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Abstract

Hereditary haemorrhagic telangiectasia (HHT) is an
autosomal dominant inherited disorder characterised by
vascular malformations in predominantly the brain, liver
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and lungs. Pulmonary hypertension (PH) is increasingly
recognised as a severe complication of HHT. PH may
be categorised into two distinct types in patients with
HHT. Post-capillary PH most often results from a high
pulmonary blood flow that accompanies the high
cardiac output state associated with liver arteriovenous
malformations. Less frequently, the HHT-related gene
mutations in ENG or ACVRL1 appear to predispose
patients with HHT to develop pre-capillary pulmonary
arterial hypertension. Differentiation between both
forms of PH by right heart catheterisation is essential,
since both entities are associated with severe morbidity
and mortality with different treatment options. Therefore
all HHT patients should be referred to an HHT centre.

Key words: Hereditary haemorrhagic telangiectasia;
High cardiac output; Pulmonary arterial hypertension;
ENG; ACRVL1; Pulmonary hypertension
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Core tip: Pulmonary hypertension (PH) is increasingly
recognised as a severe complication of hereditary haem-
orrhagic telangiectasia (HHT), but the true prevalence
of PH in HHT is not known. Post-capillary PH most often
results from the high cardiac output associated with
hepatic arteriovenous malformations. More rarely the HHT
gene mutations (ACRVL1 or ENG) result in pre-capillary
pulmonary arterial hypertension (PAH). Differentiation
between post-capillary PH en pre-capillary PAH can be
done by right heart catheterisation, and is of importance
since both entities are associated with severe morbidity
and mortality and have different options for treatments.
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HEREDITARY HAEMORRHAGIC
TELANGIECTASIA

Hereditary haemorrhagic telangiectasia (HHT),
also known as Rendu-Osler-Weber syndrome, is an
autosomal dominant inherited disorder with late
onset penetrance (nearly 97% at the age of 60 years)
characterised by vascular malformations with an
estimated prevalence of 1:5000 individualst*?. The
abnormal vascular structures in HHT range from small
telangiectasia of the skin and mucosal membranes to
arteriovenous malformations (AVMs) in predominantly
the brain, liver and lungs®™*.

Genetics and pathogenesis

HHT consist of two main subtypes, HHT type 1 and
HHT type 2, which results from mutations in the ENG
gene on chromosome 9, encoding the protein endoglin
and from mutations in the activin receptor-like kinase
(ACVRL1) gene on chromosome 12, encoding the
protein ALK-1 respectively™®. A third disease-causing
mutation has been found in the SMAD4 gene, causing
a combination of the juvenile polyposis syndrome and
HHT™ . Most HHT families have a unique mutation and
many types of mutations have been described.

The exact pathogenesis of HHT is still unclear.
However, hypoxia or local hemodynamic changes could
act as a possible trigger promoting tissue inflammation
or endothelial cell injury®™®. Both endoglin, ALK-1
and SMAD4 proteins are endothelial receptors of the
transforming growth factor B (TGF-B) superfamily. All
three proteins cooperate in the TGF-B/ALK-1 signalling
pathway, which is involved in angiogenesis. In HHT,
most vessels are normal, but the mutations in ACVRL1
and ENG result in abnormal angiogenetic responses
and lead to the formation of abnormal arteriovenous
connections, ranging from small telangiectases that
bleed easily, to large arteriovenous malformations, that
can occur in every organ, but especially in the lungs,

liver and brain™®**,

Diagnosis

The clinical diagnosis can be based on the four Curagao
criteria™, which consist of: (1) Spontaneous, recurrent
epistaxis; (2) Multiple telangiectasia at characteristic
sites (lips, oral cavity, fingers, nose); (3) Visceral lesions
(gastrointestinal telangiectasia, pulmonary, hepatic,
cerebral or spinal AVMs); and (4) A first degree relative
with HHT.

Three criteria suffice for a definitive diagnosis of
HHT, two criteria are considered as “possible” HHT, and
one or no criterion makes the diagnosis “unlikely”. The
positive predictive value for a definite clinical diagnosis
and the negative predictive value for an unlikely
diagnosis are excellent (100% and 97.7% respectively),
when compared with DNA testing™?. However, HHT
has an age dependent penetrance and the clinical
presentation varies among patients'. Therefore genetic
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testing has emerged as an important tool to help make
the diagnosis in paediatric patients and younger adults
with a “possible” clinical diagnosis™?.

PULMONARY HYPERTENSION

Pulmonary hypertension (PH) is a haemodynamic and
pathophysiological condition defined as an increase
in mean pulmonary arterial pressure (mPAP) of equal
to or more than 25 mmHg as assessed by right heart
catheterisation (RHC)™*?, PH is a progressive disease of
many origins, affecting more than 100 million people
world wide™", The elevated pressure in the pulmonary
circulation can lead to various symptoms including
limited exercise capacity and dyspnoea on exertion.
The chronic elevated pressure may ultimately result in
right-sided heart failure and premature death™.

Depending on the origin, PH can be divided into two
main groups; pre- and post capillary PH. Patients with
pre-capillary PH are characterised by a mPAP = 25
mmHg, pulmonary artery wedge pressure (PAWP) <
15 mmHg, and elevated pulmonary vascular resistance
(PVR) (> 3 Wood units)™. Pre-capillary PH can be
further divided in different clinical groups, based on
pathophysiological mechanisms, clinical presentation
and therapeutic options (Table 1),

Transthoracic echocardiography is the cornerstone
for screening in all patients suspected of PH. Typically,
a dilatation of the right ventricle with septal flattening
(also called D-sign) and an increase in right ventricular
systolic pressure (RVSP) (sum of right ventricle-right
atrium pressure gradient and estimated pressure in
the right atrium based on the dimension and collapse
of the inferior caval vein) (Figure 1)),

PH and hereditary haemorrhagic telangiectasia

PH is increasingly recognised as an important com-
plication of HHT. HHT associated PH can occur by
several mechanisms. Most often, post-capillary PH
may develop as a consequence of a hyperkinetic state
resulting in heart failure associated with high cardiac
output (CO) due to hepatic arteriovenous malformations
(HAVMs) (Figure 2)"”, while less frequently, precapillary
PH can be related to pulmonary arterial hypertension
(PAH) characterised by remodeling of small pulmonary
arteries with broadly similar histologic lesions than
observed in idiopathic PAH™, The HHT-related gene
mutations (ENG or ACVRL1) appear to predispose for
the development of PAH™ %4, Various studies found
a high estimated prevalence of PH in HHT when
screening with echocardiography!®?*. An elevated
RVSP on echocardiography was found in 9 (20.5%) out
of 44 HHT patients (22 ACVRL1, 3 ENG, 19 unknown
mutation), in 7 out of these 9 subjects an ACVRL1 gene
was found™, Sopefia et al** found a high estimated
prevalence of PH (31%) in 29 hospitalised patients
with HHT with a mean estimated RVSP of 73 + 17.0
mmHg measured with echocardiography. HAVMs were
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Figure 1 Characteristic echocardiogram of a patient with pulmonary hypertension. A: Apical 4-chamber view showing dilatation of the right ventricle; B: Apical
4-chamber view with Doppler signal (continuous wave) showing an increased right ventricular- right atrial pressure gradient (4.4 m/s); C: Subcostal view showing dilatation
of the inferior caval vein corresponding with an increased pressure in the right atrium; D: Parasternal short axis view showing flattening of the interventricular septum (D-sign)

and dilatation of the right ventricle.

Figure 2 Hepatic arteriovenous malformations. Computed tomography with
contrast in arterial fase showing extensive filling of the hepatic veins (arrows),
and diffuse hepatic arteriovenous malformations (asterix).

documented in 67% of these patients. However, large
observational studies including consecutive HHT patients
are lacking.

Since the treatment strategies differ between post-
capillary high-output PH and pre-capillary PAH, it is
important to differentiate between these two different
entities. RHC is the gold standard for making the
diagnosis of both high-output PH and PAH!*7%1,

In PAH, the mPAP is usually higher with an increase
in PVR and transpulmonary gradient due to arteriopathy.
Most often a normal or decreased CO and PAWP is
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seen. In high-output PH on the other hand, there is
only a moderate increase in mPAP, with a normal PVR,
elevated PAWP and most importantly, an increased CO
(Table 2)M3*7),

High output PH

High-output heart failure is the most common initial
presentation of HAVMs in HHT. Liver involvement
is present in 32%-78% of the HHT patients and is
predominantly seen in HHT type 2!%*?, The presence
of symptoms is directly associated with significant
morbidity and mortality and therefore, screening for
liver AVMs with Doppler ultrasound is warranted in
all patients who are symptomatic or have abnormal
liver enzymes™*. In the majority of cases, only small
telangiectasia are seen, which do not lead to symptoms.
However, large HAVMs exist in typically three different
and often concurrent types of intrahepatic shunting;
from the hepatic arteries to hepatic veins, from the
hepatic arteries to portal veins, and from the portal
veins to hepatic veins’*’!. These hepatic shunts can
lead to high-output cardiac failure, portal hypertension,
biliary ischaemia or encephalopathy with a wide range
of symptoms!®!, Overall, symptoms due to HAVMs
occur in 8% of HHT patients and predominantly in
females™!. Symptoms of high-output cardiac failure
usually develop in females between 50 and 70 years
of age and are characterised by dyspnoea on exertion,
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Table 1 Updated classification of pulmonary hypertension

Pulmonary arterial hypertension
Idiopathic PAH
Hereditable PAH
BMPR2
ALK1, endoglin (with or without hereditary haemorrhagic
telangiectasia), SMAD9, CAV1, KCNK3
Unknown
Drug and toxin induced
Associated with:
Connective tissue diseases
HIV infection
Portal hypertension
Congenital heart diseases
Schistosomiasis

Pulmonary veno-occlusive disease and/or pulmonary capillary
haemangiomatosis
Persistent pulmonary hypertension of the newborn
Pulmonary hypertension due to left heart disease

Left ventricular systolic dysfunction

Left ventricular diastolic dysfunction

Valvular disease

Congenital/acquired left heart inflow / outflow tract obstruction and
congenital cardiomyopathies
Pulmonary hypertension due to lung diseases and/or hypoxia

Chronic obstructive pulmonary disease

Interstitial lung disease

Other pulmonary diseases with mixed restrictive and obstructive

pattern

Sleep-disordered breathing

Alveolar hypoventilation disorders

Chronic exposure to high altitude

Developmental abnormalities
Chronic thromboembolic pulmonary hypertension
PH with unclear and/ or multifactorial mechanisms

Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

Systemic disorders: sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

Metabolic disorders: glycogen storage disease, Gaucher disease,
thyroid disorders

Others: tumoural obstruction, fibrosing mediastinitis, chronic renal
failure, segmental PH

PH: Pulmonary hypertension; BMPR2: Bone morphogenetic protein re-
ceptor, type 2; CAV1: Caveolin-1; HIV: Human immunodeficiency virus.
Adapted from Simonneau et al*®, with permission of the publisher.

fatigue, orthopnoea, ascites and/or oedema’*,

Pathophysiology of high output PH: Exercise testing
in healthy persons revealed that an increase in CO leads
to an elevation in pulmonary artery pressure (increase
in mPAP up to 0.5 to 3.0 mmHg/L per minute)™”.

In patients with HAVMs, shunting of blood from the
hepatic arteries and/or portal veins to the hepatic veins
results in a hyperdynamic state, in which the CO can
be elevated two-to-three fold™". Besides this cause
of high cardiac output, severe epistaxis or gastro-
intestinal bleeding in patients with HHT may lead to
anaemia with a compensatory increase in CO as well.

In HHT, a multifactorial cascade will eventually lead
to high-output cardiac failure. At first, the increase in
CO will be compensated by dilatation of the pulmonary
arteries and thereby pulmonary pressure will still be
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Table 2 Haemodynamics in pulmonary hypertension associated
with hereditary haemorrhagic telangiectasia

mPAP (mmHg) + ++
PAWP (mmHg) =/+ =
PVR (Wood units) = ++
CO (L/min) St -

PH: Pulmonary hypertension; PAH: Pulmonary arterial hypertension;
mPAP: Mean pulmonary artery pressure; PAWP: Pulmonary artery
wedge pressure; PVR: Pulmonary vascular resistance; CO: Cardiac output.
+: Increase; =: Normal; -: Decrease. Adapted from Faughnan et al'”, with
permission of the publisher.

maintained. An increase in left atrial (LA) pressure
will predispose patients for atrial fibrillation (due to
enlargement of the LA) and diastolic dysfunction of
the left ventricle. Increased LA pressure and impaired
pulmonary vasodilatation will eventually result in PH.
The combination of volume and pressure overload
leads to right ventricular (RV) dilatation, decreased
systolic function of the RV and subsequent right heart
failure. Severe bleeding (e.g., epistaxis or gastro-
intestinal bleeding) may trigger the cascade because
of the subsequent increase in COM72%34,

Treatment of high output PH: The first-line treatment
of PH associated with a high-output state consists of
intensive medical treatment including salt restriction
and diuretics, correction of anaemia, antihypertensive
and antiarrhythmic agents and digoxin if necessary™.
In patients refractory to medical-therapy, liver
transplantation is the best option, with a 5-year survival
of 83% in a series of 40 patients™, However, a high
post-operative morbidity is seent*>*2,

Recently, Dupuis-Girod et a®** treated 25 patients
with severe HAVMs and a high CO [median cardiac
index (CI) 5.1 L/min per square meters (range 4.1-6.2
L/min per square meters)] with bevacizumab, a vascular
endothelial growth factor inhibitor. This treatment
resulted in a significant decrease in CO [median CI at 6
mo 4.1 L/min per square meters (range 3.0-5.1 L/min
per square meters)], normalisation of the pulmonary
pressure in 5 out of 8 patients with PH at baseline and
clinical improvement of dyspnoea™!. Other invasive
treatments such as surgical hepatic artery ligation or
transcatheter therapeutic embolisation of the hepatic
artery are associated with a high morbidity and mortality
and therefore not recommended™*”,

PAH
PAH is a dlinical condition characterised by the presence
of pre-capillary PH due to arteriopathy with media
hypertrophy and intima proliferation. It is increasingly
recognised as a severe complication of HHT.

There have been a few case series that describe
the association between PAH and HHT, however these
series all included patients with PH in which HHT
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symptoms were also presen

Pathophysiology and genetics of PAH: In 2001,
it was demonstrated for the first time that different
mutations in ACVRL1 predispose patients for the
development of PAH™®, This was confirmed in a few
case series describing the presence of PAH in patients
with an ACVRL1 mutation and clinical features of
HHT'®**?? Trembath et al*® described that mutations
in ACVRL1 may lead to both occlusion of the pulmonary
arteries together with vascular dilatation, manifested
as AVMs in HHT. Although less frequently, ENG
mutations have also been identified in patients with
both HHT and PAH, suggesting a less potent association
between endoglin and PAH!"®'', Mutations in the bone
morphogenic protein receptor type 2 gene, which is
another gene encoding the endothelial surface protein
components of the TGF-B receptor that is detected in
approximately 70% of the patients with hereditable
PAH, were not found in HHT associated PAHP*,

Prognosis: The clinical outcomes of patients with PAH
caused by an ACVRL1 mutation have been analysed in
32 patients and compared to other PAH patients without
this mutation. PAH caused by an ACVRL1 mutation was
found in significantly younger patients (mean age 21.8
+ 16.7 years) and had a significantly shorter survival,
despite similar therapy®". No data exist about the
prognosis of patients with PAH and ENG mutations. The
overall prognosis of PAH in general ranges from 6 mo to
several years based on the underlying disease!**’.

It is noteworthy that ACVRL1 mutation carriers may
develop severe PAH without any clinical evidence of
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Figure 3 Pulmonary arteriovenous malformations. A:
Computed tomography of the chest with large pulmonary
arteriovenous malformation (PAVM) in the lower lobe of the right
lung; B: Pulmonary angiogram of the PAVM in the same patient;
C: Selective pulmonary angiogram of the PAVM in the apex
of the lower lobe of the right lung; D: Repeat angiogram after
transcatheter embolisation of the PAVM with a vascular plug.

HHT because of the early development of PAH in these
patients and the late-onset penetrance of ACVRL1
mutation for HHT manifestations*.

Treatment of PAH in HHT: No systematic evidence
exists for treatment of HHT patients with PAH. It
seems rational to treat patients according to the
guidelines for PAH, with PAH-specific medication and
supporting therapy (diuretics, oxygen, and digoxin)™*.

Today there are three different groups of PAH
specific medication; endothelin receptor antagonists
(ERA), phosphodiesterase inhibitors (PD5I) and
prostacyclins. There are two case-reports that describe
successful treatment of PAH in HHT patients with
the ERA bosentan. After treatment, improvement of
symptoms, exercise capacity and laboratory findings
and a decrease in mPAP were found®*>®,

There are no reports describing the treatment
with other PAH specific medication in patients with
PAH and HHT. Since there was no response to acute
vasodilator challenge in 32 patients with HHT and PAH,
there is probably no role for the use of calcium channel
blockers in this population™”**. And due to an increase
in bleeding complications regular treatment with oral
anticoagulation is not advised!"!. However, based on
recent literature, treatment with anticoagulation could
be considered on a case by case basis™".

Pulmonary arteriovenous malformations in PH:
The coexistence of PH and pulmonary arteriovenous
malformations (PAVMs) has specific clinical and
therapeutic implications. PAVMs are low-resistance,
high-flow abnormal vascular structures that bypass the
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normal capillary filter and thereby result in permanent
pulmonary right-to-left shunting (Figure 3A-C)F**%,
Paradoxical embolisation through these PAVMs can
lead to severe neurological complications, such as a
stroke or brain abscess!*%. Contrast echocardiography
is the screening test of choice (sensitivity up to
98.6%), with a direct relationship between shunt
grade and prevalence of cerebral manifestations in
patients screened for HHT**?), To avoid neurologic
and bleeding complications, PAVMs can be treated
with transcatheter embolisation with coils or plugs
(Figure 3D)**, It may be expected that closing this
low resistance system will result in a rise in mPAP.
Measuring the pulmonary pressure before and after
embolisation of PAVMs in 43 patients, Shovlin et a/*!
found no significant found no significant increase in
mPAP after embolisation, even in patients with pre-
existing mild to moderate PH.

A possible explanation is a decrease in CO after
embolisation which has a greater effect on the PVR
than occlusion of the PAVMs. This fall in CO immediately
after PAVM closure was recently described in 29 HHT
patients by Vorselaars et al'**, Furthermore, PAVM-
related hypoxemia can induce vasoconstriction with a
concomitant increase in PVR. Both studies described an
increase in saturation after embolisation which may result
in a decrease in pulmonary vasoconstriction and thereby
PVRI**], One case report described a fatal rupture of a
PAVM in a patients with severe PAH. Although patients
with severe PH were excluded from the above studies, it
would be prudent to consider that the higher the mPAP
and PVR at baseline and the larger the PAVM, the greater
likelihood of worsening PH after embolisation™*"..

Further research and recommendations
Although a number of studies described patients with
PH and HHT, no data are available about the exact
prevalence of PH in the overall HHT population. Most
studies used a small sample size of highly selected
patients and data from RHC are lacking. Therefore we
recommend to perform a systematic screening to reveal
the true prevalence of both forms of PH with their
different aetiologies in a HHT population.

Because of the non-specific symptoms and potentially
fatal prognosis, all HHT patients should be referred to an
HHT centre of excellence.

CONCLUSION

PH is increasingly recognised as a severe complication
of HHT, but the true prevalence of PH in HHT is still
unknown. PH in HHT is mostly post-capillary in origin
and results from high cardiac output due to HAVMs and
anaemia. Rarely ACRVL-1 or ENG mutations results in
pre-capillary PAH. Differentiation between both forms
of PH in HHT by RHC is essential, since both entities
are associated with severe morbidity and mortality
with different specific treatment options. Therefore all
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HHT patients should be referred to an HHT centre.

REFERENCES

1 Faughnan ME, Palda VA, Garcia-Tsao G, Geisthoff UW, McDon-
ald J, Proctor DD, Spears J, Brown DH, Buscarini E, Chesnutt MS,
Cottin V, Ganguly A, Gossage JR, Guttmacher AE, Hyland RH,
Kennedy SJ, Korzenik J, Mager JJ, Ozanne AP, Piccirillo JF, Picus D,
Plauchu H, Porteous ME, Pyeritz RE, Ross DA, Sabba C, Swanson
K, Terry P, Wallace MC, Westermann CJ, White RI, Young LH, Zar-
rabeitia R. International guidelines for the diagnosis and manage-
ment of hereditary haemorrhagic telangiectasia. J Med Genet 2011,
48: 73-87 [PMID: 19553198 DOI: 10.1136/jmg.2009.069013]

2 Kjeldsen AD, Vase P, Green A. Hereditary haemorrhagic telangiec-
tasia: a population-based study of prevalence and mortality in Dan-
ish patients. J Intern Med 1999; 245: 31-39 [PMID: 10095814]

3 Velthuis S, Buscarini E, Mager JJ, Vorselaars VM, van Gent MW,
Gazzaniga P, Manfredi G, Danesino C, Diederik AL, Vos JA,
Gandolfi S, Snijder RJ, Westermann CJ, Post MC. Predicting the
size of pulmonary arteriovenous malformations on chest computed
tomography: a role for transthoracic contrast echocardiography. Eur
Respir J 2014; 44: 150-159 [PMID: 24603816 DOI: 10.1183/09031
936.00133713]

4 van Gent MW, Post MC, Snijder RJ, Westermann CJ, Plokker HW,
Mager JJ. Real prevalence of pulmonary right-to-left shunt accord-
ing to genotype in patients with hereditary hemorrhagic telangiec-
tasia: a transthoracic contrast echocardiography study. Chest 2010;
138: 833-839 [PMID: 20154077 DOI: 10.1378/chest.09-1849]

5 Berg JN, Gallione CJ, Stenzel TT, Johnson DW, Allen WP,
Schwartz CE, Jackson CE, Porteous ME, Marchuk DA. The activin
receptor-like kinase 1 gene: genomic structure and mutations in he-
reditary hemorrhagic telangiectasia type 2. Am J Hum Genet 1997,
61: 60-67 [PMID: 9245985]

6 McAllister KA, Grogg KM, Johnson DW, Gallione CJ, Baldwin
MA, Jackson CE, Helmbold EA, Markel DS, McKinnon WC, Mur-
rell J. Endoglin, a TGF-beta binding protein of endothelial cells, is
the gene for hereditary haemorrhagic telangiectasia type 1. Nat Gen-
et 1994; 8: 345-351 [PMID: 7894484 DOI: 10.1038/ng1294-345]

7  Gallione CJ, Repetto GM, Legius E, Rustgi AK, Schelley SL,
Tejpar S, Mitchell G, Drouin E, Westermann CJ, Marchuk DA. A
combined syndrome of juvenile polyposis and hereditary haem-
orrhagic telangiectasia associated with mutations in MADH4
(SMADA4). Lancet 2004; 363: 852-859 [PMID: 15031030 DOI:
10.1016/S0140-6736(04)15732-2]

8  Abdalla SA, Letarte M. Hereditary haemorrhagic telangiectasia:
current views on genetics and mechanisms of disease. J Med Genet
2006; 43: 97-110 [PMID: 15879500]

9 Circo S, Gossage JR. Pulmonary vascular complications of heredi-

tary haemorrhagic telangiectasia. Curr Opin Pulm Med 2014; 20:

421-428 [PMID: 25032812 DOI: 10.1097/MCP.0000000000000076]

Fernandez-L A, Sanz-Rodriguez F, Blanco FJ, Bernabéu C, Botella

LM. Hereditary hemorrhagic telangiectasia, a vascular dysplasia

affecting the TGF-beta signaling pathway. Clin Med Res 2006; 4:

66-78 [PMID: 16595794]

Fernandez-L A, Sanz-Rodriguez F, Zarrabeitia R, Pérez-Molino A,

Hebbel RP, Nguyen J, Bernabéu C, Botella LM. Blood outgrowth

endothelial cells from Hereditary Haemorrhagic Telangiectasia

patients reveal abnormalities compatible with vascular lesions. Car-

diovasc Res 2005; 68: 235-248 [PMID: 15993872]

van Gent MW, Velthuis S, Post MC, Snijder RJ, Westermann CJ,

Letteboer TG, Mager JJ. Hereditary hemorrhagic telangiectasia:

how accurate are the clinical criteria? Am J Med Genet A 2013;

161A: 461-466 [PMID: 23401183 DOI: 10.1002/ajmg.a.35715]

Galié N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, Bar-

bera JA, Beghetti M, Corris P, Gaine S, Gibbs JS, Gomez-Sanchez

MA, Jondeau G, Klepetko W, Opitz C, Peacock A, Rubin L, Zell-

weger M, Simonneau G. Guidelines for the diagnosis and treatment

of pulmonary hypertension: the Task Force for the Diagnosis and

10

11

12

13

May 26,2015 | Volume 7 | Issue5 |



14

19

20

21

22

23

24

25

JRaishideng®

Vorselaars VMM et a/. Pulmonary hypertension in hereditary haemorrhagic telangiectasia

Treatment of Pulmonary Hypertension of the European Society of
Cardiology (ESC) and the European Respiratory Society (ERS), en-
dorsed by the International Society of Heart and Lung Transplanta-
tion (ISHLT). Eur Heart J 2009; 30: 2493-2537 [PMID: 19713419
DOI: 10.1093/eurheartj/ehp297]

dos Santos Fernandes CJ, Jardim CV, Hovnanian A, Hoette S,
Dias BA, Souza S, Humbert M, Souza R. Survival in schisto-
somiasis-associated pulmonary arterial hypertension. J Am Coll
Cardiol 2010; 56: 715-720 [PMID: 20723801 DOI: 10.1016/
jjacc.2010.03.065]

Hoeper MM, Bogaard HJ, Condliffe R, Frantz R, Khanna D,
Kurzyna M, Langleben D, Manes A, Satoh T, Torres F, Wilkins MR,
Badesch DB. Definitions and diagnosis of pulmonary hypertension.
J Am Coll Cardiol 2013; 62: D42-D50 [PMID: 24355641 DOI:
10.1016/j.jacc.2013.10.032]

Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD,
Chandrasekaran K, Solomon SD, Louie EK, Schiller NB. Guide-
lines for the echocardiographic assessment of the right heart in
adults: a report from the American Society of Echocardiography
endorsed by the European Association of Echocardiography, a
registered branch of the European Society of Cardiology, and the
Canadian Society of Echocardiography. J Am Soc Echocardiogr
2010; 23: 685-713; quiz 786-788 [PMID: 20620859 DOI: 10.1016/
j.€ch0.2010.05.010]

Faughnan ME, Granton JT, Young LH. The pulmonary vascular
complications of hereditary haemorrhagic telangiectasia. Eur Respir
J2009; 33: 1186-1194 [PMID: 19407052 DOI: 10.1183/09031936.
00061308]

Trembath RC, Thomson JR, Machado RD, Morgan NV, Atkinson
C, Winship I, Simonneau G, Galie N, Loyd JE, Humbert M, Nich-
ols WC, Morrell NW, Berg J, Manes A, McGaughran J, Pauciulo M,
Wheeler L. Clinical and molecular genetic features of pulmonary
hypertension in patients with hereditary hemorrhagic telangiectasia.
N Engl J Med 2001; 345: 325-334 [PMID: 11484689 DOI: 10.1056/
NEJM200108023450503]

Mache CJ, Gamillscheg A, Popper HH, Haworth SG. Early-life
pulmonary arterial hypertension with subsequent development
of diffuse pulmonary arteriovenous malformations in hereditary
haemorrhagic telangiectasia type 1. Thorax 2008; 63: 85-86 [PMID:
18156574]

Mahmoud M, Borthwick GM, Hislop AA, Arthur HM. Endoglin
and activin receptor-like-kinase 1 are co-expressed in the distal ves-
sels of the lung: implications for two familial vascular dysplasias,
HHT and PAH. Lab Invest 2009; 89: 15-25 [PMID: 19015642 DOI:
10.1038/labinvest.2008.112]

Harrison RE, Berger R, Haworth SG, Tulloh R, Mache CJ, Morrell
NW, Aldred MA, Trembath RC. Transforming growth factor-beta
receptor mutations and pulmonary arterial hypertension in child-
hood. Circulation 2005; 111: 435-441 [PMID: 15687131]

Smoot LB, Obler D, McElhinney DB, Boardman K, Wu BL, Lip V,
Mullen MP. Clinical features of pulmonary arterial hypertension in
young people with an ALK mutation and hereditary haemorrhagic
telangiectasia. Arch Dis Child 2009; 94: 506-511 [PMID: 19357124
DOI: 10.1136/adc.2007.133082]

Olivieri C, Lanzarini L, Pagella F, Semino L, Corno S, Valacca C,
Plauchu H, Lesca G, Barthelet M, Buscarini E, Danesino C. Echo-
cardiographic screening discloses increased values of pulmonary
artery systolic pressure in 9 of 68 unselected patients affected with
hereditary hemorrhagic telangiectasia. Genet Med 2006; 8: 183-190
[PMID: 16540754 DOI: 10.109701.gim.0000204463.77319.1c]
Sopeiia B, Pérez-Rodriguez MT, Portela D, Rivera A, Freire M,
Martinez-Vazquez C. High prevalence of pulmonary hyperten-
sion in patients with hereditary hemorrhagic telangiectasia. Eur J
Intern Med 2013; 24: ¢30-e34 [PMID: 23246127 DOI: 10.1016/
j.€jim.2012.11.012]

Buscarini E, Plauchu H, Garcia Tsao G, White RI, Sabba C, Miller
F, Saurin JC, Pelage JP, Lesca G, Marion MJ, Perna A, Faughnan
ME. Liver involvement in hereditary hemorrhagic telangiectasia:
consensus recommendations. Liver Int 2006; 26: 1040-1046 [PMID:
17032403]

WJC | www.wjgnet.com

236

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Memeo M, Stabile Ianora AA, Scardapane A, Suppressa P, Cirulli
A, Sabba C, Rotondo A, Angelelli G. Hereditary haemorrhagic tel-
angiectasia: study of hepatic vascular alterations with multi-detector
row helical CT and reconstruction programs. Radiol Med 2005;
109: 125-138 [PMID: 15729193]

Ocran K, Rickes S, Heukamp I, Wermke W. Sonographic findings
in hepatic involvement of hereditary haemorrhagic telangiecta-
sia. Ultraschall Med 2004; 25: 191-194 [PMID: 15146358 DOI:
10.1055/s-2004-813075]

Buscarini E, Danesino C, Olivieri C, Lupinacci G, De Grazia F,
Reduzzi L, Blotta P, Gazzaniga P, Pagella F, Grosso M, Pongiglione
G, Buscarini L, Plauchu H, Zambelli A. Doppler ultrasonographic
grading of hepatic vascular malformations in hereditary hemorrhag-
ic telangiectasia -- results of extensive screening. Ultraschall Med
2004; 25: 348-355 [PMID: 15368138 DOI: 10.1055/s-2004-813549]
Garcia-Tsao G. Liver involvement in hereditary hemorrhagic telan-
giectasia (HHT). J Hepatol 2007; 46: 499-507 [PMID: 17239481]
Naeije R, Vanderpool R, Dhakal BP, Saggar R, Saggar R, Vachiery
JL, Lewis GD. Exercise-induced pulmonary hypertension: physi-
ological basis and methodological concerns. A4m J Respir Crit
Care Med 2013; 187: 576-583 [PMID: 23348976 DOI: 10.1164/
recm.201211-2090CI]

Garcia-Tsao G, Korzenik JR, Young L, Henderson KJ, Jain D,
Byrd B, Pollak JS, White RI. Liver disease in patients with heredi-
tary hemorrhagic telangiectasia. N Engl J Med 2000; 343: 931-936
[PMID: 11006369 DOI: 10.1056/NEJM200009283431305]

Lerut J, Orlando G, Adam R, Sabba C, Pfitzmann R, Klempnauer
J, Belghiti J, Pirenne J, Thevenot T, Hillert C, Brown CM, Gonze
D, Karam V, Boillot O. Liver transplantation for hereditary hem-
orrhagic telangiectasia: Report of the European liver transplant
registry. Ann Surg 2006; 244: 854-862; discussion 862-864 [PMID:
17122610 DOI: 10.1097/01.s1a.0000247258.35406.a4]
Dupuis-Girod S, Ginon I, Saurin JC, Marion D, Guillot E, Decul-
lier E, Roux A, Carette MF, Gilbert-Dussardier B, Hatron PY, La-
combe P, Lorcerie B, Riviére S, Corre R, Giraud S, Bailly S, Pain-
taud G, Ternant D, Valette PJ, Plauchu H, Faure F. Bevacizumab in
patients with hereditary hemorrhagic telangiectasia and severe he-
patic vascular malformations and high cardiac output. JAMA 2012;
307: 948-955 [PMID: 22396517 DOI: 10.1001/jama.2012.250]
Girerd B, Montani D, Coulet F, Sztrymf B, Yaici A, Jais X, Tregou-
et D, Reis A, Drouin-Garraud V, Fraisse A, Sitbon O, O’Callaghan
DS, Simonneau G, Soubrier F, Humbert M. Clinical outcomes of
pulmonary arterial hypertension in patients carrying an ACVRLI
(ALK1) mutation. Am J Respir Crit Care Med 2010; 181: 851-861
[PMID: 20056902 DOI: 10.1164/rccm.200908-12840C]

Chang SA, Jang SY, Ki CS, Kang IS, Kim DK. Successful bosen-
tan therapy for pulmonary arterial hypertension associated with
hereditary hemorrhagic telangiectasia. Heart Vessels 2011; 26:
231-234 [PMID: 21132305 DOI: 10.1007/s00380-010-0079-z]
Bonderman D, Nowotny R, Skoro-Sajer N, Adlbrecht C, Lang IM.
Bosentan therapy for pulmonary arterial hypertension associated
with hereditary haemorrhagic telangiectasia. Eur J Clin Invest 20006;
36 Suppl 3: 71-72 [PMID: 16919015]

Edwards CP, Shehata N, Faughnan ME. Hereditary hemor-
rhagic telangiectasia patients can tolerate anticoagulation. Ann
Hematol 2012; 91: 1959-1968 [PMID: 23053175 DOI: 10.1007/
800277-012-1553-8]

Cartin-Ceba R, Swanson KL, Krowka MJ. Pulmonary arte-
riovenous malformations. Chest 2013; 144: 1033-1044 [PMID:
24008954 DOI: 10.1378/chest.12-0924]

Post MC, Thijs V, Schonewille WJ, Budts W, Snijder RJ, Plokker
HW, Westermann CJ. Embolization of pulmonary arteriovenous
malformations and decrease in prevalence of migraine. Neurology
2006; 66: 202-205 [PMID: 16434654]

Velthuis S, Buscarini E, van Gent MW, Gazzaniga P, Manfredi G,
Danesino C, Schonewille WJ, Westermann CJ, Snijder RJ, Mager
JJ, Post MC. Grade of pulmonary right-to-left shunt on contrast
echocardiography and cerebral complications: a striking associa-
tion. Chest 2013; 144: 542-548 [PMID: 23429940 DOI: 10.1378/
chest.12-1599]

May 26,2015 | Volume 7 | Issue5 |



41

42

43

JRaishideng®

Vorselaars VMM et a/. Pulmonary hypertension in hereditary haemorrhagic telangiectasia

Gazzaniga P, Buscarini E, Leandro G, Reduzzi L, Grosso M,
Pongiglione G, Pedrinazzi C, Lanzarini L, Portugalli V, Blotta P,
Forner P, Boccardi E, Pagella F, Manfredi G, Olivieri C, Zambelli
A, Danesino C, Inama G. Contrast echocardiography for pulmonary
arteriovenous malformations screening: does any bubble matter?
Eur J Echocardiogr 2009; 10: 513-518 [PMID: 19091794 DOI:
10.1093/ejechocard/jen317]

van Gent MW, Post MC, Luermans JG, Snijder RJ, Westermann
ClJ, Plokker HW, Overtoom TT, Mager JJ. Screening for pulmonary
arteriovenous malformations using transthoracic contrast echocar-
diography: a prospective study. Eur Respir J 2009; 33: 85-91 [PMID:
18799510 DOI: 10.1183/09031936.00049008]

Mager JJ, Overtoom TT, Blauw H, Lammers JW, Westermann CJ.
Embolotherapy of pulmonary arteriovenous malformations: long-
term results in 112 patients. J Vasc Interv Radiol 2004; 15: 451-456

WJC | www.wjgnet.com

237

44

45

46

[PMID: 15126654]

Shovlin CL, Tighe HC, Davies RJ, Gibbs JS, Jackson JE. Emboli-
sation of pulmonary arteriovenous malformations: no consistent ef-
fect on pulmonary artery pressure. Eur Respir J 2008; 32: 162-169
[PMID: 18385173 DOI: 10.1183/09031936.00126207]

Vorselaars VM, Velthuis S, Mager JJ, Snijder RJ, Bos WJ, Vos JA,
van Strijen MJ, Post MC. Direct haemodynamic effects of pulmo-
nary arteriovenous malformation embolisation. Neth Heart J 2014;
22:328-333 [PMID: 24604121 DOI: 10.1007/s12471-014-0539-7]
Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, Denton C,
Ghofrani A, Gomez Sanchez MA, Krishna Kumar R, Landzberg
M, Machado RF, Olschewski H, Robbins IM, Souza R. Updated
clinical classification of pulmonary hypertension. J Am Coll
Cardiol 2013; 62: D34-D41 [PMID: 24355639 DOI: 10.1016/
jjacc.2013.10.029]

P- Reviewer: Kolettis TM, Okumura K = S- Editor: Song XX
L- Editor: A E- Editor: Lu Y]

May 26,2015 | Volume 7 | Issue5 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



