) and Activin receptor-like kinase 1 (ALK1)

for HHT2 (OMIM #600376). Mutations in the ENG gene
(OMIM#131193) localized on the long arm of chromosome 9
(9933-g34.1) are responsible for HHT1, whereas HHT? results
from mutations of the ALK 1 gene (OMIM# 601284) localized
on the long arm of chromosome 12 (12q11-q14). Subsequent
studies in patients with primary pulmonary hypertension (PPH)
and the clinical characteristics of HHT led to the discovery that
mutations in bone morphogenetic protein receptor II (BMPRII)
contribute to the development of the HHT/PPH phenotype.
Moreover mutations in MADH4 or Smad 4 (Mothers Against
Decapentaplegic, Drosophila, homolog of, 4; OMIM# 600993)
contribute for the development of HHT and juvenile polyposis
and HHT phenotypes. In addition, the existence of HHT families
without mutations mapping in either ENG or ALK1

continued on page 2
genes led to the identification of the third and fourth loci



genes led to the identification of the third and fourth loci of
HHT through linkage analysis.

Approximately 50% of patients at present have identifiable

HHT (Table 3). Since HHT is an autosomal dominant disorder
with almost 100% penetrance one would expect to find clinical
symptoms in affected individuals. However it is important to
recognize that disease penetrance approaches 100% by the

What investigations are necessary to evaluate a patient
with HHT? Since HHT is a multisystem disease, the initial eval-
uation once the clinical diagnosis is established should include
the following:
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hepatologist, and hematologist should be considered for Table 4: Clinical manifestations and management of patients with HHT
provision of optimal patient care. Recognizing this need,
multidisciplinary specialty clinics for HHT have been established

in North America and in other parts of the world. The list of
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genetic mutations. The percentage 9f E.N G and ALK 1 mutations age of 40 years and that due to the inheritance pattern and 1. contrast echocardiography to screen for intrapulmonary these centers and the various resources for patients and fami- Nose Telangiectasia | Nasal Epistaxis, Massive Medical history | Clinical Humidification, packing,
thus far reported causative of HHT is .sumlar (53% and 47%). age of disease penetrance, clinical diagnostic criteria have shunts and, if identified, chest computed tomography (CT)  lies, and medical professionals are available at the Web site of mucosa Iron deficiency | epistaxis examimation Antlflb“og’tlc therapy
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telangiectasia (HHT) manifestation of a large number of clinical entities. These fac- their related diagnostic evaluation. thalidomide and interferon. Clinical studies are underway to Skin Telangiectasia |Lips, tongue, | Cosmetic None Medical history, | Clinical Topical agents,
tors all contribute to potentially limiting the diagnosis of HHT. clarify the role of these agents in the treatment of HHT palate, face, |disfigurement, clinical examination Laser ablation
HHT TYPES GENE CHROMOSOMAL How to diagnose HHT in children? The diagnosis of HHT in (www.ClinicalTrials.gov). conjunctiva, |bleeding (usually examination
LOCUS Table 3: Diagnostic criteria for hereditary hemorrhagic telangiecta- children may be particularly difficult, especially if not previously ) o trunk, nail [ minor)
HHT 1 Endoglin or ENG Endoglin (ENG), 9q34.1 sis. Shovlin CL, et al. Diagnostic criteria for hereditary hemorrhagic established in the family. Bleeding symptoms consistent with Table 4 on page 4 Summarizes the dlinical j';\pproaches and beds, finger
JyTa—— . telangiectasia (Osler-Weber-Rendu syndrome). Am J Med Genet HHT are common clinical problems in children and may be treatment options in the care of persons with HHT pad
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: than 2 are present: 3 B : 3 majority of clinical manifestations o . Although the num- lobes cerebral abscess, |hemothorax measurement, of AVM, Iron therapy
HHT + Juvenile e P g are associated with HHT should undergo a detailed physical . . . o boli K hodeoxia®
Polvoosis Coli MADH4 or SMAD4 18q21.1 — A d family bi h hel ber and location of lesions vary widely even within the same embolic stroke, orthodeoxia Note: Requires infective
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- 1 o : _ gastrointestinal mucosa and the fingertips, whereas AVMs ! prior to dental and surgical
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amily relies .on c. inica examlnatlon,. me lcc.I fstory,. anda 4. First-degree relative with HHT according to these criteria. What is the role of senetic testine in diaenosis of HHT? complications of AVMs most often occur as a result of system meninges subarachnoid rhagic stroke, bruit over the artery, stereotactic surgery,
careful family history. Curaco established criteria to diagnose The fact th '8 y HgH L g]‘: enti d shunting of blood, thrombosis, or embolus hemorrhage, brain abscess skull transcatheter embolization
e fact that mutations that cause ave been identifie ’ » . asymptomatic of the feeding artery,
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iwenile volmosis coli : 4 tions in almost all coding exons of the two genes make screening | ) ) )
J poiyp : c : Y i | for mutations time-consuming and costly. Hence. senetic testing  Preduent nosebleeds that do not require treatment. In general, liver) shock, norethindrone,
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In the extracellular space, ligands to the TGF-/BMP o P Smed 2 has a limited role in confirming the diagnosis of HHT. It is £ epistaxis with advanci but tient . failure
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receptor, or directly to & e 1l receptor on the s Mutations in ALK 1 _.___/_.-’ ! .,,_..-"" . . . . . eXperlence lmprOVemen .
cell membrane. The accessory receptors betaglycan '“ g @ important role in diagnosis of HHT in near the future. telangiectases hypertension, of bruit over | Angiography for life-threatening lesions
d endogli dulate signali ia th II ANIAOIE O B : . . . ; ; icati Biliary disease the liver,
and en oIg in cartl moTh a bg s:igin rirgt ;/11a1. e tcirp: emm——— | How is a patient with HHT treated? The overall treatment Beyond use of local measures, 1n§lud1ng a}?pl'lcatlon ?f local y Ao
cul ey sz deeiin e el ot the figands to Mutations In Commad. $———"" ; £ HHT is aimed ds (1 1 of local and . pressure and ice, therapeutic options consisting of high-dose
the type II receptor then leads to binding of the type o 0 is aimed towards (1) control of local and systemic symp- tifibrinolvti ¢ h as administrati £t ic acid color doppler
I receptor to form a heteromeric receptor complex at : 5 7 ) ‘\ N binding toms, (2) surveillance for and of lesions, and (3) measures to anunibrinolytic ag(?n S suc. as'a ministra 101:1 Ol tranexarmic act studies
N N 5 pariners:
the cell Surf?c;. Tltllls resglts . ph?iflhorylatlon - ]c e ‘-_ﬂﬁi* " prevent complications associated with AVMs. a.t 1 tof2 g%'ams'B times ds-ﬂy thher orally or intravenously at the
activation of the kinase domain of the type I recep- = E ' vy’ time of epistaxis, or combined estrogen-progesterone prepara-
tor, which initié.ltes phosphorylation of cytoplasmic < i gt | b i Since both AVMs and telagiectatic lesions grow with time, tions have shown some efficacy. If these measures are insuffi- Abbreviat_ion: AVM: Arteriovenpus mallformatio.n; CT scan: Computed tomogl.'aphy,*: in l.ife—th1.reatening .emergencies ABC should
glgn?ill;lgTIf—ertelil}f termflil l’ecflt’t‘_)r tsmtjvdséjR:c' . £ - life-long periodic surveillance is recommended. Currently, no cient and the frequency and duration of episodes impair the be established first; EACA: epsilon amino caproic acid; §: greatest deoxygenation occurs in upright position
mads). The pathway only splits into two distinc . o . . - . . .
branches downstream of type I receptors: ALK4, ALK5 and ALK?7 specifically phosphorylate SMAD2 and SMAD3, whereas ALK1, ALK2, ALK3 emdenc‘? base(_i gul(_idmes are_ available regardlng the freque‘ncy patient's quality of life, a photocoagulation laser or a} sePtal Derived from Guttmacher AE, Marchuk DA, White RI Jr. Hereditary hemorrhagic telangiectasia.N Engl J Med.
and ALKS specifically phosphorylate SMAD1, SMAD5 and SMADS. Phosphorylated R-Smad binds to a collaborating Smad (Co-Smad/ Smad 4), and choice of imaging modality for surveillance of these lesions. mucosal dermoplasty may be recommended. Embolization of 1995 Oct 5;333(14):918-24.
and the resulting complex moves from the cytoplasm into the nucleus. The Smad complex associates with a DNA-binding partner in the cell Because of the systemic nature of this disease, a multidiscipli- the external carotid artery branches has been performed for
nuc!eus .?nd interacts with various other tl.ranscription factors in a cell-specific manner to regulate gene transcription and to medi:'ztte the effects nary team approach involving an otolaryngologist, pulmonolo- short-term relief of symptoms, although it is ineffective for
qf 51gna11ng by the .TGF-B/ BMP spperfamlly of receptors at the cellular level. Th1§ pathway controls the balan.ce betwefen progression a.nd re.solu— gist, interventional radiologist, neurologist, neuroradiologist, long-term management and can lead to complications related to
tion of angiogenesis. Defect in this pathway leads to development HHT, PPH (Primary pulmonary hypertension) and juvenile polyposis coli. . diologi looi .
neurosurgeon, geneticist, cardiologist, gastroenterologist, continued on page 5



