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History  

In July 1876, doctor Wickham Legg was visited by a 65-year- old musician suffering from 

copious nosebleeds (or epistaxis), which he had been subject to since boyhood and seemed 

to be triggered by traumatic events, drinking beer and violent fits of anger. His mother had 

died of “blood loss and dropsy”, of his seven siblings one sister suffered from epistaxis as did 

his 27-year- old son and 22-year- old daughter. Physical examination revealed numerous 

small naevi on his face and various parts of his torso which had appeared around the age of 

twenty-four and had further progressed since then. Dr Legg concluded that the symptoms 

must be caused by haemophilia as a consequence of congenital weakness of the vessels.1 

Similar symptoms had been described a decade earlier by Henry Gawen Sutton in 1864, and 

in 1865 Benjamin Guy Babington had published a description of epistaxis in five generations 

of one family.2, 3 

It was not until 1896 that the condition was differentiated from haemophilia by Henri Jules 

Louis Marie Rendu, publishing a case report on a 52-year old male with frequent epistaxis, 

describing telangiectases on the skin of the patient’s face, lips, tongue, soft pallet and torso, 

and noting that the patients family members suffered the same symptoms. He also 

speculated that the epistaxis resulted from lesions in the nose.4 In 1901, Sir William Osler 

published a paper on characteristic lesions in the digestive tract and the hereditary nature 

of the disorder and in 1907 Dr Frederick Parkes Weber wrote a case series further 

contributing to description of the disease as we know it today.5,6 Although the disease was 

named “hereditary haemorrhagic telangiectasia” (HHT) as early as 1909, the term Rendu-

Osler-Weber disease is still accepted internationally to the present day.7 

Almost one century later, the first genetic mutations causing HHT were identified.8 In the 

year 2000, the international scientific advisory committee of HHT Foundation International 

published the Curacao criteria that included the following list of symptoms: (1) recurrent 

and spontaneous epistaxis; (2) visceral localization; (3) a first-degree relative with a definite 

HHT diagnosis; and (4) the presence of multiple mucocutaneous telangiectases at typical 

anatomical sites (mainly lips/mouth and fingertips).9 When an individual shows three or four 

of these Curacao criteria, they are considered to have HHT. When they meet two criteria 

they might have HHT, but no definite diagnosis is made, and with only one or none of these 

criteria, HHT is considered unlikely.  
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Clinical presentation 

Affected individuals suffer from multi-systemic vascular lesions, known as telangiectases, 

characterised by focal dilation of post-capillary veins, that are susceptible to rupture and 

haemorrhage because of weak vessel walls and high perfusion pressures, leading to major 

morbidity and mortality.9-12 Telangiectasia in the nasal mucosa and gastro-intestinal tract 

frequently haemorrhage, leading to chronic iron deficiency anaemia which may even be 

transfusion-dependent.13,14 

Ninety to ninety-five percent of patients suffer from spontaneous and recurrent epistaxis, 

varying in severity between patients. Increasing age is associated with increasing severity 

and prevalence of telangiectasia (80%), gastrointestinal bleeding (25-30%), and 

comorbidities.15 Pulmonary (50%), cerebral (10-20%), spinal (<1%) and hepatic (30-70%) 

arteriovenous malformations (AVMs) affect a high proportion of patients with HHT and 

commonly cause complications.16-18 Pulmonary arteriovenous malformations create a right-

to-left shunt bypassing the normal filter function of the lungs. This leaves a path open for 

septic and sterile emboli, which would usually get lodged in the pulmonary capillary bed but 

instead can now potentially travel straight to the brain, causing ischemic strokes and brain 

abscesses.18-20 Furthermore, the aberrant communication between pulmonary arteries and 

veins in PAVM can lead to decreased oxygen saturation. Depending on the severity of 

altered blood flow through these right-to-left shunts, hypoxemia may be profound. 

However, small studies have suggested that patients with PAVMs tolerate hypoxemia due to 

right-to-left shunt well.21 Acute desaturation appears to be compensated by increased heart 

rate and stroke volume and chronic hypoxaemia by erythrocytosis. 22 

Other severe complications include major haemorrhage and maternal death in 

pregnancy.23,24 Hepatic AVMs may result in high output cardiac failure, and portal 

hypertension which ultimately may require liver transplantation.25,26 Additional HHT-related 

pathologies include (i) pulmonary arterial hypertension (PAH), associated with ACVRL1 

mutations, the prognosis of which appears worse than for patients with PAH due to BMPR2 

mutations, (ii) a higher risk of venous thromboemboli (enhanced in the setting of iron 

deficiency), and  (iii) for patients with SMAD4 mutations, colon cancer and other 

gastrointestinal cancers related to their juvenile polyposis.27-32 Life-long monitoring and 

treatment are often needed.  
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Genetics 

HHT is thought to affect 1:5000 people and is an autosomal dominant disease of which the 

majority is caused by mutations in the ENG (chromosome 9q34) or ACVRL1 gene 

(chromosome 12q13). Mutations in these genes account for up to 96% of HHT patients, 

leading to reduced levels of functional Endoglin and ALK1 protein.33-36 A combined 

syndrome of HHT and Juvenile Polyposis is caused by mutations in the SMAD4 gene 

(chromosome 18q21).37 All three genes play important roles in the transforming growth 

factor beta (TGF-β) superfamily signalling pathway which has a critical function in the 

development of the vascular system by regulating cell growth, differentiation, motility, 

tissue remodelling, wound repair and programmed cell death. 

Phenotypes often vary greatly between affected individuals, even within families. This intra-

familial variability may be explained by epigenetics, affecting the severity of symptoms.  38, 39 

Genetic counselling can provide clarity on whether lifetime health monitoring is needed or 

not as HHT can be ruled out by genetic testing when a family mutation is known. 

 

Impact of age on disease severity 

Phenotypic variability is substantial within the HHT disease and penetrance of symptoms 

often varies. Symptoms of HHT are not present at birth but develop with age; especially 

telangiectases become more prevalent over the years.15,40 Conversely, while the severity of 

gastrointestinal haemorrhage seems to increase with age, it is debated whether epistaxis 

does as well. Studies have shown that although the proportion of patients suffering from 

epistaxis increases with age, at an individual level, nosebleeds seem to vary in frequency 

and severity throughout their life.12 Formation of cerebral vascular malformations is thought 

to be complete during childhood and PAVMs by the end of puberty, although AVMs can still 

increase in size under certain circumstances; for example in pregnancy.15, 16, 24, 41 The fact 

that penetrance of symptoms is age dependant often impedes the ability to assign a definite 

diagnosis to children of parents with HHT. Consequently, the Curacao criteria can only be 

used in children to make the HHT diagnosis, but not exclude HHT. Theoretically it could be 

expected that this age-related deterioration leads to decreased life-expectancy. A small 

study has shown a decreased life-expectancy in HHT patients under the age of 60 years, but 

a normal life-expectancy when they pass that age.11 
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Lifestyle and other confounders of disease severity 

Phenotypic variability between HHT molecular subtypes have been well documented, 

however explaining clinical variability between family members with the same mutation is 

more complex. Significant intra-familial variation in phenotype is thought to be the result of 

genetic modifiers. 38,39 When a genetic modifier is expressed it is able to alter the expression 

of another gene. In the case of HHT it seems to particularly influence the development of 

PAVMs. Another confounder may include the second hit model which assumes that a 

second mutation, or “hit”, is needed to get functional proteins (Endoglin, ALK1 and SMAD4) 

below a crucial threshold, leading to the vascular malformations which make up the 

phenotype of HHT. The formation of telangiectases is often preceded by a form of trauma, 

including sunlight exposure, cold, hot or dry air or other climate related factors.  Patients 

often report lifestyle choices to influence their epistaxis. Some patients find their epistaxis 

to be less severe when they make certain dietary choices or when they smoke.  

 

Current treatments  

Cerebral and pulmonary vascular malformations are treated by embolization when 

technically feasible, leading to a reduction of complication rates. 9,18,42 Treatment of HAVMs 

is only indicated when they lead to complications as high-output cardiac failure or portal 

hypertension. High-output cardiac failure is initially treated with conventional medical 

therapy, including salt and fluid restriction, diuretics, and beta-blockers. Bevacizumab has 

also proven to reduce high cardiac output as a result of HAVMs.43 In severe cases a liver 

transplantation can provide a permanent solution.26 Embolization of hepatic vascular 

malformations has been investigated but has shown to have a high mortality rate and is not 

performed in the Netherlands. 44  

The otorhinolaryngologist and gastroenterologist have an important role in treatment of 

epistaxis and gastro-intestinal haemorrhage. Treatment is mostly symptomatic and efficacy 

is variable. Management of epistaxis consists of topical, systemic, and surgical treatments. 

The frequency of epistaxis may be reduces by changing external factors as humidity and the 

use of nasal lubricants or topical agents. Systemic therapy can include hormone therapy, 

thalidomide and bevacizumab.45-48 Hormone therapy, remarkably oestrogen and anti-

oestrogen therapy, has shown to reduce epistaxis and gastrointestinal bleeding.45,46 
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Bevacizumab and thalidomide control neo-angiogenesis through different mechanisms but 

both have shown spectacular results. However, these systemic therapies, especially 

thalidomide, can lead to severe complications and should not be considered lightly. Surgical 

approaches to epistaxis include laser or Argon coagulation, septal dermoplasty (Saunders 

operation) and, in extremely severe cases, nasal closure (Young’s procedure). Nasal and 

gastrointestinal bleeding often leads to iron-deficiency anaemia treated with iron 

replacement therapy or, in severe cases, with blood transfusion. This is often the reason 

physicians are not keen to prescribe anti-platelets and anti-coagulants to patients with HHT, 

even when indicated for co-morbidities, in fear of making nasal and gastrointestinal 

haemorrhage more severe. In order to stop or minimize gastrointestinal specific bleeding, 

therapeutic options includes endoscopic coagulation and surgical resection of bleeding sites. 

 

Aim of this thesis 

Currently the number of HHT centres of excellence worldwide is increasing, delivering 

specialized care to individuals affected by HHT and providing support and guidance to their 

families. Concentrating the care for this syndrome can not only improve the quality of care 

for patients, but can also lead to valuable opportunities providing a cohort of patients to 

include in clinical trials; (i) to obtain insight into factors that influence onset and severity of 

symptoms and (ii) when new treatments become available. This is vital to ensure adequate 

evidence for treatment efficacy in the case of a rare hereditary disease like HHT.  

The aim of this thesis is to explore and identify more features of HHT patients. What 

characterises the HHT patient? For the development of more treatment modalities, 

unanswered questions about phenotype, complications patients suffer, their reaction to 

different therapies or external influences need to be solved. This thesis will address the 

question whether life expectancy of HHT patients is influenced, differentiating between the 

different disease causing mutations, and what issues influence the life expectancy – for 

example the cancer incidence in the HHT population and the association between HHT and 

PAH. It will also focus on the question how to screen children of affected parents for HHT 

and any pulmonary involvement to prevent any complications. In the final three chapters, 

different disease management strategies are discussed. What is the role of anti-platelets 

and anti-coagulants, and feasibility of their application to HHT patients, considering their 
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implication for epistaxis. What are the effects and what is the long term tolerance of 

Thalidomide and how diet influences  epistaxis? 
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ABSTRACT 

 

Background: Hereditary Haemorrhagic Telangiectasia (HHT) is an autosomal dominant 

disease associated with epistaxis, arteriovenous malformations and telangiectasias. Disease 

complications may result in premature death.  

Method: We investigated life-expectancies of parents of HHT patients compared with their 

non-HHT partners using self- or telephone-administered questionnaires sent to their 

children. Patients were extracted from the databases of 2 participating HHT Centres: the 

Toronto HHT Database (Toronto, Canada) and the St. Antonius Hospital HHT Database 

(Nieuwegein, The Netherlands).  

Results: 225/407 (55%) of respondents were included creating HHT- (n=225) and control 

groups ( n=225) of equal size. 213/225 (95%) of the HHT group had  not been screened for 

organ involvement of the disease prior to death. The life expectancy in parents with HHT 

was slightly lower compared to parents without (median age at death 73.3 years in patients 

versus 76.6 years in controls, p0.018).  Parents with ACVRL 1 mutations had normal life 

expectancies, whereas parents with ENG mutations died 7.1 years earlier than controls (p= 

0.024). Women with ENG mutations lived a median of 9.3 years shorter than those without 

(p=0.04). Seven/123 (5%) of deaths were HHT related with a median age at death of 61.5 

years (IQ range 54.4-67.7years).  

Conclusion: Our study showed that the life expectancy of largely unscreened HHT patients 

was lower than people without HHT. Female patients with ENG mutations were most 

strikingly at risk of premature death from complications. These results emphasize the 

importance of referring patients with HHT for screening of organ involvement and timely 

intervention to prevent complications. 
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Introduction 

Hereditary Haemorrhagic Telangiectasia (HHT) is an autosomal dominant disease with a 

prevalence of approximately 1/5000.1 HHT is diagnosed genetically, or clinically according to 

the Curacao criteria.2 Several disease causing mutations are known but most frequently 

patients are affected by mutations in the ENG (MIM 131195) gene (HHT-I) or the activin A 

receptor type II-like 1 (ACVRL1; MIM 601284) gene (HHT-II), coding for the proteins Endoglin 

and ALK-1 respectively. 3,4 The Curacao criteria are based on four clinical features: (i) the 

presence of spontaneous, recurrent epistaxis, (ii) mucocutaneous telangiectasia, (iii) visceral 

arteriovenous malformations (AVMs) and (iv) a first degree relative with HHT. Patients are 

diagnosed with HHT if they fulfil three out of four criteria. Two criteria results in a “possible 

HHT” diagnosis.   

Telangiectasia can manifest on oral mucosa, nasal mucosa or on the face or fingers. Visceral 

AVMs mainly occur in the lungs (pulmonary AVM), brain (cerebral VM), gastro-intestinal 

tract and liver (hepatic VM).5-7 In patients with (possible) HHT, screening for organ 

involvement is recommended to prevent complications. These include intrapleural or 

intrabronchial haemorrhage from pulmonary AVMs or – more often – paradoxical (sterile or 

septic) emboli which can lead to a stroke or brain abscess.8-10 Cerebral vascular 

malformations (VMs) can lead to haemorrhagic stroke, and liver VMs can lead to right 

congestive heart failure, portal hypertension, biliary necrosis or portosystemic 

encephalopathy.11 Frequent recurrent epistaxis and gastro-intestinal telangiectasia, which 

mainly occur in the stomach and duodenum, can lead to iron deficiency anaemia.12  

To prevent complications and increase lifespan, patients should be referred to specialized 

HHT Centres for expert care and to screen for the presence of AVMs.2 Previous studies in a 

small number of patients showed increased mortality in patients with HHT under 60 years of 

age.1,13 To study the life expectancy of patients who did not receive treatment for their 

(asymptomatic) AVMs, we evaluated the age of death of parents of the current population 

referred to our clinics. The aim was to determine whether life expectancy of unscreened 

parents of our cohorts with HHT differed from that of their non-HHT partner.  
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Methods 

Population 

The participating hospitals of this two-centre study are St. Michael’s Hospital in Toronto, 

Canada and St. Antonius Hospital in Nieuwegein, The Netherlands. Both hospitals are 

internationally recognized HHT Centres. Two thousand seven hundred and twenty-five 

patients screened for HHT were selected in June 2008 from the Toronto and St Antonius 

Hospital HHT Databases. The oldest generation known to the clinic with a confirmed genetic 

or clinical diagnosis of HHT, based on the Curacao criteria, was included. Respondents’ 

admissions were excluded if a sibling had already returned a questionnaire on their parents 

or where HHT had been ruled out in both parents after screening in the clinic.   

 

Study Protocol 

The study protocol was approved by the research ethics boards of both participating 

hospitals (Medical Research Ethics Committees United). All selected patients received a 

letter with information on the study and a self-administered questionnaire. Patients were 

asked to return the questionnaire if both parents had deceased. If the HHT parent was still 

alive, patients were asked to forward the questionnaire to them with a request to complete 

it. If no answer was received within 4 weeks, patients were contacted by phone, by one of 2 

well-trained interviewers (EG and CE), to answer the same questions.  

The health status in terms of HHT of the parents of the participants was determined solely 

by the participants' response and was not objectified. However the participants used in this 

study had their diagnosis confirmed by the Curacao criteria or genetic testing and 

genealogies often show which side of the family has HHT. Considering the hereditary nature 

of HHT the questions on which parent was affected by HHT allowed deduction of which 

parent was not affected by HHT. Subsequently, parents could then be assigned as HHT-

patient or control.  In case it was unclear which parent had HHT, because of a de novo 

mutation or when the HHT parent showed very little symptoms or in case of unclear 

genealogy, the participant was excluded. 

By using the parent not affected by HHT as control, we assume the socioeconomic status of 

one set of parents is comparable, making the control group and HHT-group equal in 

socioeconomic status. The questionnaire queried the mortal status of both parents and, if 
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applicable, the cause of death. Parents with HHT were divided in three groups: death 

definitely HHT related, possibly HHT related and not HHT related. Death secondary to 

pulmonary disease was categorized as possibly HHT related unless caused by pneumonia, 

emphysema, pulmonary embolism or tuberculosis; in these cases they were categorized as 

not HHT related deaths. Death secondary to an infection could be secondary to a 

paradoxical embolus leading to an abscess or sepsis and was categorized as possibly HHT 

related unless influenza or meningitis were the underlying causes; in these cases, they were 

categorized as not HHT related. Stroke was categorized as possibly HHT related. If death was 

reported secondary to cardiac disease it was categorized as possibly HHT related unless 

caused by a cardiac arrest, ruling it as not HHT related. To best interpret the results, the 

“possibly HHT related” group was then excluded from any further statistical analysis. The P-

value was derived from cox-regression based on comparison of each of the two subgroups 

with controls.  

Furthermore, the questionnaire queried HHT related symptoms in the HHT parent and asked 

whether this parent had received treatment for these symptoms or had been screened for 

HHT.  

 

Statistical Analysis 

Data was analysed using IBM SPSS statistics 22 and Microsoft Office Excel 2010. Survival 

data was analysed using Cox regression and Kaplan-Meijer curves. Given the inherent 

limitations of survey methodology, to assess whether survival of the control group was 

realistic, calculations from survival data reported for controls in the current survey were 

compared to the survival data of Dutch people in the national Dutch database (CBS statLine) 

and Canadian people in the national Canadian database (CANSIM). 

 

Results 

Of the 570 questionnaires sent out, 407 (71%) were completed, 9 (2%) were returned 

because of an incorrect address and 154 (27%) patients did not return the questionnaire or 

respond to phone calls. Of the respondents, 182 (45%) were excluded for the following 

reasons: incomplete response (24), parent without HHT was still alive (73), neither parent 

was diagnosed with HHT or had symptoms (the respondent was then assumed to have a de 
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novo mutation), parent had a low grade phenotype or one of the parents was not the 

genetic parent (52), or there were siblings among the respondents (to avoid dataset 

duplicates) (33).  

In total 225 (55%) respondents were included, 85/225 were from St. Michael’s Hospital and 

140/225 were from St. Antonius Hospital, providing information on 550 parents; 225 HHT 

parents, and 225 controls. Of 157 (69.8%) HHT parents, the gene mutation causing HHT was 

known.  In the control group, males had shorter lifespans (median age 74.0 years, IQ range 

65.7- 80.9) than females (median age 80.1 years, IQ range 72.2- 86.8), with a hazard ratio of 

1.684 (95% CI 1.284-2.208, p<0.001) (Table 1).  

 

 

HHT group Control group 

no 

Median 

age 

(years) 

IQ range 

25% 

(years) 

IQ range 

75% 

(years) 

no 

Median 

age 

(years) 

IQ range 

25% 

(years) 

IQ range 

75% 

(years) 

Total population 225 73.3 63.6 81.7 225 76.6 68.5 83.2 

ENG 83 69.5 59.3 81.4 
    

ACVRL1 74 76.0 67.1 82.9         

Male 98 70.9 62.1 79.7 127 74.0 65.7 80.9 

ENG 35 68.5 57.4 77.8 
    

ACVRL1 31 73.4 66.1 81.2         

Female 127 75.7 64.0 82.5 98 80.1 72.2 86.8 

ENG 48 70.8 61.2 82.4 
    

ACVRL1 43 77.0 68.4 83.1         

Table 1. Comparing age at death (years) of parents with HHT (HHT group) and parents without HHT (control 

group), subdivided by sex and mutation. 

 

This was as expected from the general Dutch and Canadian population (CBS statLine, 

CANSIM). The HHT group showed similar trends with respect to sex, but the difference was 

not statistically significant (hazard ratio 1.255, 95%CI 0.962-1.637, p=0.096).  

Parents with HHT had a significantly shorter lifespan than parents without HHT. With a 

median age at death of 73.3 years (IQ range 63.3, 81.7) in the HHT group compared to a 
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median age at death in controls of 76.6 years (IQ range 68.5, 83.2), HHT parents died 3.3 

years earlier than controls (HR 1.252, 95%CI 1.039-1.508, p=0.018) (Figure 1). Further 

analysis shows this difference could be attributed specifically to an ENG mutation. Parents 

with ENG mutations died significantly earlier than controls (HR 1.338, IQ range 1.038-1.723, 

p= 0.024) (Figure 2). More strikingly, females with an ENG mutation lived a median of 9.3 

years shorter than females without the mutation (HR 1.442, 95% CI 1.017-2.043, p=0.04) 

(Figure 3). Males with an ENG mutation seemed to live 5.5 years shorter than non-HHT 

males, although this was not significant and may be because the data were underpowered 

(HR 1.361, IQ range 0.934-1.984, p=0.109). By contrast, the lifespan of parents with ACVRL1 

mutations was not significantly different from those without (HR 1.101, 95% CI 0.846-1.433, 

p= 0.476) (Figure 4).  

 

 
Figure 1. Kaplan-Meijer curve of HHT group versus control group. Log Rank: p=0.018 

 
 

Parents with HHT who had died because of an HHT related complication had a lower median 

age at death compared to those who had died from no HHT related conditions (Table 2).  
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Figure 2. Kaplan-Meijer curve of unscreened Endoglin patients vs controls. Log Rank: p=0.024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Kaplan-Meijer curve of unscreened female Endoglin patients vs female controls. Log Rank: p=0.038 
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Figure 4. Kaplan-Meijer curve of unscreened ACVLR1 patients vs controls. Log Rank: p=0.476 

 

Cause of death HHT related 
Yes No 

Number (%) 6 (5%) 123 (95%) 

Median age (IQ range) 61.5 (54.4-67.7) 75.0 (65.9-82.8) 

Range 41.6-74.9 30.0-97.3 

Causes of death  Massive epistaxis (2) Pulmonary disease (16) 

(number) Pulmonary haemorrhage (2) Cardiac disease (21) 

 Brain abscess (3) Infection (2) 

 
 

Abdominal aorta aneurysm (1) 

  Malignancy (47) 

  Bladder cyst (1) 

  Dementia (2) 

  Renal failure (2) 

  Trauma (7) 

  Unnatural (2) 

    Old age (22) 

P-value 0.002 0.343 

Table 2.  Causes of death of parents with HHT. P-value derived from cox-regression based on  comparison with 

controls. 
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Discussion 

This study illustrates that in an essentially unscreened and untreated population of HHT 

patients who were the parents of cohorts in our databases, the median life expectancy is 

significantly lower than that of their non-HHT partner. This is in alignment with a recent 

study performed on 675, largely unscreened, HHT patients showing a similar 3 year 

reduction in life expectancy, mainly related to neurological and haemorrhagic 

complications.14 More detailed analysis of our data showed that the decrease in life 

expectancy in the otherwise unspecified HHT cohort is largely attributable to reduced life 

expectancy in women with a mutation in the ENG gene. Life expectancy of individuals with 

ACVRL 1 mutations did not seem to be affected.  

Reduced life expectancy is more pronounced in female with an ENG mutation, for reasons 

that are mainly unclear although we can hypothesize. Possible reasons might include the 

nature of the ENG phenotype, which is associated with a higher prevalence of pulmonary 

AVMs and cerebral VMs compared to the ACVRL1 mutations. Cerebral VMs occur in 

approximately 8-16% of patients with ENG phenotype as opposed to 1-2% of HHT-II patients 

with ACVRL1 mutation.15-18 Pulmonary AVMs occur much more frequently in patients with 

ENG mutations (62%) compared to patients with ACVRL1 mutations (10%) and 

complications may be life threatening.19 Major pulmonary AVM related complications 

include life-threatening haemorrhage, as well as cerebral abscess (8%) and ischemic stroke 

(9 to 18%) due to paradoxical emboli, which can be fatal or  leave patients severely 

physically impaired.20,21 Fortunately, these complications can mostly be prevented through 

detection of pulmonary AVM by screening and treatment. 22 

Even though women with HHT have a higher risk of life threatening pulmonary AVM-related 

complications during pregnancy and possibly labour this did not appear to have a great 

impact on the study here: the overall life expectancy curves of women with ENG mutations 

only deviated in the 40-70 year range, and not during the fertile years (Figure 2). 23-26 

However, this could be a result bias as women who died giving birth to their first child would 

not have had offspring to submit data for this study.  

Seven parents whose death was definitely HHT related had a lower mean age at death 

compared to the two other groups. With present day standards of care, five of these deaths 
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secondary to pulmonary AVMs, i.e. pulmonary haemorrhage and brain abscess, could have 

been prevented by screening and treatment in advance. 

 

There are limitations to the methodology used in this study. The population included is 

biased, since it only includes adult respondents. Patients with HHT who died during 

childhood and in their twenties have been largely missed, although these numbers are likely 

very low.13, 27 Due to stringent inclusion criteria, parents without prominent symptoms of 

HHT were also excluded, as they might not have had HHT and their responding child might 

have had a spontaneous mutation. However, these parents could have had a less evident 

phenotype or died before becoming clearly symptomatic and therefore might have been 

incorrectly excluded. Furthermore, studies on male HHT patients specifically were 

underpowered.  Underpowering of these analyses can be explained by a smaller number of 

male patients. This may be due to a female predominance resulting from a greater 

inclination of Dutch female patients to be referred to an HHT Centre for clinical evaluation.16 

Furthermore, we excluded 73 participants of which the parent without HHT was still alive. 

Of 53/73 (73%) participants, the deceased parent with HHT was male, this is consistent with 

a generally lower life expectancy for men compared to women. However, this led to a 

relatively smaller male HHT-group included in the study.  

 

We studied life expectancy in a largely unscreened population in which only 5% of the 

participants had been examined in a specialized clinic. The goal of current screening is to 

prevent HHT related complications and improve life expectancy in HHT patients.  Future 

studies will show if morbidity and mortality improve if patients are screened for visceral 

AVMs and treated when necessary. 

To improve life expectancy in patients with HHT or suspected HHT, we strongly recommend 

referral to an HHT Centre of Excellence for appropriate screening and possible treatment of 

AVMs. International HHT guidelines recommend screening for pulmonary AVMs in all people 

with HHT and also recommend referral to expert centres for management of the various 

aspects of HHT. Taking the hereditary nature of HHT in account, asymptomatic family 

members should also be referred for screening since clinical manifestations like epistaxis 

and telangiectasia increase with age and might not be evident initially. Asymptomatic AVMs 

can be present in the young, potentially leading to life threatening complications. 
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Furthermore, increasing awareness of HHT is essential in order to improve patient care 

because despite greater awareness, HHT is still an under-diagnosed disease.28, 29  

 

In conclusion, our study confirms the findings of recent literature that life expectancy in a 

largely unscreened population with HHT is worse than in their non-HHT partners, more 

specifically for patients with ENG mutations and especially women.14 Because patients with 

ACVRL1 mutations have a normal life expectancy, the reduction in life expectancy in 

patients with an ENG mutation is probably related to complications of untreated pulmonary 

AVMs and cerebral VMs. We propose that life expectancy in HHT can be normal if patients 

are screened and both pulmonary AVMs and cerebral VMs are properly treated in a timely 

way. To prevent complications of HHT, referral of patients with (suspected) HHT to an HHT 

Centre of Excellence for screening, and if necessary treatment, is highly recommended. 
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ABSTRACT 

Background: Hereditary haemorrhagic telangiectasia (HHT) is inherited as an autosomal 

dominant trait, affects ~1 in 5,000, and causes multi-systemic vascular lesions and life-

limiting complications. Life expectancy is surprisingly good, particularly for patients over 

60ys. We hypothesised that individuals with HHT may be protected against life-limiting 

cancers. 

Methods: To compare specific cancer rates in HHT patients and controls, we developed a 

questionnaire capturing data on multiple relatives per respondent, powered to detect 

differences in the four most common solid non skin cancers (breast, colorectal, lung and 

prostate), each associated with significant mortality. Blinded to cancer responses, reports of 

HHT-specific features allowed assignment of participants and relatives as HHT-subjects, 

unknowns, or controls. Logistic and quadratic regressions were used to compare rates of 

specific cancer types between HHT subjects and controls. 

Results: 1,307 participants completed the questionnaire including 1,007 HHT-subjects and 

142 controls. The rigorous HHT diagnostic algorithm meant that 158 (12%) completed 

datasets were not assignable either to HHT or control status. For cancers predominantly 

recognised as primary cancers, the rates in the controls generally matched age-standardised 

rates for the general population. HHT subjects recruited through the survey had similar 

demographics to controls, although the HHT group reported a significantly greater smoking 

habit. Combining data of participants and uniquely-reported relatives resulted in an HHT-

arm of 2,161 (58% female), and control-arm of 2,817 (52% female), with median ages of 

66ys [IQR 53–77] and 77ys [IQR 65–82] respectively. In both crude and age-adjusted 

regression, lung cancers were significantly less frequent in the HHT arm than controls (age-

adjusted odds ratio 0.48 [0.30, 0.70], p = 0.0012). Breast cancer prevalence was higher in 

HHT than controls (age-adjusted OR 1.52 [1.07, 2.14], p = 0.018). Overall, prostate and 

colorectal cancer rates were equivalent, but the pattern of colorectal cancer was modified, 

with a higher prevalence in younger HHT patients than controls. 

Conclusions: These preliminary survey data suggest clinically significant differences in the 

rates of lung, breast and colorectal cancer in HHT patients compared to controls. For rare 
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diseases in which longitudinal studies take decades to recruit equivalent datasets, this type 

of methodology provides a good first-step method for data collection. 
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Introduction 

Hereditary haemorrhagic telangiectasia (HHT, also known as Osler-Weber-Rendu syndrome) 

is inherited as an autosomal dominant trait, and affects approximately 1 in 5,000 people.1-3 

Affected individuals have multi-systemic vascular lesions that cause major morbidity and 

mortality.4-6 Telangiectasia in the nasal mucosa and gastro-intestinal tract frequently 

haemorrhage leading to chronic iron deficiency anaemia and often transfusion-dependence. 

1,3,7,8 Increasing age is associated with increasing severity and prevalence of telangiectasia, 

gastrointestinal bleeding, and comorbidities.3,6,8 Pulmonary, cerebral, spinal and hepatic 

arteriovenous malformations (AVMs) affect high proportions of patients with HHT, and 

commonly cause complications including haemorrhagic, ischaemic and infective strokes; 

other major haemorrhage; and maternal death in pregnancy.9-14 Hepatic AVMs may result in 

high output cardiac failure, and intractable complicated portal hypertension requiring liver 

transplantation.15,16 Additional HHT-related pathologies include pulmonary arterial 

hypertension (PAH) when the prognosis appears worse than for patients with PAH due to 

BMPR2 mutations, a higher risk of venous thromboemboli (enhanced in the setting of iron 

deficiency), and for patients with SMAD4 mutations, colon cancer and other gastrointestinal 

cancers related to their juvenile polyposis.17-21 Life-long monitoring and treatment is often 

needed. Patients often do not take secondary prophylaxis such as anti-platelets and anti-

coagulants in view of the perceived risk of precipitating haemorrhage.22 

It would be reasonably expected that patients with such severe potential disease 

complications, apparently increasing with age, should have higher mortality rates than the 

general population. Life expectancy data demonstrate a higher mortality rate in patients 

under 60 years of age, consistent with early mortality due to AVMs, especially cerebral AVM 

bleeds in childhood and young adults, and pregnancy-related deaths.1,23 In one study, a 

retrospective analysis of Italian HHT patients’ parents, increased mortality was 

demonstrated across all age groups.23 However, in a 30 year prospective study in Denmark 

there was no evidence for an increase in mortality in HHT patients older than 60 years of 

age.1 Although awaiting peer review, more recent data on North American and European 

cohorts, each of approximately 600 HHT patients or parents, also suggest surprisingly good 

survival rates. 24,25 
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Amongst the explanations for the surprising life expectancy data could be that HHT-related 

mortality is offset by a reduction in deaths from more common diseases. Different rates of 

heart disease were proposed some years ago, though never formally published, and are the 

subject of a separate manuscript in preparation.26 Based on personal and family histories 

from patients attending a specialised HHT service, we hypothesised that HHT patients may 

have less frequent life-limiting cancers. 

Testing such a hypothesis in a rare disease population is not simple. To provide preliminary 

data in a human population even for the most common cancers such as breast, colorectal, 

lung and prostate cancer, carries major statistical and logistic difficulties. First, incidence 

rates (30–50 per 100,000 per annum for lung and colorectal cancers) are prohibitively small 

for realistic prospective studies in a rare disease population such as HHT. To generate 

sufficiently sized cohorts for any form of analysis requires pooling of cohorts from different 

geographical regions. This introduces variance through combining data from genetically 

unrelated populations, with differing risk factor exposures, and spanning time periods with 

varying incidence rates.27,28 As a result, to have sufficient power to detect reductions in 

cancer rates requires population sizes of many thousands. Additionally, prior fatalities from 

life-limiting cancers mean that affected individuals may not survive to provide retrospective 

data at the point of clinic review or questionnaire: in the UK, 5 year survival following breast 

and prostate cancer is over 80%, but for colorectal cancer, just over 50%, and for lung 

cancer, less than 10%.28 Animal models are therefore favoured, but while instructive in 

specific settings, such models cannot provide an integrated picture of the lifetime exposure 

risks for people in the setting of the repertoire of human genomic variation. 

To design a study to test our hypothesis that cancer incidence may be reduced in HHT, and 

provide data to allow realistic power calculations to be performed for future studies, we 

developed an online questionnaire. This extended the techniques we used to capture fatal 

HHT cerebral haemorrhages, and maternal deaths in pregnancy, by allowing each individual 

to provide data on multiple family relatives.14,29 This method presents a means of 

determining cancer rates at lower respondent/proband numbers than if only a single case 

per respondent was captured; inclusion of relevant questions regarding other family 

members allows identification of relatives that could have been reported on multiple 

occasions so allowing each to be captured only once. Questionnaire data are inevitably 

weakened by the self-reported nature, but comparison of subject and control groups 
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ascertained in comparable manners provides an opportunity to compare rates, even if these 

may not be formally assigned to classical incidence or prevalence rates that demand pre-

defined populations. 

Here we report a questionnaire-based study, which provides interesting suggestions that 

specific cancer types may differ between people affected with HHT and controls. 

 

Methods 

Study design 

To capture cancer-histories in an unbiased manner, relevant questions were incorporated 

into a wider ethically-approved survey. Power calculations (detailed below) indicated that to 

distinguish incidence rates of the four most common cancer subtypes would require 

unrealistic response rates, so the study was designed to capture data on multiple relatives 

per respondent. The basic study design has been reported previously.22,30 Briefly, in order to 

prevent participants altering their answers to conform to their guess of what the research 

hypothesis was, (hypothesis guessing), multiple questionnaires were incorporated into a 

single survey of questions regarding health and treatments for people with HHT and general 

population controls. As described elsewhere, the questionnaire was approved by the NRES 

Committee East Midlands-Derby 1 Research Ethics Committee; distributed by post, using 

the Imperial College London HHTIC London Clinical Service databases (2001 to present), 

during attendance at the HHT clinics, and advertised by the HHT Foundation International. 

22,30,31 

Study design allowed participants the option of pausing whilst completing the questionnaire 

and continuing at a later time point, to optimise data collection and survey completion 

rates. Generic questions included in the analyses for this study were age, gender, and HHT-

related questions which would permit independent assignment of the respondent’s HHT-

status based on the Curacao criteria, and allowed HHT-affected respondents to report which 

parent and grandparent had HHT.32  Additional questions addressed personal cancer history, 

family cancer history, and prevalence of carcinogenic risk factors including smoking habits, 

diet, and industrial exposure to chemicals. These questions were not asked for the relatives 

due to the excessive number of questions this would have entailed, and the likelihood that 

no data would have been gathered as participants would have decided to stop the 
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questionnaire. Specific relatives’ questions were therefore limited to age, gender, 

relationship, if HHT was known to be present, types of cancer present, age at first cancer, 

and if HHT affected management (if relevant) of cancer treatment (see Additional file 1 for 

exact wording). Free text options were provided allowing additional details to be reported. 

Questions specifying particular cancers targeted the 20 most prevalent cancers in the 

western world  with drop down boxes for 5 or 10 year age periods, and each of the specified 

cancers: skin (basal, squamous, melanoma, other, unsure), and non-skin cancers (brain, 

bladder, breast, cervical, colorectal, kidney, leukaemia, liver, lung, lymphoma, malignant 

melanoma, mesothelioma, mouth, myeloma, oesophagus, ovary, pancreas, prostate, 

stomach and uterus: see online Additional file 1).27,28 All questions were standardised, 

although room was left for personal comment. Study methodology implied that it was not 

possible to ascertain whether primary or secondary cancers were being reported, but the 

methodology was identical for control and HHT groupings. In view of reported uncertainty 

regarding the types of skin cancer present, it was not the intention to analyse skin cancer 

data specifically: questions were included however, to ensure these cancers were captured 

by survey questions before non-skin cancers were reported.27,28 

 

Power calculations 

Recognising the varied pathogenic mechanisms involved in cancer subgroups, the primary 

study outcome was specific cancer types, namely the four most common non skin cancers in 

the UK: breast, colon, lung and prostate. Power calculations were performed assuming each 

respondent would report raw cancer data on seven unique individuals (grandparents, 

parents, siblings, and self); an average age of 55; equal gender distributions; and used 

incidence rate standard deviations of 9.0/100,000 (the maximum for the four cancers listed 

above).27 Such calculations suggested that with 1,000 responses divided between HHT and 

non-HHT respondents, the study would have 80% power to detect a difference of 

0.76/100,000 in incidence rates for lung (or colon) cancer. Since respondents and relatives 

would include men and women, fewer individuals would be captured for detection of 

gender-specific cancers. However, the two fold higher rates in the specific sex incidence 

rates for breast and prostate cancer rendered the calculations for colorectal cancer broadly 

comparable.27 
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Data for this study were downloaded on 30.6.2012, when 1,307 individuals had responded. 

Although the survey remained open (for increasingly limited question sets addressing 

outstanding medical questions) for a further 10 months, only 118 further individuals started 

the survey in this period. 

 

Patient population 

Ascertainment of HHT status: 

All patients self-reported their HHT status, but it was critical to ensure that patients with 

HHT but unaware of their final diagnosis were not assigned control status, and conversely, 

that over-exuberant use of the HHT label was not allowed to result in inappropriate 

assignment of HHT. Therefore, questions were included to address the Curacao criteria 

which have been recently validated by a major molecular study.32,33 The criteria are 

nosebleeds, mucocutaneous telangiectasia, visceral involvement (most commonly 

gastrointestinal telangiectasia, or AVMs at specified sites), and family history. Details of the 

precise question wording are provided in the online Additional file 1. To avoid bias, the 

telangiectasia question offered a variety of potential sites for “red spots” in tick box options, 

only two of which were to be considered as HHT telangiectasia (see Additional file 1). A 

positive family history was defined by a blood relative who had been diagnosed with HHT. 

Following data download, and prior to analyses of any cancer-related questions, all HHT-

diagnostic questions were reviewed independently by two members of the HHT study team, 

to allow assignment of status as “HHT-subject,” “control”, or “unknown” based on the 

Curacao criteria, and schematic in Figure 1.32 The senior author reviewed all assignments. 

Participants assigned to the “unknown” group were excluded from further data analysis. 

 

In order to capture data on cancers with low incidence and high mortality rates, information 

on family members provided by the participants was used. Where the respondent had HHT, 

the questions on which parent and grandparent had HHT allowed deduction of which did 

not, assuming autosomal dominant inheritance as present in all reported HHT cases to date. 

Thus for HHT respondents, where it was known which side of the family HHT came from, 

HHT relatives could then be assigned as “HHT-subject,” “control”, or “unknown”: specific 

care was taken to avoid under-diagnosis of HHT that was not yet manifest, thus controls 

were only selected from the side of the family without HHT. The status of “HHT-patient” or 
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1307participants 
recruited between  
4-2012 and 6-2012 

Self-reported "control” 
Self-reported "HHT 

patient" 

no family history of 
HHT 

positive family history 
for HHT 

 

AVM with either: 
- Nosebleeds 
- telangiectasia 

 

- nosebleeds up 
to 1 per year  
 - no other 
symptoms 

 

- nosebleeds up 
to 1 per year  
- Telangiectasia 

 

 - Nosebleeds >5 
in life 
OR 
- Telangiectasia 
finger or lips 
OR 
- AVM 

 - nosebleeds as a 
child only 
  - no other 
symptoms 

 

No family history of 
HHT 

Positive family history 
for HHT 

 

None of the 
following 
- nosebleeds 
- AVM 
- Telangiectasia 

 

- nosebleeds 
- telangiectasia  
but no AVM 

Any one of the 
following 
- Nosebleeds 
- AVM 
- Telangiectasia 

AVM with either:  
- Nosebleeds  
- Telangiectasia 

Any of the 
following; 
- nosebleeds 
- AVM 
- Telangiectasia 

 

None of the 
following: 
- Nosebleeds 
- AVM 
-  Telangiectasia 

 

Control 
n=142 

 

Unknown 
n=158 

 

HHT n=1007 
 

“control” (from HHT unaffected family branches) allocated to family members was 

stringently assigned prior to analyses of any cancer-related questions. A subgroup of 

participants reported data during a period when software data collection did not record the 

age of their parents. For this subgroup, other age data (on themselves, their grandparents, 

their siblings and other deceased relatives) were complete. For these respondents, parental 

ages were estimated based on the mean age of mothers at first childbirth using published 

data for the years 1970, 1980, 1990, 2000, 2003 and 2009.34 By cross referencing the names 

of the oldest patient known in the family to have HHT, and geographical location of the 

reported relatives, we were able to avoid double-counting relatives reported by multiple 

respondents. All data assignments were concluded blinded to other demographic and 

cancer data. 

Figure 1. Stratification of diagnostic assignments. Flow chart indicating the application of the Curacao Criteria 

to Survey Respondents, stratified by whether they reported themselves as having HHT, and by the presence or 

absence of a family history. 
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Statistical methods 

Basic demographic variables were calculated using STATA IC versions 11 and 12 (Statacorp, 

Texas), and Graph Pad Prism 5 (GraphPad Inc, US). An estimate of cancer rates per 100,000 

people per year was calculated by adjusting for the specific population gender distribution 

and median age at the diagnosis of cancer. Recognising the inherent limitations of survey 

methodology, to assess if these estimates may be realistic, calculations from cancer data 

reported for controls in the current survey were compared to the 2008 age-standardised 

rates (ASRs) reported for the Developed World by Globocan.27 

To address whether there may be a difference in rates between the HHT patients and 

controls captured in comparable methods using the current methodology, two way 

comparisons between HHT and control groups were performed using Mann Whitney, 

examining only survey respondents, only relatives, and combined data from all respondents 

and relatives. Each specified cancer type was used in turn as the dependent variable in 

logistic regression. Age-adjusted odds ratios for HHT status were calculated by performing 

logistic regression simultaneously examining the effect of age and HHT status on each 

specified cancer: p values for contribution from HHT status were calculated post estimation 

using the non-parametric Wald test which makes no assumption about independence of 

variables. To estimate age-standardised rates for graphical presentations, each individual’s 

age was assigned to all of the 1–10 decades of life they had achieved, and cancers attributed 

to the decade in which they occurred. Thus almost all individuals provided more than one 

decade of life for analyses. Age adjusted rates were calculated for cancers where ages were 

specifically known, but inclusion of cancers where uncertain ages were spread equally 

across age groups did not materially alter the relationships. 

 

Results 

Survey population characteristics 

At the time of data download, 1,307 participants had completed the questionnaire. 

Evaluation of HHT diagnostic criteria, as detailed in Figure 1, resulted in assignment of 1,007 

with HHT, 158 unknowns (excluded from further analyses in this study), and 142 controls. 

As demonstrated in Table 1, there was no difference in general demographics between HHT 

and control participants. Median ages were 55ys (range 18–90, interquartile range (IQR) ,46-
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64) and 53ys (range 21–86, IQR 42–61) respectively; 65% of respondents were female 

(655/1012, [64.7%] HHT; 92/142 [64.8%] control); and there was also no difference in 

general demographics such as the international region of origin; diet as assessed crudely by 

vegetarian status/red meat intake; alcohol intake; or exposure to chemicals (Table 1). For 

smoking, similar percentages were current or former smokers (315/1007 [31%] HHT; 39/142 

[27%] controls. Most were cigarette smokers, and most had stopped smoking by the time of 

the survey (Table 1). However, the smoking habit in terms of pack years smoked per smoker 

was significantly higher for HHT respondents than controls (Table 1). Crude cancer rates for 

the two populations are presented in online Additional file 2: Table S1. 

 

Relatives and combined groupings 

The survey also captured cancer data on 4,930 grandparents and parents. 1,154 were 

reported as HHT-affected. 2,675 relatives could be confidently assigned as controls as they 

were either relatives of control respondents, or from non-HHT branches of HHT families. 

The remaining relatives (n = 1,101) could not be assigned as they were in potentially HHT-

affected branches of the families, and the diagnosis of HHT may not yet have manifest, [6-

10] or they had been potentially reported by other survey respondents. Data from these 

relatives were therefore not analysed. 

The respective median ages of survey respondents were 53ys [IQR 42–61] for controls and 

55ys [IQR 46–64] for HHT subjects. Ages of reported relatives were higher at median 77ys 

[IQR 67–82] for controls; median 72ys [IQR 62–82] for HHT-affected relatives. Combining 

data of participants and relatives resulted in a control-arm of 2,817 (52% female, median 

age 77ys [IQR 65–82]), and HHT-arm of 2,166, (58% female, median age 66ys [IQR 53–77]).
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Table 1 Demographics for HHT and control survey respondents 

 
Control HHT Total 

Mann 

Whitney 

  Total Count Mean SD Total Count Mean SD Total Count Mean SD p value 

Gender (% 

female) 
142 92 0.65 0.48 1007 654 0.65 0.48 1149 746 0.65 0.48 0.99 

North 

America/Europe 
142 124 0.87 0.33 1007 910 0.9 0.29 1149 1034 0.9 0.29 0.25 

Australia/New 

Zealand 
142 3 0.02 0.14 1007 42 0.04 0.2 1149 45 0.039 0.19 0.24 

Asia 142 1 0.01 0.08 1007 4 0.004 0.06 1149 5 0.004 0.07 0.6 

South America 142 0 0 0 1007 4 0.004 0.06 1149 4 0.004 0.06 0.45 

Africa 142 0 0 0 1007 2 0.002 0.04 1149 2 0.0017 0.04 0.59 

Current or former 

smoker 
142 39 0.27 0.45 1007 315 0.31 0.46 1149 354 0.31 0.46 0.38 

Current smoker 142 8 0.06 0.23 1007 67 0.07 0.25 1149 75 0.065 0.25 0.66 

Former smoker 142 31 0.22 0.42 1007 248 0.25 0.43 1149 279 0.24 0.43 0.49 

Passive smoker 142 1 0.01 0.08 1007 22 0.02 0.15 1149 22 0.019 0.14 0.24 

Cigarettes 142 38 0.27 0.44 1007 308 0.31 0.46 1149 346 0.3 0.46 0.37 

Number per week 38 38 0.31 0.23 308 308 0.34 0.33 346 346 38.1 21.4 0.4 
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Years smoked 38 38 15.8 13.5 308 308 17.3 11.5 346 346 17.1 13.4 0.37 

Pack years per 

smoker 
38 38 25.4 35.8 308 308 35.4 40 346 346 34 38.7 0.01 

Cigars 142 3 0.02 0.14 1007 22 0.022 0.15 1149 25 0.022 0.15 0.96 

Pipes 142 3 0.02 0.14 1007 18 0.018 0.13 1149 21 0.019 0.13 0.99 

Other 142 1 0.01 0.84 1007 14 0.014 0.12 1149 15 0.013 0.11 0.5 

Non vegetarian 130 123 0.95 0.23 969 929 0.96 0.2 1094 1047 0.96 0.21 0.51 

Red meat 3x per 

week 
130 75 0.58 0.5 950 542 0.57 0.5 1075 614 0.57 0.5 0.89 

Industrial 

exposures 
130 121 0.93 0.25 964 885 0.92 0.27 1090 1002 0.92 0.27 0.62 

Alcohol 130 53 0.41 0.49 969 342 0.35 0.48 1099 395 0.36 0.48 0.22 

Alcohol units per 

day 
130 84 0.65 0.95 970 518 0.53 0.87 1095 602 0.55 0.88 0.17 

Total: number of respondents reporting presences, absence or distribution of variable. Count: number of respondents with specified variable- demographics; originating in 

stated region; or describing stated intakes/use/exposures. SD, standard deviation. 
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Validation of survey methodology using control data 

To validate the study methodology, the incidence of different cancers per 100,000 patients 

per year estimated cancer rate (per 100,000 patients per year) was calculated for the 

control group, and compared to ASRs for the Developed World from Globocan, recognising 

that Globocan ASRs were for primary cancers at the designated sites, whereas study 

methodology would include reports of metastatic cancers.27 For the 18 most common non-

skin cancers, Table 2 presents the crude data; adjustments for a population of average age 

77ys, 52% female; and the ratios of the observed ASR/expected ASR. These ratios ranged 

from 0.43 to 2.3 (median 1.23). For the 15 “predominantly primary” cancers, the average 

ratio approximated to 1.0, compatible with robust study methodology. We concluded that 

while the data in the survey were not from a geographical or numerically-defined 

population, and while there were inevitably concerns about self-reported data, 

nevertheless, the survey data for controls were reflective of the cancer rates in the general 

population. 

Of the 18 cancer types, three were at common sites of metastatic spread, namely lung, liver 

and brain. The ratio of ASRs for these cancer types (range 1.5-2.3, median 1.9) was 

significantly higher than for the other 15 cancer types (range 0.43-1.52, median 1.09, p = 

0.013). Figure 2 illustrates the ASR ratios for the two subgroupings, plotted against the 

frequency of the particular cancer type. Since for the three “primary plus metastatic” sites, 

the cancers were reported more commonly than expected by primary ASRs, we concluded 

that the data were compatible with respondents reporting both primary and metastatic 

cancers for lung, liver and brain. 
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 Control survey population Globocan ASR ^ Ratio 

 Cases Cases per 

100,000 

ASR per 

100,000^ 

ASR 

(men) 

ASR 

(women) 

ASR if 52% 

female 

Survey ASR/ 

Globocan ASR 

Bladder 9 319 4.1 16.3 3.6 9.7 0.43 

Brain 21 745 9.7 5.8 4.4 5.1 1.91 

Breast 91 3230 42.0 0.0 66.4 34.5 1.22 

Cervical 14 497 6.5 0.0 9.1 4.7 1.36 

Colorectal 56 1988 25.8 37.7 24.3 30.7 0.84 

Kidney 11 390 5.1 11.9 5.9 8.8 0.58 

Leukaemia 17 603 7.8 9.1 5.9 7.4 1.05 

Liver 27 958 12.4 8.2 2.7 5.3 2.33 

Lung 106 3763 48.9 47.1 18.8 32.4 1.51 

Lymphoma 19 674 8.8 12.5 9.0 10.7 0.82 

Mouth 5 177 2.3 6.8 2.3 4.5 0.52 

Myeloma 8 284 3.7 3.3 2.2 2.7 1.35 

Oesophagus 9 319 4.1 6.5 1.3 3.8 1.09 

Ovary 13 461 6.0 0.0 9.3 4.8 1.24 

Pancreas 21 745 9.7 8.3 5.5 6.8 1.41 

Prostate 56 1988 25.8 61.7 0.0 29.6 0.87 

Stomach 39 1384 18.0 16.7 7.3 11.8 1.52 

Uterus 20 710 9.2 0.0 13.0 6.8 1.36 

Table 2. Calculation and comparison of age standardised rates (ASRs) for cancers in the control arm, compared 

to reported general population data. General population ASRs were Globocan ASRs for “More Developed 

Regions”, 2008.
27

 The study data represent cancer cases in 2817 control participants or relatives, with an 

average age of 77 ys, and 52% female. ^ Calculated assuming median age of 77 ys. 
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Figure 2 Validation data of cancer rates in controls. Comparison of age-standardized rates (ASRs) for survey 

control arm and Globocan ASRs for “More Developed Regions”, 2008. The study data represent cancer cases in 

2,817 control participants or relatives, with an average age of 77 ys, and 52% female, and plots the 

observed/expected ratios presented in Table 2, against the overall frequency of the specified cancer, since 

variance would be expected to be greater for less common cancers. Data are stratified by whether the cancers 

are predominantly primary only (navy symbols, black solid line with 95% confidence intervals); or primary and 

secondary sites (red symbols and red dotted line). This analysis and figure is courtesy of CLS. 

 

Comparison of cancer rates in HHT patients and controls 

Calculated cancer rates were then compared between the survey HHT and control groups. 

In crude analyses, fewer cancers were reported for HHT (398/2161, 18.4%) than controls 

(668/2817, 23.7%, p = 0.0012). As noted in Figure 3 and Table 3, in these crude figures, 

there appeared to be a lower frequency of solid tumours, and specifically of lung cancers in 

the HHT arm compared to controls. Recognising that primary and secondary lung and liver 

cancers carry high mortality, and that the HHT population comprised a greater proportion of 

respondents (introducing a bias as they needed to survive to the point of survey 

completion), cancer rates were examined in the “relatives only” subgroup, representing 

1,154 HHT-affected relatives and 2,675 control relatives.28 This revealed higher rates of 
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these life-limiting cancers than in the younger survey respondents, but again, the crude 

rates of lung and liver cancer were lower in the HHT group than in controls: Crude liver 

cancer rates for the relatives-only group (27 cases in controls, 10 in HHT) were 1,009 and 

866 per 100,000. Crude lung cancer rates for the relatives-only group (101 cases in controls, 

33 in HHT) were 3,775 and 2,860 per 100,000. 

Figure 3. Reported numbers for haematological and solid cancers. Data are illustrated for the most common 

four cancers and haematological cancers, in 2,166 HHT patients and 2,817 controls (Error bars indicate 95% 

confidence intervals). 
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 Controls (n = 2817)† HHT (n =2161) ‡  

 Cancer 

cases 

Cases per 

100,000 

SEM Cancer  

cases 

Cases per 

100,000 

SEM p value 

Bladder 9 320 106 12 5090 153 0.3 

Brain 21 746 162 11 463 146 0.21 

Breast 91 3230 333 80 3702 406 0.38 

Cervical 14 497 133 11 463 146 0.86 

Colorectal 56 1988 263 37 1712 279 0.47 

Kidney 11 391 118 11 463 146 0.7 

Leukaemia 17 604 146 7 324 122 0.16 

Liver 27 959 184 11 463 146 0.042 

Lung 106 3763 359 38 1758 283 <0.0001 

Lymphoma 19 675 154 16 740 185 0.79 

Melanoma 67 2378 287 45 2082 307 0.48 

Mesothelioma 1 36 36 0 0 0 0.38 

Mouth 5 178 79 7 324 122 0.3 

Myeloma 8 284 100 4 185 93 0.48 

Oesophagus 9 320 106 4 185 93 0.35 

Ovary 13 462 128 13 602 166 0.5 

Pancreas 21 746 162 9 417 139 0.14 

Prostate 56 1988 263 33 1527 264 0.22 

Stomach 39 1384 220 14 648 173 0.012 

Uterus 20 710 158 10 463 146 0.26 

All cancers° 668 23713 800 398 22351 834 0.0012 

Table 3. Crude incidence of the 20 most common non skin cancers in both study arms. † The control arm 

represented 142 survey respondents and 2,675 reported relatives. ‡ The HHT arm represented 1,007 survey 

respondents and 1,154 reported relatives. Note that for stomach and pancreatic cancer, the higher than 

expected control values (Table 2) suggest that these primary cancers may not have been appropriately 

assigned by respondents and relatives. °All cancers includes less common cancers. P value calculated by Mann 

Whitney. 
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Age-adjusted cancer rates 

The individuals provided 36,887 separate decades of life for analyses: 15,053 in the HHT arm 

and 21,834 decades in the control arm. As expected, cancer rates were strongly age-related 

(p < 0.0001, all cancers). Age adjusted incidence rates were calculated for all cancers 

combined, and for the most common cancers. These data indicated that after age-

adjustment, there was no significant difference in the overall rates of all cancers between 

HHT and controls (Table 4), but this masked different patterns amongst the four most 

common cancers: Following age-adjustment, there was no difference in prostate or 

colorectal cancer rates, but breast cancer was reported more frequently for HHT patients 

(age-adjusted OR 1.52 (1.07, 2.14), p = 0.018), and lung cancer significantly less frequently 

for HHT patients (age-adjusted OR 0.48 [0.30, 0.77], p = 0.0023). 

 

 

 Crude odds ratio (95% CI) p value Age adjusted odds ratio (95% CI) p value 

All cancers 0.83 (0.72, 0.96) 0.012 1.04 ( 0.90, 1.21) 0.53 

Prostate 1.11 (0.71, 1.76) 0.64 1.37 (0.87, 2.19) 0.18 

Colorectal 1.04 (0.65, 1.65) 0.89 1.30 (0.81, 2.08) 0.28 

Breast 1.18 (0.84, 1.65) 0.35 1.52 (1.07, 2.14) 0.018 

Lung 0.38 (0.24, 0.60) <0.0001 0.48 (0.30, 0.77) 0.0023 

Table 4. Age adjusted odds ratios for the four most common cancers. Logistic regression was performed in all 

HHT patients and controls for all cancers, colorectal and lung cancers, in males only for prostate cancer, and in 

females only for breast cancer. The age adjusted p values for contribution of HHT status were calculated post 

estimation using Wald test. 

 

The study had not been powered to detect differences in rates of liver cancer, but pooling 

with reported stomach cancer was considered logical, given stomach cancer was the most 

generic term available for abdominal cancer in these family reports, and was over-

represented in the control group compared to Globocan.28 Pooled data suggested HHT 

patients had fewer liver and stomach-designated abdominal cancers than controls (age-

adjusted odd ratio 0.51 (0.25, 1.02), p = 0.059) (Table 5). 
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 Crude OR(95% CI) p value Age adjusted OR (95% CI) p value 

Liver 0.46 (0.18, 1.14) 0.095 0.59 (0.23, 1.49) 0.26 

Stomach 0.43 (0.20, 0.95) 0.036 0.53 (0.24, 1.17) 0.12 

Liver or stomach 0.51 (0.25, 1.03) 0.059 0.51 (0.25, 1.02) 0.059 

Table 5. Age adjusted odds ratios for specified abdominal cancers. Logistic regression was performed in all HHT 

patients and controls. The age adjusted p values for contribution of HHT status were calculated post 

estimation using Wald test. 

 

Figure 4. Age-specific prostate cancer rates. Quadratic regression plots for male-only HHT patients and 

controls. Shaded areas indicate 95% confidence intervals. 

 

Patterns of age-related changes 

To examine whether there were trends for differences between the HHT and control groups 

at specific periods of their lives, quadratic regression was used to present age-related 

changes graphically. As shown in Figure 4, for prostate cancer, there was an exponential rise 

in cancer with age in both controls and HHT patients. The best-fit quadratic regression line 

for HHT patients fitted within the 95% confidence intervals for the best-fit line in the control 
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population. These graphs represent the pattern that would be expected if there were no 

differences in prostate cancer rates in any age group, between HHT patients and controls. 

 

Figure 5. Age-specific lung cancer rates. Quadratic regression plots for all HHT patients and controls. Shaded 

areas indicate 95% confidence intervals. Note primary and secondary lung cancers are not distinguished. 

 

For lung cancer, the control arm again demonstrated an exponential rise with age (Figure 5). 

In contrast, the best-fit line for lung cancer events in the HHT-arm was more linear, and less 

steep than the comparable curve for the controls. The 95% confidence intervals for the 

best-fit curves diverged after the 5th decade of life. These graphs represent the pattern that 

would be expected if lung cancer (primary or secondary) was less common in older HHT 

patients compared to equivalently aged members of the general population. 

 

A similar trend was observed for liver cancer (Figure 6), although the study had not been 

powered to detect a difference in this less common cancer type. With the wider confidence 

limits, the 95% confidence intervals for the best-fit curves did not quite diverge. Again, 

these graphs represent the pattern that would be expected if liver cancer (primary or 
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secondary) was less common in older HHT patients compared to equivalently aged 

members of the general population. 

 

Figure 6. Age-specific liver cancer rates. Quadratic regression plots for all HHT patients and controls. Shaded 

areas indicate 95% confidence intervals. Note primary and secondary liver cancers are not distinguished. 

 

For breast cancer, a different pattern was observed. For both controls and HHT patients 

there was a more linear increase in breast cancer cases with age (Figure 7). The curves 

diverged after 50 years of age but in this case, it was the HHT population who showed a 

greater increase of cancers with age. These graphs represent the pattern that would be 

expected if breast cancer was more common in older HHT patients compared to 

equivalently aged members of the general population. 
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Figure 7. Age-specific breast cancer rates. Quadratic regression plots for female-only HHT patients and 

controls. Shaded areas indicate 95% confidence intervals. 

 

It had been expected that rates of colorectal cancer would be higher in HHT because of the 

population subgroup with SMAD4 mutations and juvenile polyposis. Crude and age-adjusted 

analyses had not revealed an overall difference in colorectal cancer rates between the 

control and HHT groups, but quadratic regression suggested a bimodal pattern (Figure 8). At 

younger ages, colorectal cancers were more common in HHT patients, but the rate of rise 

with age was less steep than for controls, and at older ages, the trend was for fewer cancers 

in HHT patients. 
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Figure 8. Age-specific colorectal cancer rates. Quadratic regression plots for all HHT patients and controls. 

Shaded areas indicate 95% confidence intervals. 

 

Discussion 

In this study, using a new tool to capture rates of uncommon conditions within a rare 

disease population, we demonstrated apparent differences in incidence of particular 

subtypes of cancer in HHT patients compared to controls. Lung and liver/abdominal cancers 

appeared to be less prevalent, and breast cancer rates higher in HHT patients. Overall, given 

the poorer survival from lung and liver cancer compared to breast cancer, the data could 

account for the surprisingly good life expectancy in older HHT patients. 

The strengths of this study included the use of new methodology, designed as a family-

based questionnaire powered to detect differences in rates of the four most common non-

skin cancers between HHT patients and controls. The specific questionnaire was 

strengthened by the design, accessibility of the questions, standardized and objective 

inclusion criteria applied after data capture, and acquisition of data from a large number of 

subjects for a rare disease population. Design of the survey prevented “hypothesis guessing” 
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by participants by using questions on other common health issues that concealed the 

purpose of each section of the survey. Due to the familial nature of the condition, 

participants exhibited willingness to report detailed data on themselves and relatives, 

despite being unclear exactly why the questions were being asked. The large control group 

permitted validation of methodologies by comparing ASRs for specific cancers in the 

captured controls, to those reported for equivalent geographical populations. 

Clearly there are limitations with this type of approach which relies on retrospective 

recollections with potential bias and honesty of data reporting. In addition, it may be limited 

by uncertainty on precise details of the HHT diagnosis. This was addressed by not merely 

using self-reported status, but also using a rigorous algorithm that meant that 12% of 

completed datasets were not assignable either to HHT or control status. While we cannot 

exclude that some individuals reporting they had AVMs at particular sites, or particular AVM 

treatments, were wrong, these were never used in isolation for the diagnosis of HHT (Figure 

1). Absence of a molecular diagnosis in the majority of cases may be considered a limitation 

by scientists, but as clinicians recognize, only a proportion of HHT families can receive a 

molecular diagnostic confirmation. Conversely, given the current debate regarding the 

disease-causing status of many missense HHT mutations, incomplete descriptions of a 

change in one of the HHT genes were considerably more likely to be misreported than a 

clinical phenotype that was familiar to the patient.35,36 The study was conducted on a 

predominantly western, English-speaking population aged between 18 and 90 years of age, 

though cross references were made to general population cancer data from equivalent 

countries. Detailed smoking and epidemiological habits of relatives were not available, 

although with the exception of smoking, the control and HHT respondent groups were 

similar in virtually all demographics analysed. We were particularly concerned with the 

potential bias of survival to study participation, because lung and liver cancers carry high 

mortality.28 Had the reduced number of lung and liver cancers observed in HHT purely been 

due to survival bias (as participants needed to survive to the point of survey completion), 

more lung/liver cases should have been found in the HHT “relatives only” subgroup. Since 

lower rates of lung and liver cancer were reported for HHT relatives than control relatives, 

we concluded that even allowing for potential survival bias, the data suggested a genuine 

reduction in these cancers in HHT patients. 
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From laboratory and animal studies, there are opposing datasets suggesting HHT patients 

may be at higher or lower risk of cancer and metastases, reflecting the complexity of 

multistep cancer pathogenesis, and the importance of attempting to obtain data from 

patients, despite the methodological limitations compared to laboratory analyses. The 

majority of HHT patients have endoglin or ALK1 mutations, and are haploinsufficient, 

expressing approximately half normal endoglin or ALK1 in activated monocytes, human 

umbilical vein endothelial cells, and blood outgrowth endothelial cells.35-43 Over-expression 

of both endoglin and ALK-1 is seen during tumour development and endothelial cell 

proliferation where new vessels are formed to support tumour growth.44-53 Consequences 

of acute changes in endoglin and ALK1 expression are yet to be fully determined but include 

modulation of oncogenic genes such H-Ras; DNA repair enzymes, apoptosis, and resistance 

to chemotherapy.45-47 For metastases, while there are data that acute use of anti-endoglin  

or anti-ALK1 antibodies attenuate endothelial sprouting and other early angiogenic 

processes, recent data suggest that long term deficiency may render endoglin deficient mice 

at enhanced risk of tumour metastatic spread, and that endoglin overexpression may be 

protective.47-50 Conversely, there are data that cancer growth is reduced in endoglin +/− 

mice.51,52 Importantly, both endoglin and ALK1 are emerging as successful targets for cancer 

therapies in the general population: The use of a soluble chimeric protein (ALK1-Fc), an 

inhibitor of ALK-1, has been shown to result in significant tumour-suppression both in vitro 

and in vivo.53 Furthermore, Phase 1 and Phase 2 human trials have been performed with 

anti-endoglin antibodies with encouraging results.54,55 

Our hypothesis based on clinical observations and the surprisingly good life expectancy 

data, was that cancer rates would be lower in HHT patients: This interpretation would be in-

keeping with the data from the human trials.53-55 The current study was powered to detect 

differences in lung cancer rates, and these emerged as significantly lower in HHT patients 

than controls ascertained using the same methodology. We cannot rule out a chance over-

reporting of lung cancers only for the control arm, or that HHT patients who would have 

gone on to develop either primary lung cancer or lung metastases had already died from 

HHT or other causes, although in the latter case, as for lung cancer specific mortality above, 

we would have expected to see a higher rate in the relatives arm, but did not. The risk of 

primary lung cancer is strongly smoking associated, but it is difficult to attribute the lower 

rates of lung cancer to reduced smoking, as the data suggest smoking rates were if anything, 
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higher in HHT patients compared to controls. Data from our ongoing 2013 HHT Survey 

provide a plausible reason: of the first 137 smokers, two (1.5%) stated smoking seemed to 

start a nosebleed, but 13 (9.5%) stated smoking seemed to stop a nosebleed (Mann 

Whitney p = 0.0062).56 We emphasize that the hazards of smoking mean smoking should not 

be viewed as a “therapeutic” option for HHT nosebleeds- smoking cessation is strongly 

recommended for HHT patients, as for the general population. 

While the current study was underpowered to address liver and other abdominal cancer 

rates, these too appeared to be reduced. We therefore think it may be relevant that 

comparisons to age-standardized rates in the general population suggest a significant 

proportion of reported lung, liver and brain cancers were likely to be metastases from 

primary cancers elsewhere (Table 2, Figure 2). For lung cancer, we suggest it is possible that 

overall, HHT patients have natural protection against tumour development in terms of 

tumour initiation, growth, and/or metastases. Irrespective of the mechanism(s), given the 

dismal survival rates once lung cancer is present, reduced rates of lung cancer could account 

for the life expectancy paradox evident in the HHT population.28 

In view of case reports and evidence that colorectal cancer risks are higher for patients with 

SMAD4 mutations, we were surprised that the risk of colorectal cancer did not emerge more 

strongly for participants and/or relatives with HHT. The age-related changes would support 

an interpretation allowing for an enhanced risk in early life (most likely consequent on 

SMAD4 and polyposis predispositions), but possible protection from other forms of 

colorectal cancer later in life. 

Breast cancer was also expected to be higher in HHT patients: As for any discipline in which 

screening and treatment modalities include exposure to ionizing radiation, there are 

discussions about the degree to which health benefits may be offset by an increase in 

cancer rates.57-61 In HHT, this is particularly true for brain, lung and breast tissues which lie 

within the radiation exposure fields for CT scans and angiography, essential to treat HHT 

cerebral and pulmonary AVMs respectively. Furthermore, endoglin, the protein mutated in 

HHT type 1, has been shown to suppress invasion and metastasis of breast cancer, with 

lower endoglin expression in the tumour compartment correlating with poorer clinical 

outcome.54 Since HHT patients with endoglin mutations express approximately half normal 

endoglin, there would therefore be even more reason to predict that breast cancer rates 

should be higher in HHT patients.37-43 However, only a modest increase was observed (age-
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adjusted OR 1.52 (1.07, 2.14), p = 0.018). Whether this increase would be lessened by 

reduced radiation exposure is testable, but it is important to recognize that the lifetime risks 

of breast cancer (<1%) are substantially lower than the risks of strokes, brain abscess, and 

other complications, which are prevented by PAVM embolization. 

Due to the divergent patterns particularly for lung and breast cancer, there were no evident 

trends comparing all solid cancers (Figure 9). This provides a cautionary note regarding 

pooling different disease states when faced with the demanding logistical or statistical 

requirements for studying comorbidities in patients with rare diseases. This could have been 

done in this study, for example powering the study to detect a difference in “all cancers”, 

“all solid cancers”, or “all haematological cancers”. There were also no differences in the 

rates of pooled haematological cancers between HHT patients and controls (Figure 10). 

Instead of speculating on potential reasons, we prefer to emphasize that the study was 

underpowered to detect differences even when pooled, and that, as for solid cancers, 

pooling may have masked important differences between individual cancer types. 

 

Figure 9. Age-specific rates of all solid, non-skin cancers. Quadratic regression plots for all HHT patients and 

controls. Data include brain, bladder, breast, cervical, colorectal, kidney, liver, lung, pancreas, prostate, 

stomach uterus, mouth and oesophageal cancers. Shaded areas indicate 95% confidence intervals. 
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Figure 10. Age-specific rates of haematological cancers. Quadratic regression plots for all HHT patients and 

controls. Data include leukaemia, lymphomas and myeloma. Shaded areas indicate 95% confidence intervals. 

 

Concluding remarks 

Overall, for rare diseases in which longitudinal studies would take decades to recruit 

equivalent datasets prospectively, we suggest that this type of methodology is a good first-

step method for data collection. Rapid high profile advertising in the specific populations 

(particularly via well-established patient support groups with links through email, Facebook 

and twitter to hundreds or thousands of affected/interested potential participants) renders 

prolonged data capture periods unnecessary. Such a tool provides the opportunity to 

address comorbidity risk reductions in rare disease populations, instead of risk increases 

which are easier to address statistically. Providing patients with rapid feedback from their 

participation in a somewhat arduous questionnaire is likely to increase their willingness to 

participate in further studies. This is important for rare disease populations where future 

research studies are likely to target the same patient groups. Additionally, if multiple 

research questions are addressed in the same survey, this reduces reporter bias, offers 
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opportunities for almost immediate delivery of results that matter to patients, yet could 

potentially be used to capture data of more interest to researchers than the participants 

themselves.7,22,30 

For the HHT community, these study results are reassuring on multiple levels, and 

particularly in terms of absolute breast, brain and colorectal cancer rates given the 

inevitable speculation regarding potential risks based on available laboratory evidence. We 

suggest that the findings are also important to the scientific community, as they suggest 

that HHT patients may be protected from common cancers. Further studies are 

recommended to assess if factors that may be protecting the HHT population could also be 

harnessed for the benefit of the general population. 
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Abstract 

Hereditary hemorrhagic telangiectasia (HHT) is an autosomal dominant inherited disease 

characterized by multi-systemic vascular dysplasia. Heritable pulmonary arterial 

hypertension (HPAH) is a rare but severe complication of HHT. Both diseases can be the 

result of genetic mutations in ACVLR1 and ENG encoding for proteins involved in the 

transforming growth factor-beta (TGF-β) superfamily, a signaling pathway which is essential 

for angiogenesis. Changes within this pathway can lead to both the proliferative 

vasculopathy of HPAH and arteriovenous malformations seen in HHT. Clinical signs of the 

disease combination may not be specific but early diagnosis is important for appropriate 

treatment. This review describes the molecular mechanism and management of HPAH and 

HHT.  
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Pulmonary arterial hypertension  

Pulmonary arterial hypertension (PAH) is a rare (25/million cases), but severe vascular 

disorder with increased mean pulmonary arterial pressures (mPAP) as a result of vascular 

remodeling.1 Proliferation of endothelial cells and vascular smooth muscle cells reduce the 

intraluminal space of the pulmonary arterioles thereby increasing the arterial pressure, 

eventually leading to right ventricular failure.  

PAH is defined by an increased mPAP (of ≥ 25 mmHg at rest), pulmonary capillary wedge 

pressure ≤15 mmHg and pulmonary vascular resistance of > 3 Wood units, for all of which 

the gold standard of measurement is a right heart catheterization (RHC), although right 

ventricular pressure measurement on an echocardiogram can also give an estimation of the 

severity of the disease.1  

Clinical features are the result of  decrease in cardiac output due to right heart failure and 

include progressive dyspnea, decreased exercise tolerance and fatigue.  

PAH is associated with several conditions and factors including specific drugs (anorexigens), 

congenital left-to-right shunt, connective tissue disease, human immunodeficiency virus and  

several genetic mutations which are known as heritable PAH (HPAH). Idiopathic PAH is a 

diagnosis per exclusionem when no underlying cause is found. Mutations in the bone 

morphogenetic protein receptor (BMPR2) are most frequently described in HPAH, however 

other associated genetic mutations include ACVLR1, ENG and BMP9 which are also 

associated with hereditary hemorrhagic telangiectasia (HHT).2,3 These genes encode for 

proteins that play a role in the transforming growth factor-beta (TGF-β) superfamily 

signaling pathway. 

 

Hereditary Haemorrhagic Telangiectasia  

HHT, also known as Rendu-Osler-Weber disease (ROW), is an autosomal dominant inherited 

disease with multi-systemic vascular dysplasia characterized by mucocutaneous 

telangiectasia, arteriovenous malformations (AVMs) and recurrent spontaneous epistaxis.4 

The estimated worldwide prevalence is at least 1 in 5000 individuals. The majority of cases is 

caused by mutations in the ENG or ACVRL1 gene, causing a haploinsufficiency with reduced 

levels of functional proteins of Endoglin and Activin receptor like kinase 1 (ALK1), 

respectively. These mutations can be found in up to 95.7% of HHT patients.5 ENG mutations 
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cause HHT type 1 which is characterized by a higher prevalence of pulmonary and cerebral 

AVMs, mucocutaneous telangiectasia and epistaxis compared to ACVRL1 mutations, or HHT 

type 2. The second has a higher prevalence of hepatic AVMs. 

Patients with HHT, especially women with an ENG mutation, who have not been screened 

and treated pre-emptively have a slightly lower life expectancy than family members 

without HHT and severe epistaxis can result in a decreased quality of life.6 Complications 

from pulmonary AVMs mainly include hypoxemia and paradoxical (sterile or septic) emboli, 

although many patients remain asymptomatic. Hepatic shunting can lead to portal 

hypertension, biliary necrosis and high output cardiac failure due at least two-to three fold 

elevation of cardiac output.7,8 Complications of cerebral AVMs are rare (approximately 0.5% 

per year) but its consequence can be devastating.9   

Clinical signs are not only variable in subtype but also variable in severity between family 

members with identical mutations.10 Etiological factors and genetic modifiers are thought to 

explain this clinical variability.11,12 

 

Molecular Mechanism 

The TGF-β superfamily signaling pathway has been recognized to play an important role in 

different cellular processes including proliferation, migration and apoptosis.13 The TGF-β is a 

complex pathway which plays a pivotal role in the process of angiogenesis using two distinct 

signaling pathways; the activin receptor-like kinase 5 (ALK5)–Smad2/3 pathway and the 

ALK1–Smad1/5/8 pathway (figure 1).14,15 Although much research has been done on the 

effects of ALK1, its role in angiogenesis has been shown inconsistent.16-18 When vessels are 

formed endothelial cells (EC) migrate and proliferate. Once the capillary wall is formed, 

pericytes help stabilize the vessel and inhibit EC proliferation and migration. This leads to 

vascular maturation, a process in which ALK5 plays an important role. ENG is upregulated by 

ALK1 and is an accessory receptor in the TGF-β signaling pathway which is particularly 

expressed on proliferating EC.19 It has been found that ENG counterbalances the stabilizing 

role of ALK5.20 Mutations in ENG and ACVRL1 genes disrupt TGF-β signaling, altering 

endothelial cell tubulogenesis and pericyte recruitment causing abnormal capillary 

formation and maturation leading to venous enlargement, vascular hyperbranching and 
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arteriovenous malformations explaining the abnormal morphogenesis of vasculature in 

HHT.14,21 

These endothelial cells also regulate vascular function by controlling the production of 

vasoconstrictors, vasodilators and the activation and inhibition of smooth muscle cells 

(SMC). Disruption of the SMAD1/5/8 pathway and BMP signaling, as a consequence of a 

BMPR2 or ACVRL1 mutation, results in inhibition of apoptosis of smooth muscle cells leading 

to SMC proliferation and vascular remodeling, ultimately causing PAH.22-24 Interestingly, 

both these diseases originate in defects in the BMP9/ALK1/Endoglin pathway (figure 1). 

BMPR2 forms a signaling complex with ALK1 which responds to BMP9 by binding with high 

affinity to ALK1 and Endoglin.2,25 A case report has shown that a mutation in BMP9 can lead 

to a syndrome with phenotypic similarities with HHT.26 Recently, BMP9 has been used in 

animal studies to treat PAH by stimulating BMPR-2 signaling. So hypothetically it might be 

possible that BMP9 treatment has a therapeutic effect on HHT.27,28 

 

 

Figure 1. Schematic diagram illustrating the TGF-B pathway and the genes and proteins involved in PAH and 

HHT. Illustrated are two pathways of ALK5/SMAD2-3 and ALK1/SMAD1-5. 
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PAH and HHT 

Heritable PAH is a rare but severe complication of HHT. ACVRL1 mutations have been 

recognized to lead to this combined syndrome for several years. Thirty-nine patients with 

PAH and ACVRL1 mutations have been described in literature.29-39 Many different ACVRL1 

mutations have been described in HPAH patients, but there seems to be a predominance of 

mutations in exon 10 (http://www/hhtmutation.org).34 Knowledge of PAH in the field of 

HHT is especially important since this combination usually leads to a worse outcome than 

PAH alone.34 Twenty-two of the patients described in these case reports were diagnosed 

under the age of 18 (56%). Compared to BMPR2 mutation carriers and non-carriers 

(idiopathic PAH), ACVRL1 mutation carriers are diagnosed at a younger age and have a 

worse prognosis despite similar therapy and better hemodynamics at time of diagnosis.34 

This suggest that the disease progresses more rapidly with severe consequences. Even 

though it is rare for HHT to be complicated by PAH, physicians should be aware of the 

combination and perform an echocardiogram when clinical signs indicate so, especially in 

patients with ACVRL1 mutations.  

Conversely, clinical signs of HHT in patients with HPAH based on ACVRL1 mutations might 

not always be apparent initially.   

Ten patients with HPAH and HHT resulting of ENG mutations have been described in 

literature but this association is still disputed.32,39-42 No data exist about the prognosis of 

patients with PAH and ENG mutations. 

Although more patients with HHT and pulmonary hypertension (PH) have been described in 

various reports, this often involves PH due to left sided heart disease or high output PH due 

to a left to right shunt in the presence of arteriovenous malformations in the liver.35,43,44 

Furthermore, both PAH and HHT show an impaired inflammatory response and 

inflammation often leads to disease progression.45,46 This information may  be interesting 

for future therapy, although this is yet to be explored. Furthermore, in both diseases a 

difference is seen in men and women. Epidemiologic data shows a female predominance in 

many types of PAH and life-expectancy of females with HHT caused by an ENG mutation 

seems to be impacted greatly.6,47 Although it is thought female hormones play an important 

role in both diseases, the exact mechanisms are not yet fully understood.48-50  
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Management of HPAH in HHT  

Although literature is limited, treatment with the typical therapies used for HPAH is 

recommended. This  includes a combination of different PAH specific medication 

(endothelin receptor antagonists (ERA), phosphodiesterase inhibitors (PD5I), prostacyclins 

and soluble guanylate cyclase stimulators) and supporting therapy (e.g. diuretics and 

oxygen) [1]. Two case reports describe successful treatment with the ERA bosentan in PAH 

and HHT, which improves exercise capacity, laboratory findings and hemodynamic 

parameters.51,52 Recently the first case of a patient successfully treated with sildenafil (PD5I) 

was documented.53  

Although vasoreactivity testing is recommended in all patients with HPAH, there was no 

reaction on pulmonary vasodilators in a study with 23 ACVRL1 patients. Treatment with 

calcium channel blockers seems therefore not indicated.1,34 

It is important to realize that embolization of pulmonary AVMs could potentially increase 

the pulmonary arterial pressure, although to which extent this might contribute to the 

progression of PAH is not yet known.54-57 Furthermore, the risk of sudden rupture of 

pulmonary AVMs may be increased in PAH patients.58  

 

Pulmonary Hypertension as complication of HHT  

This review discusses the role of PAH and HHT particularly, but it is important to note that 

other types of PH, associated with HHT, can occur by several different mechanisms. Most 

often, post capillary PH develops as a final result of the hyperkinetic state associated with 

liver AVMs. Especially in HHT, anemia due to epistaxis and gastro-intestinal bleeding may 

trigger this cascade due to increased cardiac output. Pre-capillary PH may be the result of 

chronic thromboembolic PH (CTEPH) since HHT patients may encounter an increased 

thrombotic risk.59  

 

Conclusion 

The combination of PAH and HHT is rare but may have severe consequences. Both diseases 

can be the result of genetic affecting the TGF-β signaling pathway, essential for 

angiogenesis. Clinical signs may not specific but early diagnosis is important for appropriate 
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treatment. Therefore awareness of this disease combination is important for all clinicians 

working with HHT or PAH patients.      
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Abstract 

Background: Hereditary Hemorrhagic Telangiectasia (HHT) is an autosomal dominant 

disease with multi-systemic vascular dysplasia. Early diagnosis through screening is 

important to prevent serious complications. How best to screen children of affected parents 

for pulmonary arteriovenous malformations (PAVMs) is often subject to debate. 

Transthoracic contrast echocardiogram (TTCE) is considered optimal in screening for PAVMs 

in adults. Guidelines for the screening of children are not specific, reflecting the lack of 

scientific evidence on the best method to use. 

Objective: Aims of this study are (i) to evaluate our current screening method, consisting of 

history, physical examination, pulse oximetry and chest radiography and (ii) to assess 

whether postponing more invasive screening for PAVMs until adulthood is safe.  

Methods: This is a prospective observational cohort study using a patient database. 

Results: Over a period of 18 years (mean follow-up 9.21 years, SD 4.72 years), 436 children 

from HHT families were screened consecutively. 175/436 (40%) children had a diagnosis of 

HHT. PAVMs were detected in 39/175 (22%) children, 33/39 requiring treatment by 

embolotherapy. None of the screened children suffered any PAVM-associated complications 

with this screening method. 

Conclusion This study shows that a conservative screening method during childhood is 

sufficient to detect large PAVMs and protect children with HHT for PAVM-related 

complications. Postponing TTCE until adulthood to detect any smaller PAVMs does not 

appear to be associated with major risk. 
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Introduction 

Hereditary Hemorrhagic Telangiectasia (HHT), also known as Rendu-Osler-Weber syndrome, 

is an autosomal dominant inherited disease affecting approximately 1:5000 people.1-3  

Most cases of HHT result from a pathogenic DNA sequence variant in the ENG, ACVLR1 or 

SMAD4 gene leading to multi-systemic vascular dysplasia.4-7 Affected individuals often suffer 

from spontaneous epistaxis and gastrointestinal bleeding due to mucosal telangiectasia, 

frequently leading to iron deficiency anemia.8 Pulmonary- (PAVM) and cerebral- 

arteriovenous malformations (CAVM) and hepatic vascular malformations (HVM) can cause 

profound morbidity and mortality.9,10 Major PAVM-related complications include ischemic 

cerebral events and cerebral abscesses due to (septic or sterile) paradoxical emboli, 

hemoptysis and haemothorax. 

A clinical diagnosis is based on the Curacao criteria which include recurrent spontaneous 

epistaxis, telangiectasia, visceral arteriovenous malformations and a first-degree family 

member with confirmed HHT.11 The prevalence of vascular malformations depends on the 

type of mutation: ENG mutations are associated with a higher prevalence of PAVMs (62%) 

compared to ACVRL1 mutations (10%) and more CAVMs – 8-16% compared to 1-2% 

respectively.10,12-15 Penetrance of symptoms varies greatly not only between disease causing 

mutations but also within families and especially with age. Affected children often do not 

show symptoms until after puberty which makes a clinical diagnosis difficult.16 

Consequently, unless genetic testing is performed, all children of parents with HHT are 

suspect for HHT. The HHT Guidelines recommend all children of parents affected by HHT 

should be screened regardless of age. However, no consensus is reached on which 

methodology is best to use stating that “the choice of screening tests should be decided on 

a case by case basis”.17 This reflects the lack of scientific evidence on the relationship 

between the outcome of different early screening methods in children with their ultimate 

diagnosis and the detection of high-risk vascular abnormalities as adults. Potential benefits 

of early detection of serious malformations have to be weighed against the hazards and 

ethical concerns of screening for an often initially asymptomatic disease. Especially since 

HHT is an autosomal dominant disease and as such, half of the offspring of HHT patients will 

not have HHT. Literature clearly indicates that transthoracic contrast echocardiogram (TTCE) 

is optimal for detecting PAVMs in adults and probably also in the pediatric HHT population, 
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as a small study has shown.18,19 However, TTCE requires intravenous access which can be 

stressful for children and raise ethical questions on the benefit. Any TTCE showing a shunt 

greater than a grade 1 will need to be followed up by chest CT scans, even when PAVMs are 

too small to be embolized.10, 12, 17, 19 

 

In this study we review our approach (detailed history, physical examination, pulse oximetry 

and chest radiography) to screen for PAVMs in children. This screening method only detects 

large PAVMs, which will be treated if technically feasible. However, small PAVMs will be 

missed and will not be detected until full screening is performed at adulthood with a TTCE. 

The question is whether small asymptomatic PAVMs, that are not detected using this 

screening method during childhood, pose a relevant risk or can be left untreated until more 

sensitive screening can be carried out in adulthood.   

The purpose of this study is to determine whether this conservative approach during 

childhood is sufficient and adequate to prevent PAVM related complications prior to 

adulthood. Our hypothesis is that a conservative mode of screening for PAVMs during 

childhood, in which small PAVMs may be missed, has no relevant consequences on 

morbidity or mortality. 

 

Patients and Methods  

This study is a partly retrospective (data before the year 2004) and prospective (data after 

the year 2004) observational cohort study determining the safety of a conservative 

screening method for PAVMs. Included were children between the ages of 0 and 18 years 

first screened for HHT between 1998 and 2015 in the St Antonius Hospital (Nieuwegein, The 

Netherlands), the Dutch National HHT Centre of Excellence. Here, children are generally 

screened every 5 years from 3 years of age onward using (i) history (to detect epistaxis or 

hypoxemia related symptoms like exercise intolerance, poor growth, headaches, etc), (ii) 

physical examination, capillary microscopy and nasal examination by an 

otorhinolaryngologist (to detect telangiectases, cyanosis, dyspnea or clubbing), (iii) pulse 

oximetry (to detect hypoxemia as a result of a potential pulmonary shunt) and  (iv) a chest 

radiography (to screen for visible PAVMs).20,21 Further investigation and imaging are 

performed when abnormalities are found: suspect history, saturation with pulse oximetry 
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<96%, or a density suspect for a PAVM on the chest radiography. When HHT is diagnosed or 

cannot be excluded, the patient is advised to use prophylactic antibiotics in case of 

bacteremic procedures, as recommended by the International HHT Guidelines since smaller 

PAVMs cannot be excluded.17  

The HHT diagnosis is based on either the Curacao criteria and/or genetic testing.11 Patients 

were categorized as (i) confirmed HHT diagnosis, (ii) possible HHT or (iii) no HHT. A diagnosis 

was considered confirmed when a child met three or more Curacao criteria or a positive 

genetic test. The HHT diagnosis was considered possible when a child met two Curacao 

criteria. Children were viewed not to have HHT if they met none or one Curacao criterion, or 

if genetic testing was negative for the confirmed family mutation.    

All patients who reached adulthood where contacted to be re-screened as adults using TTCE 

following the 2009 HHT guidelines.17 Patients who had reached adulthood but who had not 

been re-screened as adults were contacted by telephone and asked if they had suffered any 

HHT related complications including, brain abscess, cerebral hemorrhage, cerebral ischemic 

events , hemoptysis or hemothorax.  

Patient follow-up years are defined as the number of years from moment of screening to 

the date of data collection.  

 

The study was approved by the St Antonius Hospital Research Ethical Board. 

Data were collected on October 5th, 2015 from the St Antonius Hospital HHT Database.  

 

Results 

In total 436 children were screened for HHT in the Dutch National HHT Centre between 

1998 and 2015. Currently, 175 patients have a definite HHT diagnosis accounting for 1612 

patient follow-up years (table 1).  This includes 33 cases in whom the initial diagnosis was 

later changed from “no HHT” or “possible HHT” to  “definite HHT” when symptoms became 

more prominent or when DNA testing revealed a HHT mutation. In 172/175 (98%) HHT 

patients the family mutation was known (table 1). In 11 cases the HHT mutation was 

confirmed in the child prior to initial screening. A possible HHT diagnosis was made in 125 

patients. One hundred and thirty-six children did not have HHT based on genetic testing 

(42%) or based on the Curacao criteria (58%) (table 1). However, the latter might still 
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contain HHT patients as Curacao criteria are not sensitive enough to exclude the diagnosis at 

a young age. The 436 children had a mean age of 9 years at the time of screening. The HHT 

patients had a mean follow-up of 9.2 years (SD 4.7 years) and a mean screening incidence 

rate of 2.03 (SD 1.8).  

 

HHT  

Possible 

HHT no HHT  

Total (number) 175 125 136 

Mean age 1st screening (years) 9.6 9.8 9.8 

SD (years) 4.3 4.3 4.4 

Range (years) 1-17 3-17 2-17 

Diagnosis based on       

Genetics, n (%) 47 (27%)   33 (24%) 

Curacao criteria, n (%) 83 (47%)  125 (100%) 79 (58%) 

Both, n (%) 45 (26%)   24 (18%) 

Family mutation    

Endoglin, n (%) 122 (69%) 64 (51%)  78 (57%) 

ACVRL1, n (%) 40 (23%) 42 (34%)  54 (40%) 

SMAD4, n (%) 10 (6%) 2 (2%)  1 (1%) 

Type unknown, n (%) 3 (2%) 17 (14%)  3 (2%) 

Clinical evaluation    

Chest radiography , n (%) 168 (96%) 123 (98%) 130 (96%) 

Chest radiography normal, n (%) 134 (77%)  117 (94%) 129 (95%) 

Chest radiography suspect for PAVM, n (%) 22 (13%) 6 (5%) 1 (1%) 

Chest CT, n (%) 50 (35%) 6 (5%) 1 (1%) 

PAVM, n (%) 39 (25%) 0 (0%) 0 (0%) 

 

Figure 1. patient characteristics: Complications after screening 

 

Chest radiography was performed in 168/175 definite HHT patients (96%) and followed by a 

chest CT in 50/168 patients (30%) because of abnormalities evident on chest radiography 

(14/50, 28%), abnormal physical examination including pulse oximetry (28/50, 56%) (table 

1) or both (8/50, 16%). In 39/50 (78%) patients who underwent a chest CT, a PAVM was 
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detected. Thirty-three/39 (85%) children with PAVMs underwent embolization; 29 of them 

before the age of 18 years. The 6/39 (9%) children who did not undergo embolization had 

PAVMs too small for embolization and are still being monitored. In total, 72 embolization 

sessions were performed in the 29 children. Nineteen children (66%) underwent multiple 

embolization sessions as a result of persistent perfusion or reperfusion of previously 

embolized PAVMs.  

 

Eighty-eight/175 (50%) HHT patients had reached adulthood at the time of data analysis of 

whom 57/88 (65%) had been re-screened as an adult using TTCE, and chest CT scan when 

indicated. Of the 31 adults who had not yet been re-screened as adults, 23 could be 

contacted by telephone and none of them had suffered complications. The remaining 8 

patients were considered lost to follow-up. (figure 1) Of the patients with possible HHT, 45 

had reached adulthood, 9 were rescreened and 27 were contacted by phone; none of the 

36/45 had suffered complications. Nine possible HHT patients were lost to follow-up.  

 

 

Figure  1. CONSORT flow diagram 

 

In 6/57 (11%) definite HHT patients in whom no PAVM was detected through screening as a 

child, a PAVM was detected when they were rescreened as adults using a TTCE. They all 

underwent a chest CT based on a positive TTCE. In 1/57 (1.8%) patient, embolization was 

technically feasible. In the other 5/57 (8.8%) patients embolization was not technically 

436 screened children 

175 definite HHT 125 possible HHT 136 no HHT 

88 adult 

23 contacted by phone 

57 re-screened as adult 

8 lost to follow-up  

45 adult 

27 contacted by phone 

9 re-screened as adult 

9 lost to follow-up 
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feasible initially and patients were monitored regularly. Two/57 (3.5%) were subsequently 

embolized several years later when the size of their PAVMs increased.     

 

None of the 419 children in the follow-up cohort suffered a brain abscess, ischemic stroke or 

hemoptysis as a result of PAVMs during follow-up.  

One patient, first screened at the age of 4 and diagnosed with HHT but with no pulmonary 

or neurologic symptoms, normal oxygen saturations and normal chest radiography, 

presented with consecutive transient symptoms of paresthesia of the left hand followed by 

paresthesia of the tongue at the age of 15 years. Initially she was suspected of suffering a   

thromboembolic cerebral event; however further evaluation revealed it was migraine 

accompagnée presumed to be associated with the PAVM found on the chest CT scan.22,23 

She had a history of migraines, which ceased after embolization of the PAVM. 

 

Discussion 

Historically the St Antonius hospital has systematically screened children for pulmonary 

involvement since 1998 using a patients history, physical examination, pulse oximetry and 

chest radiography. From 2004 onward, all adults screened for HHT undergo a TTCE to detect 

any pulmonary right to left shunts because of its high specificity, low complication risk and 

radiation free technique.24 However, at that point in time no complications in children due 

to missed PAVMs had been recorded and the St Antonius hospital HHT team decided to 

continue this method of screening without TTCE and record all data on complications 

prospectively. The goal of this study was to evaluate the safety of this conservative 

approach in children of HHT families for the presence of pulmonary arteriovenous 

malformations, not to determine the sensitivity and specificity of our screening method.  

 

PAVM-related complications include cerebral abscess (8%) and ischemic stroke (9 to 18%) 

due to paradoxical (septic or sterile) emboli.10,25-27 There is consensus that these potentially 

life threatening complications make screening essential for the well-being of patients and 

treatment is warranted even when patients are asymptomatic.28,29  

 



91 
 

TTCE is proven to be more sensitive and specific than a chest radiography and oximetry and 

will also reveal small shunts which are often undetectable on high resolution chest CTs. A 

study on 92 pediatric HHT patients has shown that using TTCE as primary screening tool 

would allow more than 40% of the pediatric patients screened for PAVMs to be spared the 

radiation dose of chest CT.19 Consequently, in 60% of that pediatric cohort the TTCE is 

followed by a chest CT scan to evaluate the cause of the shunt and feasibility of 

embolization. Eventually, in 14% of children embolotherapy was considered to be 

indicated.19 This is in range of the embolization rate found in our cohort where 33/175 

(19%) of children with HHT underwent embolization, but far less patients in our cohort were 

subjected to a chest CT, e.g. 30%.  

When a PAVM does not qualify for embolization, follow-up using a chest CT is advised every 

1 to 5 years.17 The level of radiation exposure during a high resolution chest CT is 3,6mSv 

compared to 0,04mSv of a chest radiography and risk of radiation-induced cancer may be 

increased by as much as 24% (relative risk) in patients undergoing CT scanning in childhood. 

30-33  

 

On the other hand, using chest radiography and oximetry small PAVMs will be overlooked. 

Consequently, because PAVMs cannot yet be ruled out antibiotic prophylaxis will be advised 

to patients who do not have any PAVMs and did not need antibiotic prophylaxis in 

hindsight. Furthermore, PAVM related complications may have important effects on 

neurologic development at a young age and devastating case-reports have been 

published.34 However, it seems small PAVMs might not pose as much as a threat in children 

as in adults. In a study of 44 pediatric patients, respiratory and neurological complications 

occurred only in patients with large PAVMs.35 Even more interesting, preliminary data of 164 

pediatric patients shows PAVM related serious adverse events occurred only in patients 

with large PAVMs and a baseline oxygen saturation lower than 85%. 36  Those data coincide 

with the follow-up results of the cohort in this study where none of the screened HHT 

patients suffered any complications.  

 

Although embolization of large PAVMs in adults reduces the risk of ischemic stroke and 

septic emboli, the long-term outcome of embolization of PAVMs in children with HHT is still 

far from clear and might not be as good as previously thought.  
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Recently, reperfusion rates of 70% have been reported for embolized PAVMs in young 

patients compared to 8-49% in adults.37,38 Crawford et al. showed, in a retrospective study 

with 9.4 years of mean follow-up of 20 embolizations of PAVMs in 12 patients, 83% of 

reperfusion of PAVMs was due to collateral reperfusion.39 They conclude that persistence of 

PAVMs after embolotherapy in children with HHT may be higher than previously suggested 

in studies in adults.  

  

The strength of this study is that this is the first study on screening of children in this context 

with a sample size this large. Furthermore, we assume there is little selection bias 

considering the St Antonius hospital is the only HHT referral center in the Netherlands and 

children are referred to our center from other hospitals limiting the chance of children 

screened for HHT elsewhere. Limitations of this study are that only half of the HHT cohort 

had reached adulthood and only a third had been rescreened as adults using TTCE. 

Secondly, antibiotic prophylaxis is advised in all children where a right to left shunt cannot 

be ruled out which could impact the complication rate.   

 

Conclusion 

This study provides a good indication of the safety of our conservative method of screening 

for PAVMs,  performed in a large cohort, over a long period of time. We recognize and 

accept that smaller PAVMs will be missed, but consider these small PAVMs at that stage as 

irrelevant. In 18 years of experience, with a mean follow-up of more than 9 years and more 

than 1600 patient years, none of our patients have suffered complications from these 

undetected PAVMs. We support continuing the screening of all children of HHT parents for 

relevant PAVMs but suggest that using less invasive and less stressful screening of children 

for pulmonary involvement, based on physical examination, pulse oximetry and a chest 

radiograph, instead of TTCE, is sufficient to prevent serious complications. Taking all the 

current evidence into consideration we argue that screening with TTCE can be postponed 

until adult age. 
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Hereditary haemorrhagic telangiectasia (HHT) leads to haemorrhage, particularly 

nosebleeds (epistaxis), because of vascular telangiectasia and arteriovenous 

malformations.1 Thrombotic conditions, including venous thromboemboli and ischemic 

stroke, are relatively common in patients with HHT.2,3 These emergencies are managed by 

clinicians who may not be very familiar with HHT. Current guidance on the use of 

antiplatelet and anticoagulant agents in HHT is based on anecdotal evidence and expert 

opinion.4  

To evaluate the effects of antiplatelet and anticoagulant agents on haemorrhage in HHT, 

relevant questions were included as a subsection of a broad international survey 

(www.imperial.ac.uk/medicine/HHTsurvey2012) that was approved by the National 

Research Ethics Service East Midlands–Derby 1 Committee, United Kingdom. 

The unbiased survey methods are reported elsewhere  and described in the Supplementary 

Appendix, available with the full text of this letter at NEJM.org.5 A total of 1302 persons 

responded to the online survey, including 973 with a diagnosis of HHT that was supported 

by sufficient diagnostic features in the survey. The ages of the respondents ranged from 14 

to 89 years (median, 53.1), and 655 of 973 were female (67.3%). 

Of the 973 respondents with HHT, 700 (71.9%) stated they had never used antiplatelet or 

anticoagulant agents. Of these 700 respondents, 381 (54.4%) reported that they were 

advised by a doctor not to use these agents because; they had HHT (in 334 patients 

[87.7%]), they already had bleeding (in 191 patients [50.1%]), or they had an arteriovenous 

malformation (in 75 patients [19.7%]). Five respondents stated that treatment for 

myocardial infarction had been withheld from a relative because of a diagnosis of HHT in the 

relative, and this had contributed to the relative's death. 

A total of 273 participants with HHT (28.1%) reported the use of antiplatelet or 

anticoagulant therapy (Table 1). As expected, high proportions of participants reported 

worsening of nosebleeds (Table 1) that sometimes led to hospitalization, discontinuation of 

therapy, or both. Five respondents stated that treatment for myocardial infarction had led 

to haemorrhages that worsened the outcome in relatives with HHT who had later died. 
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It was surprising, however, that 153 of 379 patients with HHT who received antiplatelet or 

anticoagulant therapy (40.4%) reported no change in their nosebleeds. Nine of 379 patients 

(2.4%) reported an improvement in their nosebleeds (Table 1). Lower-dose aspirin (75 mg), 

heparin, and other anticoagulant agents appeared to aggravate nosebleeds less than higher-

dose aspirin (300 mg) or warfarin (Table 1). In addition, more haemorrhagic events other 

than nosebleeds were reported by patients who received anticoagulant agents than by 

patients who received antiplatelet agents (19.5% vs. 8.8%) (P=0.003 by Fisher's exact test). 

Nevertheless, no change or an improvement in nosebleeds was reported by 43 of 93 

patients who received heparin (46%) and by 21 of 55 patients who received warfarin (38%). 

These data indicate unexplained and wide variation in the side effect profiles with respect to 

haemorrhage associated with the use of anticoagulant and antiplatelet therapies in patients 

with HHT. Lower-dose agents, particularly antiplatelet agents, did not appear to be 

associated with haemorrhage in high proportions of patients. These findings provide 

support for the use of antiplatelet or anticoagulant agents, with caution, in patients with 

HHT if there is a very strong indication for their use. 
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Table 1. Reported Effects of Antiplatelet and Anticoagulant Agents in 273 Patients with Hereditary Haemorrhagic Telangiectasia. 

Agent Nosebleeds the same  Nosebleeds Worse  Other haemorrhages No haemorrhage  

 

No. of 

patients 

/ total 

no.  

% (95% CI) 

No. of 

patients 

/ total 

no. 

% (95% CI) 

No. of 

patients 

/ total 

no. 

% (95% CI) 

No. of 

patients 

/ total 

no. 

% (95% CI) 

Antiplatelet agents                 

Aspirin 
        

300mg 28/80 35.0 [24.3,  45.7] 52/80 65.0 [54.3, 75.7] 4/80 22.2 [0.1, 10.1] 74/80 94.9 [89.9, 99.9] 

75mg 58/127 45.6 [36.9, 54.5] 67/127 52.8 [44.0, 61.6] 14/127 11.1 [5.6, 16.7] 112/127 88.9 [83.3, 94.5] 

Other antiplatelet 

agents † 
10/22 45.5 [22.9, 68.1] dec-22 54.6 [32.0, 77.1] 2/22 9.1 [-4.0, 22.1] 20/22 90.9 [779, 104.0] 

Anticoagulant agent                 

Heparin 
        

Subcutaneous 22/52 42.3 [28.4, 56.2] 28/52 53.9 [39.8, 67.9] 11/52 21.2 [9.7, 32.6] 41/52 78.9 [67.4, 90.3] 

Intravenous 16/41 39.0 [23.4, 54.6] 22/41 53.7 [37.7, 69.6] 8/41 19.5 [6.9, 32.2] 33/41 80.5 [67.8, 93.2] 

Warfarin 19/55 34.6 [21.6, 47.5] 34/55 61.8 [48.6, 75.1] 10/55 18.5 [7.8, 29.2] 44/55 81.5 [70.8, 92.2] 

Dabigatran. 0/2   2/2 1.0 [1.0,1.0] 0/0 0 2/2 1 [1.0,1.0] 
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All antiplatelet 

therapies 
96/229 41.6 [35.2, 48.0] 131/229 56.7 [50.3, 63.2] 20/229 8.9 [5.1, 12.6] 206/229 91.2 [87.4, 94.9]) 

All anticoagulant 

therapies 
57/150 38.5 [30.6, 46.5] 86/150 58.1 [50.1, 66.2] 29/150 19.5 [13.0, 25.9] 120/150 80.5 [74.1, 87.0] 

All agents 153/379 40.4 [35.4, 45.3] 217/379 57.3 [52.3, 62.3] 49/379 13.1 [9.6, 16.5] 326/279 86.9 [83.5, 90.4] 

 

* Some patients received more than one agent.  

† Other antiplatelet agents were abciximab, clopidogrel, dipyridamole, prasugrel, ticlodipine and tirofiban. Among patients who received both aspirin and 

clopidogrel, the number of patients who reported that nosebleeds were worse with aspirin than with clopidogrel was equal to the number of patients who reported 

that nosebleeds were worse with clopidogrel than with aspirin. Nine patients noted an improvement in nosebleeds associated with the following: aspirin at a dose of 

75mg (two patients), subcutaneous  heparin (two patients), intravenous heparin (three patients), or warfarin (two patients).  
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ABSTRACT 

Background: Patients with a hereditary vascular disorder called Rendu-Osler-Weber 

syndrome (Hereditary Haemorrhagic Telangiectasia, HHT) haemorrhage easily due to weak-

walled vessels. Haemorrhage in lungs or brain can be fatal but patients suffer most from 

chronic and prolonged nosebleeds (epistaxis), the frequency and intensity of which increases 

with age. Several years ago, it was discovered serendipitously that the drug Thalidomide had 

beneficial effects on the disease symptoms in several of a small group of HHT patients: 

epistaxis and the incidence of anaemia were reduced and patients required fewer blood 

transfusions. In addition, they reported a better quality of life. However, Thalidomide has 

significant negative side effects, including neuropathy and fatigue.  

Methods: We followed up all HHT patients in the Netherlands who had been taking 

Thalidomide at the time the original study was completed to find out (i) how many had 

continued taking Thalidomide and for how long (ii) the nature and severity of any side-

effects and (iii) whether side-effects had influenced their decision to continue taking 

Thalidomide. 

Results: Only a minority of patients had continued taking the drug despite its beneficial 

effects on their symptoms and that the side effects were the primary reason to stop. 

Conclusion: Despite symptom reduction, alternative treatments are still necessary for 

epistaxis in HHT patients and a large-scale clinical trial is not justified although incidental use 

in the most severely affected patients can be considered. 
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Introduction 

Thalidomide, a drug also known as Softenon, is by many associated with its notorious side-

effects on foetal development in humans in the 1960s. Babies born to mothers taking 

Thalidomide during early pregnancy for nausea often failed to develop limbs and had 

multiple other severe birth defects. Thalidomide was discredited but has more recently 

been reintroduced and is now successfully used in the treatment of multiple myeloma and 

other afflictions.1 It is now also being investigated and used in the treatment of symptoms 

associated with Hereditary Haemorrhagic Telangiectasia (HHT, also known as Rendu-Osler-

Weber syndrome).  This is an autosomal dominant disease is characterised by multi-

systemic vascular lesions, afflicting about 1 in 5000 people.2-4 It is caused by mutations in 

receptors of the transforming growth factor ß family, most notably endoglin and activin 

receptor like kinase type 1 (ALK1), which are expressed on endothelial cells of blood 

vessels.5 Symptoms include telangiectasia, blood vessel abnormalities typically evident 

around lips, oral mucosa and fingertips. Gastrointestinal and nasal bleeding often lead to 

chronic iron deficiency, anaemia, and complications due to liver-, lung- and brain 

arteriovenous malformations.6 For patients, anaemia due to gastrointestinal bleeding and 

social limitations due to nasal bleeding have the most effect on the quality of daily life.  

Animal and patient studies have shown Thalidomide has a positive effect on HHT related 

symptoms.7,8,13-18 However, Thalidomide is also known to coincide with severe side-effects 

including neuropathy, severe skin reactions, angina and dyspnoea, oedema, drowsiness, 

general malaise and tremor. It has also been reported to cause deep vein thrombosis in 

one patient using Thalidomide to control nosebleeds secondary to HHT.  The mechanism of 

action of Thalidomide in patients with HHT has been extensively discussed in Lebrin et al.7 

In short, Thalidomide promotes vessel maturation and enhances the coverage of smooth 

muscle cells around vessels, making vessels more stable and lowering nosebleed frequency 

in HHT subjects. The cohort of patients included in the first study was relatively small and 

the patients served as their own (historical) controls.7 These patients and others who were 

prescribed Thalidomide later, were, however, never systematically followed up to evaluate 

the long term outcome, severity of side effects and drug compliance. The study here was 

designed for this purpose with view to considering a larger scale, double blinded trial.  
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Methods 

Patient cohort  

The St. Antonius Hospital is the only HHT-centre in the Netherlands and most patients in 

the Netherlands are known to the hospital or are treated by the group of specialists 

authoring this paper. In general, HHT is diagnosed clinically using the Curacao criteria in 

which patients are scored for evidence of nosebleeds, mucocutaneous telangiectasia, 

visceral involvement (most commonly gastrointestinal telangiectasia, or AVMs at specified 

sites), and a family history of HHT.5 Severely affected patients are often referred to the St 

Antonius Hospital for treatment of nosebleeds if the frequency of blood transfusions, 

degree of anaemia is excessive. The patients who have also often had nasal cauterization 

without prolonged success are those that have been offered Thalidomide prior to the final 

option of the Saunder’s operation. This means that the patients included in this study are a 

subset of all patients in the Netherlands but are among the most severely affected subset. 

In 2014 there were 1283 HHT patients on record in the St. Antonius Hospital, of whom less 

than 1% were treated with Thalidomide. All patients who received Thalidomide between 

2009 and 2014 made up the cohort for this study as no patients in the Netherlands are 

treated with Thalidomide elsewhere than the St Antonius Hospital. In order to capture 

information on patient experience with Thalidomide, a paper questionnaire was used to 

collect data. The data was returned anonymously and was analysed using Excel and Graph 

Pad Prism 5 (GraphPad Inc, US).  The questionnaire was composed of general health 

questions, symptoms of HHT before taking Thalidomide, after 3 months and currently or 

just before ceasing Thalidomide use and personal experience. In an attempt to assess the 

severity of symptoms objectively, HHT patients provided information on the number of 

nosebleeds per week, the mean duration of each nosebleed and the number of blood 

transfusions needed due to severe anaemia.  

The questionnaire was a retrospective collection of data but 4 patients had already been 

included in the initial study (short term follow up) published in Nature Medicine (2010).7 In 

that study, patients kept a detailed diary of nosebleeds (frequency and severity) in the 

three months before and after treatment. This is routine procedure for this subgroup of 

patients that are particularly severely affected. These patients included in the present 

study are therefore used to monitoring their own symptom severity.  Furthermore, even 
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though most of the data is subjective, the number of blood transfusions received in a 

specific period is objective.  

 

Ethical approval  

The questionnaire was approved for use in this study by the Medical Ethical Committee of 

the St Antonius Hospital, Nieuwegein, The Netherlands.  

 

Results 

Nineteen patients met the criteria from records to be included. However, 4 patients had 

died from non-HHT related causes, 1 patient declined to participate and 2 did not respond, 

leaving 12 participants. The cohort was made up out of 6 males and 6 females with a 

median age of 69.5 years [IQR 60.0-80.5]. Subjects had been treated daily with 50 to 100 

mg of Thalidomide orally. The most common types of treatment patients had undergone 

previously are reported: 11 of 12 patients used iron tablets for iron deficiency anaemia, 8 

had undergone argon laser treatment, 7 had used Sofradex, 6 had been subjected to 

cauterisation, 4 had undergone embolization, and 3 had nasal epithelium transplantation 

(Saunder’s operation). Thalidomide was used for a median time of 7 months [IQR 3.0-

23.3]. Reported influence on frequency and severity of nosebleeds is shown in table 1. The 

number of blood transfusions each patient underwent in the study period is also given in 

table 1. This is an objective measure of disease severity. 

 
In the questionnaire, differences in symptoms during Thalidomide use could be scored by 

the patients as: much worse, worse, no difference, better and much better (Figure 1). 

Three patients rated their nosebleeds “better” during Thalidomide use, and 7 patients 

thought their nosebleeds were “much better”. Five patients rated oral bleedings or 

bleeding located in the facial area as much better. Remaining patients did not notice any 

difference at these sites. One patient reported having had a liver haemorrhage even 

though this is an exceptionally rare complication. However, according to our patient 

records, none of the participating patients has ever had a liver haemorrhage raising doubt 

on whether this patient understood the question.  
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Figure 1. Difference in bleeding in nose, facial and oral area, gastrointestinal and liver haemorrhage using 

Thalidomide scored -2 “much worse”, -1 “worse”, 0 “ no difference”, 1 “ better”, 2 “much better”. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Side- effects experienced by patients. Side-effects are shown on the x-axis, the number of patients 

on y-axis. Degree of severity is color-coded. 
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Four patients were still using Thalidomide after respectively 3, 27, 30 and 50 months. One 

patient stopped because of the lack of effect on their symptoms and the remaining 7 

patients discontinued use because of side-effects (see Figure 2). 

 When asked if the advantages of Thalidomide weighed up against the disadvantages, 5 

participants report they agreement, 3 returned neutral answers and 4 disagreed. Nine out 

of 12 patients would recommend trying Thalidomide to other HHT patients.  
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Table 1. Severity of epistaxis. 

Severity score: * mild, ** medium, *** severe, **** extreme. N/w: number of epistaxis per week. Duration of epistaxis is measured in minutes. “Transfusions” indicates 

the number of blood transfusions received in that period. 

 

 

No. Before Thalidomide use 

 

After 3 months of Thalidomide Current situation of just before stopping  

  Severity 

Nosebleeds 

/week Duration Transfusion Severity 

Nosebleeds 

/week Duration Transfusion Severity 

Nosebleeds 

/week Duration Transfusion 

1 ***       **               

2 *** 15 30 

 

** 7 20 0 * 

   3 **** 

 

30-60 1 ** 1 15-30 0 ** 0 0 0 

4 **** 29 0 3 ** 2 5 0 * 2 5 0 

5 **** 50 15-90 12 ** 13 15 4 * 2 5 4 

6 *** 210 1-5 2 ** 10 1-5 2 

 

2 1-5 0 

7 **** 45 5-45 10 *** 20 10-15 6 

   

0 

8 **** 4 3-60 2 ** 2 10 0 * 1 1-2 0 

9 **** 1 10-60 

 

*** 

 

50 

     10 **** 7 

 

0 ** 5 

 

0 

    11 *** 7 

          12 **** 40 5-30 0 ** 15 5 0 ** 15 5 0 

Mean   40.8 25 3.75   7.75 18 1.33   5.67 3.8 0.57 



113 
 

Discussion 

The majority of HHT patients included here had tried an array of therapies for reducing 

nosebleeds by the time they were considered for Thalidomide treatment. These included 

compression techniques, bilateral embolization, surgical arterial ligature, laser therapy, 

sclerosing agents, electrocautery, septodermoplasty, adjuvant medical treatments 

including oestrogens, progesterone and antifibrinolytic agents. Most relieve symptoms 

only temporarily so that there is a significant unmet medical need for a more stable, less 

invasive alternatives.8,9 

Several reports have described beneficial effects of Thalidomide on some of the symptoms 

of HHT: nosebleeds were reduced in some cases and as a direct or indirect result 

secondary symptoms, caused by blood loss, were also reduced.7  Similar results were 

described by Balduini et al in a preliminary study of 11 patients.18 Reduced nosebleed 

frequency was observed in 5 within a few weeks of initiating treatment. In addition, in vivo 

studies in mutant mice heterozygous for the Endoglin gene and in HHT patients as well in 

vitro studies, have indicated a mechanism through which Thalidomide could act in 

promoting vessel stability: up regulation of the expression of platelet derived growth 

factor-β (PDGF-β) by endothelial cells results in enhanced recruitment of pericytes 

expressing PDGF receptors to the vessel wall. The pericytes subsequently differentiate to 

smooth muscle cells as a result of this interaction with endothelial cells and improved 

vessel maturation occurs. In addition, Thalidomide increases the number of smooth 

muscle cells in mice and in the nasal epithelium of HHT patients.7 Furthermore, anti-

inflammatory and immunosuppressive properties of Thalidomide have been hypothesized 

as preventing de novo pulmonary arteriovenous malformation development.10 This would 

bode well for optimism in the use of Thalidomide to treat HHT and, indeed, the vast 

majority of participants in this study reported an improvement in their symptoms. 

However, side-effects seemed to be a limiting factor for use in practice. Neuropathy was 

reported in 8 out of 12 patients of whom more than half reported the neuropathy to be 

severe. Although this study group in total is very limited in size, severe side effects have 

been reported in patients with multiple myeloma treated with Lenalidomide by Katodritou 

et al.11 Adverse events were reported in 68.9 % of patients (myelosuppression in 49.4 %) 

and 12.7 % of patients needed hospitalization. Peripheral neuropathy was reported in 2.5 
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% of patients and deep vein thrombosis in 5.7 %. Almost 39% of patients discontinued the 

treatment completely due to side-effects. Overall, 34 cases in ten studies of HHT patients 

treated with Thalidomide and Bevacizumab have been reported. Follow-up varies from 1 

to 60 months (mean 13.5 months).6,12-20 Although the majority of cases reported 

Thalidomide as being a successful treatment with reduced blood transfusions and 

epistaxis, adverse reactions were often underreported or not mentioned. One patient 

developed deep vein thrombosis, although it is questionable whether the Thalidomide was 

directly responsible.16 Although no other major adverse events are reported, some 

patients discontinued the treatment without further documentation on motives.   

Overall, Thalidomide appears to be beneficial for treating HHT even though it is effectively 

one of many Thalidomide side effects (“off target use”). Yet the severity of the side–effects 

would likely be a disincentive to begin such a trial where the chance that patients would 

continue using the drug long term are somewhat limited.  Nevertheless, in particularly 

severe cases where other treatments have been exhausted, there may be justification for 

incidental use.  Whilst most insurance companies or health systems would not cover the 

cost of a drug under these circumstances, the costs of Thalidomide are low and for the 

patients in this study, the costs were not prohibitive enough to opt out of the study.  
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ABSTRACT 

Objectives/Hypothesis: To identify factors influencing the severity of epistaxis in hereditary 

haemorrhagic telangiectasia (HHT). 

Study Design: Participants with and without HHT were recruited from a specialist service and 

online following advertisement by the HHT Foundation International. Both groups were 

asked to complete a nonbiased questionnaire. 

Methods: The reported effects of specific treatments or lifestyle factors on epistaxis were 

assigned positive values if beneficial, negative values if detrimental, or zero if ‘‘no 

difference’’ and were summed to enable statistical analysis. 

Results: Epistaxis affected 649 of 666 (97%) participants with HHT and was significantly more 

frequent than in control participants. Specialist invasive treatments were reported as 

beneficial, laser therapy more frequently than cauterization. Medical treatments commonly 

used for HHT epistaxis (female hormones, antioestrogens, tranexamic acid, aminocaproic 

acid, nasal creams, and bevacizumab) also had significantly positive (beneficial) scores. 

Lifestyle and dietary factors were generally detrimental, but room humidification, nasal 

lubrication, and saline treatments were all reported as beneficial (95% confidence intervals 

greater than zero). Multiple food items were volunteered as being detrimental to epistaxis. 

The most frequently reported items were alcohol (n = 45; 6.8% of participants) and spices (n 

= 26, 3.9% of participants). Remaining foods reported to exacerbate epistaxis were also 

found to be high in salicylates (including red wine, spices, chocolate, coffee, and certain 

fruits), natural antiplatelet activity (garlic, ginger, ginseng, ginkgo biloba, and vitamin E15), or 

omega-3 acids (oily fish, salmon). 

Conclusions: This study supports existing treatments and suggests lifestyle and dietary 

manoeuvres that may also improve nosebleeds in HHT. 
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Introduction 

Hereditary haemorrhagic telangiectasia (HHT), also known as Osler-Rendu-Weber syndrome, 

is an autosomal dominant disorder that leads to the development of abnormal vessels.1 The 

most common clinical feature is epistaxis (nosebleeds), which often occurs on a daily basis.2 

Other disease manifestations include gastrointestinal telangiectasia and arteriovenous 

malformations, particularly in the pulmonary, hepatic, and cerebral circulations. Careful 

epidemiologic studies reveal that HHT affects approximately 1 in 5,000 individuals.3,4 HHT is 

caused by mutations in the endoglin, ALK1/ACVRL1, or  SMAD4  genes.5 The mutated genes 

encode proteins that mediate transforming growth factor-beta superfamily signalling in 

vascular endothelial cells. Disruption of signalling pathways in HHT pathogenicity results in 

remodelled vasculature, with dilation of venules and concomitant arteriovenous 

communications.6,7 The current perspective of pathogenesis is that HHT vessels result from 

aberrant responses to injury-induced angiogenic stimuli, when the mutated genes in HHT 

appear to result in the inability of a blood vessel to mature appropriately.1,6–8 More than 

90% of HHT patients experience spontaneous recurrent epistaxis secondary to telangiectasia 

of the nasal mucosa.8 Both severity and frequency of HHT-related epistaxis vary widely.9 

Frequency may range from a few bleeds yearly to several each day, and severity may range 

from a few drops to unmanageable flows with acute hemodynamic disturbances. Chronic 

iron-deficiency anaemia and transfusion dependence are common.1,9 Increased frequency 

and duration of epistaxis in those with HHT are associated with a decreased quality of 

life.10,11 

Otorhinolaryngologic management of HHT epistaxis includes cauterization, laser 

photocoagulation, septal dermoplasty, and Young’s procedure (nostril closure).12,13 Ligation 

and embolization treatments have also been used.9 Medical treatments using both 

oestrogen and antioestrogen therapy are now supported by small randomized, controlled 

trials.14,15 There is increasing interest in the use of anti-angiogenesis therapies, such as 

bevacizumab (Avastin) and thalidomide.6,16,17 Therapeutic manipulation of coagulation and 

fibrinolytic pathways and antioxidant therapies are also employed to try to limit blood loss in 

HHT.18-21 Many patients require more than one modality, with more invasive surgical 

treatments generally reserved for patients remaining transfusion dependent or severely 

symptomatic despite standard therapy.22 Anecdotal reports from patients in our clinic 
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suggested several lifestyle factors and conservative treatments that may have provocative or 

beneficial effects on nosebleeds in HHT. Only a proportion had been examined in prior 

formal publications.9,23 The goal of this study was to use a nonbiased patient survey to 

identify factors associated with changes in epistaxis severity in HHT.  

 

Materials and methods 

Study Design 

To capture patient experiences of treatment and lifestyle factors affecting nosebleeds in an 

unbiased manner, we incorporated relevant questions into a wider ongoing survey regarding 

health and treatments for people with HHT and general population controls. The full study 

addressed general and HHT demographics, factors influencing HHT nosebleed severity, and 

prevalence and behaviour of common medical conditions in the participant and relatives. 

The study received a favourable ethics opinion by NRES Committee East Midlands-Derby 1 

Research Ethics Committee before online launch. For the current study, relevant data were 

downloaded on May 10, 2012. Participants were asked ‘‘Have you had any of these […] 

treatments for HHT nosebleeds?’’ and were then asked to score the effects of treatments as 

‘‘much better,’’ ‘‘a bit better,’’ ‘‘no different really,’’ ‘‘a bit worse,’’ or ‘‘much worse.’’ 

Additional options of ‘‘sometimes better—but not always’’ and ‘‘sometimes worse—but not 

always’’ were provided for invasive treatments (cauterization, laser treatment, septal 

dermoplasty, Young’s procedure [nostril closure], arterial ligation, and embolization). They 

had the opportunity to tick more than box per treatment if it didn’t always have the same 

result for medical treatments. Participants were also asked to score the effects of specific 

lifestyle changes as ‘‘much better,’’ ‘‘a bit better,’’ ‘‘no different really,’’ ‘‘a bit worse,’’ or 

‘‘much worse.’’ Finally, they were given the opportunity to provide information on any other 

medical treatment or lifestyle or dietary item that seemed to lead to a change in their 

nosebleeds and then were asked to detail whether that was a beneficial or detrimental 

change.  
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Patient Population 

Potential participants were recruited through the Imperial College London HHTIC London 

Clinical Service databases (2001 to present) by post, during attendance at the HHT clinics, 

and by advertisement by the HHT Foundation International. Answers from individuals who 

filled in paper-format questionnaires were transcribed into the online survey by the study 

team. Non-HHT participants were also recruited and provided comparison data for 

nosebleed frequency in the HHT and general populations.  

 

Statistical Methods 

Question responses ‘‘much better,’’ ‘‘a bit better’’/’’better,’’ ‘‘no different,’’ ‘‘a bit 

worse’’/‘‘worse,’’ ‘‘much worse,’’ ‘‘sometimes better—but not always,’’ and ‘‘sometimes 

worse—but not always’’ were converted into numeric format (+2, +1, 0, -1, -2, +0.5, and -

0.5, respectively) to generate ‘‘response means.’’ Interventions volunteered by participants 

were scored as +1 (‘‘better’’) or -1 (‘‘worse’’) and summed to generate a ‘‘score’’. ‘‘Scores’’ 

could not be compared to ‘‘response means’’ because of the absence of the formal ‘‘no 

difference’’ response category (occasional individuals volunteered a ‘‘no difference’’ effect 

using free text). GraphPad Prism version 5.00 (GraphPad Software, San Diego, CA) was used 

to calculate descriptive statistics and to compare variables quantified in the same manner 

using the Fisher exact test (proportions) or Mann Whitney U test (two variables). 

 

Results 

Population Characteristics  

In total, 771 responses were received at the time of data download from 666 individuals 

with HHT and 105 controls. The average age of HHT and non-HHT participants was 54 years 

(range, 21–87) and 53 years (range, 21–86), respectively. Females accounted for 436 of 663 

(66%) HHT participants and 70 of 105 (67%) non-HHT participants. The majority of 

participants were Caucasian and were living in the United States, United Kingdom, Europe, 

Canada, or Australia. The proportion of HHT participants reporting epistaxis (649/666, 97%) 

was significantly higher than the proportion of non-HHT patients (70/105, 67%), P < .0001. 

The frequency of nosebleeds experienced by the HHT participants was also higher (Fig. 1A).  
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Treatment Modalities in HHT-Related Epistaxis 

A total of 326 participants reported the use of specialist invasive treatments for HHT 

epistaxis (Fig. 1B). Of the 170 requiring emergency packing, 164 (96%) had used either (or 

more commonly both) cauterization or laser therapy. More invasive treatments were almost 

always used in patients who had also received cauterization and/or laser therapy. 

Approximately half of those treated by cauterization (138/267, 52%) or laser 

photocoagulation (109/221, 49%), and smaller proportions receiving other modalities, 

provided a response report (Fig. 2). The graded responses to each specified treatment 

(spanning beneficial, no difference, and detrimental options) were scored to generate a 

response mean. Of those patients reporting an effect, most reported a benefit, and all 

invasive treatment modalities demonstrated positive responses. For the two major 

outpatient procedures, laser therapy was more frequently reported as beneficial than 

cauterization (Mann Whitney U, P < .0001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1A. Nosebleed frequency and treatments. Comparison of frequency of nosebleeds reported by 

individuals with and without hereditary haemorrhagic telangiectasia (HHT). 
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Figure 1 B Treatment modalities used by HHT patients: The upper Venn diagram indicates the use of 

emergency and common outpatient modalities; the lower shows the use of specialized treatments, stratified 

according to whether respondents also had cauterization (left panel), cauterization and laser treatment (middle 

panel), or laser treatment (right panel). Four participants reported treatment by specialized treatments (septal 

dermoplasty, embolization) without laser and/or cautery: they are indicated on the upper panel. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2A. Reported effect of specialized treatments on nosebleed severity. Graphic indication for each 

treatment showing the number of reports where the treatment was reported as improving nosebleeds, making 

no difference, or worsening nosebleeds.  
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Figure 2 B Indication of proportion of respondents and response means (with 95% confidence intervals) for 

each treatment modality.  

 

Medical treatments for HHT epistaxis fell into two categories (Fig. 3). Female hormones 

(which could have been used for any indication including oral contraception and hormone 

replacement) and antioestrogens (tamoxifen/ raloxifene) were specified in the 

questionnaire; the graded responses (spanning beneficial, no difference, and detrimental 

options) were scored to generate a response mean. High proportions of individuals receiving 

these agents provided a response report: 275 of 330 (83%) of those receiving female 

hormones and 30 of 33 (91%) receiving tamoxifen/raloxifene. Both were generally reported 

as beneficial, although the response mean for tamoxifen/raloxifene was significantly higher 

than that for female hormones (Mann Whitney U, P = .0037). The other four groups 

volunteered by study participants (aminocaproic acid, bevacizumab, nasal antibiotic 

ointments, and tranexamic acid) were also more frequently reported as having a beneficial 

effect on epistaxis. 

For these volunteered agents, participant responses (beneficial or detrimental) were 

summed to generate positive (beneficial) ‘‘scores’’.  

 

 

  

Total 

receiving 

treatment 

Total (%) 

reporting 

response 

Response 

mean 

95% confidence 

intervals 

Cautery 267 138 (52%) 0.42 0.26-0.58 

Laser 221 109 (49%) 0.98 0.82-1.13 

Septal 

dermoplasty 84 22 (26%) 0.80 0.27-1.32 

Embolisation 19 5 (26%) 0.10 -0.01-2.21 

Ligation 19 6 (31%) 1.42 0.72-2.11 

Young's 

procedure 47 11 (23%) 0.68 0.08-1.29 



127 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 A Reported effect of recognized medical treatments for hereditary haemorrhagic telangiectasia 

nosebleeds. Graphic indication for each treatment showing the number of reports where the treatment was 

reported as improving nosebleeds, making no difference, or worsening nosebleeds. 

 

 

 

 

 

 

 

 

 

 

Figure 3 B The mean treatment effect reported (with 95% confidence intervals) for each treatment. Note that 

treatment effects cannot be compared between the two different categories (response means or scores).
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Figure 3C. Indication of proportion of respondents and mean treatment effect reported for each treatment 

modality (*response means; ^scores). Note that the total number of respondents using nasal antibiotics, 

aminocaproic acid, tranexamic acid, and bevacizumab were not captured, as these treatment effects were 

volunteered by the participants. The likely absence of individuals for whom effects on epistaxis would have 

been reported as ‘‘no difference’’ means that these scores cannot be compared to the response means for 

oestrogens or antioestrogens. 

 

Other Medical and Lifestyle Influences 

Other agents used by HHT patients also fell into questionnaire-specified and participant-

volunteered categories (Fig. 4). Steroid hormones (excluding topical agents or inhalers) and 

iron tablets were specified in the questionnaire: each was as commonly reported with 

beneficial as detrimental effects. The other agents were volunteered by study participants. 

Nasal humidification regimens were all reported as having beneficial effects on nosebleeds 

(95% confidence intervals [95% CI] for scores greater than zero). Surprisingly, the Chinese 

herb Yunnan Baiyao was frequently reported as being beneficial (score, 1.5 [95% CI, 1.06–

1.94]), as were nasal decongestants (score, 1.31 [95% CI, 0.17–2.45]). As expected, HHT 

participants using antiplatelet agents, anticoagulants, and nonsteroidal anti-inflammatory 

drugs were more likely to report a detrimental effect. Similarly, the use of omega-3 acid 

supplements and allergy treatments were reported as detrimental (scores -1.2, [95% CI, -

0.64 to -1.76] and -0.6 [95% CI, -0.21 to -1.41], respectively).  

 

  

Total 

receiving 

treatment 

Total (%) 

reporting 

response 

Mean 

treatment 

effect 

reported 

95% Confidence 

intervals  

Tamoxifen/Raloxifene* 33 30 (91%) 0.53 0.34, 0.72 

Female hormones* 330 275 (83%) 0.22 0.15, 0.29 

Antibiotics^ ? 30 0.80 0.48, 1.12 

Aminocaproic acid^ ? 11 1.00 0.40, 1.60 

Tranexamic acid^ ? 14 1.14 0.70, 1.59 

Bevacizumab^ ? 10 1.30 0.54, 2.06 
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Figure 4A. Reported effect of other medical treatments on hereditary haemorrhagic telangiectasia nosebleeds. 

Graphic indication  for each treatment showing the number of reports where the treatment was reported as 

improving or worsening nosebleeds. Epistaxis responses to steroid therapy and iron tablets were specifically 

requested: the ‘‘no difference’’ responses (77.4% [96/124] of steroid users; 88% [403/457] of iron tablet users) 

are not illustrated for clarity. 

 

 

 

 

 

 

 

 

 

 

Figure 4B. The mean treatment effect reported (with 95% confidence intervals) for each treatment. Note that 

response means cannot be compared to scores. 
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Figure 4C. Indication of number of respondents and mean treatment effect reported for each treatment 

modality (^scores; *response means). NSAIDs ¼ nonsteroidal anti-inflammatory drugs. 

 

The effects of specific lifestyle variables requested (different foods/drinks, 

season/temperature, mood/stress/ anxiety, lifestyle activities/sports, and nasal knock/ 

injury) were all reported as detrimental (Fig. 5). When participants volunteered details (Fig. 

5), the majority of reports (all negative) cited extremes and changes in temperature (n = 

133), low humidity (n = 80), both temperature and low humidity (n = 23), or springtime 

allergies (n = 31). For activities and sports, reports were generally negative, although two 

participants reported beneficial effects from aerobic sports. The most unexpected data were 

the 25 different food items reported (Fig. 6): all except soy were reported only as having 

detrimental effects on epistaxis. The most frequently reported items were alcohol (n = 45, 

6.8% of participants) and spices (n = 26, 3.9% of participants). We noted that most of the 

foods reported to exacerbate epistaxis were high in salicylates (including spices, chocolate, 

coffee, and certain fruits), other natural compounds  reported to have antiplatelet activities 

(red wine, garlic, ginger, ginseng, ginkgo biloba, and vitamin E), or in omega-3 acids (oily fish, 

salmon).24-31 

  

Number of 

reports 

Mean effect 

size 

95% Confidence 

interval  

Nasal lubrication^ 31 0.61 0.15, 1.08 

Room humidifier^ 9 1.50 1.31, 1.69 

saline rinse^  7 1.50 1.23, 1.78 

Yannan Baiyao^ 8 1.50 1.06, 1.94 

Nasal decongestants^ 5 1.31 0.17, 2.45 

Omega-3 acids^ 5 -1.20 -1.76, -0.64 

Allergy medications^ 15 -0.60 -1.41, -0.21 

Acetylated salicylates^ 24 -1.79 -1.97, 1.62 

Non steroid anti-

inflammatory drugs^ 33 -1.56 -1.88, -1.24 

Steroid treatments*  124 0.03 -0.05, -0.12 

Iron tablets* 456 0.015 -0.016, 0.047 
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Figure 5A. Reported effect of lifestyle factors on hereditary haemorrhagic telangiectasia nosebleeds. Graphic 

indication of the effects of each change reported as improving nosebleeds, making no difference, or worsening 

nosebleeds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5B. The number of reports of specific environmental changes, grouped according to type (black bars ¼ 

negative/detrimental, white bar ¼ positive/beneficial). 
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Figure 6. Reported effect of dietary factors on hereditary haemorrhagic telangiectasia nosebleeds. The number 

of reports for specific dietary items, grouped according to type (black bars ¼ negative/detrimental, white bar ¼ 

positive/ beneficial). *There were additional single deleterious reports for vitamin C, cheese, carbonated 

drinks, red meat, soy, and bananas, although two individuals volunteered a beneficial effect with soy. 
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Discussion 

Management of HHT epistaxis is difficult, and because it is a rare disease, individual 

practitioners rarely treat large number of patients outside of HHT centres. In this study using 

a nonbiased questionnaire and international HHT patients, we highlight the need for 

multiple different treatment modalities, which were generally reported as beneficial. More 

importantly, the data provide potential options for lifestyle modifications. The strengths of 

the study were the use of a nonbiased questionnaire amenable to quantification. Limitations 

were that only a proportion of participants reported the effect of specific variables on their 

epistaxis: 83% to 91% for oestrogen and antioestrogen therapies, approximately 50% for 

laser and cauterization, low for more invasive modalities, and not ascertainable for other 

treatments and lifestyle factors. The intention of dedicated treatments was known to the 

patients, and the reported beneficial responses may therefore have included placebo 

responses. However, the goal of the study was not to evaluate the beneficial effects of 

specific treatments but to identify other factors modifying nosebleed severity. Overall, the 

findings of treatment benefits strengthened our confidence in the subsequent reports 

associated with environmental and lifestyle factors: Salicylate content and antiplatelet 

activities of dietary food items are not generally appreciated, and we suspect, but cannot 

prove, that this was not known to the participants reporting effects on their nosebleeds. The 

use of a subjective questionnaire-based study meant that the effects attributable to one 

particular treatment or variable could not be isolated from potentially independent and/or 

interactive effects of other therapeutic, lifestyle, pathogenic, or genetic variables. The 

responses were not reported consistently by all patients, and the reasons for this variability 

are not yet understood. That said, the data do add to the limited published literature. Use of 

specific otorhinolaryngologic treatments in HHT is guided by expert opinion and the findings 

of case series. For example, recent international guidance recommended the use of laser 

therapy over cauterization.9 Our study findings provide direct evidence to suggest that the 

use of laser treatment may be preferable to cauterization in HHT. Medical therapies, 

particularly hormonal therapies that are supported by randomized control trials in HHT, 

were also reported as beneficial.14,15 To date no formal comparisons have been made 

between oestrogens and antioestrogens in the treatment of HHT-related epistaxis. The 

current study begins to suggest that the use of antioestrogen treatment may be favourable 
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to hormone treatment, although the lower hormonal score may in part reflect the variety of 

oestrogen/ progesterone dosing regimens used by participants. Beneficial effects were also 

reported for aminocaproic acid, tranexamic acid, antibiotic ointments, and bevacizumab. No 

data were volunteered by participants for thalidomide or antioxidants. Trauma to the nose 

and high anxiety levels were reported to worsen nosebleeds, along with almost all patient-

reported variables relating to environmental factors. These findings support both wide 

anecdotal consensus and the findings of a single questionnaire-based study (n = 49), which 

reported changes in temperature, low humidity, sneezing, bending over, strenuous activity, 

and alcohol as aggravating factors for nosebleeds in HHT.23 These factors are likely to 

influence epistaxis through drying of the nasal mucosa by fluctuations in temperature and 

humidity, external trauma to telangiectasia, and increased perfusion pressure of the vessels 

whilst bending over. Many of these factors also lead to epistaxis in the general population, 

owing to the superficial and easily traumatized multidirectional arterial anastomotic system 

of the nose.32,33 We believe the most important data from this study relate to potential 

forms of self-management in this chronic condition. Consensus opinion has suggested the 

use of humidification and regular lubrication of the nostrils, based on anecdotal reports and 

the likelihood that crusting and drying of the nasal mucosa will exacerbate damage of the 

nasal telangiectasia, precipitating haemorrhage. 8,9 For example, saline irrigation of the 

nostrils has been postulated as a useful method of preventing deeper crusting when 

tolerated by the patient.34 In our study, the positive (beneficial) scores for room 

humidification (1.50 [95% CI, 1.31–1.69]), saline treatments (1.50 [95% CI, 1.23–1.78]), and 

nasal lubrication (0.61 [95% CI, 0.15–1.08]) provide evidence to encourage use. For 

individuals with nasal congestion, the beneficial reports for nasal decongestants (score, 1.31 

[95% CI, 0.17–2.45]) are intriguing and likely reflect reduced nasal irritation and damage to 

telangiectasia secondary to reduced blowing of the nose. Eight participants reported using 

Yunnan Baiyao, a traditional Chinese herbal medicine widely used in the treatment of 

haemorrhages and wounds and shown in several randomized, controlled trials to reduce 

intraoperative bleeding due to its haemostatic properties.35–38 Similarly, two participants 

reported beneficial effects from soy, which reduced bleeding from mechanically injured 

vessels in thrombocytopenic dogs and was associated with decreased risk of subarachnoid 

haemorrhage in a Japanese population.39-40 For these agents, further study of efficacy, 

tolerability, and mechanisms that may be involved in alleviating HHT epistaxis is indicated in 
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a wider group of patients. As for other potentially pro-thrombotic agents, examination of 

side-effect profiles is important, particularly with the recent demonstration of the 

heightened risk of venous thromboemboli in iron-deficient HHT patients.41 Nosebleeds are 

more frequent and prolonged for individuals in the general population using antiplatelet and 

anticoagulant therapies, and the current study suggests this may be the case for HHT 

patients.40,42 There were also deleterious reports for food items reported to have similar 

activities. The two most commonly reported groups of agents to exacerbate HHT epistaxis 

were alcohol (especially red wine) and spices. Total salicylates and salicylic acid are high in a 

wide variety of spices, with antiplatelet activity of curcumin, a food spice from turmeric, 

reported by numerous groups.24-26, 43–45 Curcumin is also recognized to inhibit vascular 

smooth muscle cell functions relevant to responses to vascular injury, the process currently 

considered to precipitate HHT haemorrhage.46 There is already substantial literature 

regarding the mechanisms by which red wine appears to have a beneficial effect protecting 

against cardiovascular disease in the apparent ‘‘French paradox.’’47 We can also speculate 

that the detrimental effects of alcohol in the current study may be attributable not only to 

vasodilatation but also to the reported association between alcohol and reduced platelet 

aggregation.48 Chocolate was the next most commonly reported item to exacerbate HHT 

epistaxis (Fig. 6). Multiple studies have emphasized different antiplatelet effects of cocoa, its 

flavonol constituents, and specifically dark chocolate.49–56 Similarly, antiplatelet activity for 

omega-3 is recognized, with reduced microvascular thromboses demonstrated in a porcine 

model, although it is not clear whether this usually translates to clinically relevant 

haemorrhagic risk.57-62 In the current study, items containing fish oil and omega-3 were 

reported as worsening epistaxis by 15 HHT patients. In addition, most fruits, especially berry 

fruits and dried fruits, many vegetables, tea, and honey contain salicylate, although 

functional evidence of antiplatelet activities has generally not been reported to date.24–26 

Antiplatelet activity is also recognized for a wide variety of additional food and dietary items: 

Pribitkin et al. and Ciocon et al. emphasized the importance of garlic, ginger, ginseng, and 

Ginkgo biloba (the 4 Gs), and in the current study each was reported by multiple different 

HHT participants as exacerbating their nosebleeds (Fig. 6).28,29 
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Conclusion 

This study suggests that HHT patients with troublesome epistaxis may be advised to try 

simple risk-free strategies including avoidance or monitored intake of high-salicylate foods 

and other dietary items reported as deleterious in this study. Acute aggravation of HHT 

epistaxis could serve as an activity biomarker for proposed dietary manoeuvres to protect 

against atherosclerosis and vascular diseases.  
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Chapter nine 

Summary and general discussion 
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This thesis addresses some of the open clinical questions on the epidemiology, pathology, 

diagnostics and therapy of Hereditary Haemorrhagic Telangiectasia. 

 

Chapter 2 reports the life expectancy of HHT patients most of whom were the unscreened 

and untreated parents of individuals with confirmed HHT. The study showed that the life 

expectancy in parents with HHT was slightly lower compared to parents without. This is likely 

the result of complications associated with HHT. Further analysis showed that parents with 

ACVRL 1 mutations had normal life expectancies, whereas parents with Endoglin mutations 

died 7.1 years earlier than controls. Female patients with Endoglin mutations were most 

strikingly at risk of premature death from complications. These results emphasize the 

importance of referring patients with HHT for screening to establish any vital organ 

involvement and timely intervention to prevent complications. Interestingly enough, life-

expectancy seemed to normalize in all HHT groups after the age of 70. This phenomenon 

could be explained by results described in chapter 3.  

 

Chapter 3 analyses cancer rates in an international HHT cohort. Questionnaire derived data 

of 2,161 HHT patients and 2,817 control individuals were included. In both crude and age-

adjusted regression, lung cancers were significantly less frequent in the HHT arm than 

controls. By contrast, breast cancer prevalence was higher in HHT than in controls. Overall, 

prostate and colorectal cancer rates were equivalent, but the pattern of colorectal cancer 

differed, with a higher prevalence in younger HHT patients than controls. Lung cancer was 

associated with a high mortality rate and the decreased prevalence in the HHT group could 

explain the near normal life expectancy of HHT patients in later decades of life.  

 

Chapter 4 describes the relationship between pulmonary arterial hypertension (PAH) and 

HHT. Hereditary PAH is a rare but severe complication of HHT. ACVRL1 mutations have been 

recognized as leading to this combined syndrome for several years. Understanding PAH in 

the context of HHT is especially important since this combination usually leads to a worse 

outcome than PAH alone. Twenty-two of the patients described in these case reports were 

diagnosed under the age of 18 (56%). Compared to BMPRII mutation carriers and non-

carriers (idiopathic PAH), ACVRL1 mutation carriers are diagnosed at a younger age and have 

a worse prognosis despite similar therapy and better haemodynamics at time of diagnosis. 
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This suggests that the disease progresses more rapidly with severe consequences.  Even 

though it is rare for HHT to be complicated by PAH, physicians should be aware that HHT and 

PAH do present in combination and that in these cases they perform an echocardiogram 

when clinical signs so indicate, especially in patients with ACVRL1 mutations.  

 

Chapter 5 addresses the question how to screen children of patients with HHT for possible 

pulmonary arteriovenous malformations. The conservative screening methodology, which 

includes a full  history, physical examination, pulse oximetry and chest radiography, used in 

the St Antonius Hospital for the past 18 years was evaluated in terms of the actual incidence 

of HHT-related complications or major incidents. Four hundred and thirty-six children from 

HHT families were screened using this method. 175/436 (40%) children had a definite 

diagnosis of HHT, based on either the Curacao criteria or a DNA-test. Pulmonary 

arteriovenous malformations (PAVMs) were detected in 44/175 (25%) children, 40/44 

requiring treatment by embolotherapy. None of the children screened had suffered any 

PAVM-associated complications at any point of their follow-up, so it appears that this 

screening method is fit for purpose in identifying risk of this complication. Although small 

PAVMs would likely have been missed using this method, the study showed that detecting 

large PAVMs is sufficient to prevent children with HHT developing PAVM-related 

complications. Postponing invasive screening to detect any smaller PAVMs, which includes 

high radiation doses that can cause malignancies, until adulthood does not appear to be 

associated with major risk. 

 

Chapter 6 discusses the use of antiplatelet and anticoagulant therapy in HHT patients. Many 

patients with HHT are not treated with antiplatelet and anticoagulants when indicated 

because of concern that it might result in (increased) haemorrhage. This study showed 

unexplained and wide variation in the side effect profiles with respect to haemorrhage 

associated with the use of anticoagulant and antiplatelet therapies in patients with HHT. 

However, data also show that 40% of HHT patients using antiplatelet and anticoagulant 

therapy do not experience any change in either incidence or severity of their epistaxis. These 

findings provide cautious support for the use of antiplatelet or anticoagulant agents in cases 

where there is a very strong indication for their use.  
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Chapter 7 evaluates the results of a long-term follow-up of 12 patients treated with 

Thalidomide to reduce epistaxis. Only a minority of patients had continued taking the drug 

after its initial prescription despite its beneficial effects on their symptoms. Side effects that 

included fatigue and constipation as well as rather more severe neuropathy in the lower 

limbs, were the primary reason to stop. Thus despite symptom reduction in the case of 

Thalidomide, alternative treatments with fewer side-effects are clearly still necessary for 

treating epistaxis in HHT patients and a large-scale clinical trial with Thalidomide for 

treatment of epistaxis is not justified at the present time, although incidental use in the most 

severely affected patients can be considered. 

 

Chapter 8 identifies factors influencing the severity of epistaxis in HHT patients. 97% of the 

HHT patients included in the study were affected by epistaxis. Specialist invasive- and 

medical treatments commonly used for HHT-related epistaxis had significant benefit. Many 

lifestyle and dietary factors could be identified by patients that were generally detrimental 

and a few appeared to have benefit. Atmospheric room humidification, nasal lubrication, 

and saline treatments for example were all reported as beneficial. Alcohol, spices and foods 

high in salicylates, other natural antiplatelet activity or omega-3 acids were identified as 

being detrimental. These results support existing guidelines and suggested that lifestyle and 

dietary advice may also improve nosebleed incidence and severity in HHT. 

 

The aim of this thesis was to further characterise HHT patients; who they are, how they are 

affected by HHT and how they react to different therapies or external factors. These are all 

clinical issues that need to be answered to further develop treatment modalities, to give 

evidence based advice, to improve life-expectancy and to better quality of life of HHT 

patients.   

 

Co-morbidities and protective features 

The outcome of this small series of studies indicated that HHT symptoms and severity can be 

modified by a number of co-morbidity factors. Examples included PAH, and antiplatelet or 

anticoagulant therapies for treating cardiovascular disease.  Likewise, HHT appeared to 

affect the incidence of other conditions, both positively and negatively, for example in the 

case of some of the most common types of cancer. HHT appeared to be protective for some 
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kinds of cancer but enhance others. Whether common mechanisms underlie this and the 

effects are directly linked to the mutations themselves or are indirect and mediated by 

typical HHT lifestyle, treatment or clinical parameters is unclear. HHT is caused by defective 

signalling to vascular cells by TGFβ superfamily members, but TGFβ controls many other vital 

functions in the body, most notably the immune and inflammatory system. The close link 

between HHT symptoms and their aggravation by inflammation is widely acknowledged 

clinically but there have been relatively few studies on systemic (e.g. autoimmune) versus 

local inflammation in patients and its influence on the manifestation of disease. As more 

families are identified, there may be sufficient numbers of patients to include so that an 

adequately powered study can be carried out that addresses more co-morbidity indications. 

Without sufficient power, as is often the case with rare diseases, incorrect conclusions may 

be drawn. For example, a similar cancer study to the one discussed in chapter 3 was 

underpowered and results led to very different conclusions showing no association between 

cancer incidence and HHT.1 This conclusion stresses the point that appropriately powered 

studies are essential in order to provide informative data to guide patient management and 

focus future research.2 It is not only important to recognise the inhomogeneity of the 

population in terms of HHT and wider genotypes, but also to adjust for important 

confounding variables such as smoking and iatrogenic radiation exposure.3 Furthermore, 

using a family-based methodology gives control for some of the plethora of cancer 

susceptibility alleles and shared environmental exposures segregating within families.2 

 

Screening 

The life expectancy calculated in chapter 2 is based on a population largely unscreened and 

untreated HHT patients. More research will be needed to determine the life-expectancy of 

the current generation that has been screened and often treated pre-emptively. A regular 

critical evaluation of screening and treatment methodology and continuous improvement of 

care is vital for patients. In chapter 5 the methodology on how to screen children for PAVMs 

is discussed. This is a topic often discussed and disputed by HHT professionals. Although the 

ultimate goal of protecting children for complications of HHT is clear, the best way to 

achieve this best is still controversial. Generating more long-term data  on this subject will 

increase liability of outcomes. Linking HHT databases with larger national and international 

biobanks may be one way to address this issue.  
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The ethical concerns of a diagnosis in children with variable degrees of long term health risk 

are complex and with constantly evolving imaging and screening modalities, continuous 

evaluation of different screening methods is crucial for a balanced discussion and 

development of evidence based methods for the future.   

Furthermore, currently all patients needing follow-up after embolization of PAVMs undergo 

a thoracic computer tomography scan (CT scan). Although radiation exposure using CT scans 

has greatly decreased in recent years, the cumulative dose of radiation can be high, 

especially in patients with multiple PAVMs who undergo regular follow-up.  Other methods 

to follow-up embolized PAVMs, like magnetic resonance imaging and transthoracic contrast-

echocardiograms, may prove to be a good and radiation free alternative. Although 

experience with these methods is increasing, large amounts of data, accumulated over long 

periods of time, are needed to evaluate whether these methods are sufficiently sensitive to 

replace thoracic CT scans as a long-term follow-up method for embolized PAVMs.  

 

Treatment 

Understanding of both HHT and other diseases with similar molecular pathologies might lead 

to new treatment options. As discussed in chapter 4, hereditary forms of PAH have a very 

similar genetic and molecular background to HHT. Recent studies have shown possible novel 

treatment for PAH and perhaps HHT. A haplo-insufficiency of ALK1, Endoglin, BMPR2 or 

BMP9 results in reduced levels of active receptors and can lead to both diseases.4, 5 Studies 

have shown that when mice, affected by PAH due to a BMPR2 deficiency, are treated with 

excessive BMP9, the symptoms of PAH are reversed within 4 weeks.6 Given the similarity 

between the molecular mechanism of PAH and HHT, the option of treatment with BMP9 in 

HHT patients could be explored in the future.  

Conversely, insight in the pathophysiology of HHT might be useful in the treatment of solid 

tumours in the general population. In chapter 3 we observe a significantly reduced 

prevalence of lung cancer in the HHT population. Currently, both anti-endoglin and anti-ALK1 

therapies are being studied for the treatment of solid tumours of which first results are 

encouraging.7-9 Interestingly, the patients treated with anti-endoglin and anti-ALK1 

antibodies develop a similar phenotype to HHT affected patients (telangiectasia and 

epistaxis).  
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Lastly, and for patients perhaps the most pressing matter, is future research into treatment 

and prevention of epistaxis and anaemia.  Although pulmonary and cerebral arteriovenous 

malformations lead to significant morbidity and mortality, epistaxis and anaemia greatly 

impact quality of life of HHT patients.10 Both systemic treatment with Thalidomide and 

Bevacizumab have been explored but side effects can be problematic as shown in chapter 7. 

Local treatment would be a preferred approach, but so far local treatment with 

Bevacizumab has been unsuccessful. 11, 12 

 

In conclusion, ongoing advances in medical and scientific understanding of this hereditary 

disease help to continuously improve patient care. Future challenges lie in several areas 

including genetics and their relation to the widely variable HHT phenotype, optimisation of 

screening, diagnostics and treatment, and improving life expectancy and quality of life of the 

current and future generations affected by HHT.  
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Hereditaire Hemorragische Teleangiëctastieën, ook wel bekend als de Ziekte van Rendu-

Osler-Weber, is een erfelijke, autosomaal dominante aandoening welke wordt gekenmerkt 

door afwijkende vaatvorming wat resulteert in spontane, recidiverende bloedneuzen 

(epistaxis) en kleine- en grote vaatafwijkingen, respectievelijk teleangiëctastieën en 

arterioveneuze malformaties (AVMs) genoemd. In 90-95% van de patiënten kan een mutatie 

worden gevonden in het ENG, ACVRL1 of SMAD4 gen. De AVMs welke typisch worden gezien 

bij deze aandoening komen voornamelijk in de longen, lever en hersenen voor. Hoewel ze 

vaak asymptomatisch zijn, kunnen ze tot belangrijke complicaties leiden. De meest 

gevreesde complicaties worden veroorzaakt door paradoxale septische of steriele embolieën 

welke door pulmonale AVMs kunnen passeren naar de systemische circulatie en 

herseninfarcten of hersenabcessen veroorzaken.  Door deze pulmonale AVMs tijdig te 

behandelen kunnen deze complicaties worden voorkómen. Een andere complicatie is 

ijzergebreksanemie als gevolg van bloedneuzen en gastro-intestinale bloedingen. Deze 

kunnen danig ernstig zijn dat ziekenhuisopname en bloedtransfusies nodig zijn. De mate 

waarin een individu lijdt aan symptomen hangt af van multipele factoren waaronder de gen 

mutatie, genetic modifiers en omgevingsfactoren. 

 

In hoofdstuk 2 wordt de levensverwachtingen van de ouders van HHT patiënten onderzocht. 

Door de hereditaire eigenschap van HHT kon de ouder aangedaan door HHT vergeleken 

worden met de ouder niet aangedaan door HHT. De levensverwachting bij de 

(onbehandelde) ouders met HHT was iets lager in vergelijking met ouders zonder HHT 

(gemiddelde leeftijd bij overlijden 73,3 jaar bij patiënten versus 76,6 jaar bij de controle 

groep). Ouders met ACVRL1 mutaties hadden een normale levensverwachting, terwijl ouders 

met ENG mutaties 7,1 jaar eerder stierven dan mensen in de controle groep. Vrouwelijke 

patiënten met ENG mutaties hadden het meest risico op vroeg overleiden. Deze resultaten 

benadrukken het belang van verwijzen patiënten met HHT voor de screening van orgaan 

betrokkenheid en tijdig ingrijpen om complicaties te voorkomen. 

 

In hoofdstuk 3 wordt gekeken naar het vóórkomen van kanker in HHT patiënten en mensen 

niet aangedaan door HHT. Er werd een database opgezet aan de hand van vragenlijsten van 

1307 deelnemers, waaronder 1007 HHT-patiënten en 142 controles. Door ook informatie 

over familieleden te includeren werd een cohort 2161 HHT aangedane mensen (58% 
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vrouwen), en 2817 controles (52% vrouwen) gecreëerd. Resultaten tonen een beduidend 

lagere prevalentie van longkanker in de HHT groep dan in de controle groep. De borstkanker 

prevalentie was hoger bij HHT dan controles. Over het algemeen was het vóórkomen van 

prostaat- en darmkanker gelijk in beide groepen, maar de trend van het vóórkomen van 

colorectaal kanker was afwijkend met een hogere prevalentie bij jongere patiënten in de 

HHT groep dan de controlegroep. Deze resultaten suggereren klinisch significante verschillen 

in het vóórkomen van de long-, borst- en colorectaal kanker in HHT patiënten in vergelijking 

met mensen zonder HHT.  

 

Hoofdstuk 4 geeft een overzicht van de relatie tussen pulmonale arteriële hypertensie en 

HHT; met name het type veroorzaakt door ACVRL 1 mutaties. Erfelijke pulmonale arteriële 

hypertensie (HPAH) is een zeldzame, maar ernstige complicatie van HHT. Beide ziekten 

kunnen het gevolg zijn van genetische mutaties in ACVLR1 en ENG genen welke coderen 

voor eiwitten die betrokken zijn bij de transforming growfactor-beta (TGF-β) superfamilie, 

een signalerings-pathway die essentieel is voor angiogenese. Veranderingen binnen deze 

pathway kunnen leiden tot zowel de proliferatieve vasculopathie van HPAH en 

arterioveneuze vaatafwijkingen gezien in HHT. Klinische symptomen van de ziekte 

combinatie zijn niet specifiek maar vroege diagnose is belangrijk voor de juiste behandeling.  

 

Hoofdstuk 5 evalueert de methode waarop kinderen worden gescreend in het St Antonius 

ziekenhuis voor de ziekte van Rendu-Osler-Weber en daarmee geassocieerde pulmonale 

arterioveneuze malformaties (PAVMs). Hier zijn 436 kinderen gescreend in de afgelopen 18 

jaar middels het afnemen van anamnese, lichamelijk onderzoek, zuurstof saturatie meting 

en  een röntgen foto van de thorax.  Hoewel bij deze methode waarschijnlijk kleine PAVMs 

worden gemist lijkt dit klinisch geen consequenties te hebben. Bovendien betekent dit 

minder stralingsbelasting voor kinderen dan wanneer ze met regelmaat een CT scan moeten 

ondergaan. Data laat zien dat geen enkel kind een complicatie door heeft gemaakt ten 

gevolge van kleine, gemiste PAVMs, welke op volwassen leeftijd pas zullen worden 

gevonden. Deze bevindingen ondersteunen het gebruik van deze screeningsmethode. 

 

In hoofdstuk 6 wordt de het effect van plaatjesaggregatieremmers of anticoagulantia op 

epistaxis bestudeerd. Hoewel HHT bekend staat om zijn associatie met bloedingen komen er 
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ook relatief vaak trombo-embolische en ischemische complicaties voor. Normaliter wordt dit 

behandeld middels plaatjesaggregatieremmers of anticoagulantia, echter zijn veel clinici 

huiverig deze voor te schrijven vanwege de hemorragische kenmerken van HHT.  Om de 

effecten van plaatjesaggregatieremmers en antistollingsmiddelen op bloedingen in HHT te 

evalueren, werden relevante vragen opgenomen als onderdeel van een breed internationaal 

onderzoek. 

Van de 973 respondenten met HHT, verklaarden er 700 (71,9%) dat zij had nooit 

plaatjesaggregatieremmers of anticoagulantia hadden gebruikt. Het was echter verrassend 

dat 153 van de 379 patiënten die wel plaatjesaggregatieremmers of anticoagulantia (40,4%) 

hadden gekregen, geen verandering in hun neusbloedingen bemerkten. Lagere dosering van 

middelen, in het bijzonder plaatjesaggregatieremmers, bleek niet geassocieerd te worden 

met bloedingen in de hoge aantallen patiënten. Deze bevindingen ondersteunen voorzichtig 

gebruik van plaatjesaggregatieremmers of anticoagulantia bij patiënten met HHT als er een 

sterke indicatie is. 

 

In hoofdstuk 7 wordt het lang termijn gebruik van Thalidomide geëvalueerd. Thalidomide, 

ook bekend als Softenon, wordt sporadisch gebruikt als één van de laatste redmiddelen in 

zeer ernstige vormen van HHT.  Het verminderd epistaxis en voorkomt daardoor anemie 

waardoor patiënten minder bloedtransfusiebehoeftig worden. Thalidomide heeft echter 

belangrijke negatieve bijwerkingen, waaronder neuropathie en vermoeidheid. 

Twaalf patiënten werden geïncludeerd waarvan slechts een klein deel thalidomide was 

blijven gebruiken. Ondanks de gunstige effecten op hun symptomen waren bijwerkingen de 

belangrijkste reden om te stoppen. Dit doet ons concluderen dat alternatieve therapieën 

nog steeds nodig zijn voor de behandeling van epistaxis in HHT patiënten. 

 

In hoofdstuk 8 worden factoren geïdentificeerd die mogelijk invloed hebben op de ernst van 

epistaxis. Zeshonderdnegenenveertig van de 666 (97%) individuen met HHT had klachten 

van spontane, recidiverende epistaxis. Specialistische invasieve behandelingen hadden een 

gunstig effect op epistaxis; lasertherapie vaker dan cauterisatie. Medicamenteuze 

behandelingen welke vaak werden gerapporteerd in de behandeling voor epistaxis hadden 

ook significant gunstige scores. Meerdere etenswaren werden opgegeven als ongunstig 

zijnde voor epistaxis. De meest frequent gemelde items waren alcohol en specerijen. 
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Voeding hoog in salicylaten, natuurlijke plaatjesaggregatieremmers, of omega-3 zuren 

werden als schadelijk gerapporteerd. Deze data ondersteunt de bestaande behandelingen 

en toont dat leefstijl en voedingspatroon epistaxis bij HHT patiënten kan beïnvloeden. 
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