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Abstract

Purpose Hereditary hemorrhagic telangiectasia (HHT) is an autosomal dominant multi-organ vascular disorder that com-
monly affects the gastrointestinal tract and the liver resulting in telangiectasias and arteriovenous malformations (AVMs).
Previous studies looking at the prevalence of liver and abdominal organ involvement in HHT have been limited by differing
imaging techniques and sample size limitations. We sought to define the prevalence of HHT related abdominal vascular
abnormalities using optimized multiphasic contrast-enhanced abdominal computed tomography (CT) exams in a large cohort
of HHT patients.

Methods Between January 2001 and May 2015; we identified a total of 333 consecutive HHT patients who had undergone a
dedicated HHT protocol multiphase abdominal CT at our institution. The CT exams were reviewed by three board certified
abdominal radiologists for the presence of vascular abnormalities involving the liver, pancreas, spleen, and other abdominal
organs. Vascular abnormalities involving the liver were further categorized as telangiectasias, large confluent vascular masses,
perfusion abnormalities, or hepatic shunts.

Results In patients with abdominal vascular abnormalities, the liver was the most commonly involved organ, with 180 out
of 333 (54.1%) patients demonstrating at least one hepatic vascular abnormality (telangiectasia, confluent vascular mass,
transient perfusion abnormalities, and hepatic shunts), with most (70.0%) demonstrating multiple hepatic vascular abnor-
malities. The other most common organs involved included the pancreas (18.0%), spleen (6.3%), and small bowel (4.5%).
Conclusion In patients with the clinical diagnosis of HHT, greater than half demonstrate an abdominal vascular abnormality,
with the most commonly involved organ being the liver. These may be under recognized on routine or single phase contrast-
enhanced CT of the abdomen. This supports the use of optimized multiphasic abdominal CT exams as an important tool for
the evaluation and screening of patients with HHT.

Keywords Hereditary hemorrhagic telangiectasia (HHT) - Abdominal vascular abnormalities - Telangiectasia - Hepatic
Vascular Shunts
Introduction

Hereditary hemorrhagic telangiectasia (HHT), also known
as Osler-Weber-Rendu disease, is an autosomal dominant
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multiple organs and vascular beds throughout the body,
with the skin, mucous membranes, lungs, central nervous
system, gastrointestinal tract and liver among the most
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asymptomatic. When clinical manifestations do occur, they
present as hemorrhage (epistaxis, GI bleeding, intracranial
hemorrhage etc.) or by abnormal arteriovenous shunting
resulting in high-output cardiac failure (due to liver arterio-
venous shunting), systemic embolization resulting in stroke
and cerebral abscesses, or hypoxemia due to pulmonary arte-
rial shunting [6].

Clinical diagnosis of HHT is made via the Curacao cri-
teria. The four criteria are: (1) spontaneous and recurrent
epistaxis, (2) characteristic mucocutaneous telangiectasias
(lips, oral cavity face and fingers), (3) visceral (brain, lung,
liver, bowel) arteriovenous malformations (AVM), and (4)
diagnosis of HHT in a first degree relative utilizing these
same Curacao criteria [7]. Patients with >3 criteria are
labeled as “definite HHT” while those with 2 of the 4 criteria
are labeled as “possible” or “suspected” HHT [8].

It is important to recognize that liver and visceral AVMs
often go unrecognized until a complication occurs. In a pre-
vious study; only 8% of HHT patients with hepatic vascular
abnormalities were symptomatic and thus, hepatic involve-
ment can often go unrecognized until late in the disease
course [9]. This is also likely compounded by the fact that
single phase contrast-enhanced computed tomography (CT)
often poorly delineates hepatic and other organ involvement
due to the fact that many vascular abnormalities are best
seen (or only seen) during the early arterial phase. This early
arterial phase is often not a part of the imaging protocol in
most single and even multiphasic exams [6]. To provide an
accurate estimate of the liver involvement, we performed
this study to describe the prevalence of hepatic and other
abdominal vascular abnormalities identified on an optimized
contrast-enhanced multiphasic CT in patients clinically diag-
nosed with definite HHT.

Methods
Patient population

This study was approved by our center’s Institutional Review
Board (IRB). We undertook a retrospective review of our
database of all HHT patients seen at our center from January
2001 to May 2015. The database was compiled by searching
our electronic medical record for the terms HHT, heredi-
tary hemorrhagic telangiectasia, Osler-Weber-Rendu, or
Rendu-Osler-Weber. Additionally, patients were searched
for International Classification of Diseases-9 code of 448.0
in their chart, corresponding to HHT. Individual charts were
reviewed and only patients with definite HHT based on the
Curacao criteria, as described above, were included in the
study. Of note, the study includes patients who were for-
mally diagnosed with HHT both before and after our imag-
ing study. Imaging studies were then reviewed, and only

patients who had undergone a contrast-enhanced optimized
multiphasic CT of the abdomen per our institution’s HHT
protocol were included in the final dataset. These studies
are obtained for multiple reasons, including assessment of
vascular abnormalities to diagnose HHT or the presence of
organ involvement and certain risk factors (such as large
shunts) in patients with previously diagnosed HHT.

Imaging evaluation

Images were obtained with the patient in the supine posi-
tion from the top of the liver to the iliac crest. Three
phases were obtained in each patient, described as early
arterial, late arterial, and portal venous phases. The goal of
the early arterial phase is to have hepatic arterial enhance-
ment without enhancement of the portal and hepatic veins,
which can limit evaluation of hepatic shunting. In the cur-
rent iteration of this protocol, a region of interest (ROI)
is drawn in the descending aorta just above the scan field,
and scanning is initiated for the early arterial phase as
soon as possible after this ROI has reached 150 Hounsfield
Units (HU). This early arterial phase acquisition typically
occurred around 15-20 s after initiation of contrast injec-
tion. Late arterial and portal venous phase images are then
obtained 20 s and 40 s, respectively, following the early
arterial phase acquisition. Contrast volume, injection rate,
and concentration varies based on the patients weight,
though ranges between 100 and 200 mL, injected between
4 and 5 mL/s, with concentrations of 300-350 mg/mL of
Iodine. Given that many patients undergo CT scans of the
chest at the same time as the abdomen, it is important to
point out our approach to accomplishing both. As arte-
riovenous malformations within the lungs are well seen
without the use of intravenous (IV) contrast, these exams
are typically performed without contrast. This allows con-
trast bolus timing to be focused on the liver to optimize
the early arterial phase and minimize contrast within the
hepatic and portal veins.

Exams were reviewed and reinterpreted by three board
certified abdominal radiologists. Hepatic lesions were sub-
categorized into four groups: Telangiectasias, large con-
fluent vascular masses, hepatic perfusion abnormalities,
and hepatic shunts according to standard nomenclature.
Telangiectasias were defined as typically round, 9 mm
or less, arterial hyperenhancing foci which are due to a
direct communication between arterioles and postcapillary
venules [10]. Typically these are most conspicuous in the
early arterial phase and are often subtle or imperceptible in
the portal venous phase [6, 11]. Large confluent vascular
masses appear similar to telangiectasias, but are defined
as > 10 mm in diameter [12]. Because of their larger size,
these lesions can sometimes remain visible into the portal
venous phase. Of note, large confluent vascular masses
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are usually homogeneously enhancing, in contrast to the
more peripheral, nodular early enhancement of cavernous
hemangiomas. While telangiectasias and large confluent
vascular masses are focal lesions, hepatic perfusion abnor-
malities are defined as a non-focal heterogeneous enhance-
ment pattern of the liver parenchyma. As with other
hepatic vascular findings, this finding is typically best
seen during the early and late arterial phases, with a nor-
mal enhancement pattern often seen in the portal venous
phase [6]. Examples of telangiectasias, confluent vascular
masses, and a perfusion abnormality are demonstrated in
Fig. 1. The final group of abnormalities characterized was
hepatic shunts, which included arteriovenous, arteriopor-
tal, and portovenous shunts. Arteriovenous and arteriopor-
tal shunts are defined as shunts between the hepatic artery
and hepatic veins or portal veins, respectively. These are
best seen during the early arterial phase and are identi-
fied by the premature/early enhancement of the hepatic
vein (arteriovenous shunting) or portal vein (arteriopor-
tal shunting). Only the early arterial phase is utilized to
identify these shunts, because opacification/enhancement
of the portal and hepatic veins normally occur during the
later (late arterial and portal venous) phases of contrast
administration. Care must be taken to not confuse subop-
timal contrast timing or contrast refluxing into the hepatic
veins from the IVC as an abnormal shunt. An example
of an arterioportal shunt is demonstrated in Fig. 1 and
an example of arteriovenous shunting is demonstrated in
Fig. 2. Portovenous shunts are abnormal shunts between
the portal veins and hepatic veins. These are much less

Fig. 1 Arterial phase images of the liver in a patient with HHT. This
patient has multiple hepatic vascular abnormalities. There is a dilated,
tortuous left hepatic artery with early filling of an adjacent portal
vein, consistent with arterioportal shunting (black arrow). There are
also multiple telangiectasias (white arrow), confluent vascular masses
(white arrow head), and a perfusion abnormality (black arrowhead)
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Fig.2 Arterial phase images of the liver in a patient with HHT and
high-output cardiac failure. a There are numerous significantly
enlarged hepatic artery braches denoted by the black arrowheads. b
Early filling of the hepatic veins is seen, denoted by the black arrows.
Overall, findings are consistent with extensive arteriovenous shunting

Fig.3 Coronal portal venous phase images demonstrate a focus of
hyperenhancement (black arrow) with communication with a por-
tal venous branch (black arrowhead) and hepatic vein branch (white
arrow). Findings are consistent with a portovenous shunt
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Fig.4 Arterial phase images of a patient with HHT. There is a focal
area of enhancement within the pancreatic head consistent with a
pancreatic vascular malformation (black arrow). Also seen is a large
perfusion abnormality in the liver (black circle)

Fig.5 Late arterial images in a patient with HHT demonstrate a focus
of hyperenhancement in the right adrenal gland (arrow) consistent
with an adrenal vascular malformation

common and are best seen during the portal venous phase,
with a dilated portal vein communicating with a hepatic
vein. An example of a portovenous shunt is demonstrated
in Fig. 3.

Abnormal vascular lesions in other abdominal organs
such as the pancreas, small bowel, spleen, stomach,
and colon were also noted and recorded. These lesions
were grouped by organ for the purpose of this study.
For instance, both splenic artery aneurysms and splenic

Fig.6 Portal venous phase images in a patient with HHT. Numerous
foci of hyperenhancement were seen within the jejunum, including
the small lesion denoted by the black arrow. Findings are consistent
with small vascular malformations and were subsequently confirmed
and treated with double-balloon enteroscopy

Fig.7 Arterial phase images in a patient with HHT. There is a small,
hyperenhancing lesion within the posterior spleen (arrow) consistent
with a splenic vascular abnormality

parenchymal vascular abnormalities were labeled splenic
vascular lesions and lesions within the duodenum, jeju-
num, and ileum were all labeled as small bowel vascular
lesions. Examples of pancreatic, adrenal, small bowel, and
splenic vascular abnormalities are demonstrated in Figs. 4,
5, 6, and 7, respectively. Of note, the HHT CT protocol
only covers the abdomen to the level of the iliac crests,
often excluding portions of the small bowel and colon, in
particular the cecum.
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Statistical analysis

Statistical analysis to evaluate for a significant difference in
the prevalence of abdominal vascular abnormalities based
on the gender of the patient was performed using the Chi
squared test. Genetic mutation information was collected
(if available), and the Chi squared test was used to analyze
any differences in the prevalence of hepatic vascular mal-
formations in patients with ENG and ACVRLI1 mutations.
Additionally, analysis was performed to evaluate for a sig-
nificant difference based on the patient’s age by using the
Student’s ¢ test.

Results
Patient population

333 patients with definite HHT based on the Curacao cri-
teria were included in the study. The mean patient age was
53.7 years, with a standard deviation of 16.2 years and a
range of 20-93 years. The majority of patients were female
(n=200, 60.1%). Epistaxis was the most common manifes-
tation of HHT in our population with 303 patients (91.0%).
This was followed by mucocutaneous telangiectasia in 299
(89.8%), family history in 292 (87.7%), and visceral AVM
in 288 (86.5%). These findings are summarized in Table 1.

Prevalence of vascular abnormality by organ

The liver was by far the most commonly affected abdominal
organ, with 180 patients (54.1%) demonstrating at least one
hepatic vascular abnormality. Pancreatic vascular malfor-
mations were seen in 60 patients (18.0%). Pancreatic mani-
festations most commonly involved a singled dilated ves-
sel. Twenty-one patients (6.3%) had either a splenic artery

Table 1 Patient population

Number of patients

with definite HHT
(%)
Number of patients 333
Mean age (years) 53.7
Sex
Male 133 (39.9)
Female 200 (60.1)
Curacao criteria
Epistaxis 303 (91.0)
Mucocutaneous telangiectasia 299 (89.8)
Visceral AVMs 288 (86.5)
Family History 292 (87.7)

Table 2 Prevalence of vascular
abnormality by organ

Abdominal vas-  Number of
cular abnormality patients (%)

Hepatic 180 (54.1)
Pancreatic 60 (18.0)
Splenic 21 (6.3)
Small bowel 154.5)
Colonic 6(1.8)
Gastric 5(1.5)
Adrenal 4(1.2)

aneurysm or a vascular malformation within the spleen
itself. Duodenal, jejunal, and ileal vascular abnormalities
were grouped into a single category; in which 15 patients
(4.5%) demonstrated at least one abnormality. Six patients
(1.8%) had a vascular abnormality within the visualized
colon. Finally, five patients (1.5%) were found to have gas-
tric vascular abnormalities and four patients (1.2%) were
found to have adrenal vascular abnormalities. These findings
are summarized in Table 2.

Hepatic vascular abnormalities

Telangiectasias were the most common hepatic vascular
abnormality, present in 165 (49.5%) of the patients. Large
confluent vascular masses, perfusion abnormalities, and
hepatic shunts were all found in lesser but similar numbers.
Large confluent masses were seen in 76 (22.8%), perfusion
abnormalities were seen in 77 (23.1%), and hepatic shunts
were seen in 68 (20.4%). These findings are summarized in
Table 3.

Only 54 patients (16.2%) were found to have a single type
of hepatic vascular abnormality, while 132 patients (40.0%)
had at least two types of hepatic vascular abnormalities. The
most common combination of types was telangiectasia and
perfusion abnormality, which was found in 27 (8.1%) of
patients. As would be expected, the various combinations
which included telangiectasias were more common than
combinations without telangiectasias. These findings are
summarized in Table 4.

Table 3 Prevalence of hepatic vascular abnormalities by subcategory

Number of
patients (%)

Hepatic vascular abnormality

Telangiectasia 165 (49.5)
Large confluent vascular mass 76 (22.8)
Perfusion abnormality 77 (23.1)
Hepatic shunt 68 (20.4)
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Table 4 Prevalence of the possible hepatic vascular abnormality
combinations

Table 6 Prevalence of hepatic vascular abnormalities based on
genetic mutation

Combination of hepatic abnormalities Number of patients

(%)

Telangiectasia only 47 (14.1)

Telangiectasia and large confluent vascular mass 18 (5.4)

Telangiectasia and perfusion abnormality 27 (8.1)

Telangiectasia and hepatic shunt 13 (3.9)

Telangiectasia, large confluent vascular mass, 14 (4.2)
and perfusion abnormality

Telangiectasia, large confluent vascular mass, 17 (5.1)
and hepatic shunt

Telangiectasia, perfusion abnormality, and 9(2.7)
hepatic shunt

Telangiectasia, large confluent vascular mass, 20 (6.0)
perfusion abnormality, and hepatic shunt

Large confluent vascular mass only 5(1.5)

Large confluent vascular mass and perfusion 0(0.0)
abnormality

Large confluent mass and hepatic shunt 2 (0.6)

Large confluent mass, perfusion abnormality, 0(0.0)
and hepatic shunt

Perfusion abnormality only 1(0.3)

Perfusion abnormality and hepatic shunt 6(1.8)

Hepatic shunt only 1(0.3)

Clinical variables associated with abdominal
vascular abnormalities

A total of 184 patients demonstrated at least one abdominal
vascular abnormality, while 149 patients did not. The mean
age for those who had an abdominal vascular abnormal-
ity was 55.3 years (SD=15.6 years), while the mean age in
those negative for abdominal vascular abnormalities was 51.7
(SD=16.8 years). This difference in prevalence based on age
was statistically significant with a p-value of 0.04.

Women had a higher likelihood of having abdominal vascu-
lar abnormalities, with 117 out of 200 women (58.5%) and 67
out of 133 men (50.4%) having positive abdominal findings.
However, these findings were not statistically significant, with
a p-value of 0.18. These findings are summarized in Table 5.

Positive for Negative for p-value
hepatic vascular hepatic vascular
abnormality abnormality
ENG mutation 31 25
(HHT1)
ACVRLI muta- 31 15 0.30
tion (HHT2)

Of the 333 patients, 102 had documented HHT genetic
mutations. Fifty-six (16.8%) had an ENG mutation, as is seen
in HHT1, and 46 (13.8%) had an ACVRLI1 mutation, as is
seen in HHT?2. The prevalence of hepatic vascular abnormali-
ties was 55.3% (31/56) in patients with ENG mutations and
67.4% (31/46) in patients with ACVRL1 mutations. While a
higher percentage of patients with ACVRLI mutations had
hepatic vascular abnormalities, the results were not statisti-
cally significant, with a p-value of 0.30. These findings are
summarized in Table 6.

Discussion

The prevalence of abdominal vascular abnormalities in
patients with HHT is important information, as it helps us
understand the extent of manifestations in HHT. Our study
is particularly pertinent for assessment of organs such as
the liver, where imaging studies are the only way to assess
involvement and an HHT specific protocol is important
for complete evaluation. Our study of 333 patients with a
diagnosis of definite HHT found the prevalence of abdomi-
nal vascular abnormalities at 55.3%, with hepatic vascular
abnormalities the most common abdominal manifestation.
This is the largest series evaluating HHT abdominal find-
ings to our knowledge. Remote studies estimated hepatic
involvement in the range of 8-31% [13, 14]. However,
these numbers were likely underestimated, as the CT
technology required to visualize the often subtle hepatic
findings was not available at the time. Later studies utiliz-
ing multidetector row CT demonstrated similar hepatic
vascular malformation prevalence as our study [11, 15].

Table 5 Risk factors

. Positive for abdominal vascu-  Negative for abdominal vascu- p-value
for abdonppal vascular lar abnormality lar abnormality
abnormalities
Total number 184 149
Mean age (years) (SD) 55.3 (15.6) 51.7 (16.8) 0.04
Sex 0.18
Male 67 66
Female 117 83
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Several studies have examined the prevalence of vascu-
lar malformations within the bowel, primarily with endos-
copy and capsule endoscopy. Various studies have shown
gastric involvement ranging from 29 to 75% of patients
and small intestinal involvement ranging from 56 to 91%
of patients [16—19]. Our study, based on CT imaging, dem-
onstrated much lower prevalence in both areas. The likely
explanation for the discrepancy between our studies is the
imaging modality. While CT is optimal for evaluation of
the liver and can visualize larger vascular malformations
in other organs such as the bowel, endoscopy is almost
assuredly going to detect a higher percentage of small,
mucosal lesions that these patients often have. In addition,
the bowel was not completely included in our imaging,
and dedicated bowel imaging, such as with triple-phase
enterography, would likely help in detecting bowel lesions.
This likely resulted in an underreporting of bowel vascular
malformations in our study.

Similarly, prior studies investigating the prevalence
of vascular abnormalities within the colon have primar-
ily used colonoscopy. Colon involvement has again been
reported as higher than in our study, with studies reporting
a prevalence of 10-32% [20, 21]. This discrepancy again
likely has to do with the imaging modality, similar to the
small intestine. Also contributing to this discrepancy is the
fact that our studies did not include a large portion of the
colon, as only the abdomen to the level of the iliac crests
was acquired. This precludes assessment of a large por-
tion of the colon, including the cecum and sigmoid colon.

This study did not examine the relationship between
abdominal vascular findings and associated symptoms and
co-morbidities. Many of the patients evaluated showed
only minimal abdominal involvement, such as a few small
telangiectasias within the liver. In patients with only
minimal involvement, it is unlikely that any significant
symptoms or complications would be present. In fact,
Garcia-Tsao et al. reported only 8% of patients with HHT
and hepatic vascular malformations on imaging exhibited
symptoms [9]. While symptoms may be rare, they can cer-
tainly be serious; with potential complications associated
with hepatic vascular malformations including high-output
cardiac failure, portal hypertension, and biliary necrosis.
A potential avenue of further investigation involving our
cohort would be to examine the prevalence of HHT symp-
toms and complications and how they relate to the severity
of abdominal manifestations.

Limitations
Our study has limitations. All of the patients reviewed had

definite HHT, meaning the reviewers were not blinded to
the patient’s diagnosis. This could lead to some bias in
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reporting. It is likely that many patients presented to our
institution after being diagnosed with HHT due to either
symptoms being present or findings identified on prior imag-
ing or procedural studies. This may cause an overestima-
tion of abdominal findings in our study. Additionally, the
presence of AVMs is a criterion used for diagnosis of HHT
within the Curacao criteria. This could be a confounding
factor due to all of our patients having a diagnosis of definite
HHT based on the Curacao criteria, potentially leading to
elevated prevalence of AVMs in our cohort.

This study evaluates imaging exams over the course of
15 years, in which various CT scanners with different levels
of technology were used. Another limitation of our study
relates to suboptimal image acquisition, particularly of early
arterial and late arterial phases. While the protocol used is
specifically designed for assessment of HHT manifesta-
tions, there are times when either the contrast bolus timing
is suboptimal or reflux of contrast from the IVC opacifies
the hepatic veins, limiting the assessment of hepatic shunt-
ing. While these may lead to underreporting of abdominal
manifestations in some situations, it is often unavoidable due
to the range of physiologic conditions encountered. Since
these CT exams typically did not cover the pelvis, portions
of the small bowel and colon as well as the bladder, uterus
and adnexa, prostate gland, and seminal vesicles were not
covered.

Conclusion

In patients with the clinical diagnosis of HHT, greater than
half demonstrate an abdominal vascular abnormality, with
the most commonly involved organ being the liver. These
may be under recognized on routine or single phase con-
trast-enhanced CT of the abdomen. This supports the use of
optimized multiphasic abdominal CT exams as an important
tool for the evaluation and screening of patients with HHT.
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