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OBJECTIVE. The purpose of our study was to report the multiphasic CT findings in pa-
tients with symptomatic liver involvement by hereditary hemorrhagic telangiectasia (HHT) and
to correlate the CT findings with the type of clinical presentation.

CONCLUSION. Patients with symptomatic HHT liver disease have diffuse hepatic te-
langiectases, a dilated common hepatic artery, and a high incidence of biliary abnormalities.
Multiphasic CT is useful in diagnosing liver involvement due to HHT; however, no strong cor-
relation was seen between CT findings and the clinical subtype of HHT liver disease.

ereditary hemorrhagic telangiecta-
sia (HHT), or Osler-Weber-Rendu
disease, is characterized by an au-
tosomal dominant inheritance pat-
tern, multiple mucocutaneous telangiectases,
epistaxis, and visceral arteriovenous malfor-
mations [1-3]. HHT affects 1 in 5,000-8,000
individuals [1, 2, 4]. Pulmonary, cerebral, and
spinal arteriovenous malformations have been
well documented in patients with HHT. Liver
involvement is now believed to be a common
manifestation of HHT. Recent studies have
shown that up to 60% of patients with HHT
have liver involvement; however, most of these
patients are asymptomatic [3-8].
Symptomatic liver involvement by HHT is
uncommon and has been categorized into
three distinct clinical patterns by Garcia-Tsao
et al. [9]. Patients are divided into clinical
subtypes characterized by high-output car-
diac failure, portal hypertension, or biliary
disease. The clinical symptoms are believed
to be a consequence of the predominant he-
patic shunt pattern in each patient: arterio-
venous, arterioportal, or portovenous.
Imaging of patients with liver disease in
HHT can be performed using a variety of
techniques: angiography, sonography, MRI,
and CT. However, multiphasic CT is probably
the best noninvasive test for diagnosing HHT
liver disease and for evaluation of the differ-
ent shunts. With multiphasic CT, the type of
shunt can be determined by evaluating early
or differential enhancement of the hepatic or
portal veins during the various phases of im-
aging. For example, visualizing contrast ma-

terial in the main hepatic veins during the ar-
terial phase of the study suggests that the
predominant shunt pattern is arteriovenous
(hepatic artery to hepatic vein), a conse-
quence of the numerous macro- and micro-
scopic shunts. Contrast-enhanced CT has
been shown in small patient groups to have
100% sensitivity in diagnosing patients with
HHT liver disease [5, 10, 11].

In our HHT center, routine screening for
liver disease is not performed. CT is performed
when suggestive symptoms arise or if a liver
bruit is present. Thus, only symptomatic pa-
tients were evaluated in this study. The purpose
of this article is to report the multiphasic CT
findings in patients with symptomatic liver in-
volvement by HHT and to correlate the CT
findings with the type of clinical presentation.

Materials and Methods

Over a 10-year period (1994-2003), 2,002 pa-
tients were evaluated at our HHT center. Of these,
40 had clinical symptoms suggestive of liver in-
volvement by HHT. Patients were categorized into
the different HHT subtypes depending on their
symptoms at initial presentation. Patients with
high-output heart failure all had shortness of breath
in the absence of anemia or clinically significant
pulmonary arteriovenous malformations. Most pa-
tients with high-output failure had liver bruits and
some had peripheral edema. Patients in the portal
hypertension group presented with ascites or gas-
trointestinal hemorrhage. Splenomegaly was also
noted. The few patients with a biliary subtype pre-
sented with abdominal pain and abnormal liver en-
zymes (elevated levels of alkaline phosphates).
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Fig. 1—Axial CT angiography arterial phase images in 46-year-old woman with hereditary hemorrhagic telangiectasia liver disease.
A, CT angiogram shows diffuse parenchymal heterogeneity and numerous telangiectases. All patients in this study showed this heterogenous parenchymal enhancement pattern.
B, Dilation and early filling of main portal vein (arrow) during arterial phase are consistent with arterioportal shunt.

Fig. 2—Axial CT angiography arterial phase image in 57-year-old woman with
symptomatic hereditary hemorrhagic telangiectasia liver disease shows markedly
dilated common hepatic artery that measures 18 mm in diameter (arrow). Dilated
common hepatic artery (> 4.5 mm) was seen in all of our patients.

Fig. 3—Axial CT angiography arterial phase images in 64-year-old woman with high-output cardiac failure subtype of hereditary hemorrhagic telangiectasia liver disease.
A, Marked dilation of common hepatic artery (arrow) and extensive parenchymal heterogeneity and vascularity are seen.
B, Early filling of right hepatic vein (arrow) is consistent with arteriovenous shunt.
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Other causes of hepatic dysfunction, such as hepa-
titis B and C, alcoholic cirrhosis, Wilson’s disease,
and transfusion-related hemosiderosis, were ex-
cluded. Of these 40 patients, 24 underwent mul-
tiphasic CT. The 16 patients not included in the
study predated the use of multiphasic helical CT at
our institution and were imaged via other tech-
niques such as angiography, MRI, sonography, or
nonmultiphasic CT. At the time of imaging, 16 pa-
tients had symptoms predominantly related to high-
output heart failure, 6 had symptoms related to por-
tal hypertension, and 2 had biliary symptoms.

All 24 CT examinations were performed using a
multiphasic technique: 13 were performed on a sin-
gle-detector helical scanner and 11 were performed
on a 4-MDCT scanner. Studies consisted of unen-
hanced, arterial phase, portovenous phase, and de-
layed phase images. The IV bolus was 140 mL of
iohexol (Omnipaque, Nycomed) using an auto-
mated power injector at a rate of 3 mL/s. A pitch of
1.0 was used for single-detector CT and a pitch of
1.25 for MDCT. No oral contrast medium was
given. The arterial phase images were obtained af-
ter a 20-second delay from the onset of contrast ad-
ministration, the portovenous phase images at 70
seconds, and the delayed phase images at 120 sec-
onds after contrast administration.

The hepatic enhancement pattern and vascular
malformations such as diffuse telangiectases were
documented (Fig. 1A). The size of the common he-
patic artery was noted and was considered enlarged
if the diameter was greater than 4.5 mm [4, 6, 12],
measured before the origin of the gastroduodenal
artery (Fig. 2). Cirrhosislike changes were noted
if there was surface contour nodularity, hypertro-
phy of the caudate and left hepatic lobe, or atro-
phy of the right hepatic lobe. The type of vascular
shunting pattern (arteriovenous, arterioportal, or
portovenous) was documented. An arteriovenous
shunt was diagnosed if there was early filling of the
hepatic veins on the arterial phase portion of the
study (Figs. 3 and 4). An arterioportal shunt was
detected if there was early filling of the portal veins
on the arterial phase images (Fig. 1B). Portovenous
shunts were documented if a vessel connecting the
portal to the hepatic veins or the inferior vena cava
was visualized.

The images were also evaluated for signs of
high-output cardiac failure, portal hypertension,
and biliary disease to predict the clinical subtype of
HHT liver disease. High-output cardiac disease was
predicted if cardiomegaly was present. Cardiome-
galy was documented if the ratio of the heart width
to the chest cavity on the anteroposterior scout ra-
diograph was greater than 0.7. Portal hypertension
was predicted if any two of the following three find-
ings were present: splenomegaly, arterioportal
shunt, or dilation of the main portal vein (Fig. 5).

AJR:187, October 2006

Splenomegaly was noted if the craniocaudal di-
mension was greater than 13 cm. Portal vein en-
largement was considered to be present if the vein
diameter exceeded 13 mm, measured just before
the formation of the right and left portal veins [13].
The presence of biliary cysts or focal biliary dila-
tion were indications of biliary disease (Fig. 6). The
“predicted” subtype of HHT liver disease for each
patient, based on the CT findings, was determined
in consensus by two board-certified radiologists
who were blinded to the clinical data.

Results

Results are summarized in Table 1. Of the
24 patients in the study, 19 were women
(79%) and five were men (21%), and the me-
dian age of all patients was 62 years (range,
35-81 years). All patients met the definite cri-
teria for HHT and had symptomatic liver dis-
ease not attributable to other causes (hepatitis
B and C, alcoholic cirrhosis, Wilson’s dis-
ease, or transfusion-related hemosiderosis).

On CT, all patients had heterogeneous en-
hancement of the entire liver with small vascu-
lar malformations (< 10 mm) consistent with
diffuse telangiectases. The common hepatic
artery was dilated (> 4.5 mm) in all patients,
with a median diameter of 11 cm (range, 618
cm). Marked dilation of the common hepatic
artery (= 10 mm) was seen in 14 (58%) of 24
patients. Cardiomegaly was seen in 9 patients
(38%), splenomegaly in 4 patients (17%), a
nodular cirrhosislike liver in 9 patients (38%),
and ascites in 2 patients (8%).

The most common shunt was the arterio-
venous (hepatic artery to hepatic vein) shunt,
which was observed in 13 (54%) of 24 cases
overall, in 9 (56%) of 16 patients with clinical
heart failure, in 2 (33%) of 6 patients in the
portal hypertension group, and in both pa-
tients with biliary symptoms. There were 8
(33%) of 24 cases of arterioportal shunt over-
all—4 (25%) of 16 of the heart failure pa-
tients, 4 (67%) of 6 of the patients with portal
hypertension—and in neither of the 2 patients
with biliary disease. Only one portovenous
shunt was visualized, and this patient was in
the portal hypertension group but had no evi-
dence of encephalopathy. A specific shunt
was not visualized in 7 (29%) of 24 patients.
In one patient, all three shunt types were seen;
and in three patients, both an arteriovenous
shunt and an arterioportal shunt were present.

Regarding the correlation between clinical
presentation and CT findings, 4 (17%) of 24
patients could not be classified on CT because
of a paucity of findings. The most common ab-
normality identified on CT was biliary disease,

with 11 (46%) of 24 patients having biliary di-
lation or cysts. Biliary abnormalities identified
on CT were not specific for clinical type, and
the two patients with biliary clinical presenta-
tions had both heart failure and biliary findings
on CT (although one patient developed clinical
heart failure later in the course of her disease).
Of the 16 patients with clinical heart failure,
only 7 (44%) were identified correctly on the
basis of CT findings. Of the 6 patients with
clinical signs of portal hypertension, 4 (67%)
were identified correctly on the basis of CT
and all 4 patients had an arterioportal shunt.
Overall, CT findings determined the clinical
type of disease in 13 (54%) of 24 patients.

Discussion

Liver disease in patients with HHT is a com-
plex process because of the myriad of vascular
shunts and associated clinical symptomatol-
ogy. On the basis of past studies, it appears that
most patients are asymptomatic. lanora et al.
[11] evaluated 70 patients with HHT for liver
disease using multiphasic CT, and 52 had ab-
normal liver findings on CT. However, only 4
of the 52 patients were symptomatic. Simi-
larly, Buscarini et al. [4] screened 40 patients
with HHT for liver disease using Doppler
sonography and found that only 3 of the 13 pa-
tients with HHT liver disease were symptom-
atic. Nonetheless, in affected patients, HHT
liver disease can lead to significant morbidity
and mortality, with the only cure being liver
transplantation for severe cases [14—16].

Symptomatic liver involvement by HHT has
been categorized into three distinct clinical
patterns by Garcia-Tsao et al. [9]. The most
common clinical type is high-output cardiac
failure. These patients usually have shunts
from the hepatic artery to the hepatic veins (ar-
teriovenous shunt), causing excessive return of
blood to the heart and eventually leading to
right-sided heart failure. The next most com-
mon clinical type is portal hypertension. This
type can result from hepatic artery to portal
vein (arterioportal) shunts but is probably more
commonly due to increased intrahepatic resis-
tance as a result of nodular regenerative hyper-
plasia. The arterioportal shunt leads to portal
hypertension and consequently to splenome-
galy, ascites, and gastroesophageal varices.

The biliary disease subtype of liver in-
volvement by HHT is characterized by biliary
strictures and dilation and bile cysts. These
patients have clinical symptoms related to bil-
iary obstruction or sepsis [9, 17]. Abnormali-
ties are due to biliary ischemia that results
from arteriovenous shunting [4, 9]. Other
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Fig. &—Axial CT angiography image in 48-year-old woman with symptomatic
hereditary hemorrhagic telangiectasia liver disease. Early filling of right, middle, and
left hepatic veins (arrows) during arterial phase of study is consistent with
arteriovenous shunt.

Fig. 5—Axial CT angiography images of 62-year-old man with symptomatic hereditary hemorrhagic telangiectasia liver disease.
A, Opacification of main portal vein (arrow) is seen during arterial phase, which is consistent with arterioportal shunt. Splenomegaly is also present.
B, Contour nodularity and atrophy of right hepatic lobe are consistent with cirrhosislike changes.

Fig. 6—Axial portovenous phase CT angiography image in 48-year-old woman with
biliary subtype of hereditary hemorrhagic telangiectasia liver disease. Dilation of
peripheral biliary branch in right hepatic lobe (/arge arrow) is seen. Smaller areas of
biliary dilation are also present (small arrows).
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TABLE I: CT Findings in 24 Patients with Symptomatic Liver Involvement by HHT, Classified by Clinical Presentation

Clinical Predicted Hepatic Dilated
Patient HHT Subtype Artery Portal Type of Biliary Cysts
No. |[Agely)| Sex Subtype by CT Diameter (mm) Vein Shunt Cardiomegaly | Splenomegaly | or Dilatation
1 70 F HF HF 6 +
2 61 F HF HF 8 + AV +
3 81 F HF HF 9 +
4 56 F HF HF 9 +
5 70 F HF HF 12 AV +
6 77 F HF HF/B 13 + + +
7 63 M HF HF/PHT/B 13 + AV/AP + + +
8 62 M HF PHT 7 AP +
9 66 F HF PHT 14 + AV/AP
10 74 F HF 9 AP +
" 35 F HF 10 AV +
12 62 F HF 10 AV +
13 57 F HF 18 AV +
14 72 F HF NA 8
15 64 F HF NA 12 AV
16 38 F HF NA 13 AV
17 66 F PHT B 9 + +
18 54 M PHT PHT 12 + AP +
19 46 F PHT PHT 6 + AV/AP/PV
20 64 M PHT PHT/B 15 + AP + +
21 77 M PHT PHT/B 16 + AV/AP +
22 60 F PHT NA 8
23 48 F B HF/B 13 AV + +
24 57 F B HF/B 17 AV + +

Note—HHT = hereditary hemorrhagic telangiectasia, HF = high-output heart failure, AV=arteriovenous, B = biliary, PHT = portal hypertension, AP = arterioportal,
PV = portovenous, NA = unable to predict based on CT findings. Plus sign (+) indicates present.

symptoms that have not been classified and
that occur as a consequence of shunting are
hepatic encephalopathy, which results from
portal vein to hepatic vein (portovenous)
shunting, and mesenteric ischemia, which re-
sults from mesenteric steal of blood through
the hepatic artery [18-21].

Although the three possible predominant
patterns of shunting (arteriovenous, arteri-
oportal, and portovenous) lead to different
clinical subtypes, it is unclear what mecha-
nisms determine the expression of one sub-
type over another [8]. At least theoretically,
heart failure would result from shunting that
increases cardiac preload (arteriovenous or
portovenous shunts). Portal hypertension re-
sults from either an increased flow into the
portal system (arterioportal shunt) or hepatic
anatomic abnormalities (nodular regenerative
hyperplasia) leading to increased intrahepatic
resistance. Finally, biliary symptoms result
from shunting of the blood away from the
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peribiliary plexus (arteriovenous or arteri-
oportal shunting). Most likely all three types
of shunting occur concomitantly, with one
predominant shunting pattern producing the
main clinical subtype. However, the predom-
inant type of shunting may change over time,
which would explain the overlapping clinical
presentations and the transition from one clin-
ical presentation to another [9].

In this study, we sought to characterize the
CT findings in patients with symptomatic
liver disease. Previous studies have concen-
trated mostly on asymptomatic patients or
small case reports of symptomatic patients
[4-7, 10, 19, 21]. We report 24 consecutive
symptomatic patients with well-documented
liver involvement that could be categorized
into one of the three clinical subtypes of liver
involvement by HHT [9].

In our study, we found that all patients
with symptomatic liver involvement have
diffuse liver telangiectases that led to a

markedly heterogeneous hepatic enhance-
ment pattern. This appearance is character-
istic of liver involvement by HHT. The com-
mon hepatic artery was dilated in all
patients. Although other disease processes
with increased hepatic blood flow, such as
hepatocellular carcinoma, hemangiomas,
highly vascular metastases and cirrhosis,
can have common hepatic artery dilation,
the hepatic artery in those cases is not as di-
lated as in HHT [3, 12]. In our study, 14
(58%) of 24 patients had marked dilation of
the common hepatic artery (= 10 mm). The
presence of telangiectases and dilation of
the common hepatic artery as signs of HHT
liver disease have been described in many
other studies [5-7, 10-12, 18, 21-23]. The
presence of these two findings is pathogno-
monic for HHT liver involvement, particu-
larly in the presence of a compatible clinical
history, and should obviate biopsy in sus-
pected cases.
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Fig. 7—Multiple axial CT angiography images in 70-year-old woman with hereditary hemorrhagic telangiectasia and liver disease show progression of biliary disease.
A, Baseline study shows characteristic heterogeneous hepatic parenchyma and small biliary cyst in right hepatic lobe (arrow).

B, One month after A, large biliary cyst lake (arrow) has developed.

C, One month after B, biliary collection has become infected despite biliary drainage and antimicrobial therapy.
D, Four days after C, biliary collection has markedly increased. Patient died shortly after last study.

A specific type of vascular shunt pattern
could be visualized on CT in 71% of the cases.
The most common shunt visualized was the ar-
teriovenous type (13/24); however, it was not
significantly different among the different clin-
ical subtypes. The arterioportal shunt was ob-
served more frequently in the portal hyperten-
sion clinical type (4/6 or 67%) than in the other
types (4/16 of patients with heart failure and in
neither of the patients with biliary symptoms).
Nevertheless, no strong correlation between
the predicted and actual clinical subtypes was
seen, as determined on multiphasic CT. In only
13 patients (54%) did the predicted disease
subtype match the clinical subtype.
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Another interesting result is that 11/24
(46%) of our symptomatic patients had biliary
imaging abnormalities that, except in two pa-
tients, were not accompanied by biliary symp-
toms (e.g., abdominal pain, jaundice, biliary
sepsis). Biliary dilation and cysts have been
poorly documented in prior imaging studies [9,
22], perhaps because most prior studies were
performed in asymptomatic patients. Ianora et
al. [11] and Ravard et al. [22] found no biliary
abnormalities when evaluating 70 and 24 HHT
patients, respectively, for possible liver disease
with multiphasic CT. Only 4 of the 70 patients
in the study by Ianora et al. and 4 of 24 patients
in the study of Ravard et al. were symptomatic.

Perhaps the presence of biliary abnormalities
occurs later in the disease process at a time
when the degree of liver ischemia is greater.
Biliary disease is probably caused by the
shunting of blood away from the peribiliary
plexus, leading to biliary ischemia and biliary
strictures (Fig. 7).

The limitations of our study are those inher-
ent to any retrospective study performed in a
relatively small number of patients. However,
ours is a large series when considering the rarity
of this entity. The shifting presentations that
frequently occur in these patients may have also
limited our results because we correlated only
the initial presentation with the CT findings.
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Our results indicate that although mul-
tiphasic CT may be limited in predicting the
clinical subtype of HHT liver disease, it is
useful in providing a diagnosis of liver dis-
ease secondary to HHT. The presence of both
diffuse hepatic telangiectases and a dilated
common hepatic artery can be considered
pathognomonic of this disease process, par-
ticularly when accompanied by a compatible
clinical picture. The presence of arterioportal
shunting is more common in patients who
have symptoms of portal hypertension. Fi-
nally, biliary imaging abnormalities appear to
be more common in symptomatic than in re-
portedly asymptomatic patients and may be
indicative of more advanced disease.
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