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Abstract. The pathology of hereditary hemorrhagic telangiectasia (HHT), also called Rendu-Osler-Weber 

disease, is inherited in an autosomal dominant fashion. Several genetic mutationsinduce a systemic 

fibrovascular dysplasia with secondary complex vascular malformations. The list of detected genetic 

defects is evolving. As for many diseases, genetics are essential for the occurrence of the pathology, but 

they do not explain all clinical manifestations of HHT. 

       In HHT the vascular malformations have a high tendency for bleeding. Recurrent severe epistaxis 

from mucous nasal telangiectases occurs in 90% of patients. Bleeding in other organs (lungs, 

gastrointestinal tract, brain, etcetera), is also frequent. Common sequelae of the arteriovenous 

malformations are iron depletion anemia, hypoxemia, and cerebral complications. In some cases 

portosystemic encephalopathy and cardiac decompensation may develop. The therapy of the systemic 

complications requires multidisciplinary interventions. The review gives the state of art on current 

diagnostics and therapeutics aimed to improve the life-quality and increase the life-expectancy of affected 

patients. 
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Whenever you find yourself on the side of the majority, 

 it is time to pause and reflect. 

Mark Twain 

 

1. Introduction   

 

Long time ago Rendu (Rendu 1896), Osler (Osler 1901) and 1907 Weber (Weber 

1907) described a pathology which was named Rendu-Osler-Weber-Disease. The 

preferred name currently is hereditary hemorrhagic telangiectasia (HHT). Several 

autosomal genetic mutations induce a systemic vascular dysplasia which in turn induces 

complex arteriovenous malformation(s) (AVM) with a high tendency for bleeding. 

 

2. Medical search 

 

The key words 'Rendu-Osler-Weber Disease' and 'hereditary hemorrhagic 

telangiectasia' were used for a French, English, German and Italian search with the 

engines BioMedSearch.com, Cardiosource, CenterWatch, ClinicalTrials.gov, Cochrane 

Summaries, Google Scholar, MedWatch and PubMed. The search delivered >500,000 

references, not only medical. The search was restricted to medical papers. More than 

8,000 references remained. Plagiarism software detected that many papers came from 
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specialized centers and that similar data were often published in different journals. The 

time window for the search was set between 1978 and 2018. Less than 2000 references 

remained. 130 papers on reviews, meta-analyses, large numbers of cases or specific data 

on the pathology were used for the review. Given the explosion of work in the field, it is 

difficult to cover the breadth of relevant complications in HHT. With these caveats, the 

review focuses on selection (by no means exhaustive) of severe complications. 

 

3. Diagnosis 

 

The clinical diagnosis of HHT is based on the 4 Curaçao criteria (Shovlin, 1997): 

i.e. epistaxis, telangiectases, visceral and/or nervous AVM, and a family history with a 

1
st
-degree relative with HHT. The diagnosis of HHT is definite if 3 to 4 criteria are 

present, possible if 2 criteria are present and unlikely if only 1 criterion is present. 

Since the penetration of the pathology (appearance of clinical complications) is 

related to the age, the Curaçao criteria cannot be used in children and teenagers. 

 

4. Genetics 

 

HHT is the first identified human disease caused by defects in a superfamily of 

TGF-β receptors and is inherited in an autosomal dominant fashion (Peery, 1987; 

Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Begbie 2003; Abdalla, 

2006; Bayrak-Todemir 2006; Grand'Mason, 2009; McDonald J, 2011 and 2017; Choi, 

2014; Zucco 2014). The homozygous condition is probably fatal. In some individuals 

the pathology may be undetected, because in 10% of cases there is no bleeding or the 

lesions are minimal, and also because up to 25% of patients with HHT are unaware of a 

positive family history (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 

and 2000; Begbie 2003; Abdalla, 2006; Bayrak-Todemir 2006; McDonald J, 2011 and 

2017; Choi, 2014; Zucco 2014). HHT affects both sexes equally, occurs in all parts of 

the world and in all ethnic groups. The clinical expression of HHT does not appear to 

vary substantially according to demographic characteristics.HHT has been under 

recognized in many parts of the world, but the awareness of the disease is now 

penetrating the health care systems in China, India, and other developing countries, 

defining an emerging frontier for diagnosis and management. Molecular genetic testing 

approaches can include serial single-, multi-gene testing and whole-genomic 

sequencing. Defects in several genes, including the activin A receptor kinase type 1 

(ALK-1), endoglin (ENG), SMAD4 genes (Peery, 1987; Porteous, 1992; Römer, 1992; 

Shovlin, 1997, 1999 and 2000; Begbie 2003; Abdalla, 2006; McDonald J, 2011 and 

2017; Choi, 2014) and the growth differentiation factor 2 gene have been recognized to 

cause HHT (Brusgaard, 2004).The list of detected genetic defects is evolving. With 

whole-genomic sequencing variants of uncertain significance have become more 

numerous, making interpretation of pathogenicity increasingly complex. The paper from 

Brusgaard et al. (Brusgaard, 2004) gives comprehensive information for genomic 

testing in HHT. As for many diseases, genetics play an important role in the occurrence 

of the pathology, but they do not explain all clinical manifestations of HHT. 

Years ago, based on the most frequent mutations HHT was classified into 4 

genetic types (Shovlin, 2000; Begbie, 2003). However, there is also a 5
th

 type (Bayrak-

Toydemir, 2006; see also https://www.mendelian.co/telangiectasia-hereditary-

https://www.mendelian.co/telangiectasia-hereditary-hemorrhagic-type-5-hht5
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hemorrhagic-type-5-hht5) and other genetic types will certainly be found from as yet 

unidentified pathologic mutations. 

Genetic type 1 is caused by mutations in the ENG genein chromosome 9, 9q33-3 

(Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Begbie 

2003; Brusgaard, 2004; Abdalla, 2006; Bayrak-Toydemir 2006; McDonald J, 2011, and 

2017; Choi, 2014; 2014). 

Genetic type 2 is caused by mutations in the ACVRL1 gene in chromosome 12, 

12q13 (Porteous, 1992; Römer, 1992; Berg, 1996; Johnson, 1996; David, 2007). 

Genetic type 3 is caused by mutations in chromosome 5 (Peery, 1987; 

McAllister, 1994; Johnson, 1996; Shovlin, 1997; 1999 and 2000; Begbie, 2003; 

Gallione, 2004; Cole, 2005; Abdalla, 2006; Bayrak-Toydemir, 2006; Brusgaard, 2006; 

Letteboer, 2006; David, 2007; McDonald J, 2011 and 2017; Choi, 2014; Zucco, 2014). 

Genetic type 4 is the HHT−juvenile polyposis overlap syndrome. Juvenile 

polyposis, also inherited in an autosomal dominant fashion, involves mutations of 

SMAD4/MADH4 in chromosome 18 which induce the appearance of polyps in the 

gastrointestinal tract; it shares with HHT the tendency to develop AVM and bleeding 

(Peery, 1987; Porteous, 1992; Römer, 1992; McAllister, 1994; Johnson, 1996; Berg, 

1996; Shovlin, 1997, 1999 and 2000; Begbie, 2003; Brusgaard, 2004; Gallione, 2004; 

Cole, 2005; Abdalla, 2006; Letteboer, 2006; David, 2007; McDonald J, 2011 and 2017). 

The other genetic types of HHT do not increase the occurrence of intestinal polyps. 

Genetic type 5 is caused by mutations in the growth differentiation factor 2 gene 

which induce spontaneous, recurrent epistaxis and AVM in the liver, lungs and brain. It 

has been found to induce portal hypertension (Bayrak-Toydemir, 2006). 

Currently some families with HHT do not show variants in any of the known 

pathologic loci. E.g., a patient with HHT and pulmonary hypertension was found to 

have a nonsense mutation in BMPR2 without amutation in ENG, ACVRL1, or SMAD4 

(Rigelsky, 2008). 

Independently from the genetic type women are at higher risk than men to 

manifest liver and spleen involvement. The genetic types 1 and 2 account for 

approximately 85% of cases (Porteous, 1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 

2004). Generally, patients with type 1 tend to develop symptoms earlier than those with 

type 2, and are more likely to have AVM in the lungs and other organs. The genetic 

types 2 and 3 are perhaps associated with a higher risk of liver involvement. However, 

as in many other diseases, genetics do not always correlate with the clinical 

manifestations and in spite of the statistically different occurrence of complications in 

different genetic types, patients with any genetic mutation in HHT may present similar 

clinical manifestations.  

 

5. Effects of genetic mutations 

 

ENG and ALK-1 are type 3 TGF-β receptors, are exclusively expressed on 

vascular endothelial cells and transform the growth factor β superfamily of proteins. 

Ligands of this family bind various TGF-β receptors and lead to recruitment and 

activation of SMAD family transcription factors (Porteous, 1992; Römer, 1992; 

Shovlin, 1997, 1999 and 2000; Begbie, 2003; Bayrak-Toydemir, 2006). Activated 

SMAD proteins dissociate from the type 1 TGF-β receptor, bind to SMAD4 and enter 

the nucleus to transmit TGF-β signals regulating transcription from specific gene 

promoters which are involved in angiogenesis. In the presence of ENG the binding of 
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type 1 TGF-β to the type 2 TGF-β receptor on endothelial cells is accelerated and results 

in the phosphorylation of the type 1 TGF-β receptors ALK-5 and ALK-1. ENG and 

ALK-1 bind directly to bone morphogenetic proteins 9 and 10 and mediate their defects 

in conjunction with the type 2 BMP receptor. A balance between the two signaling 

pathways involving ALK-5 and ALK-1 is important in determining the properties of 

endothelial cells during angiogenesis (Porteous, 1992; Shovlin, 1997, 1999 and 2000; 

Begbie, 2003; Bayrak-Toydemir, 2006; David, 2007; Rigelsky, 2008). Phosphorylated 

ALK-5 and ALK-1 activate the downstream proteins SMAD2/3 and SMAD1/5 (Shovlin, 

1999). SMAD4/MADH4 genes provide instructions for the production of proteins that 

are found in the lining of the blood vessels and that interact with growth factors that 

control blood vessel development. The encoded preproprotein is proteolytically 

processed to generate each subunit of the disulfide-linked homodimer. This protein 

regulates angiogenesis, cartilage and bone development, and differentiation of 

cholinergic central nervous system neurons. Genetic mutations induce a dysfunction 

with impaired production of the associated protein or production of a defective protein 

that cannot fulfill its function. Consequently patients with pathologic mutations will 

have a reduced amount of the functional protein available in the vessels and this 

shortage is believed to result in the complications of HHT. 

 

6. Demographics 

 

HHT affects both sexes equally, occurs in all parts of the world and in all ethnic 

groups (Peery, 1987; Porte0us, 1992; Römer, 1992; Shovlin 1997, 1999 and 2000; 

Begbie, 2003; Brusgaard, 2004; Abdalla, 2006; Bayrak-Toydemir, 2006; McDonald J, 

2011 and 2017;Choi, 2014; Zucco, 2014). By age 16 years >70% of patients will 

develop some signs of HHT, and by age 40 years >90% will have done so (Peery, 1987; 

Porteous, 1992; Römer, 1992; Shovlin 1997, 1999 and 2000; Begbie, 2003; Brusgaard, 

2004; Abdalla, 2006; Bayrak-Toydemir, 2006; McDonald J, 2011 and 2017; Choi, 

2014; Zucco, 2014). Case reports (Urushihara, 2000; Leung, 2006) have documented 

that AVM may manifest in the first years of life. Usually asymptomatic children are not 

screened for AVM, but it is estimated that an apparently unaffected child of a HHT 

patient still has an up to 20% chance of actually carrying the genetic mutation and 

having asymptomatic AVM (Begbie, 2003). 

Since inheritance of HHT is autosomal dominant its prevalence depends on the 

frequency of the mutations in the studied population. Recent studies indicate that in the 

investigated populations HHT is significantly more frequent than formerly thought. In 

northern Europe and USA there is a slight preponderance (~50%) of ENG pathogenic 

variants (Plauchu, 1989; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; 

Abdalla, 2006; Begbie, 2003; Gallione, 2004). In southern Europe there is a slight 

prevalence of defects in ALK-1 (Bossler, 2006; Lenato, 2006; Lesca, 2006; Olivieri, 

2007).In Europe (Porteous, 1992; Römer, 1992; Berg, 1996; Johnson, 1996; Shovlin, 

1997, 1999 and 2000, Kjeldsen, 1999a;Begbie, 2003; Berg, 2003; Gallione, 2004; Cole, 

2005; Abdalla, 2006; Letteboer, 2006; Leung, 2006; Rigelsky, 2008; McDonald J, 2011 

and 2017; Calhoun, 2012), in Japan (Dakeishi, 2002; Matsui, 2010; Komiyama, 2014) 

and in China (Yu, 2013) the prevalence of HHT is 1 case per 5,000-10,000 persons. 

Many published epidemiological studies reported data that are >10-year old. Currently 

the diagnostic criteria have improved and, at least in Europe, large migration 

movements are occurring. It is likely that actual regional statistics would be different 
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than old published data. In Denmark in 1974 the prevalence was 13.8 cases per 100,000 

persons and in 1995 and increased to 15.6 cases per 100,000 persons (Shovlin, 1999). 

The prevalence of HHT is greatly variable in different in different regions because of a 

founder effect. E.g. in France the reported overall prevalence is 1 per 8,345 persons 

(Shovlin, 1999) while in northern England it is 1 per 39,216 persons (Aassar, 1991; 

Berg, 2003). In the USA the prevalence at up to 2 cases per 10,000 persons and the 

clinical penetrance up to 97%; however, in Vermont, the estimated frequency was 1 

case per 16,500 persons (Porteous, 1992; Shovlin, 1997). Because of the founder effect 

in regions with frequent intermarriage among residents the prevalence is high. This is 

the case in the French department of Ain with 1 case per 2,351 persons (Plauchu, 1989), 

in the Afro-Caribbean population of the Dutch Antilles with 1 case per 200 persons 

(Jesserun, 1993), in the Curaçao and Bonaire regions with 1 per 1,331 persons 

(Gallione, 2004), and in the Danish island of Funen with 1 case per 3,500 persons 

(Plauchu, 1989). The prevalence of HHT is likely to be underestimated because many 

cases may be asymptomatic (Porteous, 1992; Römer, 1992; Shovlin, 2000; Begbie, 

2003). When a patient is recognized to have HHT many undiagnosed relatives are often 

detected with recurrent epistaxis, bleeding from visceral organs and also cerebral stroke 

(Begbie, 2003; Brusgaard, 2004). 

 

7. Pathophysiology and histology 

 

The gene expression profiles of the vascular endothelial cells grown from patients 

with HHT reveals dysregulation of genes involved with many pathologic changes such 

as angiogenesis, cell migration, cytoskeletal integrity, proliferation, and nitric oxide 

synthesis (Peery, 1987; Porteous, 1992; Römer, 1992, Shovlin, 1997, 1999 and 2000; 

Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). It is accepted that an initiating 

event combined with abnormal repair results in the vascular lesions due to interactions 

with TGF-β signaling and consequently disorganized cytoskeletal structure and poor 

vascular tubule formation (Peery, 1987; Porteous, 1992; Römer, 1992, Shovlin, 1997, 

1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Most commonly, 

telangiectases involve the skin, mucous membranes and also the conjunctiva, the retina, 

and many visceral organs. AVM are abnormal tortuous vessels with both arterial and 

venous components and have been found in the lungs, brain, kidney and liver. Loss of 

the muscular layer and pathologic changes in the elastic lamina of vascular walls may 

induce systemic aneurysms. Histopathologic studies show that unaffected areas show 

normal vessel architecture while affected areas reveal irregular, large and thinly walled 

blood vessels, defects in the endothelial cell junctions, endothelial cell degeneration, 

and weakness of the perivascular connective tissue cause dilation of capillaries and 

postcapillary venules, with the clinical counterpart of telangiectases (Braverman, 1990). 

Bleed tendency from telangiectases and AVM is attributed to localized vessel wall 

weakness, in part due to abnormal remodeling resulting from an imbalance in functions 

related to TGF-β; also coagulation abnormalities and increased fibrinolytic activity in 

the lesions may contribute to the tendency for bleeding (Shovlin, 1997). Larger AVM 

can cause left-to-right shunting and, if sufficiently large, may contribute to high-output 

heart failure (Porteous, 1992; Shovlin, 1997 and 2000; Brusgaard, 2004; McDonald J, 

2011). 
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8. Symptoms and physical signs 

 

In relatives of patients with definite HHT there is no clear age cut-off to rule out 

the existence of HHT (Begbie, 2003). The clinical presentation of HHT is highly 

variable among families and also within the same family (Peery, 1987; Porteous, 1992; 

Römer, 1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 2004; Abdalla, 2006; 

McDonald J, 2011).  In HHT angiodysplasia is systemic and the anatomic localization 

of the AVM dictates the findings that may be found on physical examination. 

Involvement is common in many sites (skin, nasal and oral mucosa, eyes, lungs, 

gastrointestinal tract, liver, spleen, brain etc).  

Rarely the onset of symptoms may be delayed, but in the large majority of 

patients epistaxis and telangiectases occur in young age and in almost 90% of patients 

with HHT visceral sequelae became manifest by age 40 years; (Peery, 1987; Porteous, 

1992; Römer, 1992; Shovlin, 1997, 1999 and Brusgaard, 2004; Abdalla, 2006; 

McDonald J, 2011). The clinical manifestations of are usually progressive. The 

frequency of manifestations in HHT is spontaneous, recurrent epistaxis (90%), skin 

telangiectases (75%), hepatic or pulmonary AVM (30%), gastrointestinal bleeding 

(15%), and cerebral lesions (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 

1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Cutaneous and 

mucosal telangiectases may be undetectable in 10% of patients with definite HHT 

(Peery, 1987; Porteus, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 

2004; Abdalla, 2006; McDonald J, 2011). Usually symptoms begin with epistaxis, 

proceed to cutaneous and mucous telangiectases and continue with pulmonary and/or 

cerebral AVM (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 

Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Normally the intensity of sequelae 

increases and bleeding in several organs appear over time. Gastrointestinal bleeding 

follows epistaxis and the risk of gastrointestinal, pulmonary and cerebral bleeding 

increases in patients older than 50 years (Porteous, 1992; Römer, 1992; Shovlin, 1997, 

1999 and 2000; Begbie, 2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011 and 

2017). 

  Epistaxis from mucosal nasal telangiectases occurs in 90% of patients, typically 

as the first manifestation of the disease. Epistaxis appears at a young age: in one third of 

cases by age of 10, in about 80% of cases by age of 20, and in 90% of cases before age 

of 30 years (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; 

Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). However, nosebleeds occur in 

many other diseases and not every nosebleed means that the patient has HHT. The 

severity of epistaxis is usually defined as mild (a few episodes per week without 

transfusion requirement; moderate (one or two episodes per day, with fewer than 10 

transfusions required in the patient’s lifetime), and severe (daily episodes lasting longer 

than 30 minutes, with more than 10 transfusions required in the patient’s lifetime 

(Kjeldsen, 1999a; Al-Deen, 2008; Hoag, 2010). There is no agreement on the number of 

episodes or degree of epistaxis necessary for the diagnosis of HHT. However, according 

to the Curaçao criteria (Shovlin, 1997) epistaxis should occur spontaneously on more 

than one occasion, and night-time nosebleed should be considered especially suspicious 

(Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 

2004; Abdalla, 2006; McDonald J, 2011). Because of the anemia due to bleeding blood 

transfusions are required in up to 30% of patients, and as many as 50% of patients 

require surgical treatment (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 
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1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Indeed, iron 

deficient anemiamay results in fatigue and hyperdynamic cardiovascular function 

(Shovlin, 2000; Brusgaard, 2004; Irani, 2009) and in the past, before the use of iron 

substitution and blood transfusions,bleeding induced anemia was a frequent cause of 

death in HHT (Cole, 2005; Letteboer, 2006). 

 Telangiectases of the skin and mucous membranes are one of the 4 diagnostic 

Curaçao criteria (Shovlin, 1997). In 10% of cases telangiectases are undetectable or may 

be difficult to appreciate in patients with anemia (Peery, 1987; Porteous, 1992; Römer, 

1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 

2011). In the large majority of cases telangiectases appear at least 1 year after the first 

episode of epistaxis. In descending order of frequency superficial telangiectases appear 

on the lips, mouth, nares, tongue, ears, hands, chest, and feet; usually the number of 

telangiectases increases with age (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 

1997, 1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). 

Telangiectases may appear during childhood, but in 30% of cases they appear before the 

age of 20, in about 50% of case by age of 30, and in 75% of cases before the age of 40 

years. By using transillumination deep vascular abnormalities and conspicuous 

telangiectasescan be detected in the nails beds (Mohler, 2009). 

Telangiectases typically appear as dilated capillaries, with new vessel formation 

and focal dilatation of the post-capillary venules. In the dermis the walls of dilated 

vessels may be thickened. Early lesions maintain a portion of interposed capillary bed, 

but in fully developed lesions there is no interposed capillary bed and markedly dilated 

arterioles and venules are directly connected in a tortuous network. The mature lesion 

also shows perivascular lymphocytic infiltrate, as well as multiple layers of thickened 

smooth-muscle cells around connecting venules (Jacobson, 2000). Telangiectases 

appear as pinhead-size lesions or as larger, even raised lesions with multiple draining 

venules. Fine telangiectases begin as dark red lines or punctate and pulsating vascular 

papules the size of match heads. Seldom, cutaneous lesions are star-shaped and up to 3 

mm in diameter. Alternatively, they are non-pulsating and resemble spider angiomas. 

Cutaneous telangiectases are distinguished from petechiae and angiomata by their 

ability to blanch with gentle pressure, and then immediately, often slowly, refill. 

Telangiectases have thin walls, narrow tortuous paths, and are near to the surface of the 

skin or the mucous membrane, and are therefore prone to rupture and bleed after only 

slight trauma (Shovlin, 1997 and 1999; Begbie, 2003). In the affected vessels the 

arterial connection is abnormal and contractile wall elements are lacking, for these 

reasons bleeding from telangiectases is frequently brisk and difficult to stop.The 

vascular lesions are localized in the dermal upper-horizontal plexus. Cutaneous 

telangiectases are significantly less likely to bleed than those of the nasal mucosa. 

However, multiple lesions may be of cosmetic concern, especially in women (Peery, 

1987; Porteous, 1992; Römer, 1992; Shovlin, 1997; Shovlin, 1999; Shovlin, 2000; 

Begbie, 2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Typical cutaneous 

images are presented in the paper by Begbie et al. (Begbie, 2003). 

By endoscopic examination telangiectases are detectable in the gastrointestinal, 

respiratory, and urinary tracts (Vase, 1986; van Cutsem, 1990; Haitjema, 1996). In the 

gastrointestinal system telangiectases most commonly affect the stomach and proximal 

small intestine, but they are also detectable in the esophagus, colon and rectum (Peery, 

1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Brusgaard, 2004; 

Abdalla, 2006; McDonaldJ, 2011). Gastrointestinal bleeding most commonly begins 
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after the age of 40 years, is recurrent and usually increases with age (Plauchu, 1989; 

Berg, 2003). Approximately 25 percent of patients with HHT will eventually bleed from 

gastrointestinal telangiectases. Brisk intestinal hemorrhages are less frequent. No 

particular foods, activities, or medications have been identified as contributors to 

gastrointestinal bleeding in individuals with HHT (Begbie, 2003). Unexplainably, 

gastrointestinal bleeding induces iron deficiency less frequently than epistaxis. 

 Ocular telangiectases may induce visual problems which are usually caused by 

retinal hemorrhage. Patients may notice bloody tears are due to conjunctival 

telangiectases (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 

2000; Maher, 2001; Begbie, 2003; Berg, 2003; Easey, 2003; Brusgaard, 2004; Abdalla, 

2006; Leung, 2006; Rigelsky, 2008; McDonald J, 2011). 

 AVM occur most commonly in the lungs, liver, and brain. Visceral and cerebral 

AVM may be asymptomatic for a long time, but in the end cause typical sequelae in the 

involved organs. Hepatic and or less frequently, pulmonary AVM do not induce cardiac 

symptoms but anemia due to hemorrhages may exacerbate the cardiac pathology (Peery, 

1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999; and 2000; Maher, 2001; 

Begbie, 2003; Berg, 2003; Easey, 2003; Brusgaard, 2004; Abdalla, 2006; Leung, 2006; 

Rigelsky, 2008; McDonald J, 2011). The complications of hepatic and pulmonary AVM 

are caused by blood shunting through the abnormal vessels which bypasses the capillary 

bed. On the other hand, cerebral hemorrhage is often the presenting symptom of brain 

AVM (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; 

Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). It established that patients with 

HHT should be screened for AVM in order to prevent future complications. High-

output heart failuremay develop in patients with severe AVM, especially in the liver. 

 Gastrointestinal AVM induce recurrent gastrointestinal bleedingin up to 40% of 

patients. This complication appears later than epistaxis and telangiectases, generally 

manifesting in the fifth decade of life (Peery, 1987; Porteous, 1992; Römer, 1992; 

Shovlin, 1997, 1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011).  

In the majority of cases gastrointestinal bleeding is painless (Goodenberger, 

2004). Rarely, patients with gastrointestinal AVM may report abdominal pain; mostly 

due to thrombosis of the affected vessels (Peery, 1987; Porteous, 1992; Römer, 1992; 

Shovlin, 1997, 1999 and 2000; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). 

Endoscopy visualizes nodular telangiectases that have a similar appearance as 

those on the skin and mucosae (Goodenberger, 2004). Telangiectases can be found in 

the whole intestinal tract, but are most common in the stomach and the small bowel. 

The presence and number of lesions detected in the stomach and duodenum correlate 

with the detection of lesions in the jejunum, though large (≥5 mm) upper-tract lesions 

do not necessarily suggest the presence of large jejunal lesions (Proctor, 2005). 

Bleeding can also occur from esophageal varices and from rectal AVM (Peery, 1987; 

Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Begbie, 2003; Brusgaard, 

2004; Goodenberger, 2004; Abdalla, 2006; McDonald J, 2011). Recurrent bleeding may 

induce severe anemia which required blood transfusion of more than 100 units of blood 

(van Cutsem, 1990). 

By using ultrasound examination liver AVM were found in 41% of studied 

patients (Buscarini, 2004) and other investigators (Garcia-Tsao, 2000, 2007 and 2008; 

Larson, 2003) detected hepatic AVM in up to 75% of cases. In the majority of cases 

liver AVM are asymptomatic. Patients with large liver AVM most often present with 

jaundice (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; 
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Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). Rarely, patients report abdominal 

right-upper-quadrant pain. Large hepatic AVM induce shunting from hepatic artery to 

hepatic vein, from portal vein to hepatic vein, or both. In some patients this 

complication can cause a high-output heart failure initially without overt cardiac 

symptoms, (van Cutsen, 1990; Haitjema, 1996; Goodenberger, 2004; Garcia-Tsao, 2000 

and 2007; Larson, 2003; Proctor, 2005; Wu, 2006). However, shunting from the hepatic 

artery to the portal vein causes arterialization of the portal system with nodular 

transformation of parenchyma without fibrous septa, and is characterized by biliary 

obstruction or sepsis in association with biliary strictures, dilatation, and bile cysts.  

This pathology is termed pseudo-cirrhosis (Garcia-Tsao, 2000, 2007 and 2008, Begbie, 

2003; Larson, 2003; Wu, 2006; Rigelsky, 2008). 

Spleen complications (infarcts)are extremely rare but are accompanied by severe 

complications. The lienal artery and, less frequently the hepatic artery undergo an 

aneurysmatic change and are prone to rupture (Pfabe, 2018). Spleen complications 

usually occur in pregnant and often multipara women. 

Pancreatic AVM are common but rarely a clinical issue (Lacout, 2010). 

The frequency of pulmonary AVM differs according to the genetic type of HHT, 

occurring in 30% of genetic type 1, with 85% of ENG mutation, but in only 3% of 

genetic type 2, with ALK-1mutations (Begbie, 2003; Letteboer, 2006; McDonald J, 

2017). It was hypothesized that pulmonary complications might be more frequent in 

patients with blood group type 0 (Begbie, 2003). Pulmonary AVM are present in more 

than 70% of patients with HHT and usually enlarge with time (Peery, 1987; Porteous, 

1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Kjelssen, 1999b; Jakobi, 2001; 

Trembath, 2001; Begbie, 2003; Brusgaard, 2004; Faughnan, 2004;Abdalla, 2006;Cottin, 

2007; Pierucci, 2008; Grand'Maison, 2009; Lacombe, 2009; McDonald J, 2011). In 

about 50% of patients with cyanosis and pulmonary AVM auscultation reveals a 

continuous thoracic bruit. With the use of contrast echocardiography it has been shown 

that in pulmonary AVM the filtering function of the lung is bypassed and there is a 

right-to-left shunting of air and/or blood (Alizad, 2000). The sequelae may be cyanosis, 

hypoxemia with secondary polycythemia, and infection as a result of formation of septic 

emboli in the pulmonary vasculature. Small shunting is defined as <25% of pulmonary 

blood flow. Fifty % of patients with this pathology are acyanotic, but complain of easy 

fatigability and have exertional dyspnea. Severe pulmonary AVM shunting is defined as 

>25% of pulmonary blood flow mostly due to large and/or multiple AVM. In these 

patients AVM dyspnea, fatigue, cyanosis, clubbing, polycythemiaand migraine are often 

present (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999, 2000 and 

2014; Kjelssen, 1999b; Jakobi, 2001; Maher, 2001;Trembath, 2001; Begbie, 2003; 

Easey, 2003; Brusgaard, 2004; Faughnan, 2004; Abdalla, 2006; Cottin, 2007; Pierucci, 

2008; Grand'Maison, 2009; Lacombe, 2009; McDonald J, 2011). Severe blood shunting 

through lesions in inferior areas of the lungs may also induce orthodeoxia and platypnea 

(Robin, 1976).Occasionally, pulmonary AVM can rupture and induce hemoptysis, 

possibly complicated by a pulmonary abscess (Peery, 1987; Porteous, 1992; Römer, 

1992; Shovlin, 1997, 1999 and 2000; Maher, 2001; Begbie, 2003; Berg, 2003; Easey, 

2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). 

497 patients with HHT were studied with thoracic computer tomography: patients 

with pulmonary AVM were found to be at increased risk of ischemic stroke and patients 

with cyanosis and clubbing due to severe pulmonary AVM were particularly at risk for 

transient ischemic attacks, embolic stroke, or cerebral abscesses (Shovlin, 2014). 
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Pulmonary AVM were detected in 81% of 821 patients with HHT; 44% (36 

patients, mostly females) had bilateral, multiple, and diffuse AVM (Römer, 1992). 

These 36 patients had many complications and 9died (2 because of arterial bronchial 

hemorrhage, 1 because of duodenal hemorrhage, 3 because of hepatic necrosis, 1 

because of cerebral hemorrhage, 1 because of cerebral abscess, and 1 during lung 

transplantation).  

Other investigators (Cottin, 2007) studied 126 patients with HHT and reported 

that 56% had exertional dyspnea. In this study pulmonary AVM were detected in 29% 

of cases. Pulmonary AVM were asymptomatic in 15% of cases and 22% of patients 

complained of dyspnea. 26% of patients had cerebral complications (hemorrhages in 

13% and abscess in 13% of cases) and in 54% of these patients cerebral complications 

occurred before pulmonary AVM had been detected. 

Shovlin et al. (Shovlin, 2014) studied patients with pulmonary AVM with feeding 

arteries ≥ 3.0 mm in diameter. Serious neurologic events including (transient ischemic 

attacks, stroke, and brain abscess) occurred in up to 40% of cases. 

Faughnan et al. (Faughnan, 2004) studied children with HHT. More than 50% of 

children presented with exercise intolerance, cyanosis, or clubbing and possible life-

threatening pulmonary AVM were detected in many cases. Neurologic complications 

were less frequent in children than in adults, but nonetheless they occurred in 19% of 

cases before HHT was diagnosed. In summary, in HHT neurologic symptoms may be 

the first manifestation of pulmonary AVM and these complications may also occur in 

patients with small pulmonary AVM and near-normal arterial O2 tension (Peery, 1987; 

Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; Maher, 2001; Begbie, 

2003; Berg, 2003; Easey, 2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). 

Interestingly, unlike in hepatic AVM, high-output heart failure is unusual in pulmonary 

AVM. However, in some patients pulmonary hypertension may develop in some 

patients, being clinically and histologically indistinguishable from idiopathic pulmonary 

hypertension (Berg, 2003). Iron deficient anemia and enhanced aggregation of 

circulating platelets increase the risk for pulmonary hypertension and high-output 

cardiac complications (Shovlin, 2014). In HHT the occurrence of pulmonary 

hypertension is usually associated with ALK-1 gene mutations (Johnson, 1996; Berg, 

2003). 

Cerebral AVM are detected in 10% of patients with HHT (Peery, 1987; Porteous, 

1992; Römer, 1992; Shovlin, 1997, 1999, 2000 and 2014; McDonald MJ, 1998; Maher, 

2001; Begbie, 2003; Berg, 2003; Easey, 2003; Brusgaard, 2004; Abdalla, 2006; Leung, 

2006; Rigelsky, 2008; Mc Donald J, 2011; Krings, 2015). Cerebral AVM typically are 

asymptomatic but are present at birth. Migraine and headaches occur in up to 50% of 

adult patients. Cerebral complications arise in up to  12% of patients and are related to 

the pulmonary AVM which evade the filtering function of the lungs and allow 

thrombotic and septic emboli to travel to the brain. These patients may have focal 

neurologic complications (headache, seizures, transient ischemic attacks, paraplegia or 

paralysis) due to due stroke, cerebral abscess, or intracerebral hematoma. Indeed, stroke 

and brain abscess are more common in HHT than in other diseases. Patients with HHT 

have a 2% risk of stroke and a 1% risk of cerebral abscess per year (McDonald MJ, 

1998). Cerebral AVM are also associated with an annual hemorrhage rate of up to 2% 

per patient, a figure similar to that seen in patients with cerebral vascular malformations 

unrelated to HHT (Poisson, 2009). Interestingly, HHT patients with cerebral 

hemorrhage may have a good functional outcome (Poisson, 2009; Easey, 2003) and 
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spontaneous remission or regression of cerebral AVM has been observed in 3 cases 

(Cloft, 2002; Leung, 2006; Du, 2007). Nonetheless, cerebral complications account for 

much of the 10% mortality seen in HHT. 

It is yet unclear whether the genotype-phenotype may influence the occurrence of 

cerebral AVM. Indeed, it was said that HHT patients with the genetic type 2 have a 

1,000 fold higher frequency for cerebral AVM, while those with the genetic type 1 have 

a 100-fold higher frequency (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997 

and 2000; McDonald MJ, 1998; Maher, 2001; Begbie, 2003; Berg, 2003; Easey, 2003; 

Brusgaard, 2004; Abdalla, 2006; Leung, 2006; Rigelsky, 2008; Krings, 2015). 

However, presently it is believed that in HHT cerebral AVM occur without a detectable 

genotype-phenotypepreference (Shovlin, 2014). 

In HHT spinal AVM are rare and mainly affect children. They may manifest as 

paraplegia due to spinal arteriovenous fistulas (Kjeldsen, 1999a; Brinjikji, 2007; 

Mitchell, 2015). 

Renal complications are rare, but have been reported (Faughnan, 2000; De 

Pascalis, 2008, Ziani, 2000). 

 

9. Prognosis 

 

Complications may shorten life expectancyof patients with HHT. Cerebral 

complications occur in patients with pulmonary and, less frequently, visceral AVM. 

Twenty years ago mortality showed an early peak at the age of 50 and a later peak at 

>60years (Peery, 1987; Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999 and 2000; 

Maher, 2001; Begbie, 2003; Berg, 2003; Easey, 2003; Brusgaard, 2004; Abdalla, 2006; 

Leung, 2006; Pierucci, 2008; Rigelsky, 2008; McDonald J, 2011). 

Modern early interventions seem to have increased life expectancy in patients 

with HHT, but still up to 10% of patients die because of untreatable complications 

(related localization and anatomy of the AVM).  

 

10. Family counseling for individual at risk for HHT 

 

Relatives of patients who have been found to have an ACVRL1, ENG, GDF2, or 

SMAD4 pathogenic variant in HHT-related genes are at risk. The penetrance of HHT is 

usually delayed and the clinical complications appear after 12 years, thus asymptomatic 

children of HHT patients should not be considered disease-free. Adult relatives of 

patients with HHT should have a targeted medical history and clinical examination for 

features of HHT, to identify those with HHT who would benefit from preventive 

measures and prompt treatment to reduce morbidity and mortality. The absence of 

recurrent epistaxis and subtle telangiectases in characteristic locations is reassuring. 

Genetic testing is useful to clarify the genetic status of family members of patients 

with HHT. However, genetic testing must be discussed in a pre-test consultation. A 

negative genetic test for HHT is clearly a positive fact. However, if a pathogenic variant 

is identified, the person needs long-term follow-ups to identify AVM before 

complications arise. This medical approach may prolong life-expectancy but the person 

lives under medical control. If in individual a pathogenic variant is identified, prenatal 

counseling may be offered, optimally before it is planned to get a child (Peery, 1987; 

Porteous, 1992; Römer, 1992; Shovlin, 1997, 1999; and 2000; Begbie, 2003; Berg, 

2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). However, clinical evidence 
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shows that prenatal diagnosis is rarely used in families affected by HHT. When the 

clinical diagnosis of HHT is certain, but the molecular genetic variant cannot be 

detected, DNA banking should be considered because it is likely that the testing 

methodology and our understanding of genes, allelic variants, genotype-phenotype 

correlations and diseases will improve in the future. These patients with unknown 

genetic mutation should be followed as those with a known genetic mutation. 

 

11. HHT in pregnancy 

 

In pregnant women with HHT, severe pulmonary hemorrhage may be a life-

threatening fetomaternal complication. Therefore, most experts (Peery, 1987; Porteous, 

1992; Römer, 1992; Shovlin, 1997, 1999, 2000 and 2008; Faughnan, 2000; Begbie, 

2003; Berg, 2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011) recommend that 

pregnant women should be evaluated in the first trimester to assess whether AVM are 

present. 111 women with HHT and 262 pregnancies were studied with magnetic 

resonance angiography (Schneider, 2008). 13 women had medical complications, 1% 

died because of pulmonary hemorrhages and 1,2% had cerebral strokes. The detection 

of pulmonary AVM was associated with prompt therapy and improved survival. 

Contrast echocardiography is a valuable method to assess pulmonary shunting (Alizad, 

2000; Nanthakumar , 2001; Zukotynski, 2007;Al-Saleh, 2012). If pulmonary shunting is 

detected, magnetic resonance imaging should be used to evaluate the degree of the 

pulmonary AVM (Mil, 2008). If magnetic resonance is unavailable, computerized 

tomography of the chest with abdominal shielding should be performed at the second 

trimester of pregnancy. A study with 7 pregnant women (Gershon, 2001) reported that 

transcatheter embolization of pulmonary AVM can be accomplished safely by a skilled 

interventional radiologist after the 16 weeks’ gestation. 

Pregnancy, especially when multiparous, is a risk for spleen aneurysms, a rare but 

fetomaternal life-threatening pathology (Pfabe, 2018). Depending on the degree (single 

or multiple), localization (mostly lienal or hepatic arteries) and morphology of the 

arterial aneurysms endoscopic or surgical therapy and antiplatelet medications can save 

the life of mother and child. 

 

12. Diagnostics 

 

In some centers genetic testing is available for various pathologic HHT-mutations 

(Brusgaard, 2004). Specialized centers screen asymptomatic children with a family 

history of HHT in order to recognize and treat AVM with their sequelae (Kjeldsen, 

1999b; Faughnan, 2000; Shovlin, 2000). Specific non-genetic, diagnostic laboratory 

tests for HHT are currently unavailable but certain tests may be helpful. Screening with 

multiple and complementary imaging modalities is increasingly employed. In the past 

radioisotope chest radiography with pulse oximetry were recommended (Thompson, 

1999), but currently the non-invasive and sensitive contrast echocardiographyis 

preferred to identify pulmonary shunts (Alizad, 2000; Nanthakumar, 2001; Zukotynski, 

2007; Al-Saleh, 2012). On the other hand, arterial blood gas evaluation and pulse 

oximetry are less valid alternatives (Nanthakumar, 2001). The severity of AVM is also 

assessed by magnetic resonance imaging and computed tomography(Schneider, 2008; 

Mil, 2008). 
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Skin biopsy is usually adequate to confirm the diagnosis of HHT (Jacobson, 2000; 

Begbie, 2003; Brusgaard, 2004). 

Laboratory: in the absence of infection the white blood cell count and C reactive 

protein should be normal. Because of chronic bleeding an iron deficient anemia may be 

present. Alternatively, because of chronic hypoxemia from a right-to-left shunt 

polycythemia may be present. The platelet count may be normal or slightly increased. In 

the presence of a relevant hepatic pathology liver function tests may be abnormal, and 

the prothrombin time and the activated partial thromboplastin time values may by 

abnormal. Elevated levels of factor VIII antigen are evidence for an increased 

thrombotic risk (Shovlin, 2007). Urinalysis may reveal hematuria and stool testing 

might reveal the presence of blood. 

Arterial blood assessment was recommended as a screening test for pulmonary 

AVM. An O2 saturation level of <96% is considered an indication for further testing. It 

was recommended to perform a screening for pulmonary AVM using pulse oximetry in 

conjunction with chest radiography once in childhood, once after puberty, before 

pregnancy, and at 10-year intervals thereafter (Thompson RD, 1999). The quantification 

of a right-to-left shunt can be measured with the patient is breathing 100% O2 for at 

least 20 minutes; an arterial blood gas analysis is performed at the end of the study and 

shunt fraction is measured. If a right-to-left shunt is present, the partial arterial pressure 

of O2 (PAPO2) will be low. In this case a hyperoxic test should be performed and if the 

PAPO2 shows only a minor increase in this setting, the diagnosis of a right-to-left shunt 

is confirmed. If no shunt is present, the PAPO2 should increase to a much larger extent. 

Screening with a hyperoxic test has been shown to be 100% sensitive and 40% specific 

for the detection of pulmonary AVM in patients with HHT who are suspected of having 

AVM. However, contrast echocardiography is preferred to identify pulmonary shunts 

and is a better method to assess the significance of pulmonary AVM when pulse 

oximetry examination or even pulmonary angiography findings were negative (Alizad, 

2000; Nanthakumar, 2001; Zukotynsky, 2007; Al-Saleh, 2012). Microbubbles from the 

intravenously applied contrast agent are observed in the left atrium, proving the 

existence of a right-to-left shunt. Shunts with >20 microbubbles/frame are highly 

diagnostic and have positive predictive value for cerebral complications (Al-Saleh, 

2012). 

Doppler ultrasonography of the liver (Garcia-Tsao, 2000, 2007 and 2008; 

Larson, 2003; Buscarini, 2004; Wu, 2006; Song, 2016) and spleen (Pfabe, 2018) may be 

used for screening and first-line imaging in patients with HHT. 

Technetium-99m–tagged albumin microspheres have also been used for shunt 

detection in the brain and kidneys (Suga, 2000). 

Thorax radiographs may reveal pulmonary AVM (a mass of enlarged arteries 

and veins), an abscess or also a peripheral non-calcified coin lesion attached by vascular 

strands to the hilum. These findings are common in the posterior pulmonary bases, but 

small changes may be hidden by the diaphragm (Manson, 2007). Computer tomography 

of the chest (Faughnan, 2000; Pierucci, 2008; Lacombe, 2009), of the abdomen (Garcia-

Tsao, 2000, 2007 and 2008; Larson, 2003; Wu, 2006), and of the brain (Easey, 2003; 

Krings, 2015) has been advocated as a screening examination, but perhaps the radiation 

exposure may at present be avoided by the use of non-radiation tests. Currently, chest 

radiography followed by transthoracic contrast echocardiography with agitated saline 

solution is recommended as the screening test of choice for pulmonary AVM (Alizad, 

2000; Nanthakumar, 2001; Zukotynski, 2007; Al-Saleh, 2012). Initial studies suggested 
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that this method it might be more sensitive than computer tomography; however, all 

patients with even low-grade evidence of pulmonary pathology on transthoracic contrast 

echocardiography require a chest magnetic resonance or a computer tomography as a 

confirmatory study (Al-Saleh, 2012). 

Contrast enhanced magnetic resonance imaging, possibly with three-

dimensional reconstructed images, is an appropriate test modality for evaluating 

pulmonary AVM (Schneider, 2008), liver lesions, e.g. focal lesions and ischemic 

cholangitis (Garcia-Tsao, 200, 2007, and 2008; Larson, 2003; Wu, 2006; Song, 2016), 

spleen complications (Pfabe, 2018), and cerebral pathologies (Goodenberger, 2004), 

especially when these lesions have not been adequately detected with computer 

tomography (Easey, 2003; Faughnan, 2004 and 2011; Pierucci, 2008). 

Angiography may be needed before treating pulmonary or cerebral AVM (Peery, 

1987; Shovlin, 1997, 1999 and 2000; Porteous, 1992; Römer, 1992; Begbie, 2003; 

Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011; Choi, 2014). Abdominal 

angiography may reveal a bleeding site in mesenteric, lienal or hepatic arteries. A 

hemorrhage rate of at least 1 mL/min is necessary for detection with angiography; 

however, by using with technetium-99m–labeled autologous red blood cells scanning as 

low as 0.5 mL/min bleeding may be detected (Suga, 2000). 

 Esophageal-gastro-jejunal and colon endoscopy may reveal telangiectases or 

AVM which in the distal ileum appear as small well-defined lesions surrounded by an 

anemic halo (Adler, 2004; Proctor, 2005). In selected patients video capsule intestinal 

endoscopy may be useful to for detecting telangiectases and occult gastrointestinal 

bleeding of small-bowel origin (Grève, 2010). Indeed, in a study of 30 patients with 

gastrointestinal bleeding and severe anemia video capsule endoscopy had a high 

diagnostic yield, detected multiple and diffuse lesions and enabled precise mapping of 

lesions that were amenable to endoscopic treatment (Pennazio, 2014). 

Liver specimens from patients with significant liver involvement often reveal 

pseudocirrhosis attributable to shunting from the hepatic artery to the hepatic vein 

and/or portal vein (Garcia-Tsao, 2000, 2007 and 2008; Larson, 2003; Wu, 2007; Song, 

2016). 

 

13. Therapeutics 

 

Pharmacologic treatment is almost always needed. In patients with HHT medical 

and interventional therapy is aimed at decreasing the amount of hemorrhage and 

minimizing the sequelae of the multisystemic AVM. Complications are equally divided 

into mild, moderate, and severe. Indications for endoscopic or surgical interventions 

vary according to site, extension and localization of the AVM. If possible, catheter-

based therapies are used, often avoiding surgical interventions. 

Cutaneous and mucosal lesions may be obliterated with cauterization, 

sclerotherapy, or laser treatment (Harries, 1997). 

Epistaxis: the daily application of lubricants and hemostatic products (gauze, 

sponge or powder products) may be helpful. Combined local therapy with 

humidification and moisturizing drugs is more effective than treatment with a single 

medication. A multi-center randomized, cross-over, placebo controlled trial (Whitehead, 

2016) tested the efficacy of three topical nose medications sprays (bevacizumab, estriol, 

and tranexamic acid) in comparison to saline spray (used as placebo) in the treatment of 

epistaxis. All topical treatments significantly reduced the occurrence of epistaxis but 
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none of the three topical medications was better at decreasing the frequency of epistaxis 

than twice-daily saline spray. Case reports or small series suggest that topically 

administered timolol 0.5% ophthalmic solution (Olitsky, 2012), or sesame-rose 

geranium solution (Reh, 2013) may reduce the duration and frequency of epistaxis. In a 

study (Guldman, 2012) nasal spray with bevacizumab was found to be effective in 

treating epistaxis. However, a randomized, multicenter, placebo-controlled clinical trial 

(Dupuis-Girod, 2016) of three doses of bevacizumab nasal spray found that this therapy 

had no effect on epistaxis. On the other hand, intravenously administered bevacizumab 

has been found to be highly effective in the treatment of epistaxis, of gastrointestinal, 

and of hepatic bleeding (Flieger, 2006; Mitchell, 2008; Bose, 2009; Brinkerhoff, 2011; 

Supressa, 2011; Fodstad, 2011; Dupuis-Girod, 2012Thompson AB, 2014). It has been 

shown that estrogen therapy (van Cutsem, 1990; Shovlin, 1999; Proctor, 2008) or 

estrogen-progesterone, at doses used for oral contraception (Jameson, 2004; Yaniv, 

2009) may reduce epistaxis in women. It is suggested that such a therapy is a reasonable 

initial option to consider for HHT fertile women with bleeding. Propranolol has also 

been suggested as a potential treatment for epistaxis (Albiñana, 2012). Tranexamic acid, 

an antifibrinolytic agent, has been used with some success in selected patients, but the 

possible risks of such a therapy are unknown (Fernandez, 2007; Flanagan, 2012). In a 

study with few patients (Lebrin, 2010) thalidomide reduced the severity and frequency 

of epistaxis. When medical therapy fails and nosebleeds cause anemia or interfere 

significantly with normal activities laser ablation under general anesthesia may be an 

effective intervention. In reports with few cases sclerotherapy was shown to be a 

potentially safe and useful alternative (Boyer, 2011; Morais, 2012). Lastly, the Young's 

nasal procedure is a consideration for severe epistaxis which has proven unresponsive to 

the above methods (Richer, 2012). 

Gastrointestinal bleeding: in fertile women a treatment with estrogen (Shovlin, 

1997; van Cutsem, 1990; Proctor, 2008) or with another hormonal therapy (Yaniv, 

2009; Lebrin, 2010) has decreased the need for blood transfusions. In most patients with 

gastrointestinal bleeding intensive iron therapy is sufficient to maintain hemoglobin 

concentration at an acceptable level (Peery, 1987; van Cutsem, 1990; Porteous, 1992; 

Römer, 1992; Begbie, 2003; Brusgaard, 2004; Abdalla, 2006; McDonald J, 2011). 

Tranexamic acid may also be effective (Fernandez, 2007; Flaganan, 2012). In selected 

patients the intravenous administration of bevacizumab was highly effective in treating 

intractable iron deficient anemia due to gastrointestinal or hepatic bleeding (Flieger, 

2006; Mitchell, 2008; Bose, 2009; Brinkerhoff, 2011; Suppressa, 2011; Fodstad, 2011; 

Dupuis-Girod, 2012; Thompson AB, 2014). 

Especially in young patients with HHT who have gastrointestinal polyps the 

presence of a juvenile polyposis-HHT overlap syndrome should be suspected. These 

patients should be screened for AVM in organs such as the lungs and the brain, and 

their relative should be screened for polyps (Porteus, 1992; Begbie, 2003; Adler, 2004; 

Brusgaard, 2004; Letteboer, 2006). 

Most patients with hepatic AVM can be satisfactorily managed with intensive 

medical therapy (Buscarini, 2011). However, when large hepatic induce liver or cardiac 

failure treatment AVM is problematic and in patients with HHT liver biopsy is usually 

contraindicated (Buscarini, 2006). In case reports and studies with few patients (Flieger, 

2006; Mitchell, 2008; Bose, 2009; Brinkerhoff, 1011; Fodstad, 2011; Suppressa, 2011; 

Dupuis-Girod, 2012; Thompson AB, 2014) it was described that intravenous therapy 

with bevacizumab improved the cardiac pathology in patients with severe symptoms 
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secondary to hepatic AVM. Hemodynamically significant hepatic shunts may be treated 

with embolization to reduce heart failure or encephalopathy may be treated with 

embolization, but this therapy had also led to lethal hepatic infarctions (Begbie, 2003). 

Lastly, extensive or symptomatic hepatic disease may warrant evaluation for liver 

transplantation which has been used for patients (usually old) whose symptoms of 

hepatic failure did not respond to medical management (Lerut, 2006; Lee, 2010; 

Dupuis-Girod, 2010). 

Treatment of pulmonary AVM is indicated in patients with dyspnea, exercise 

intolerance, and hypoxemia. Treatment is necessary for preventing pulmonary 

hemorrhage and neurologic complications (cerebral stroke and/or abscess), even in 

patients with normal pulmonary function and O2 saturation (Kjeldsen, 1999; Shovlin, 

1999 and 2014; Thompson RD, 1999; Jakobi, 2001; Trembath, 2001;Begbie, 2003; 

Faughnan, 2004; Cottin, 2007; Pierucci, 2008; Lacombe, 2009). Indeed, any pulmonary 

AVM with a feeding vessel that exceeds 1.0 mm in diameter requires consideration of 

occlusion by transcatheter embolotherapy with coils, occluder devices (Amplatzer
®
), or 

both; multiple coils may be needed for AVM with large or multiple feeding arteries 

(Trerotola, 2010). However, in some cases pulmonary AVM cannot be treated by 

transcatheter embolotherapy because of the location or the size of the feeding vessel. 

After transcatheter occlusion of pulmonary AVM long-term follow up by thoracic 

computer tomography and/or contrast echocardiography is indicated, because of 

reported recanalization and/or development of new, or growth of untreated pulmonary 

AVM (Kjeldsen, 1999; Jakobi, 2001; Shovlin, 1999; Gershon, 2001; Begbie, 2003; 

Cottin, 2007; Pierucci, 2008; Lacombe, 2009). Usually a follow-up with computerized 

tomography or a magnetic resonance imaging is done 6 to 12 months post-occlusion, 

and if no recanalyzed or new pulmonary AVM are noted, follow-ups are done at 5-year 

intervals thereafter (Cottin, 2007; Trerotola, 2010; Faughnan, 2011). 

Cerebral and spinal AVM are difficult to treat and require an individualized 

treatment (Peery, 1987; Porteous, 1992, Römer, 1992; Shovlin, 1999 and 2000; Begbie, 

2003; Brusgaard, 2004; Abdalla, 2006; Du, 2007; Poisson, 2009; McDonald J, 2011 and 

2017; Calhoun, 2012; Mitchell, 2015; Brinjikji, 2016). Depending on their morphology 

and localization cerebral AVM greater than 1.0 cm in diameter are usually treatedwith 

embolotherapy or stereotactic surgery or radiotherapy (McDonald J, 2011 and 2017; 

Calhoun, 2012; Mitchell, 2015; Krings, 2015; Brinjikji, 2016). 

 

14. A typical patient with HHT 

 

A 14-year-old male patient had spontaneous and severe nosebleeds, especially at 

night, He was unaware of a familial occurrence of HHT; but his family tree indicated 

the existence of HHT (figure 1). His blood group was 0. Epistaxis was refractory to 

local therapy with several topical medications. At the age of 20 years recurrent 

gastrointestinal bleeding occurred and multiple, facial (nose, lips and mouth) 

telangiectases appeared. Genetic testing detected a pathogenic SMAD4 variant in 

chromosome 12. Endoscopic examination revealed multiple telangiectases in the 

jejunum, and in the right and transversal colon. The recurrent bleeding induced a severe 

iron deficient anemia. The patients did not toreate oral iron substitution and he  was 

treated on need with blood transfusions and ferric carboxymaltose. At the age of 35 

years he complained of migraine, severe headaches and dyspnea. He had a moderate 

acidosis as shown because, while he was breathing normal air, his arterial blood showed 
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a pH of 7.22, an O2 saturation level of 93% and a partial arterial pressure of CO2 of 64 

mm Hg.  

 
Figure 1. Family tree of the patient 

 

                      
 

                                       a                                                                                    b 

 
c 

Figure 2. a, b and c: Left basal lung AVM with abscess. 

Legend: CT of the chest: large AVM in the basal left lung, with abscess. Small AML  

also in the right lungs 
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The patient refused further diagnostics. At the age of 38 years severe pulmonary 

bleeding was complicated by an abscess, which required a partial lobectomy of the right 

basal lung. The intensity of epistaxis, gastrointestinal and pulmonary bleeding 

increased. A computer tomographic of the thorax detected pulmonary AVM 

malformations, especially in the basal region of the right lung (figure 2a, b and 3). 

Computer tomography examination of the brain revealed multiple cerebral AVM. 

Because of their anatomy the cerebral AVM could not be treated with embolotherapy or 

surgery. The patient died at the age of 50 years because of a cerebral abscess. 

 

15. Conclusion 

 

HHT is inherited in an autosomal dominant fashion. Several genetic mutations 

induce systemic fibrovascular dysplasia with secondary complex AVM which have high 

tendency for bleeding. HHT has been underrecognized, but the awareness of the disease 

is now penetrating the health care systems in many countries. Recurrent severe epistaxis 

from mucous nasal telangiectases occurs in 90% of patients. Bleeding in other organs 

(lungs, gastrointestinal tract, brain, etcetera), is also frequent. Common sequelae are 

iron depletion anemia, hypoxemia and cerebral complications. In some cases 

portosystemic encephalopathy and cardiac decompensation may develop. The therapy 

of the systemic complications requires multidisciplinary interventions. Early and 

aggressive therapy may improve life-quality and increase the life-expectancy of affected 

patients. 
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