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Abstract
Background: Hereditary Haemorrhagic Telangiectasia (HHT) is a dominantly inheritable disorder, with a wide
variety of clinical manifestations due to presence of multiple arteriovenous manifestations. The most common
mutations are found in HHT1 (ENG) and HHT2 (ACVRL1) patients, causing alterations in the TGF-β pathway which is
responsible for angiogenesis. Modulations of angiogenesis may influence cancer rates. The objective of
the study was to evaluate 20-year survival according to HHT subtype, as well as to evaluate differences in causes
of death comparing HHT patients and controls. We also wanted to investigate whether cancer morbidity among
HHT patients differs from that among controls.
Results: We included all HHT patients in the County of Fyn, Denmark, prevalent as of January 1st 1995 in total 73
HHT patients. In addition three age- and sex- matched controls per HHT patient were evaluated, in total 218 controls
(one was lost due to registration failure). The controls were defined at start of follow-up in 1995. Information on lifestyle
factors was not available. A total of 32 (44%) HHT patients and 97 (44%) controls passed away during follow-up. The
survival curves were evenly distributed showing similar survival rates in the two groups. Cancer diagnoses had been
registered in the follow-up period in 4 (5%) HHT patients and in 38 (17%) controls.
Conclusion: The mortality was not increased among Danish HHT patients compared to controls. This study is based on
a clinical unselected series of HHT patients with the whole spectrum of severity, independent of need for medical care.
Our data also suggest that HHT patients to a lesser degree than the background population are affected by cancer.
Keywords: Telangiectasia Haemorrhagic Hereditary, HHT, Survival, Cancer, Causes of death

Background
Hereditary Hemorrhagic Telangiectasia (HHT), also
known as Osler-Weber-Rendu disease, is an autosomal
dominant disorder characterized by presence of multiple
arteriovenous malformations (AVMs) leading to wide
variety of clinical manifestations [1, 2]. Case reports on
fatal outcome in severe HHT cases have been reported
[3, 4]. However, studies on survival in the overall HHT
population have been sparse [5, 6]. Studies indicate that, at
least in untreated HHT populations, an increased mortality
seems to be present [7]. We have previously studied the
mortality among HHT patients and controls in the county
of Fyn [1, 8], and we identified a slightly increased mortality
in a subgroup of patients. Studies of mortality are
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important to be able to advise patients on prognosis, and to
gain information regarding the nature of the disease.
Clinical manifestations of HHT

The most common clinical manifestation of HHT is
spontaneous and recurrent epistaxis, usually with debut
in childhood, ultimately affecting around 95% of all
HHT patients. The epistaxis severity differs considerably
between individual patients. With age HHT patients
develop characteristic red spots (Fig. 1 (telangiectatic
lesions)). Gastrointestinal AVM (GI-AVM) may cause
gastrointestinal bleeding in 25% of HHT patients [2, 9]
who often need blood transfusions. Pulmonary arteriovenous malformations (PAVMs) are present in around
12–50% depending on the genetic subtype [10–12].
PAVMs may cause serious neurological symptoms like
cerebral abscess (CA) [13–15] or stroke, due to paradoxical embolism [10, 16]. Patients with PAVMs are therefore recommended treated with embolization, whenever
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Fig. 1 Typical telangiectatic lesion in an HHT patient

possible [17]. Other neurological symptoms may be
caused by cerebral arteriovenous malformations
(CAVMs), which are present in at least 10% of patients
[18]. Hepatic arteriovenous malformations (HAVMs)
are quite common, but rarely symptomatic [2, 19].
Clinical reports show an apparent increased occurrence of
bacterial infection [13–15], and an apparent increased
occurrence of thromboembolic events, and certainly an increased occurrence of non-traumatic haemorrhage [2, 5].

if disturbances of angiogenesis also alter the occurrence
of cancer. Molecular biology studies have indicated that
at least regarding Endoglin (HHT1) reduced levels may
reflect reduced tumour angiogenesis [22]. In the past
years there have been some indications that HHT
patients may have superior cancer-survival [23] and may
even have a lower risk of cancer [24]. On the other hand,
recently the occurrence of cancer was reported equal to
controls in a large study by Duarte et al. [25].

Genetics of HHT

Epidemiology of HHT

Genetic heterogeneity has been demonstrated with identification of five loci to date, of which HHT1, HHT2 and
JP-HHT are the most well described. HHT1 is caused by
mutations in Endoglin (ENG) (OMIM 131195) and
HHT2 by mutations in ACVRL1 (Activin A receptor,
type II-like 1) (OMIM 601284). The HHT1 and HHT2
phenotypes share the amount of telangiectatic lesions,
epistaxis and GI bleeding evenly. But HHT1 patients
have a high prevalence of PAVMs while HHT2 have a
higher prevalence of HAVMs. A phenotype consisting of
HHT and Juvenile Polyposis Syndrome (JP-HHT) was
described in 2004 and is due to mutations in SMAD4
(OMIM 600993) [20].
HHT is a clinical diagnosis, according to the Curaçao
criteria [21]. In approximately 85% of the HHT patients
a mutation in either ENG or ACVRL1 can be identified
at mutation analysis, and 2–3% of patients have a mutation in SMAD4 [12].

HHT occurs with wide ethnic and geographic distribution. The reported Danish prevalence is 1/6500 [1]
which is slightly higher compared to other European
countries. However, during the last 20 years increasing
prevalence has been reported from many HHT-center’s
[26, 27]. The higher prevalence is thought to be due to
increased awareness and inclusion of the subset of
patients with minor symptoms rather than truly increasing incidence.
Aim

Cancer and HHT

To estimate survival in our group of HHT patients and
compare the survival with age- and sex-matched
controls.
To see if there are marked differences in causes of
death between the group of HHT patients and in the
group of controls.
To investigate cancer prevalence among HHT patient,
and compare the differences in cancer prevalence
between HHT patients and controls.

Mutations in the three HHT causing genes cause alterations in the TGF-β pathway which is responsible for
angiogenesis. Disturbance of angiogenesis causes development of telangiectatic lesions, and one may speculate

Methods
The identification of HHT patients and controls has
been described previously [8, 28]. Basically all known
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HHT patients and all first-degree relatives of HHT
patients living in the County of Fyn were invited for
clinical examination for signs of HHT. Hereby, we identified all HHT patients who fulfilled the clinical criteria
of HHT, regardless of their need for medical care. A
total of 73 HHT patients who fulfilled the clinical
criteria of HHT 1.1.1995 and lived in the County of Fyn
were included in the follow-up study. The controls
consisted of 218 inhabitants in the County of Fyn the
1.1.1995; they were age- and sex-matched. Three controls
were chosen randomly for each HHT patient when the
HHT cohort was identified in 1995, one control was lost
due to registration failure. As the controls were not contacted and the HHT patients (cases) were only seen at
entry and if they later were in need of medical care at the
HHT-center. Data concerning smoking habits, lifestyle
and comorbidity were not available.
In 2015 we performed a register search in the Danish
Population Registry using the civil registration number
of the HHT cases and of the controls. By this method all
deaths and causes of death among patients and controls
as well as emigrations in the study period were recorded.
Causes of death were retrieved from the Danish Cause
of Death Registry.
In order to further evaluate the causes of death among
patients and controls, a thorough assessment of the
ICD-10 classifications was performed and all diagnoses
were, from a clinical point of view, categorized as HHTor not HHT-related. HHT related diagnoses were based
on the reported increased occurrence of bacterial infections, risk of thromboembolic events, and hemorrhages
among HHT patients [2, 14, 29]. The HHT-related diagnoses were grouped as seen in Additional files 1: Table
S2. Overview, and Additional files 2: Table S3 including
all diagnosis and all codes.
Regarding cancer, first event of cancer was recorded
both in the HHT group and in the control group. These
data were retrieved from the Danish Patient Registry.
The results where validated by extracting data from the
Danish Cancer Registry. Non-melanoma skin cancers
were omitted from the analysis, as this diagnostic group
are less likely to be complete and accurate.
Setting

The Danish HHT-center was established at Odense University Hospital in 1995 on the basis of several years
with ongoing epidemiological studies in the County of
Fyn [30]. Since 1.1.1995 all patients seen at the Danish
HHT-center have been clinically evaluated concerning
manifestations of HHT. All participants have been
offered genetic testing. The HHT-center receives referral
patients with HHT from all parts of Denmark. However,
concerning the County of Fyn, we have been able to
include and follow all patients from Fyn.
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The County of Fyn, Denmark, is a geographical well
defined area with access to Odense University Hospital.
All inhabitants in Denmark are served by a free public
health care system, in which all hospital contacts are
registered. Data concerning prevalence of HHT disease
has previously been published [1, 31].
Clinical evaluation of patients

The HHT patients and their first degree relatives were at
inclusion evaluated regarding symptoms and signs of
HHT. They were interviewed regarding epistaxis and
other HHT manifestations, and they underwent a clinical examination looking for telangiectatic lesions with
focus on characteristic sites, being nasal mucosa, oral
mucosa, lips, skin of face, conjunctiva, and fingertips. Including the first degree relatives in the HHT screening,
allowed us to identify HHT cases with very few symptoms. Only HHT cases with definite HHT were included
in the follow-up. The inclusion criteria at that time were:
presence of multiple, at least 15, telangiectatic lesions
and either a positive family history or recurrent episodes
of bleeding [28]. In all HHT cases a history concerning
neurological symptoms were taken and screening for
PAVM was offered in order to perform embolization if
necessary. Screening for CAVM was only offered if the patient had experienced neurological symptoms or deficits.
Screening for HAVM was not performed routinely. In all
HHT families genetic counselling and mutation diagnostics were offered. The controls were not clinical evaluated,
but only identified in a register search, having the same
age and sex as the included HHT patients and being alive
and having address in the County of Fyn 1.1.1995.
Mutation analysis

Genomic DNA was isolated from peripheral leukocytes.
All exons and exon-intron boundaries of ENG (RefSeq:
NM_001114753.1), ACVRL1 (RefSeq: NM_000020.2),
and SMAD4 (RefSeq: NM_005359.5) were analysed by
bi-directional sequencing and Multiplex Ligationdependent Probe Amplification (MLPA) analysis, as
described previously [12]. Before 2007, our laboratory
performed DGGE (denaturing gradient gel electrophoresis) and DHPLC (Denaturing High Pressure Liquid
Chromatography) analysis of ENG and ACVRL1, with
sequencing of relevant exons as described in detail in
other papers [8, 32]. All samples, without an identified
pathogenic mutation by this approach, were re-evaluated
in 2010–2012 with Sanger sequencing and MLPA analyses of the three HHT causative genes [12]. None of the
patients had mutations in SMAD4.
Danish population registries as data sources

Denmark has an array of nationwide registries which are
continuously updated and provide excellent opportunities
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for register-based research. Danish nationwide registries
can be accurately linked at the individual level using the
unique civil registration numbers assigned to all Danish
residents at birth or upon immigration [33]. Furthermore,
the highly organized structure of the tax-supported Danish Health Service [34], which provides free of charge
health care to all citizens of the country regardless of income, provides a favorable setting for the type of studies
included in this paper. To conduct the studies presented
in this manuscript we collected data from four nationwide
registries, all containing prospectively collected data.
The Danish Civil Registration System (Person Registry)
was established in 1968 and contains continuously updated
information on vital status, migration and residency. The
registry is based on the civil registration number [33]. Data
in this registry was updated in the full research period.
The Danish Cancer Registry (Cancer Registry) was
founded in 1942. It is mandatory to report incident cases
of cancer and selected tumors to the Cancer Registry.
Cancer diagnoses are recorded according to the International Classification of Diseases, version 10 (ICD-10)
[35]. We used data from this registry updated until 1
January 2013.
The Danish Register of Causes of Death covers all
deaths among citizens dying in Denmark since 1875.
The register is computerized and it includes all the diagnoses recorded at the death certificate as the evaluated
cause of death. Since 1994 only diagnoses according to
ICD-10 classification have been used [36]. We used data
from this registry updated until 1 January 2014.
The Danish Patient Registry includes information
on all procedures and treatments, together with all
associated diagnoses, for all admissions and outpatient
contacts (including visit to emergency rooms) managed at Danish hospitals (public as well as private).
We used data from this registry updated as of 31
December 2014.

Statistics

We conducted survival analysis with follow-up as
time scale. Kaplan-Meier curves with 95% confidence
bands were calculated for HHT cases versus controls.
We used the same populations which were evaluated
for 90-month mortality [8]. Furthermore, hazard
ratios between cases and controls and between subtypes were estimated with Cox regression, adjusting
for sex and age at start of follow-up and checking
fulfillment of the proportional hazards assumption.
Using knowledge of cancer diagnosis we also performed Kaplan-Meier survival curves regarding cancerfree survival. Concerning causes of death we used descriptive statistics comparing causes of death in the group of
HHT patients and controls.
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Results
All 73 HHT patients were followed for 20 years, as well
as 218 of 219 controls (one control was lost due to registration failure). Phenotype and genotype characteristics
of the HHT patients are shown in Table 1.
Crude survival showed that 41 (56%) HHT patients
and 121 (56%) controls survived the study period.
Survival curves are shown in (Fig. 2 a–e). We expected
to identify a higher mortality among HHT patients than
among controls, but there was no significant increased
mortality, and the curves evened out during the full follow-up period. Neither a logrank test (p = 0.10) nor a
Cox regression adjusting for age and sex (HR = 1.27,
p = 0.24) found any significant differences in survival
between cases and controls. Subdividing according to
the genetic HHT subtype (Fig. 2b and c) did not reveal increased mortality among either HHT1 or HHT2 patients
and neither a logrank test (p = 0.17) nor Cox regression
adjusted for age and sex (HR = 0.46, p = 0.066) found any
significant differences in survival between HHT1 and
HHT2. Subdividing according to sex (Fig. 2d and e) did
not reveal increased mortality in either sex. The number
of patients with cancer was too small to make any significant change in the survival curves (cancer survival curves
not shown).
According to the Danish Patient Registry only 4 (5.5%)
of HHT patients were diagnosed with cancer during the
study period compared to 38 (17.4%) of the controls (p
= 0.012 using Fisher’s exact test). These results were validated using the Cancer Registry. Here we found the
same 4 HHT patients with a cancer diagnosis but we
only identified 32 of the 38 controls diagnosed with
Table 1 Pheno- and genotype distribution among HHT patients
All HHT
patients

Male

Female

Number

73

34

39

Age 1 January 1995 (range)

53.8
(14–88)

51.5
(18–88)

55.5
(14–87)

PAVM diagnosed at CT or
Pulmonary angiography

23

9

14

HHT1

38

18

20

HHT2

24

14

10

JP-HHT

0

0

0

Unknown type

11

2

9

Died in the follow-up period

32

13

19

HHT stated as cause of death

6

3

3

Cancer stated as cause of death

3

1

2

Other HHT related diagnosis
stated as cause of death

10

6

4

Abbreviations: PAVM Pulmonary arteriovenous malformations, HHT1 Hereditary
Hemorrhagic Telangiectasia type 1, HHT2 Hereditary Hemorrhagic
Telangiectasia type 2, HHT- JP Hereditary Hemorrhagic Telangiectasia and
Juvenile Polyposis

Kjeldsen et al. Orphanet Journal of Rare Diseases (2016) 11:157

Page 5 of 8

a

b

1.00

1.00

0.90

0.90

0.80

0.80

0.70

0.70

0.60

0.60

0.50

0.50

0.40

0.40

0.30

0.30

0.20

PROBANDS: Observed survival with 95% C.I., n/N= 41/73

0.20

PROBANDS: Observed survival with 95% C.I., n/N= 23/38

0.10

CONTROLS: Observed survival with 95% C.I., n/N= 121/218

0.10

CONTROLS: Observed survival with 95% C.I., n/N= 69/113

0.00

0.00
0

1

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
Follow-up time (years)

0

c

d

1.00

1.00

0.90

0.90

0.80

0.80

0.70

0.70

0.60

0.60

0.50

0.50

0.40

0.40

0.30

0.30

0.20

PROBANDS: Observed survival with 95% C.I., n/N= 13/24

0.20

0.10

CONTROLS: Observed survival with 95% C.I., n/N= 33/72

0.10

1

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
Follow-up time (years)

Observed survival with 95% C.I., n/N= 21/34
CONTROLS: Observed survival with 95% C.I., n/N= 55/101

0.00

0.00
0

1

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
Follow-up time (years)

0

1

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
Follow-up time (years)

e
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30

Observed survival with 95% C.I., n/N= 20/39

0.20
CONTROLS: Observed survival with 95% C.I., n/N= 66/117

0.10
0.00
0

1

2

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
Follow-up time (years)

Fig. 2 Crude Survival: a All HHT patients and controls b HHT1 patients and controls c HHT2 patients and controls. d Female HHT patients and
controls, e Male HHT patients and controls

cancer (14.6%). The difference in cancer prevalence between HHT patients and controls was still significant (p
= 0.04 using Fisher’s exact test).

Discussion
In this study we were able to include all HHT patients
from a well-defined geographical area. Patients were included regardless of severity of disease as long as they
fulfilled the diagnostic criteria of HHT. Even though
this was done before the Curacao criteria were established, subsequent evaluation has demonstrated that all

patients fulfilled the Curacao criteria [21]. The problem
with referral bias was reduced substantially as HHT
cases with few symptoms, diagnosed through screening
of first degree relatives, also were included. However
subclinical cases of HHT may have been missed for inclusion in the case group. A well-defined control group
was identified using sex, birthday and County of Fyn
address as matching. The control group was not clinical
examined, and although the extremely low prevalence
of HHT makes it very unlikely, subclinical cases of
HHT in the control group cannot fully be excluded. In
this respect it should be noted that during the 20 years
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follow-up period no diagnosis of HHT was registered in
the control group.
The possibility of particular associations between cancer and HHT still needs further investigation. There is a
risk of confounding in the present study. We lack information on smoking habits as well as lifestyle factors in
both patients and controls, and it is possible that HHT
patients due to their chronic disease adapt to a healthier
life style in order to cope better with their HHT. The
majority of cancer cases among controls were pulmonary, making possible differences in smoking habits of
outmost importance. The explanation for difference in
number of cancer cases among controls using the
patient registry versus the cancer registry, is that the
cancer registry was not updated in the period of 2013–15.
A recent study [25] indicated that the incidence of cancer
is the same in HHT patients compared to the background
population although the same authors previously have
found a better survival of cancer among HHT patients
compared to controls. We speculate, as others [24],
whether these important results reflect a change in the expression of genes belonging to the TGF-β pathway influencing angiogenesis which may reduce the risk of cancer
and/or increase survival of cancer. Our results support this,
but further studies of the angiogenesis among HHT patients are needed before we can reach a firm conclusion.
We have previously reported a slightly increased mortality among HHT patients in the County of Fyn1974-95
[1]. We further did observe a slight trend towards increased mortality in the County of Fyn 1995–2002 in
the current study group after 90 months’ observation.
With extended observation period the difference between HHT patients and controls disappeared. This may
be a random effect but it may also be a beneficial consequence of the establishment of the HHT center. Although we have included all HHT patients in a
geographical area independent of severity of disease, and
thereby have tried to reduce selection bias, we cannot
fully exclude that there may have been some young
HHT patients dying of complication to the disease before they were diagnosed with HHT. Nevertheless, we
did ask for information on siblings and children, when
the HHT patients were included, and we have no
suspicion that dying young has been common in the
families. To fully omit the risk of selection bias, all newborns of HHT parents should be genetic tested and
followed for a lifetime, comparing survival of siblings
with and without HHT. This is, however, not realistic
and we believe the present study gives the most
current and relevant information for HHT patients
and care takers on HHT survival. An explanation for
the survival curves that evens out could be that the
HHT patients may be protected against some of the
diseases related to older age, e.g. cancer and heart
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disease, but this is speculative and may also be
blurred by lifestyle differences.
Other authors have reported increased mortality
among HHT patients. de Gussem et al. [7] reported a reduced life expectancy in a largely unscreened and untreated population of HHT patient (parents of HHT
patients). Donaldsen et al. [5] in their register study
identified a substantial risk of serious neurological and
hemorrhagic complications and an increased mortality,
using register data on patients registered with the HHT
diagnosis at the GP in UK, thus excluding subclinical
HHT cases without need of medical care. Further information on the degree of surveillance of HHT complications and the way of managing the HHT disease is not
provided. Consequently, selection bias is likely as also
stated by the authors [27]. Our population was ascertained using family investigations implying that all cases
regardless of severity and need of medical care were
identified and included. As expected for an autosomal
dominant trait we found equal prevalence in men and
woman, hence eliminating gender-related bias. All HHT
patients underwent clinical examination by the same investigator when included in the study. Furthermore, all
patients were informed about HHT and bleedings. Most
importantly, the HHT- patients were offered screening
and direct access to treatment for the most dangerous
complication (PAVM) at the Odense University Hospital.
When indicated the patients were also offered treatment
for other individual manifestations, including laser therapy of the nose, iron treatment, endoscopic treatment of
the GI tract, embolization of PAVM, prophylactic antibiotics, and blood transfusion. Taken together, this is assumed to reduce the risk of severe complications such
as: cerebral abscess, severe bleeding, stroke, TIA and
other HHT related complications.

Conclusion
We have enrolled HHT patients at an HHT-center
with highly skilled researchers and specialized treatment modalities. Among the 73 HHT patients who
were followed for 20 years there was no increased
mortality. This may be partly due to screening for
and treatment of PAVMs, as well as information on
and treatment of other HHT manifestations (epistaxis
and GI-bleeding) at a dedicated HHT-center. Our
data also suggests that the benefit of having HHT
might be a reduced prevalence of cancer.
Additional files
Additional file 1: Table S2. Online only. Grouping of ICD-10 classification
according to HHT relevance Overview for details see Additional file 2:
Table S3. online only. (DOCX 14 kb)
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Additional file 2: Table S3. Online only full list of HHT relevans.
(DOCX 114 kb)

References
1. Kjeldsen AD, Vase P, Green A. Hereditary haemorrhagic telangiectasia: a
population-based study of prevalence and mortality in Danish patients.
J Intern Med. 1999;245:31–9.
2. Faughnan ME, Palda VA, Garcia-Tsao G, et al. International guidelines for the
diagnosis and management of hereditary haemorrhagic telangiectasia.
J Med Genet. 2011;48:73–87.
3. Ishikawa T, Pollak S, Pflugradt R, Bohnert M, Grosse Perdekamp M, Thierauf
A, et al. Pulmonary arteriovenous malformation causing sudden death due
to spontaneous hemothorax. Int J Legal Med. 2010;124:459–65.
4. Shovlin CL, Winstock AR, Peters AM, Jackson JE, Hughes JM. Medical
complications of pregnancy in hereditary haemorrhagic telangiectasia. QJM.
1995;88:879–87.
5. Donaldson JW, Mckeever TM, Hall IP, Hubbard RB, Fogarty AW.
Complications and mortality in hereditary hemorrhagic telangiectasia: A
population-based study. Neurology. 2015;84:1886–93.
6. Sabba C, Pasculli G, Suppressa P, et al. Life expectancy in patients with
hereditary haemorrhagic telangiectasia. QJM. 2006;99:327–34.
7. de Gussem EM, Edwards CP, Hosman AE, Westermann CJ, Snijder RJ,
Faughnan ME, et al. Life expextancy of parents with Hereditary
Haemorrhagic Telangiectasia. Orphanet J Rare Dis. 2016;11:46.
8. Kjeldsen AD, Moller TR, Brusgaard K, Vase P, Andersen PE. Clinical symptoms
according to genotype amongst patients with hereditary haemorrhagic
telangiectasia. J Intern Med. 2005;258:349–55.
9. Kjeldsen AD, Kjeldsen J. Gastrointestinal bleeding in patients with hereditary
hemorrhagic telangiectasia. Am J Gastroenterol. 2000;95:415–8.
10. Kjeldsen AD, Oxhoj H, Andersen PE, Green A, Vase P. Prevalence of
pulmonary arteriovenous malformations (PAVMs) and occurrence of
neurological symptoms in patients with hereditary haemorrhagic
telangiectasia (HHT). J Intern Med. 2000;248:255–62.
11. Cottin V, Plauchu H, Bayle JY, Barthelet M, Revel D, Cordier JF. Pulmonary
arteriovenous malformations in patients with hereditary hemorrhagic
telangiectasia. Am J Respir Crit Care Med. 2004;169:994–1000.
12. Torring PM, Brusgaard K, Ousager LB, Andersen PE, Kjeldsen AD. National
mutation study among Danish patients with hereditary haemorrhagic
telangiectasia. Clin Genet. 2014;86:123–33.
13. Mathis S, Dupuis-Girod S, Plauchu H, et al. Cerebral abscesses in hereditary
haemorrhagic telangiectasia: a clinical and microbiological evaluation. Clin
Neurol Neurosurg. 2012;114:235–40.
14. Dupuis-Girod S, Giraud S, Decullier E, et al. Hemorrhagic hereditary telangiectasia
(Rendu-Osler disease) and infectious diseases: an underestimated association. Clin
Infect Dis off pub Infect Dis Soc Am. 2007;44:841–5.
15. Kjeldsen AD, Torring PM, Nissen H, Andersen PE. Cerebral abscesses among
Danish patients with hereditary haemorrhagic telangiectasia. Acta Neurol
Scand. 2014;129:192–7.
16. Shovlin CL, Jackson JE, Bamford KB, Jenkins IH, Benjamin AR, Ramadan H,
et al. Primary determinants of ischaemic stroke/brain abscess risks are
independent of severity of pulmonary arteriovenous malformations in
hereditary haemorrhagic telangiectasia. Thorax. 2008;63:259–66.
17. Trerotola SO, Pyeritz RE. PAVM embolization: an update. AJR Am J
Roentgenol. 2010;195:837–45.
18. Letteboer TG, Mager JJ, Snijder RJ, Koeleman BP, Lindhout D, Ploos Van
Amstel JK, et al. Genotype-phenotype relationship in hereditary
haemorrhagic telangiectasia. J Med Genet. 2006;43:371–7.
19. Buscarini E, Plauchu H, Garcia Tsao G, et al. Liver involvement in hereditary
hemorrhagic telangiectasia: consensus recommendations. Liver int off j Int
Assoc Study Liver. 2006;26:1040–6.
20. Jelsig AM, Torring PM, Kjeldsen AD, et al. JP-HHT phenotype in Danish
patients with SMAD4 mutations. Clinical genetics 2015;90(1):55-62.
21. Shovlin CL, Guttmacher AE, Buscarini E, et al. Diagnostic criteria for
hereditary hemorrhagic telangiectasia (Rendu-Osler-Weber syndrome). Am J
Med Genet. 2000;91:66–7.
22. Ilhan N, Gungor H, Gul HF, Eroksuz H. Expression of Endoglin and Vascular
Endothelial Growth Factor as Prognostic Markers in Experimental Colorectal
Cancer. Anticancer Res. 2016;36:3953–9.
23. Duarte CW, Murray K, Lucas FL, Fairfield K, Miller H, Brooks P, et al. Improved
survival outcomes in cancer patients with hereditary hemorrhagic
telangiectasia. Cancer Epidemiol Biomarkers Prev. 2014;23:117–25.
24. Hosman AE, Devlin HL, Silva BM, Shovlin CL. Specific cancer rates may differ
in patients with hereditary haemorrhagic telangiectasia compared to
controls. Orphanet J Rare Dis. 2013;8:195.

Abbreviation
ACVRL1: Activin A receptor type II-like 1; CA: Cerebral abscess;
CAVM: Cerebral arteriovenous malformations; ENG: Endoglin; GI: Gastro
intestinal; HAVM: Hepatic arteriovenous malformations; HHT: Hereditary
hemorrhagic telangiectasia; JP-HHT: Juvenile polyposis syndrome and HHT;
MLPA: Multiplex Ligation-dependent Probe Amplification; PAVM: Pulmonary
arteriovenous malformations
Acknowledgements
None declared.
Funding
The study was supported by Danielsen fonden and OPEN by Forskningsrådet
ved Odense Universitetshospital, Region Syddanmark, University of Southern
Denmark.
Availability of data and materials
The datasets generated during and/or analysed during the current study are
not publicly available due to personal data information on patients. Access
to data is restricted to the authors. Parts of the data in anonymized form are
available from the corresponding author on reasonable request.
Authors’ contributions
AK conceived the study, reviewed and analysed data, drafted the manuscript
KSA participated in writing the protocol, went through all relevant hospital
files, participated in analysing data, helped to draft the manuscript PMT
participated in design of the study, analysed the results of genetic studies,
helped to draft the manuscript SM Helped retrieve data, performed the
statistical analysis and helped to draft the manuscript AG participated in
design of the study and coordination, helped retrieving data, helped with
statistical analysis, critical revision of the manuscript. All authors read and
approved the final manuscript.
Authors’ information
AK is chair of the Danish HHT-center and has participated in HHT research
since 1994. The present study is a follow-up of her ph.d study.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Approval from 1 HHT patient regarding the use of picture (patient and
patient code has been anonymized).
Ethics approval and consent to participate
The project was approved by the Danish data protection agency and the
Danish health authorities. The participants were not contacted and an
approval from the ethical committee was not required. The patient picture
was approved by the patient for publication.
1. Approval from the Danish Data Protection agency (Jnr13/42552 (2 files first
approval 2013 second approval 2014).
2. Approval from the Danish Health authorities (FSEID-00001118) 1 file.
Author details
1
HHT-center OUH, Department of Otorhinolaryngology, Odense, Denmark.
2
Clinical Institute, University of Southern Denmark, Odense, Denmark.
3
Department of Clinical Genetics, Odense, Denmark. 4OPEN, Odense Patient
data Explorative Network, Odense University Hospital, Odense, Denmark.
5
Department of Clinical Research, University of Southern Denmark, Odense,
Denmark.
Received: 29 July 2016 Accepted: 7 November 2016

Kjeldsen et al. Orphanet Journal of Rare Diseases (2016) 11:157

Page 8 of 8

25. Duarte CW, Black AW, Lucas FL, Vary CP. Cancer incidence in patients with
hereditary hemorrhagic telangiectasia. J Cancer Res Clin Oncol 2016. [Epub
ahead of print].
26. Porteous ME, Curtis A, Williams O, Marchuk D, Bhattacharya SS, Burn J.
Genetic heterogeneity in hereditary haemorrhagic telangiectasia. J Med
Genet. 1994;31:925–6.
27. Donaldson JW, Mckeever TM, Hall IP, Hubbard RB, Fogarty AW. The UK
prevalence of hereditary haemorrhagic telangiectasia and its association
with sex, socioeconomic status and region of residence: a population-based
study. Thorax. 2014;69:161–7.
28. Kjeldsen AD. Epidemiological and clinical aspects of Hereditary
Haemorrhagic Telangiectasia, Mb Osler. Otorhinolaryngology: University of
Southern Denmark; 1998.
29. Livesey JA, Manning RA, Meek JH, Jackson JE, Kulinskaya E, Laffan MA, et al.
Low serum iron levels are associated with elevated plasma levels of
coagulation factor VIII and pulmonary emboli/deep venous thromboses in
replicate cohorts of patients with hereditary haemorrhagic telangiectasia.
Thorax. 2012;67:328–33.
30. Vase P. Telangiectasia haemorrhagica hereditaria Mb Osler. Department of
Otorhinolaryngology. Odense University Hospital: University of Southern
Denmark; 1988.
31. Kjeldsen AD, Oxhoj H, Andersen PE, Elle B, Jacobsen JP, Vase P. Pulmonary
arteriovenous malformations: screening procedures and pulmonary
angiography in patients with hereditary hemorrhagic telangiectasia. Chest.
1999;116:432–9.
32. Brusgaard K, Kjeldsen AD, Poulsen L, et al. Mutations in endoglin and in
activin receptor-like kinase 1 among Danish patients with hereditary
haemorrhagic telangiectasia. Clin Genet. 2004;66:556–61.
33. Pedersen CB. The Danish Civil Registration System. Scand J Public Health.
2011;39:22–5.
34. Thygesen LC, Ersboll AK. Danish population-based registers for public health
and health-related welfare research: introduction to the supplement. Scand
J Public Health. 2011;39:8–10.
35. Gjerstorff ML. The Danish Cancer Registry. Scand J Public Health.
2011;39:42–5.
36. Helweg-Larsen K. The Danish Register of Causes of Death. Scand J Public
Health. 2011;39:26–9.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

