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New option for ADPKD patients with enlarged kidney and liver

Yoshifumi Ubara, Tetuo Tagami, Naoki Sawa, Junichi Hoshino, Masafumi
Yokota, Hideyuki Katori, Fumi Takemoto, Shigeko Hara
Kidney Center, Toranomon Hospital

Summary: The kidneys of patients with autosomal dominant polycystic kidney disease
(ADPKD) usually continue to increase in size even after patients begin dialysis, and
mass effects may lead to severe complications. Thus far, renal manifestations of
this disorder have been discussed only from the viewpoint of cyst formation or
cystgenesis, are not from that of vascular abnormality.

Since kidneys in ADPKD patients are usually supplied by well-developed arteries,
we attempted renal contraction therapy in ADPKD patients with renal transcatheter
arterial embolization (TAE) using intravascular coils. Mainly peripheral branches
of renal arteries encircling the cysts were embolized. Up to 2002 our treatment has
been confirmed to be effective in 160 patients. Renal size continued to decrease
to 53% of the pre-TAE after 1 year. Improvement of quality of life and nutritional
status has been obtained by almost all patients.

We next tried TAE in 19 intractable patients with symptomatic polycystic liver.
We tried to embolize only the hepatic segments replaced by cystic lesions in which
the hepatic arteries were well-developed but the intrahepatic portal vein was
obstructed. Seventeen patients have had a good clinical course. Based on our
observation of ADPKD through treatment with TAE, we speculate that cystgrowth in both
kidney and liver progresses via the mechanism of  “arteriogenesis” of large vessels
as well as “angiogenesis” of small vessels.

A. Purpose: Patients with autosomal
dominant polycystic kidney
disease (ADPKD) have an important
feature, that is, an increase in
renal size is inversely
proportional to deterioration of
renal function, which the other
renal disorders have not. Kidneys in
ADPKD patients are usually supplied
by well-developed arteries, and we
developed renal cyst contraction
therapy using renal transcatheter
arterial embolization (TAE).
Because this treatment has yielded
good result for patients with large
polycystic kidneys, it has been
applied to enlarged polycystic
liver with good effect. From the
viewpoint of diagnostic imaging and
treatment of ADPKD, we would like to
reconsider the pathogenesis of this
disorder.

B. Method

1. Patients

We treated renal and hepatic TAE in
166 patients using this method; 147
patients, with only renal TAE; 13
patients, with both renal and
hepatic TAE; 6 patients, with only
hepatic TAE. These patients included
80 males and 86 females, from 21 to
78 years of age (mean £ SD: 58 %
8). Six of the 166 were from our
institute; the other 160 were
referred for this new treatment from
133 dialysis centers in 39 of the 47
prefectures of Japan. The breakdown
of the 19 patients receiving hepatic
TAE is as follows: 14 patients,
dialyzed; 3 patients, with chronic
renal failure before dialysis; and 2
patients, with normal renal function.
All of the 160 patients undergoing
renal TAE were on dialysis from 0 to
31 years (6 £ 5).



2. Interventional procedures
Details of the interventional
procedures of renal TAE will be
discussed. We used Seldinger’s
technique with femoral arterial
cannulation to perform renal
angiography. From October 1996 to
June 1999, we sought to obstruct
large renal arterial branches
located proximally in the first 12
patients, using stainless steel
coils which were 0.035 inch in
diameter, and 1, 2 or 3 cm in length.
This method was effective in 9
patients. However, 3 of the 12 cases
had suboptimal result. We performed
2nd angiograpy in the suboptimal
cases. Many of renal arterial
branches were recanalized,
prompting us to repeat renal TAE.
However, catheters would not
advance into renal arteries, since
the proximal renal arterial portion
was incompletely obstructed by
colls. Reconsidering these
results, we made the following plan.
Expecting greater effects and
improved safety, we have tried
platinum microcoils in patients
since June 1999. These coils,
thinner and longer than the steel
coil, are used to obstruct
peripheral branches. The coils are
0. 018 inch in diameter and 4 to 10
cm in length. TAE was more effective
with them; repeat procedure could be
performed safely and easily in cases
with recanalization. TAE was
performed compactly as if many
peripheral branches appeared to
have been replaced by many
microcoils. A mean of about 30
pieces of microcoils were used on
both sides. In the future more
effective embolizing materials may
be developed.

C. Result
Renal size decreased to 70. 2% of the
previous value (after 3 months),

61.0% (after 6 months) and 54. 1%
(after 12 months). This effect was
steady and significant (P<0. (0001).
Abdominal circumference and
standard body weight continued to
decrease until 6 months, and then
began to 1increase as patient
appetite improved. Although this
treatment was initially expected to
produce renovascular hypertension

(RVH) due to obstruction of renal
arteries, RVH did not develop.
Serum renin concentration remained
low throughout this treatment. If
standard dody weight remained the
same as before TAE, blood pressure
became high. When standard body
weight was lowered to an appropriate
degree, normal blood pressure was
restored.

Anemia would be expected to worsen,
since this therapy is aimed at
destruction of the kidney. However,
hematocrit values were
significantly higher after TAE.
Administration of genetic
recombinant erythropcietin
derivatives significantly
decreased after TAE therapv. We
studied why anemia improved.
Endogenous erythropoietin value
remained unchanged. Almost all
patients experienced relief of
symptoms caused by compression of
the digestive tract. Appetite
became good. Insulin-like growth
factor-1 (IGF-1), as an index of

nutritional status, increased
significantly. In serum albumin and
total cholesterol levels,

significant increases were observed.
Based on the treatment of ADPKD, the
cause of anemia in dialysis patients
might be related to nutritional
status.

We must now consider the main
complications of Renal TAE.
Severe flank pain occurred cne to
two hour after the initiation of the
procedure. The pain peaked on the



following day and subsided by the
fifth day. As treatment, an epidural
catheter was inserted at the 10th or
11th thoracic spine. From the start

of TAE, 1local anesthesia was
performed continuously. If needed
in case of severe pain, NSAIDs

and/or pentazocine were then added.
Fever occurred after the start of
TAE, and persisted for about 8 days.
Nonsteroidal anti—inflammatory
drugs (NSAIDs) were administered to
control the fever. Antibiotics were
used until the 5th days after TAE.

In cases with cyst infection, we
believe renal TAE is still possible.
It is a very well-known principle of
bacteriology that, if culture medium
is bad, bacteria do not grow. The
same principle can be applied to cyst
infection. Since the most
significant culture medium for
becteria in humans is the blood,
unless blood is supplied to bacteria
after this therapy, they will not
survive. As a matter of fact, none of
the patients developed new renal
cyst infections, and there were no
relapses in patients with a history
of renal infection.

Thus far, we have tried hepatic TAE
in 19 intractable patients (Male: 3
patients, Female: 16 patients,
Dialyzed: 14 patients,
Non-dialyzed: 5 patients) with
symptomatic polycystic liver. CT
demonstrated marked hepatomegaly.
The liver of these cases had been
replaced by multiple cysts, and
intact parenchyma without cysts was
scarce. Multiple cysts were
concentrated in some specific
segments. We tried to embolize only
the hepatic segments formed by
cystic lesions, in which the hepatic
arteries were well—developed but the
intrahepatic portal vein was
obstructed. The intact hepatic
parenchyma with patent portal veins

was not subjective to embolization.

Seventeen out of 19 patients have had
a good clinical course. We tried TAE
for 2 cases with severe intractable
multi- vessel heart diseae, but did
not obtain good result. One patient
died of heart disease 24 hours after
TAE, and the other case did of a
relapse of myocardial infarction 2
months after TAE.

D. Discussion

Why is TAE effective in shrinking
enlarged kidneys of ADPKD patients?
We offer the following speculation
concerning the reason for this. From
the angiographical viewpoint,
almost all renal arteries have
becone large, elongated and
well-developed in proportion to
kidney size, with  peripheral
branches encircling the cysts.
Doppler-ultrasonographic study
showed that cyst walls not only
contain cyst fluid, but also have

well-developed vascularity.
Abundant blood flow is observed
along the cyst wall. Histologic

examination showed the remaining
interstitium of the cyst wall to be
comprised only of fibrous tissue,
and to contain cyst fluid. Most of
the glomeruli and tubules had
disappeared and were invisible. The
cyst wall appears to be a container
of cyst fluid made of fbrous tissue.
However, close examination of the
cyst wall showed it to be
well-vascularized, with small
arteries and veins gathering
together closely in small areas. The
cyst wall is supplied by abundant

vessels. Abundant vessels exist in
the narrow space between the
neighboring cysts. The cyst 1is

surrounded and may be fed by renal
arteries. Based on this morphology,
a close relationship was speculated
to exist between cysts and renal
vessels. What do these
well-developed arteries feed?



Since the kidney is comprised mostly
only of two components of cysts and
well-developed blood vessels, the
blood flow could be said to supply
muitiple renal cysts. Procedures
designed to obstruct these renal
arteries may therefore lead to
shrinkage of renal cysts .

OQur treatment by renal arterial
embolization has led to decrease of
renal size as well as cyst size in
about 160 patients. Improvement of
both quality of life and nutritional
status has been obtained in almost
all patients. This result implies
that a close relationship exists
between cyst growth and vessels, and
that vessels cause cyst growth.
Progression of renal arteries
observed on angiography may be
expressed by the term “angiogenesis”.
This was supported by only one report,
that of Bello—Reuss et al. The
authors reported an extensive
capillary network in the cyst wall of
ADPKD kidneys and morphological
evidence of vascular malformations.
Immunohistochemical analysis
demonstrated (1) vascular
endothelial growth factor (VEGF) in
cyst cells, (2) VEGF receptor-2,
known as kinase insert
domain—containing receptor (KDR), in
endothelial cells of small vessels

surrounding  cysts, and (3)
coexpression of matrix
metalloproteinase-2 (MMP-2) and

integrin alpha-v-beta3 in the
vessels around the cysts. On western
blot analysis expression of VEGF,,
was found in cyst cell in culture.
They concluded that angiogenesis in
ADPKD may be necessary for cyst cell
growth and increased vascular
permeability facilitating fluid
secretion into the ecysts via VEGF.
In this paper, they added the
possibility that neovascularization
would result in formation of
aneurysms. In our angiographic

studies, however, only three of
about 160 patients had
arterio-venous malformation. We
experienced no case with peripheral
renal arterial aneurysm. Although
angiogenesis plays an important role
in cyst-growth, aneurysm formation
appears to involve other factors. In
general, angiogenesis by VEGF
secretion is induced via hypoxia.
This phenemencn has been
demonstrated in ischemic coronary
artery, cancer and diabetic
proliferative retinopathy. The
angiogenesis observed in these
disorders was limited to capillaries
to very small arteries. However, the
growth of renal arteries of patients
with ADPKD reaches the length of long
arteries of about 10 to 20 cm This
vascular abnormalit might better be
called “ arteriogenesis ” than

“ angiogenesis”. In general, the
arteries of all organs in humans
become mature by about 20 years of
age, and these arteries will no
longer increse in size. However,
importantly, renal arteries of ADPKD
begin to grow after about 20 years of
age. If angiogenesis via VEGF plays
an important role in cystgrowth of
ADPKD, in which region does this
hypoxia exist in the kidney, and what
causes it? These question must be
answered in the future.

Based on our observation of ADPKD
through treatment by TAE, we would

like to offer a speculation
concerning the  mechanism  of
cystgrowth. As renal failure
progresses, renal volume will
increase with growth of renal
arteries. The role of the renal
arteries appears to shift from

support of renal function such as the
glomerular system to supplying fluid
to multiple renal cysts. Perhaps,
renal arteries peculiar to cysts of
ADPKD patients develop, and may be
called cyst-supporting arteries.



Renal arterial branches consist
mainly of glomerulus— and
tubule-supporting original arteries
and cyst—supporting arteries. In the

early stage, glomerulus— and
tubule-supporting arteries are
dominant and cyst-supporting

arteries are very small. However, as
renal failure progreses,
cyst-supporting arteries grow by the
mechanism of angio—arteriogenesis
and glomerulus- and
tubule-supporting arteries die out,

the kidneys being replaced and
occupied by multiple cysts,
resulting in nephromegaly.

Therefore, the purpose of treatment
is to injure cyst—supporting
arteries selectively, resulting in
cyst disappearance. These 2 kinds of
arteries need to be diseriminated in
the future. We would like to talk
about future perspectives on the
treatment of ADPKD. What treatment
can selectively injure
cyst-supporting arteries? If the
patient is on dialysis, TAE will be
effective. However, since this
therapy will ultimately destroy
renal function, drugs that suppress
the mechanism of
angio—arteriogenesis will have to be
developed as a new option for
preservation of renal funtion.
Thalidomide may become an option for
treatment.

The mechanism of growth of hepatic
cysts remains unknown. However,
since most patients with enlarged
polycystic liver are women and have
had multiple pregnancies, estrogen
has been suspected to contribute to
cyst growth. Also in our study, 16 of
19 patients who underwent hepatic
TAE were female and had a mean age
of 555 ( 42 to 61 ) years with 2
+1(1 to 3) pregnancies.

We therefore propose a difference in
the mechanism of cyst growth between
liver and kidney based on. our

treatment experience and imaging
diagnosis of 166 ADPKD patients. In
almost all kidneys, cysts were
distributed equally throughout the
kidney, and only small size of cysts
in the early stage continued to
expand diffusely in all regions as
renal Tfailure progressed. The
kidneys are ultimately occupied by
multiple cysts, resulting in
nephromegaly. In the liver, on the
other hand, many cysts of patients
with hepatomegaly localize to only
some specific segments, and continue
to expand. Hepatic segments occupied
only by cysts become enlarged and

rigid. Perhaps such segments
compress the portal vein of
neighboring hepatic segment.

Because the hepatic parenchyma is
fed mainly by the portal vein, after
the portal vein is compressed by
cystic hepatic segments, hepatic
parenchyma will disappear. Hepatic

artery are robust and invade
affected vulnerable hepatic
segments, and these segments will

become cystic. Hepatic arteries may
grow by mechanism of
angio—arteriogenesis. Repetition of
this establishes polycystic liver
with severe hepatomegaly.

E. Conclusion

To reduce enlarged kidneys and
liver, five conventional methods
have been reported: (1) needle
aspiration of the cyst, followed by
injection of sclerosing agents, (2)

surgical fenestration, (3)
laparoscopic fenestration, (4)
laparoscopic nephrectomy, and (5)
surgical nephrectomy and

hepatectomy. These may be called
external treatments, since they are
performed via a transabdominal
approach., These methods are not
usually safe. A safer and more
effective therapy must be developed.
We have developed such a new



treatment; we call our therapy
internal treatment, since the
arteries feeding the cysts are the
target and internists including
radioclogist can participate in the
treatment.
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