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ABSTRACT

Background and study aims This longitudinal prospec-
tive study evaluated the long-term outcome of endoscopic
treatment of gastrointestinal bleeding in hereditary hemor-
rhagic telangiectases (HHT), its safety and outcome predic-
tors.

Patients and methods Consecutive patients with HHT
and either anemia disproportionate to epistaxis or overt
gastrointestinal bleeding received endoscopic treatment
of gastrointestinal telangiectases with argon plasma coagu-
lation (APC). Hemoglobin levels and transfusion require-
ments were evaluated before and after treatment. Treat-
ment effectiveness was classified as: 1) complete: hemo-
globin level during the follow-up 29 g/dL; 2) complete with
recurrence: hemoglobin 29 g/dL for at least 12 months with
subsequent drop to <9 g/dL; or 3) absent: no improvement
of hemoglobin level. Adverse events (AEs) were classified as
mild, moderate, severe or fatal. Correlations were searched
between treatment outcome and demographic/genetic
characteristics, number, size and site of telangiectases,
and hepatic arterio-venous malformations grade.

Results Forty-seven patients with HHT were enrolled. At
median follow-up of 134 months (range 20-243 months),
41 of 47 patients showed treatment response (complete or
with recurrence) after one (14/47) or more (27/47) endo-
scopic treatments. Median hemoglobin levels were 7.0g/
dL and 11.9g/dL at baseline and at the end of follow-up,
respectively. Transfusion requirement decreased from 22.8
to 7.3 red cell unit/year. A higher baseline number of telan-
giectases was associated with a lower chance of response (P
=0.008). Only one severe AE (0.4%, jejunal perforation) was
recorded.

Conclusions Endoscopic treatment of gastrointestinal tel-
eangiectases for gastrointestinal bleeding in patients with
HHT is effective in the long term and safe.
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Introduction

Hereditary hemorrhagic telangiectases (HHT) is a multisyste-
mic inherited vascular dysplasia that leads to nosebleeds and
arteriovenous malformations (AVMs) in organs such as the
lungs, liver, and brain, with an estimated prevalence of 1/6000
[1]. The clinical criteria for diagnosing HHT, the Curacao crite-
ria, were established by a panel of experts [2]. Most patients
with HHT have mutations in one of two known disease-related
genes, endoglin (ENG, HHT1) or activin A receptor type Il-like 1
(ACVRL1, HHT2), which are both involved in the TGF-B pathway
[3]. The clinical presentation varies greatly depending on the
number, type, and location of telangiectasis or AVMs with po-
tential morbidity and mortality. A dominant clinical feature is
iron deficiency anemia as a result of recurrent bleeds from ei-
ther nasal or gastrointestinal telangiectasis, which can lead to
severe anemia requiring iron supplements and, in more severe
forms, a recurrent need for blood transfusions. Another diges-
tive manifestation unique to HHT is liver AVMs, which involve
the liver diffusely; intrahepatic shunting can lead to different
clinical features, including high-output cardiac failure, portal
hypertension, encephalopathy, biliary ischemia, and mesenter-
icischemia [4,5].

Phenotype-genotype correlations have been described: pa-
tients with the ALKT mutation more often present with hepatic
AVMs; ENG genotypes are more often associated with pulmo-
nary AVMs [6,7].

Telangiectases of the digestive tract develop in most pa-
tients with HHT and are most commonly found in the stomach,
duodenum and proximal jejunum. Gastric telangiectases can be
found in all portions of the stomach, albeit with preponderance
in the antral region. Several studies conducted with upper gas-
trointestinal endoscopy, enteroscopy, videocapsule enterosco-
py (VCE), and colonoscopy have estimated the prevalence of
telangiectases in HHT, comparing them to the general popula-
tion. Gastric, small intestine, and colon telangiectases were
found in 29% to 75%, 56% to 91%, and 9% to 31% of patients,
respectively [8,9,10,11,12]. In the general population, gastric
and small intestine telangiectases are found in 0% and 21% of
patients, respectively, whereas the prevalence of colon telan-
giectases in HHT shows overlap with that in the general popula-
tion [9,10]. The presence and number of stomach and duode-
nal telangiectases correlate with the presence and number of
jejunal telangiectases [13].

Digestive hemorrhage occurs in 13% to 30% of patients with
HHT compared to 3% of the general population. Generally, it
occurs in the fourth or fifth decade of life, while presentations
at a younger age are rare (1.5% of patients). Digestive bleeding
in HHT is generally chronic, asymptomatic, sometimes inter-
mittent, often occult and unrecognized, and symptoms devel-
op when anemia occurs. Acute and massive digestive bleeding
is a rare event [5, 14]. Endoscopic evaluation is the gold stand-
ard for the evaluation of digestive bleeding in HHT, either when
it is overt or, more typically, when iron deficiency anemia is dis-
proportionate to the extent of epistaxis [5], that is, when either
the patient or the physician realize that epistaxis frequency and
intensity cannot justify severity of anemia.
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As the majority of telangiectases are located in the upper
gastrointestinal tract, upper gastrointestinal endoscopy exami-
nations are performed first in HHT patients with gastrointesti-
nal bleeding, with VCE and colonoscopy or mesenteric angio-
graphy performed only in selected cases.

The first line of treatment, besides iron replacement therapy
to manage anemia, includes endoscopic treatment, which is
standard of care, generally with thermal coagulation with argon
plasma coagulation (APC) or with a neodymium-YAG laser [15,
16,17,18,19]. However, the reported results involved a small
series of patients with HHT, the results showed that the treat-
ment had variable effectiveness, and there was a high propor-
tion of patients who were refractory to APC therapy [15, 16,
17,18,19,20].

The primary aim of the study was to evaluate the long-term
effectiveness of endoscopic treatment with APC for gastroin-
testinal telangiectases in patients with HHT. The secondary
aims were: 1) to evaluate the safety of endoscopic treatment
with APC in this setting; and 2) to evaluate correlations be-
tween treatment effectiveness and characteristics of the pa-
tients with HHT (demographic and genetic) and gastrointesti-
nal telangiectases (number, size, and location), and the severity
of hepatic AVMs.

Patients and methods
Study design

This was a longitudinal prospective study with consecutive en-
rollment at an HHT reference center. In the center, all patients
with HHT are registered in a database, which contains demo-
graphic, laboratory, and clinical data regarding diagnosis, fol-
low-up, and treatments. The patient assessment, treatment,
and surveillance protocol, which involved the use of standard-
of-care interventions, was approved by the Institutional Review
Board.

Patient population

The participants were consecutive patients with HHT who were
older than age 18, able to provide written informed consent,
had been diagnosed with HHT (either confirmed by genetic
testing or with the three Curacao criteria (definite diagnosis)
[2]), who had iron deficiency anemia (possibly with transfusion
requirement) disproportionate to epistaxis and/or overt gastro-
intestinal bleeding were assessed for inclusion. Patients with
respiratory or cardiac diseases, implying a high risk for endo-
scopic procedures, were excluded.

Intervention

Patients underwent either esophagogastroduodenoscopy
(EGD) or push or device-assisted enteroscopy (DAE) with a sin-
gle balloon and/or colonoscopy; upper gastrointestinal evalua-
tion was performed first unless overt lower gastrointestinal
bleeding was present.

Endoscopic investigations of the upper gastrointestinal were
extended to identify the distal limit of telangiectases. For each
site (esophagus, stomach, duodenum, jejunum, and colon), the
number of lesions, the mean diameter (in millimeters), and any
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Anemic HHT patient with suspected Gl involvement

Dimensions and sign
of bleeding reported

to plan follow-up

EDG or DAE

APC to treat all telangiectases actively bleeding or
>0.2 mm

Is the distal limit of the jejunal-ileal telangiectases
reached?
Yes
Further EGDs can be performed after 2-3 months No

if HB <9 g/dl or if EGD index was uncompleted for
any reason, with a maximum of 3 EGDs per patient

» Fig.1 Decision tree.

sign of active or recent bleeding were reported. On the basis of
the number and localization of the lesions found at the first ex-
amination, further endoscopic procedures were planned with
the most appropriate modality of examination to obtain satis-
factory control of bleeding with the treatment of all teleangiec-
tases that either showed signs of recent or active bleeding or
were larger than 0.2mm during every procedure; whenever
the number of telangiectases exceeded 80 to 100 with jejunoi-
leal extension, tattooing was performed to mark the most distal
site of the small intestine reached.

If the distal limit of the jejunal-ileal telangiectases was not
reached, VCE was performed to evaluate ileal extension of tel-
angiectases; in case of substantial ileal involvement caudally to
the distal limit of APC treatment, no further treatment was to
be attempted. Colonoscopy was indicated if no source of bleed-
ing was identified in the upper gastrointestinal tract or if a non-
HHT-related lesion was suspected.

After the index procedure (s), further procedure(s) could be
scheduled at an interval of 2 to 3 months if hematologic find-
ings did not show a response to treatment and with a maximum
of three endoscopic attempts per patient. All endoscopic pro-
cedures were conducted by expert endoscopists and with
specific experience in digestive involvement in HHT.

» Fig.1 shows the decision tree for patient management.
Antibiotic prophylaxis (for the risk of septic paradoxical embo-
lism in patients with HHT who had pulmonary right-to-left
shunt) was administered prior to the endoscopic procedures if
needed. The type of sedation was chosen based on the duration
of the procedure (conscious for EGD and colonoscopy with in-
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No

If the number of telangiectases >80 — 100 with
jejunoileal extension, the most distal site of the
small intestine reached is marked by a tattoo

Colonoscopy indicated if:

= not identified source of bleeding in the upper
Gl tract

= a non-HHT-related lesion was suspected

VCE performed to evaluate ileal extension
of telangiectases

Substantial ileal involvement caudally to the distal
limit of APC treatment

Yes

no further endoscopic attempts

travenous (IV) midazolam, deep sedation with propofol for en-
teroscopy with anesthesiologist assistance).

Treatment with APC was performed with Erbe (Elektromedi-
zin GmbH, Tubingen, DE) electrosurgical units as follows:
2002-2008, electrosurgical unit ICC 200, APC module APC
300, and setting forced coagulation APC; 2008-2019, electro-
surgical unit VIO 200D, APC module APC 2, and setting pulsed
APC, effect 2, flow 0.81/min, power 15 W; 2019-2020, electro-
surgical unit VIO 3, APC module APC 3, and setting pulsed APC,
effect 1.5, flow 0.81/min, power 15W.

In the case of large telangiectases and/or those refractory to
APC treatment, additional treatment was provided with posi-
tioning of metal clips. In case of treatment of bleeding gastric
teleangiectases, a 3- to 6-month course of proton pump inhibi-
tor was recommended.

Definitions of study endpoints

Primary endpoint

For all patients, the hemoglobin (Hb) value in grams per decili-
ter and the transfusion requirement to keep Hb at 7 to 8g/dL
(in red cell units [RCU]/year) were assessed at baseline, before
and after the endoscopic treatment at each endoscopic ses-
sion, as well as during follow-up at 1- to 3-month intervals.
Based on iron deficiency, an appropriate iron supplementation,
either oral or IV, was suggested either during hospital admis-
sion or at discharge. During follow-up patients were advised to
have periodic assessment of iron deficiency and at least at each
consultation [21].
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For each patient, hepatic AVMs were evaluated at enroll-
ment and during surveillance.

Treatment effectiveness was classified as follows: 1) com-
plete if the Hb level during the follow-up remained 29 g/dL; 2)
complete with recurrence if the correction of Hb was 29g/dL
for at least 12 months followed by Hb <9g/dL; and 3) absent if
no correction of Hb 29 g/dL was reached. For statistical analysis
purposes, the first two were considered as responders.

Secondary endpoints

According to the protocol previously reported [20,22,23] for
each patient, the mutated gene and mutation type were sear-
ched; each patient underwent a personal and family history re-
view for the diagnosis of HHT; blood chemistry tests; echocar-
diography; chest computed tomography; evaluation by an ear,
nose and throat specialist; and cerebral magnetic resonance
imaging with contrast medium if the patient had neurological
symptoms/signs and/or if the patient wished to have this exam
done; hepatic color-Doppler ultrasonography was performed in
all patients, and liver AVM severity was classified as previously
described [20,22]. Number, size, and site of gastrointestinal
telangiectases were recorded at baseline.

Complications related to the endoscopic procedure were re-
corded, and their severity was defined as mild, major [need for
hospital care or intervention], or fatal; regarding timing they
were classified as immediate, early (within 24 hours) and late
[within 30 days) [24].

Statistical analyses

Categorical variables were reported as the number of cases and
percentage, whereas continuous variables were expressed as
the median and interquartile range (IQR). Differences in terms
of Hb levels and number of blood transfusion units before vs.
after treatment were compared using the paired-sample t test.

All analyses were two-tailed, and the threshold of signifi-
cance was assessed at <0.05. To identify the significant predic-
tors for treatment response and bleeding relapse, baseline
parameters were entered into a univariate logistic regression
model. Significant variables in the univariate analysis were en-
tered into the multivariate model. Overall survival and the
other time-to-event outcomes, namely, bleeding-related mor-
tality and relapse-free survival, were analyzed through the Ka-
plan-Meier method. The statistical analysis was run using the
Survival package in R Statistical Software 3.0.2 (Foundation for
Statistical Computing, Vienna, Austria).

Results
Patient population

Between January 2002 and December 2020, 47 patients with
HHT were considered for endoscopic treatment of gastrointes-
tinal bleeding. The demographic and clinical characteristics of
the patients at enrollment are presented in » Table 1.

A total of 42 of 47 patients were deemed responders to the first
111 endoscopic treatments (mean number of exams per pa-
tient 2.4), including 41 EGDs, 50 DAEs, and 20 colonoscopies
(with 62 index procedures and 49 further endoscopic treat-
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> Table 1 Baseline characteristics of the study cohort.

Males (%) 26 (55.3)
Females (%) 21(44.7)
Age, mean (range) 58.5(30-79)
Mutation (%)

« HHTI 9(19.1)

« HHT2 22 (46.8)

= Notidentified 16 (34.1)
Liver AVMs grade (%)

= 0 9(19.1)

. 1 9(19.1)

. 2 13(27.7)

. 3 6(12.8)

= 4 10 (21.3)
Hb at baseline

= median g/dL (IQR) 8.5(6.7-9.9)
= mean (range) 8.1(4.4-12.2)
RCU/year

= median (IQR) 4(0-24)

= mean (range) 22.8(0-190)

AVM, arteriovenous malformation; RCU,
red cell units; IQR, interquartile range.

ments performed within the first 12 (range 1-12) months after
the index procedure). A total of 31 of 47 patients (66%) needed
a second endoscopic attempt; 12 of 31 needed a third endo-
scopic attempt (25.5% of the whole cohort), and four of 12 pa-
tients (8.5% of the whole cohort) needed further endoscopic
attempts (4 in 4 cases, 5 in 3 cases). VCE was performed in six
cases in which the distal jejunal limit of telangiectases was not
reached.

In 111 endoscopic procedures, 3691 telangiectases were
treated with APC, with an average of 78.5 telangiectases per
patient.

» Table 2 summarizes the location, number, and characteris-
tics of the treated lesions.

The median follow -up was 134 months (range 20-243
months).

Twenty-two patients (46.8%) relapsed and required at least a
second treatment attempt after a median time of 36 months
(13-144 months).

»Fig.2 represents the relapse-free survival curve in the
overall population.

In this group, a total of 22 EGDSs, 22 DAEs, and eight colo-
noscopies were performed, for a total of 52 procedures, includ-
ing 37 procedures during the second treatment and 15 in fur-
ther endoscopic treatments. In particular, seven (14.9%), three
(6.3%), one (2.1%), and one patient (2.1%) needed third, fourth,
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» Table2 Total number of telangiectases treated at different sites
during first treatments.

Gastrointes- Number (%) Mean diame- % of lesions
tinal site ter (mm) with bleed-
ing signs (n)
Esophagus 17(0.5) 0.2 0(0)
Stomach 623(16.9) 2.5 4.7 (29)
Duodenum 1259 (34.1) 1.1 0.8 (10)
Jejunum 1729 (46.8) 0.8 0.06 (1)
Colon 63(1.7) 2.3 3.2(2)
1.00
Strata —— All
2075
E
o
Nal
o
a 0.50
®
=
>
5
Y 0.25
0
0 50 100 150 200 250
Ti
Number at risk ime
i
E All | 47 24 13 5 1 0
(%]
0 50 100 150 200 250
Time

> Fig.2 Relapse-free survival curve in the overall population.

fifth, and sixth endoscopic treatments, respectively. VCE was
performed in one case to assess distal jejunal involvement.

Primary outcome

Altogether, 41 of 47 patients were responders after one (14/47)
or more (27/47) endoscopic treatments, and six of 47 were
nonresponders. In the overall study population, we observed a
significant increase in the median value of Hb from 8.5g/dL
(6.7-9.9) to 11.6g/dL (8.7-12.5) (P <0.0001) and a significant
reduction in the transfusion requirement from a median of 4
RCU per year (0-24) to 0 RCU per year (0-5) (P=0.05) (» Fig.3).

The median hemoglobin basal level in the responders was
7.0g/dL (4.4-12.9¢g/dL), with an initial mean transfusion re-
quirement of 22.8 RCU/year (range 0-190 RCU/year); the medi-
an hemoglobin level to the end of follow-up was 11.9g/dL (6.0-
15.3g/dL), with a mean transfusion requirement of 7.3 RCU/
year (range 0-120).

In the nonresponders, the median hemoglobin basal level
was 7.0g/dL (7.0-7.5g/dL) with an initial mean transfusion re-
quirement of 50 (12-100); after treatment, the median hemo-
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» Fig.3 a Median value of Hb before (1) and after treatment (2).
b Transfusion requirement before (1) and after treatment (2).

globin level was 7.2 g/dL [7.0-7.5g/dL], and the mean transfu-
sion requirement was 34 RCU/year (range 0-96).

The characteristics of the responders and nonresponders are
shown in Supplementary Table 1.

Secondary outcomes

As reported in »Table3, in the logistic regression analysis, a
higher baseline number of telangiectases was associated with
a lower chance of response (P=0.008).

Seventeen patients died during follow-up. Death was related to
HHT-related gastrointestinal bleeding in two patients and to
other complications of HHT in eight patients, and it was not
related to HHT complications in seven patients. One patient
with grade IV liver AVM underwent orthotopic liver transplanta-
tion.

» Fig.4 shows the overall survival and bleeding-related mor-
tality in the study population.

There were two mild complications in 228 endoscopic pro-
cedures (0.8%), a substantial nosebleed during upper gastroin-
testinal endoscopy, conditioning the interruption of the exami-
nation and its repetition, one immediate and major complica-
tion (0.4%), and a jejunal perforation that required segmental
jejunal resection. There were no late or fatal complications
related to the procedure.
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> Table 3 Factors associated with clinical response to endoscopic

treatment.
Variable

Sex (reference female)

Age

Gene (reference 1)

Liver AVMs grade (reference 1)

No. gastrointestinal telangiectases
Gastrointestinal telangiectases size
Gastrointestinal telangiectases site

OR, odds ratio; AVM, arteriovenous ma

OR (95% Cl)

0.39 (0.06-2.38)
0.34(0.08-1.41)
0.09 (0.008-1.09)
0.35(0.03-3.44)
0.17 (0.04-0.63)
0.36 (0.06-2.09)
0.23(0.03-1.43)

Iformation.

P value
0.43
0.21
0.06
0.37
0.008

0.26

1.00 Strata —— All
2075
E
2
2
a 0.50
g
=
5
“0.25
0
0 50 100 150 200 250
Time
Number at risk
1]
g All | 47 35 27 16 6 0
(%]
0 50 100 150 200 250
a Time
1.00 —
Strata —— All
2075
E
o
0
2
a 0.50
E
>
5
Y 0.25
0
0 50 100 150 200 250
Time
Number at risk
[1°]
E All | 47 35 27 16 6 0
wv
0 50 100 150 200 250
b Time

» Fig.4 aOverall survival. b Bleeding-related mortality in the study

population.
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Discussion

Patients with HHT who have gastrointestinal bleeding can suf-
fer from anemia that is often severe and can make them chroni-
cally dependent on parenteral iron and/or blood transfusions
[5,21]. This is accompanied by frequent hospitalizations, which
have a tremendous impact on quality of life, place a burden on
health care, and have an individual and societal impact.

According to the Second International Guidelines for the Di-
agnosis and Management of Hereditary Hemorrhagic Telan-
giectasia, endoscopic APC is best administered at baseline
endoscopy for bleeding [5]. However, even though endoscopic
APC is the first line of therapy in non-HHT gastrointestinal vas-
cular lesions [25], scant data support its systematic use in pa-
tients with HHT who have gastrointestinal bleeding.

In previous studies dating back to the 1980s and 1990s,
endoscopic APC of gastrointestinal telangiectases in HHT was
shown to provide temporary control of transfusion require-
ments. While discrete lesions may respond well to local treat-
ment, most patients with HHT have multiple AVMs, and some
symptomatic lesions may not be accessible to APC. As a conse-
quence, more than half of the patients (56%) are refractory to
APC therapy [15,16,17,18,26]. Naveau et al. [18] described
the use of neodymium-YAG laser photocoagulation in 60 pa-
tients (13 with HHT and 47 with angiodysplasias) and examined
prognostic parameters of bleeding recurrence; the initial num-
ber of angiodysplasias (P < 0.02) showed an independent prog-
nostic value. In more recent years, in a cohort of 44 patients
with small bowel angiodysplasias [19], bleeding could be effec-
tively treated with APC during enteroscopy with a long-term in-
crease in Hb levels and reduced blood transfusion require-
ments; however, the cohort of eight patients with HHT in this
study had a lower response rate with a higher bleeding recur-
rence in comparison with patients who did not have HHT (75%
vs. 40%). The authors concluded that efforts are needed to re-
duce the rebleeding rate, possibly through a more intensive in-
itial treatment.

Previous literature about the results of endoscopic treat-
ment for bleeding gastrointestinal telangiectases in patients
with HHT has other important flaws. Thus far, this topic has
been reported in only small series including 40 patients overall
(range 4-13); long-term results were reported only for a minor-
ity of patients [15,16,17,18,19,26]. All these series included
mainly patients with small bowel angiodysplasias and only a
minority of patients with HHT. The number of endoscopic at-
tempts per patient was highly variable in these series. Specific
expertise in dealing with patients with HHT was not reported in
these series.

On the basis of these studies, which had substantial limita-
tions, the studies were mostly performed with technology and
examination techniques that are currently largely outdated,
and neither the long-term effectiveness of endoscopic treat-
ment of bleeding telangiectases in HHT nor the complication
rate of repeated treatments nor a clear correlation between
treatment outcome and patient characteristics can be inferred.

The strengths of the present study, therefore, are many.
First, was is a monocentric study performed within an expert
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reference center for HHT, which can address all aspects of the
disease and inherent needs, including attention to antibiotic
prophylaxis and limiting the potential for other complications
of endoscopic procedures in patients with HHT, such as nose-
bleeds during upper gastrointestinal endoscopy. Second, with
47 patients enrolled, this study described the results of APC
treatment in the largest series of patients with HHT thus far re-
ported in the literature, thus adding a substantial piece of infor-
mation to the difficult management of gastrointestinal bleed-
ing in HHT. Third, the present cohort homogeneously included
only patients with HHT and was not patients with sporadic gas-
trointestinal angiodysplasias, thus avoiding the risk of a hetero-
geneous population and inherent biases in data interpretation.
Fourth, with a median follow-up of 134 months (range 20-243
months), the present cohort has the longest follow-up de-
scribed in the literature after APC treatment of gastrointestinal
telangiectases in HHT, thus allowing a sound weighing of the
long-term results of endoscopic APC in this setting.

Fifth, the study design allowed us to capture adverse events
and to appropriately assess the safety of endoscopic APC for
HHT gastrointestinal telangiectases; the 0.4% rate of major
complications found in our study supports the safety of this
treatment for bleeding gastrointestinal telangiectases in HHT.
Sixth, this study allowed us to consistently understand the fac-
tors correlated with response to endoscopic treatment of gas-
trointestinal telangiectases in patients with HHT. Age, sex, se-
verity of liver vascular malformations, and size or site of gastro-
intestinal telangiectases did not correlate with response; the
only characteristic significantly associated with a lower chance
of response was a baseline higher number of telangiectases, as
previously noted in non-HHT cohorts [18]. Interestingly, the
mutation in the endoglin gene shows a trend toward signifi-
cance for correlation with treatment response.

With these characteristics, the present study provided a
sound demonstration of the substantial long-term effective-
ness of endoscopic APC treatment of gastrointestinal telangiec-
tases in HHT; the 87.2% response rate over a median follow-up
longer than 10 years is actually a reassuring figure. The two
deaths related to gastrointestinal bleeding occurred within 2
years and were due to the severity of the patients’ conditions
aside from the lack of response of the bleeding itself. In fact,
the nonresponder cohort included older patients with a hgiher
mortality rate.

The present study also had some limitations. First, it was
performed in an HHT referral center; thus far, the results de-
scribed may not be reproducible in other centers with lesser or
no specific HHT expertise. Second, the endoscopic treatments
were performed using the “push” enteroscopy technique,
which may not reach the same depth in all cases and does not
explore the entire small bowel. Moreover, the possibility of pro-
gress with the enteroscope and consequently its effectiveness
is anatomy-related; thus, we cannot exclude that other entero-
scopy techniques (e.g., double balloon or spiral enteroscopy)
would have further improved patient outcomes.
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Conclusions

In conclusion, the present study demonstrates the long-term
effectiveness of endoscopic treatment of bleeding from gastro-
intestinal telangiectases in patients with HHT, all along with its
safety; these data are useful for clinical management of this dif-
ficult condition.
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