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abN=abnormal. AV=arteriovenous. CVM=confluent vascular malformations: HA=hepatic artery. PHT=portal hypertension.
PV=porto-venous, VM=vascular malformations.
*4 of 6 in whom the initial diagnosis of HHT was “probable” became definite with the finding of liver VMs
clinical liver VMs=patients with clinical signs or symptoms of liver VMs
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HA=hepatic artery, HF=high output heart failure; PHT=portal hypertension. BIL=nbiliary
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Abstract Interest in the treatment of the pulmonary arteriovenous malformations (PAVMs) that
occur in approximately one-third of patients with Rendu-Osler-Weber (ROW) disease (hereditary
haemorrhagic teleangiectasia) has recently been renewed. PAVMs can now be occluded safely by
the transvenous placement of detachable balloons or metal coils, thus avoiding the many potential
complications of thoracotomy. This study analyses the treatment of eight PAVMs in four ROW
patients by transcatheter embolization using detachable balloons or metal coils. After embolization,
the mean right-to-left shunt fraction significantly decreased from 39.1 +5.1% to 11.9 + 1.1% (P< 0.05)
and PaOQ, significantly increased from 53.3+7.8torr to 76.2+8.4torr (P<0.05). No serious
complications occurred. One detachable balloon was deflated, but no recanalization occurred. We
conclude that transcatheter embolization is a safe and efficacious treatment for PAVMs associated
with ROW disease. Long-term studies are now needed to determine the risk of recanalization in
this treatment.

Key words: hereditary haemorrhagic telangiectasia, pulmonary arteriovenous malformations,

Rendu-Osler-Weber disease, transcatheter embolization.

INTRODUCTION

Rendu-Osler-Weber (ROW) disease (hereditary
haemorrhagic telangiectasia) is an autosomal
dominant disease that is characterized by systemic
capillary dilation and bleeding diathesis."* Pulmonary
arteriovenous malformations (PAVMs) are rare,
mostly congenital, abnormalities of the pulmonary
circulation, often associated with ROW disease. They
involve direct communications between pulmonary
arteries and veins via enlarged, tortuous vascular
spaces.>* The right-to-left shunt causes hypoxaemia
which may give rise to decreased exercise capacity,
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dyspnoea and cyanosis. PAVMSs can cause two serious
complications: haemoptysis or haemothorax from
the abnormal vessels, and thrombo-emboli that
might result in fatal systemic emboli.’ Thus, nearly
half of all ROW patients with PAVMs report a history of
stroke or transient ischaemic attack.®’ Brain abscess
occurs in 5-14% of ROW patients with PAVM as a
result of septic emboli.®

It is generally accepted that these risks justify the
treatment of even asymptomatic PAVMs provided the
diameter of the feeding vessels is more than 3 mm.°
Disadvantages of surgical treatment are loss of the
normal lung tissue surrounding the PAVMs and
morbidity associated with thoracotomy. Currently,
one accepted mode of treatment is the transcatheter

-embolization of feeding vessels using detachable

balloons or metal coils.'"'” Although some reports
concerning embolization of PAVMs have been
published, the data on long-term results are
limited.>"
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Figure 1 Case 1. (a) Pulmonary angiogram showing large
PAVM in the right upper lung. (b) After embolization with
two detachable balloons, the pulmonary angiogram shows
occlusion of the PAVM and filling of several branches to
the normal lung which were not apparent on the original
angiogram due to the steel effect of the PAVM.

Figure 2 Case 2. (a) Pulmonary angiogram showing PAVM
in the right basal lung. (b) Pulmonary angiogram after
embolization with a steel coil showing occlusion of PAVM
in the right basal lung.

In Japan, only 144 ROW patients and 126 ROW
families have been reported to date, with one-third
of the ROW patients being complicated by PAVMs."*
5 The first choice of treatment is still considered to
be surgical resection. To help clarify the treatment
of such cases, we therefore present our results of
transcatheter embolization of PAVMSs associated with
ROW disease.

METHODS AND SUBJECTS

Over the last four years, in the Second Department
of Internal Medicine at Akita Uiversity School of
Medicine, transcatheter embolizations were used to
treat four ROW patients with PAVMs. The
embolizations were all performed by the same
radiologist (M.H.). Following introduction via the
femoral vein, pulmonary angiography was performed
using a digital subtraction technique. Feeding vessels
with a diameter of more than 5 mm were selectively
cannulated and embolized with metal coils of

T Shioya et al.

Figure 3 Case 3. (a) Pulmonary angiogram showing two
PAVMs in the right basal lung. (b) Pulmonary angiogram
after embolization with steel coils showing occlusion of the
PAVMs in the right basal lung.

appropriate size (Target Therapeutics, Fremont,
California). Additional coils were placed until there
was no further flow from the pulmonary circulation.
Latex detachable balloons (NYCOMED, Paris, France)
with non-polymerizing liquids (radio-opaque agents)
were placed using coaxial catheters in one patient
(case 1). All PAVMs with accessible feeding vessels
larger than 5mm were embolized. The outcomes
were evaluated between the 7th and 14th day after
embolization.

The right-to-left shunt fraction was calculated
using inhalation of 100% and the following formula:

PaOz
Pa0,) + (Ca0,—

Qs 0.003(P,O, —
QT ~ 0.003(P,O,—

Cv0,)

in which P,O, is the ideal alveolar oxygen tension,
Pa0, is the arterial oxygen tension, CaQ, is the arterial
oxygen content, and CvO, is the mixed venous oxygen
content.

All data are expressed as means+the standard
errors of the means (SEM), and were analysed using
Student’s ¢ test (two-tailed) for paired samples. P
values of 0.05 or less were considered significant.

RESULTS

Individual results of transcatheter embolization
treatment are given in Table 1.* Patients 1 and 2 had
a single PAVM and patients 3 and 4 had multiple
PAVMs. After embolization, the mean PaO,
significantly increased from 53.3+7.8torr to
76.2 4+ 8.4 torr (P< 0.05), and the mean right-left shunt
significantly decreased from 39.1+5.1% to
11.94+1.1% (P<0.05). In patient 1, one detachable
balloon deflated on the 7th operative day; however,
no recanalization occurred.

*Pulmonary  angiograms before and  after
embolization are shown in Figure 1 through Figure 4.
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Table 1 Results of embolization in individual patients
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Number of
PAVMs treated

Patient
age (years) and sex

Pa0, before
treatment (torr)

Shunt after
treatment (%)

Shunt before
treatment (%)

Pa0, after
treatment (torr)

1 43, M 1 (balloon) 64.4
2 19, F 1 (coil) 65.7
3 58, F 2 (coil) 32.1
4 30, M 4 (coil) 51.1
Mean + SEM 53.3+7.8

83.6 35.0 13.2
86.5 33.1 12.7
51.2 NT NT
83.5 49.1 9.8
76.2+8.4 39.14+5.1 119+1.1

NT, not tested.

A

Figure 4 Case 4. (a) Pulmonary angioram showing four
PAVMs in both lungs. (b) Pulmonary angiogram after
embolization with steel coils showing occlusion of PAVMs
in both lungs.

DISCUSSION

The first acount of PAVMs, attributed to Churton,'® is
a pathological report. The name of ROW disease
derives from three subsequent authors.>'"” Rendu'®
described familial epistaxis in patients with angiomas
of the skin and mucous membranes. Osler’ presented
three cases of lesions with epistaxis and clearly
distinguished capillary pathology from other causes
of epistaxis that could be attributed to clotting
disorders. Finally, Weber?” described the skin and
nasal manifestations of ROW disease. Pulmonary
complications were not recognized clinically until
Wilkens® gave a description of a cyanotic 16-year-
old girl who was found to have multiple PAVMs at
autopsy. Dines ef al.’ reported on 63 cases of PAVMs;
36% with ROW disease. Deaths in the medically
treated group were primarily from cerebrovascular
accidents. Dines et al. later reported on a further 38
cases including 47% with ROW disease. These pooled
data indicate a 40% incidence of ROW disease in
cases of PAVMs.> All reviews have emphasized an
autosomal dominant pattern of genetic transmission.
However, in at least one case of possible
homozygosity, the affected stillborn offspring
exhibited extensive angiomatous malformations of
the internal organs that were more severe than the
clinical findings in the heterozygous parents."!’
Race has been reported as a factor in the
prevalence of ROW disease, which is rare in black
people and Arabs. In Japan, 144 ROW patients and
126 ROW families have been described and
approximately one-third of the ROW patients have

been associated with PAVMs."” Thus, ROW disease is
less rare than previously believed in Japan.

Surgical excision of part or all of the lung was the
usual treatment for PAVMs from 1939 until recently.'”
' Silicone and latex balloons were first introduced
for neurosurgical procedures in Europe. Servinenko
temporarily occluded 304 different cerebral vessels
using this method,” although none of his patients
were reported to have ROW disease. His work inspired
White ef al. to initiate research with detachable
silicone balloons in swine. Since then, White et al.*
have reported a series of 17 patients with 91 PAVMs.
Balloon embolization is thus an new important
approach to the treatment of PAVMs, and its
implications for the reduction of morbidity and
mortality in ROW disease are considerable.”

Coil embolization has also been applied for PAVMs
by Taylor et al.'! More recently, Dutton et al.” have
reported the results of treatment with coil
embolization in 53 PAVM patients, concluding that
the technique is effective, well tolerated, and
associated with few complications. The correct
choice of coil size is critical: too small a coil may
pass through the venous portion of the malformation
into the left atrium and thence into the systemic
circulation, potentially with disastrous
consequences, while too large a coil may displace
the catheter tip from the feeding vessels and risk
occlusion of the more proximal normal pulmonary
arterial branches. A variety of methods, including
the use of calibrated catheters, have been used to
measure the feeding vessels supplying the
malfsc)zlgmation and thus determine the correct coil
size.”

Detachable balloons are preferred by some
researchers for the embolization of PAVMs, since
these devices, unlike conventional steel coils, can be
retrieved if they are too small for the vessel being
occluded, and fewer normal vessels are occluded by
the balloon technique than the coil technique.’*
Balloon embolization does, however, require multiple
catheter exchanges for embolization of more than
one vessel. Also, when non-polymerizing liquids are
used for the balloon inflation, as in our case 1, there
is a risk that the balloon will deflate prematurely and
migrate into the systemic circulation.”” Finally, when
the feeding vessel to a PAVM is particulary large, the
length of balloon required to achieve occlusion may
compromise the more proximal vessels to the normal
lung,’ whereas the use of steel coils usually preserves
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these vessels.”*! Thus, we consider metal coil therapy
to be an easier and safer technique than detachable
balloon therapy for PAVMs associated with ROW
disease. However, further prospective clinical studies
will be needed to determine the relative merit of the
two techniques.

CONCLUSION

PAVMSs associated with ROW disease are multiple in
occurrence and may appear in succession. Treatment
of PAVMs is crucial in ROW disease because the
rupture of the PAVM or systemic emboli via PAVMs
may be lethal. Percutaneous transcatheter
embolization is the procedure of choice for the
treatment of PAVMs associated with ROW disease.
This technique is safe and well tolerated and is
associated with excellent symptomatic and objective
improvement. The advantages and disadvantages of
embolization by detachable balloons and metal coils
have been discussed above. Long-term studies will
be needed to determine the risk of recanalization in
these treatments.
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OSHORT COMMUNICATIONSO

Hereditary Hemorrhagic Telangiectasia (HHT) in Akita
Prefecture, Japan

We read with interest the article by Hisamatsu et al (1) indicating the case
of Osler-Rendu-Weber disease (hereditary hemorrhagic telangiectasia, HHT)
associated with hepatic arteriovenous malformation. HHT was first described
in 1864 by Sutton and later recognized and reported by Rendu, Osler, and
Weber, and is thus known as Rendu-Osler-Weber disease or Osler-Rendu-Weber
disease (2, 3). This is an autosomal dominant disorder characterized by mul-
tiple telangiectatic lesions involving the skin and mucous membranes associ-
ated with epistaxis and other bleeding complications. HHT has been reported
to occur across a wide geographic distribution throughout Europe and North
America (2, 3). However, few cases have been reported in Asian countries.
Also, there have been no epidemiological studies about the incidence or the
prevalence of HHT in Japan.

We have treated 7 families and 10 patients who had pulmonary arterio-
venous malformations (PAVMs) since 1978. Ten patients (4 males, 6 females,
aged 5612 years) with HHT were admitted for evaluation and treatment at
the Second Department of Internal Medicine at Akita University School of
Medicine during from 1978 to 1999. We interviewed their families to obtain
precise information. The clinical criterion for the diagnosis of HHT was the
presence of any two of the following: recurrent epistaxis, telangiectases else-
where than in the nasal mucosa, evidence of autosomal dominant inheritance,
and visceral involvement (4). Pedigrees of 7 families and family members are
shown in the Fig. 1. Fifty-one persons out of 208 family members (24.8%)
were diagnosed to be HHT, and 17 HHT patients (8.2%) had PAVMs. The
percentage of HHT patients associated with PAVMs was 33.3%, which is close
to the percentages (20-30%) that were reported in Europe and North America

).

Family 1 (H.K.)

.

HHT has an estimated prevalence of 1 in 2,351 members of the population
in the eastern France area of Ain, in 3,500 on the Danish island of Funen, in
5,155 in the Leeward Islands, 1 in 16,500 in Vermont, and 1 in 39,216 in
northern England (2, 3). The population of Akita prefecture in 1998 was re-
ported to be 1,221,720. Therefore, if 51 HHT patients at our university are
hypothesized to be the total number, the prevalence of HHT in Akita Prefec-
ture is roughly estimated at 1:24,000, a figure close to those reported in Ver-
mont and northern England.

Recently, the condition has been shown to be a family of disorders caused
by mutations in various genes, and the genes responsible for two forms have
been identified (5, 6). Genetic linkages to HHT have been established to chro-
mosome 9q33-q34 in some families and to chromosome 12q in others (5).
This discovery of genetic heterogeneity should bring a re-evaluation of the
natural history of these disorders, because the incidence of the many clinical
manifestations may vary widely among the various forms. A current multicenter
effort is analyzing the correlations between genotype and phenotype (6).
Multicenter cooperation may also lead to randomized prospective trials to de-
termine the efficacy of various therapies. The development of a functional
assay to provide presymptomatic diagnosis appears possible. The finding that
a protein binding transforming growth factor § (TGF-f) has a key role in the
disease should help elucidate the pathophysiologic features. Therapeutic ad-
vances, including gene replacement, may now be a realistic possibility given
the ease of access through the bloodstream to endothelial cells, the target tis-
sue (5, 6). Although the understanding of HHT is expanding rapidly as stated
above, there have been no such studies reported so far among Japanese HHT
patients. Thus, the national epidemiological survey for HHT and genetic analy-
sis of this disease in Japan is very urgent.
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Figure 1. Pedigree of HHT patients in Akita Prefecture. Large symbols indicate the proband of the family. Closed symbols
indicate HHT patients, and arrows indicate the patients associated with PAVMs.
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Hereditary hemorrhagic telangiectasia (HHT or Rendu-Osler-Weber syndrome) is an autosomal
dominant disorder characterized by aberrant vascular development. We report here a genetic epi-
demiologic study in a county, A, in the Akita prefecture (population 1.2 million) located in north-
ern Japan. Nine HHT patients who had been referred to tertiary-care hospitals were located in and
near the study county. A total of 137 pedigree members were traced of which 81 were alive and 32
were affected by HHT. Complications associated with cerebral or pulmonary arteriovenous mal-
formations were proven in six out of seven families. Linkage analysis in two large families revealed
a weak yet suggestive linkage to the HHT1 locus {encoding endoglin; ENG). Three novel muta-
tions were found in four families, all of which led to a frameshift: a G to C transversion at the
splicing donor site of intron 3 (Inv3+1 G>C) in one family, one base pair insertion (A) at nucle-
otide 828 (exon 7) of the endoglin cDNA in two large families (c.828~829 ins A), and a four base
pair deletion (AAAG) beginning with nucleotide 1120 (exon 8) of the endoglin cDNA (c.1120-
1123 delAAAG) in one family. The insertion of A in exon 11 (c.1470-1471 insA) mutation found
in one family has also been reported in a European family. No endoglin gene mutations were found
in two families. The population prevalence of HHT in the county was estimated to be
1:8,000~1:5,000, roughly comparable with those reported in European and U.S. populations,
which is contradictory to the traditional view that HHT is rare among Asians. We recommend
that families with HHHT be screened for gene mutations in order that high-risk individuals receive
eatly diagnosis and treatment initiation that will substantially alter their clinical course and prog-
nosis. Hum Mutat 19:140-148, 2002. © 2002 Wiley-Liss, Inc.

KEY worDs: ACVRLI; ALKI; hereditary hemorrhagic telangectasia; HHT; endoglin; ENG; genetic
epidemiology; vascular complications; Japanese
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