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introduction
Hereditary hemorrhagic telangiectasia (HHT) or Rendu–Osler–
Weber disease is a vascular dysplasia inherited as an autosomal-
dominant trait.1,2 It affects ~1 in 5,000–8,000 individuals,3 with 
regional differences due to founder effects.4,5 The diagnosis of 
HHT is based on the presence of at least three of the following 
clinical diagnostic criteria, known as the “Curacao criteria,” estab-
lished in 2000:6 (i) spontaneous, recurrent epistaxis; (ii) muco-
cutaneous telangiectases at characteristic sites as nose, lips, oral 
cavity, fingertips, and gastrointestinal (GI) mucosa; (iii) visceral 
arteriovenous malformations (AVMs) in lungs, liver, GI tract, 
brain, and spinal cord; and (iv) family history of first-degree rela-
tive in whom HHT has been diagnosed using these criteria.

Three genes whose mutations cause HHT have been iden-
tified: ENG (HHT1, #OMIM 187300);7 ACVRL1 (HHT2, 
#OMIM 600376);8 and, more rarely, SMAD4 (mutated 
in HHT in association with juvenile polyposis, #OMIM 
175050),9 and many hundreds of different mutations have 

been described (http://arup.utah.edu/database/hht/). 
Molecular genetic testing (sequence analysis and Multiplex 
ligation–dependent probe Amplification or Quantitative 
Multiplex pCR analysis) of ENG, ACVRL1, and SMAD4 
detects mutations in ~85% of individuals who meet estab-
lished clinical diagnostic criteria of HHT.2 Additional as-
yet-unknown HHT genes have been suggested by linkage 
analysis in two affected kindred on chromosome 5 and on 
chromosome 7.10,11 The genes mutated in HHT encode pro-
teins that mediate signaling by the transforming growth 
factor-β superfamily in vascular endothelial cells.1 The 
mutated gene has some influence on the resultant pheno-
type,12,13 although extensive variations in disease expression 
can also be seen within the same family.14

Nose bleeding is the most common symptom, followed 
by GI bleeding, which occurs at the site of telangiectases in 
13–30% of HHT patients. It begins commonly after the age 
of 50 years, is usually slow but persistent, and often becomes 
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increasingly severe with age. It can cause significant morbid-
ity, resulting in severe anemia and high blood transfusion 
requirements.15–18 Although the stomach and the duodenum 
have been reported to be the main GI sites of telangiecta-
ses,2,17 data concerning the involvement of the small intes-
tine in HHT are sparse, mainly because exploration of the 
entire GI tract has been difficult up to now. Before our study, 
few papers evaluated small-bowel telangiectases in HHT 
patients with video capsule endoscopy (VCE), detecting tel-
angiectases evenly distributed throughout the small bowel in 
56–86% of HHT patients.19–22

The aim of this study was to use gastroduodenoscopy (EGd), 
capsule endoscopy, and colonoscopy (CS) to explore the entire 
GI tract of consecutive middle-aged or older HHT patients to 
assess the distribution, number, size, and type of telangiectases 
in relation to HHT genotype.

MAtEriALs And MEtHods
From October 2010 to december 2011, 22 consecutive middle-
aged or older HHT patients (13 men; mean age: 59 ± 9 years; range: 
46–79) identified at the department of Otorhinolaryngology, 
Foundation IRCCS policlinico San Matteo, pavia, Italy, under-
went GI exploration at the Gastrointestinal Endoscopy Unit 

of the same hospital. Informed consent was obtained from all 
patients. None of the patients included had previously under-
gone endoscopic investigation for suspected or confirmed GI 
bleeding. All patients, except patient 4, had been screened for 
hepatic and pulmonary AVMs by color doppler ultrasonogra-
phy and computed tomography scanning, respectively. Clinical 
data of our cases, all diagnosed according to Curacao criteria, 
are summarized in Table 1.

In addition, molecular analysis for ENG and ACVRL1 was 
performed to identify the disease-causing mutation at the 
department of Molecular Medicine, University of pavia. 
EdTA-anticoagulated blood samples from HHT patients were 
collected, and genomic dNA was extracted using standard pro-
cedures. Coding exons and exon–intron boundaries of ENG 
(Genbank NM_000118) and ACVRL1 (Genbank NM_000020) 
genes were amplified according to the procedure given by 
Olivieri et al.23 and sequenced. We also used the p093-B1 
SAlSA MlpA kit HHT/ppH1 (MRC-Holland, Amsterdam, 
The Netherlands) to analyze large deletions or duplications in 
ACVRL1, ENG, and BMPR2 genes according to the manufac-
turer’s instructions.

To demonstrate the presence of GI telangiectases, all 22 
patients were subjected to EGd and VCE, and only 17 also 

table 1 Demographics and clinical features of patients with HHT

Patient 
id sex Age

Hemoglobin 
(g/dl) Epistaxis

AVMs Gi telangiectases

Pulmonary Hepatic stomach duodenum Jejunum ileum colon

HHT1 2 M 79 8.8 + + + + + + + −

7 M 75 10.3 + + − + + + + −

9 F 72 12.1 + + − + + + + +

12 M 50 10.2 + + − + + + + NP

15 F 57 6.9 + + + + + + + −

19 F 50 11.8 + − − − + + − −

20 F 69 7.6 + + − + + + + NP

HHT2 1 F 48 12.5 + − + − − − − −

3 M 62 12.8 − − + + + + + +

4 F 73 12.3 + NP NP − + + + −

5 F 61 8.6 + − − − − − + NP

6 M 60 10.4 + + − + + + + −

8 F 46 13.4 + − + − − − − NP

10 M 61 9.3 + − − − − + + −

11 M 52 10.5 + − + + + − − −

13 M 59 12.1 + − − + + + − −

14 M 49 3.9 + + + + + + − −

16 M 47 7 + + + − + + + NP

17 M 58 15.3 + − − + + − − −

18 M 59 9.6 + − + + + − − −

HHTx 21 F 56 10 + − + − + − + −

22 M 63 12.9 + − + + + − − −

AVM, arteriovenous malformation; GI, gastrointestinal; HHT, hereditary hemorrhagic telangiectasia; HHTx, hereditary hemorrhagic telangiectasia with unknown mutation; 
ID, identification number; NP, not performed.
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underwent CS. In four cases, CS was not performed due to 
refusal or poor general conditions and in one patient, it was 
performed in a different hospital as a follow-up for a rectal spi-
nocellular carcinoma, 15 days before admission to our hospital. 
The ethics committee of the Foundation IRCCS policlinico San 
Matteo approved the study.

EGd was carried out by EVIS EXERA II, GIF-Q165, 
(Olympus, Tokyo, Japan), after an overnight fast of 12 h. VCE 
was performed using a wireless capsule (M2A; Given Imaging, 
Yoqneam, Israel). Before the procedure, a clear fluid diet was 
recommended for 24 h, and the patients took 2 l of polyethylene 
glycol (140 g) 16 h before VCE.

The telangiectases were classified according to number: 
few (≤10) or multiple (>10); size: small (≤5 mm) or large 
(>5 mm); and type following the Yano–Yamamoto classifica-
tion,24 which classifies lesions into the following six groups: 
type 1a, punctulate erythema (<1 mm), with or without ooz-
ing; type 1b, patchy erythema (a few mm), with or without 
oozing; type 2a, punctulate lesions (<1 mm), with pulsatile 
bleeding; type 2b, pulsatile red protrusion, without sur-
rounding venous dilatation; type 3, pulsatile red protrusion, 
with surrounding venous dilatation; type 4, other lesions not 
classified into any of the above categories. Types 1a and 1b 
are considered angioectasias. Types 2a and 2b are dieulafoy’s 
lesions. Type 3 represents an arteriovenous malformation. 
Type 4 is unclassifiable (Figure 1).

statistical analysis
HHT1 and HHT2 groups were compared using Student’s t-test 
for continuous data and the χ2 test for categorical data. P values 
of <0.05 were considered to be statistically significant.

rEsuLts
Twenty-two consecutive middle-aged or older HHT patients 
(13 men; mean age: 59 ± 9 years; range: 46–79) were analyzed.

Molecular analysis
Seven patients carried ENG mutations (HHT1) and 13 carried 
ACVRL1 mutations (HHT2), in agreement to the relative pro-
portions of the two forms in Italy.23 Five mutations are as yet 

unpublished (patients 2, 11, 15, 17, and 19 in Table 2), and one 
of these is a duplication of exons 5, 6, and 7 of ENG, analyzed 
by multiplex ligation–dependent probe amplification. Moreover, 
in two patients, the disease-causing mutation is still unknown. 
No significant differences were found between the two groups 
of HHT patients regarding age, sex, or hemoglobin (Hb) levels 
(Table 1).

Endoscopic evaluation
Telangiectases were found throughout the digestive tract in 20 
of 22 (91%) patients, at EGd in 18 of 22 (82%) patients, at VCE 
in 20 of 22 (91%) patients, and at CS in 2 of 17 (12%) patients.

EGD: In Table 2, we report the number and size of 
telangiectases identified by EGd in the proximal tract of 
HHT patients. In four cases (patients 4, 10, 16, and 21), 
telangiectases were present only in the duodenum. There 
is a higher prevalence of telangiectases in HHT1 than 
in HHT2 (P = 0.6) (Figure  2a). The differences become 
statistically significant when the number of telangiectases is 
considered; HHT1 cases show, in fact, more frequent multiple 
telangiectases than HHT2 cases (P  < 0.02), both in stomach 
and in the duodenum (Figure 2b,c).

VCE: All patients were subject to VCE without complications. 
The average gastric transit time was 50 min (range: 3–180 min), 
and the average small-bowel transit time (interval between the 
first image from the duodenum and the first image from the 
colon) was 3 h and 52 min (range: 2.34–5.5 h). In Table 2, we 
entered the results of VCE imaging, reporting, for all segments 
examined, the number, size, and type of telangiectases according 
to the Yano-Yamamoto classification. The percentage of patients 
positive for telangiectases is higher for HHT1 patients than 
for HHT2 patients (P < 0.3) (Figure 2d), and the difference 
became significant when the number and size of telangiectases 
were considered (P < 0.02). The duodenum is largely involved 
at VCE also, with HHT1 patients more frequently affected; this 
result is also observed for the jejunum (P < 0.05). The difference 
between HHT1 and HHT2 patients is significant when both 
the number and the size of telangiectases are considered in the 

Figure 1 Vascular lesion in Gi tract. (a) Multiple and small telangiectases, type 1a. (b) Small telangiectasia, type 1b. (c) Large telangiectasia, type 3. 
GI, gastrointestinal.
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duodenum (P < 0.01 and P < 0.05, respectively) (Figure 2e) and 
when only size is considered in the jejunum (P < 0.05) (Figure 
2f). The ileum is slightly less involved for HHT1 cases, but as 
compared with the duodenum and jejunum, the number of 
large telangiectases is higher in both HHT1 and HHT2 cases 
(Figure 2g). Active bleeding (Table 2) was observed only in the 
jejunum in patients 7 and 14; both of them had very low levels 
of Hb: a blood transfusion was requested for patient 7 shortly 
before GI examinations, and the Hb level of patient 14 was 
3.9 g/dl. No other abnormalities, in addition to telangiectases, 
were found in the proximal intestinal tract, except in patient 
19, who had multiple erosions in the terminal ileum compatible 
with inflammatory bowel disease and is still under evaluation.

CS: Seventeen patients underwent CS. Telangiectases were 
identified in 2 of 17 patients (12%, one each for HHT1 and 
HHT2). In both cases, telangiectases were few and small. We 
identified polyps in 3 of 17 HHT (18%) patients, adenoma in 1 
(6%), and hyperplastic polyps in 2 (12%), which were removed 
by endoscopic polypectomy.

other clinical manifestations
General information about clinical presentation of patients is 
summarized in Table 1.

We identified pulmonary AVMs in 9 of 21 and hepatic AVMs 
in 11 of 21 HHT patients. As expected, we observed differ-
ences in the incidence of pulmonary AVMs (higher in HHT1, 

Figure 2 Box and whisper plots summary of telangiectases distribution in Gi tract. For each item, the bar on the left relates to HHT1 patients. (a) Age 
in HHT1 and HHT2 patients with (+) and without (−) proximal tract involvement at EGD. (b) Age in HHT1 and HHT2 patients with telangiectases in the stomach: 
number versus size. (c) Age in HHT1 and HHT2 patients with telangiectases in the duodenum: number versus size. (d) Age in HHT1 and HHT2 patients with (+) 
and without (−) proximal tract involvement at VCE. (e) Age in HHT1 and HHT2 patients with telangiectases in the duodenum: number versus size. (f) Age in 
HHT1 and HHT2 patients with telangiectases in the jejunum: number versus size. (g) Age in HHT1 and HHT2 patients with telangiectases in the ileum: number 
versus size. EGD, gastroduodenoscopy; HHT, hereditary hemorrhagic telangiectasia; VCE, video capsule endoscopy.
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P < 0.02) and of hepatic AVMs (higher in HHT2, P < 0.3). The 
mean Hb level was 10.38 ± 2.61 g/dl (range: 3.9–15.3 g/dl). Six 
(27%) patients had anemia, defined as a Hb level of ≤9 g/dl, 
not correlated to the frequency and intensity of nosebleeds; 
five (83%) of them had, in effect, multiple telangiectases in the 
small bowel, one with active bleeding in the jejunum. patient 9 
(Hb: 12.1 g/dl) required a blood transfusion 1 week before GI 
examination.

discussion
Angiodysplasia in the GI tract can be found in up to 3% of the 
population. It is usually asymptomatic but may sometimes result 
in severe bleeding. This type of lesion is probably responsible for 
~6.0% of cases of lower GI bleeding and 1.2–8.0% of cases of 
hemorrhage from the upper GI tract.25 GI telangiectases affect 
13–30% of HHT patients. These lesions may cause severe bleed-
ing usually after the fifth or sixth decade of life and lead to signif-
icant anemia requiring blood transfusions.15–18 GI telangiectases 
frequently pose difficult problems in diagnosis and treatment, 
and EGd and CS are the most commonly used diagnostic tools. 
The lesions in the small intestine, however, are inaccessible to 
conventional methods, and until a few years ago, they were iden-
tified only by invasive practices such as push enteroscopy and 
more recently double-balloon enteroscopy. The recent introduc-
tion of VCE makes it possible to explore the entire small bowel, 
safely and noninvasively, and provides excellent images of this 
tract.26 In the current study, we explored the entire GI tract to 
determine the distribution and prevalence of telangiectases in 
the stomach, duodenum, jejunum, ileum, and colon in a group 
of unselected HHT patients in relation to their genotype.

Few previous studies report details about the prevalence 
and distribution of telangiectases in the GI tract of HHT 
patients. Ingrosso et al.19 performed EGd and VCE in 20 
consecutive HHT patients. The prevalence was 75% in the 
gastric tract and 56% in the small bowel, with a preferen-
tial occurrence in older patients. proctor et al.,27 using an 
enteroscope in 27 unselected HHT patients, found at least 
one telangiectasia in stomach/duodenum in all cases and 
also noted a strong correlation between the number of tel-
angiectases in the stomach and duodenum as compared 
with the number in the jejunum. Chamberlain et al.20 
compared a group of 38 consecutive HHT patients with a 
group of patients without HHT. VCE detected telangiecta-
ses evenly distributed throughout the small bowel in 81% of 
HHT patients versus 29% in non-HHT cases. The genotype 
is not taken into account in any of these reports. van Tuyl 
et al.21 completed molecular analysis of ENG and ACVRL1 
in 25 HHT patients selected on the basis of severe anemia; 
EGd revealed telangiectases in 67%, VCE in 76%, and CS 
in 32% of HHT patients. They found a higher prevalence of 
large telangiectases in HHT1 patients older than 50 years. 
Grève et al.22 detected gastric and small-bowel telangiecta-
ses with VCE in 46.7 and 86.7% of 30 cases with HHT and 
severe anemia. Their population was essentially composed of 
patients with the ACVRL1 mutation. Although it is not easy 

to compare the results reported in the previously quoted 
papers, we can observe that the percentage of patients with 
gastric telangiectases is most likely between 46 and 75%, 
whereas lesions found in small bowel may be slightly more 
frequent (56–86%).

In our study, we found an incidence comparable to those of 
previous reports for the stomach (64%) and slightly higher for 
the small bowel (91%). As to age, in agreement with Ingrosso 
et al.19 and van Tuyl et al.,21 we found a higher incidence of tel-
angiectases in patients older than 50 years, in both HHT1 and 
HHT2 (Figure 2).

Kjeldsen and Kjeldsen17 observed more severe GI bleed-
ing and, consequently, more frequent transfusions in HHT1 
patients as compared with HHT2 patients; van Tuyl et al.21 con-
firmed these data and reported that the prevalence of telangiec-
tases in small bowel (assessed by VCE) was significantly higher 
in patients with HHT1 than that in patients with HHT2 (100 
vs. 63%).

In our study, at VCE, we found telangiectases in all HHT1 
patients and in 84% of HHT2 patients. Furthermore, we found 
a significantly higher rate of multiple telangiectases in the small 
intestine of HHT1 versus HHT2 patients, mainly due to the dif-
ference observed in the duodenum (P < 0.01) (Figure 2e), also 
underlining some phenotypical differences between HHT1 and 
HHT2 with respect to GI localization.

We discussed genotype–phenotype correlation in terms of 
HHT1 vs. HHT2 because it is generally accepted that haploin-
sufficiency for either gene will cause the disease. By this mech-
anism, we do not expect single mutations to show consistent 
differences at the phenotypic level. In Table 2, in patients 1 and 
8, no GI lesions were observed, but both patients had hepatic 
AVMs and epistaxis. Both patients carry ACVRL1 mutations 
in exon 3, an in-frame deletion (p. l55_V56del), and a mis-
sense mutation (p. C51Y). The missense mutation was included 
in the paper by Scotti et al.28 and was among the mutations 
with the higher destabilizing effects on protein structure. The 
presence of hepatic AVMs fits with its increased frequency in 
females carrying ACVRL1 mutations;13 both cases are younger 
than those more severely affected, and, currently, younger age is 
likely a better explanation for their mild GI presentation of the 
disease than the presence of a peculiar mutation.

Our paper is the first in which clinical data are linked to the 
mutations found in each single patient, and discussion on the 
effect of single mutations on GI phenotype in HHT should be 
postponed until a larger amount of comparable data is available.

We observe that the most frequent condition in our patients 
is the simultaneous presence of telangiectases in the stomach 
and small intestine; EGd was able to identify telangiectases in 
stomach and/or duodenum in 64% of patients, whereas VCE 
identified telangiectases in 91% of patients. It is of relevance 
that we observed concordance of the results obtained for duo-
denum by EGd and VCE in all cases but one: in this patient 
(patient 19), EGd failed to demonstrate any telangiectases in 
the stomach or in the duodenum, whereas few and small duo-
denal lesions were observed by VCE.
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EGd did not show gastric telangiectasia in eight patients 
(seven HHT2; mean Hb: 10.95 g/dl). Among them, four 
patients, however, showed few and small telangiectasia in 
the duodenum, confirmed by VCE in three of four. Among 
the three in whom no lesions were identified in the stomach 
and duodenum with both EGd and VCE, two did not show 
any lesions either in the distal portion of the small intestine, 
whereas the third showed only few and small lesions likely of 
minor clinical relevance. Therefore, it seems that negative find-
ings by EGd may forecast absence or minimal involvement also 
in the small intestine. patient 19 (HHT1) was negative by EGd 
but positive by VCE in the small intestine, but the number of 
lesions was ≤10, and the size was small and the type was 1a 
(Table 2), so the differences with other EGd-negative cases are 
minimal.

For the description of small-bowel vascular lesions, we 
adopted Yano-Yamamoto classification,24 which considers 
strictly telangiectases (venus/capillary lesions that consist of 
thin tortuous veins that have no internal elastic layer) types 1a 
and 1b. These types are easily recognizable by VCE, whereas 
it is difficult to see the typical pulsation of the type 3. The 
vast majority of lesions were type 1b, irrespective of the gene 
involved. Telangiectases type 3 (pulsatile red protrusion, with 
surrounding venous dilatation) were observed in only HHT2 
patients (Table 2). In our experience, the use of this classifica-
tion proved useful for a homogeneous description of patients.

It is now generally agreed that telangiectases in HHT patients 
are more probably found in the stomach and duodenum (ref. 19, 
see Results). EGd can easily analyze these portions of the GI 
tract; the additional use of VCE can be suggested, as it provides 
better information for the distal part of duodenum and for the 
small intestine in general in patients in whom there is a higher 
probability of larger number of lesions (HHT1, older age, and 
severe anemia with limited nosebleed). In these selected cases, 
a less invasive method such as VCE may be a better choice. In 
addition, the extensive mapping of lesions obtained by VCE 
is preliminary to treatment of large lesions, for instance, with 
argon plasma coagulation and double-balloon enteroscopy. 
All patients in whom EGd found telangiectases were treated 
without complication with argon plasma coagulation. patient 
17 was not treated because of very mild involvement, whereas 
in patient 2 (HHT1), argon plasma coagulation was not applied 
due to the very large number of lesions (>100). Therefore, some 
cases require additional or alternative therapy to the coagula-
tion (as double-balloon enteroscopy), mainly when transfusion 
requirements are extensive and lesions are multiple and located 
proximally in the small bowel. Therefore, pharmacological 
therapies with estrogen/progesterone and the somatostatin 
analog octreotide have been considered as adjunctive measures 
in these patients. The results are not uniformly successful, and 
further studies are warranted. The most recent addition to the 
list of pharmacological agents reported to be useful for bleed-
ing angiodysplasia is thalidomide. In high doses (400 mg/day), 
it has anti–tumor necrosis factor effects, whereas in lower doses 
(100–200 mg/day), it has antiangiogenetic effects. patients 

improved in as little as 2 weeks, and the effect was sustained for 
a mean of 33 months.29

Forsberg et al.30 recently reported prevalence data about 
colonic lesions in the normal population: one or more polyps 
were found in 27% of individuals, whereas at least one adenoma 
was found in 8% of cases, and patients in whom adenoma was 
found were significantly older than those with a negative CS. On 
the basis of similar evidence previously published, “European 
guidelines for quality assurance in colorectal cancer screening 
and diagnosis” suggest fecal occult blood test for colorectal can-
cer screening starting from 54 years. In HHT patients (irrespec-
tive of their age), as epistaxis is present in more than 90% of 
cases, fecal occult blood test cannot be used as the first screen-
ing test, and CS becomes the most relevant test for colorectal 
cancer screening.31 Our data confirmed that the colon is less 
involved for the presence of telangiectases (only 2 of 15 cases 
showing few and small telangiectases), and occasional finding 
of polyps and adenomas (13 and 7%, respectively) is compa-
rable to the expected incidence for the general population, if 
age is taken into account. Similar data were obtained for CS 
reported in HHT20,22 with 4 of 58 positive cases (7%).
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