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Renal Arterial Embolization with Absolute Ethanol
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Twenty separate infarction procedures with absolute ethanol were performed on eigh-
teen renal tumors in seventeen patients at Department of Radiology, Seoul National
University Hospital since 1982. Fifteen were hypernephroma cases and two were an-
giomyolipoma cases.

The indications for renal infarction were the preoperative interruption of renal arterial
flow in eight cases of hypernephroma, and primary therapy or palliation of svmptoms in
seven cases of hypernephroma and two cases of angiomyolipoma.

Average 15ml of absolute ethanol was injected for renal arterial embolization at a rate of
1-2 mi/sec via balloon occlusion catheter or superselective administration technique.
Though the long-term beneficial effect on survival was not confirmed, transcatheter em-
bolization with absolute ethanol was suggested to be used as indispensible treatment

in preoperative and inoperable or symptomatic cases of renal tumor.
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INTRODUCTION
Transcatheter embolization has been

used widely in the management of tumor and bleed-
ing control of kidney with variety of embolizing
agents in recent years (Kauffmann et al., 1981;
Barry et al., 1981; Doppman et al., 1981; Mazer et
al., 1981; Goldstein et al., 1975; Chuang et al.,
1981; Freeny et al., 1979; Barth et al., 1977; White
etal., 1979; Lallietal., 1969).

As an agent for artificial infarction, absolute
ethanol has several advantages over others. First,
being a non-viscous fluid, injection of ethanol into
the main renal artery results in diffusion throughout
the tumor and renal parenchyme producing vascu-
lar injury at the small artery and glomerular level
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which leads to tumor ministration of the fluid ethanol
is technically easier than particulate material {Frank
etal., 1982).

We report our experience on 17 cases of the
transcatheter infarction of renai tumor with absolute
ethanol together with analysis of its indications,
method, postinfarction syndrome, changes in the
postembolization angiographic findings, and
pathological findings of the nephrectomized kid-
neys.

MATERIAL AND METHODS

Since 1982, 20 separate infarction procedures
were performed on 18 renal tumors in 17 patients at
Department of Radiology, Seoul National University
Hospital. Histologically 15 cases were hypernep-
hromas and 2 were angiomyolipomas. Of the 15
hypernephromas, stage A case was 1, stage B, 1,
stage C, 8 and stage D, 5.

One of 2 angiomyolipoma cases was bilateral one
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and renal infarctions were performed for right side,
in 1981, for left side in 1984.

Of the 17 patients, 8 had renal infarction
preoperatively to reduce blood loss and faciliate op-
eration procedures. And these cases include 1
stage A case, 1 stage B case and 6 stage C cases.
Remained two stage C and five stage D hyper-
nephroma patients and two angiomyolipoma pa-
tients had renal infarction for primary therapy or pal-
liation of symptoms, such as hematuria, mass or
pain (Table 1).

Table 1. Clinical diagnosis of 17 cases of renal
embolization

Hypernephroma 15
Stage A 1
Stage B 1
Stage C 8
Stage D 5
Angiomyolipoma 2
17

Before embolization, diagnostic angiography was
performed. In 17 separate infarction procedures,
absolute ethanol alone was used and in 3 proce-
dures, absolute ethanol with other agents such as
Gelfoam (surgical gelatin, Upjohn, Inc.), Ivalon par-
ticles (polyvinyl alcohol, Unipoint Lab., High Point,
NC) and Gianturco steel coil were used.

And in recent 2 hypernephroma cases, 8cc of
Lipiodol Ultra-Fluid (LUF) was mixed with 8cc of
ethanol in 1 case and 4cc of LUF alcne was infused
into renal artery to demonstrate tumor vessels in
another 1 case.

To deliver absolute alcohol into renal arteries, we
have used bal'oon occlusion technique and selec-
tive or superselective administration technique.
But, recently, our preferred technique has been the
former using the balloon occlusion catheter. Ethanol
is injected manually at rate of 1-2 ml/sec, after infla-
tion of the occlusion balloon in the main renal artery.
The occlusion balloon is kept inflated for about
30 sec and then the occlusion balloon is deflated.
With aspiration, the residual alcohol within the
catheter and the debris were removed. The catheter
is then gently flushed with saline, and a testinjection
is performed with conrast material. Mixing of con-
ventional water soluble contrast material and
ethanol was avoided because of precipitation reac-
tion.
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One to two ethanol injection per embolization was
done and ethanol volume per embolization was 6—
20 ml, averaging 15ml (0.25mI/KG).

Postembolization angiography was performed
after 15 minutes after embolization to evaluate the
effect of embolization. In cases of unsatisfactory
embolization, additional ethanol injection was done.

RESULT

Of the 20 separate absolute ethanol emboliza-
tions, 15 embolization resulted in complete occlu-
sion (Fig. 1,2), and 4 embolizations which were all
included in preoperative group, resulted in incom-
plete occlusion of tumor vessels in immediate post-
embolization angiogram. This result is probably due
to the fact that the aim of embolization in preopera-
tive group is mainly the reduction of blood loss dur-
ing operation, so the complete occlusion of tumor is
not mandatory (Fig. 3). One embolization of the
preoperative group was failed due to arteriovenous
fistula and showed no change in surgical pathologic
specimen.

Almost all the patients experienced moderate to
severe flank pain during the procedure and the
postinfarction syndrome after the procedure (Table
2).

Table 2. Incidence of postembolization syndrome

Symptoms Incidence (n = 20)
Flank pain 16
Fever 12
Gl symptoms 11
Nausea & vomiting 8
Paralytic ileus 5

Postinfarction syndrome consists of flank pain,
fever and gastrointestinal symptoms, such as
nausea, vomiting, paralytic ileus and anorexia. Mild
to severe flank pain persisted for several days to a
week. Fever was low grade in 8 cases and high
(above 38°C) in 4 cases. Gastrointestinal sym-
ptoms persisted for several days and were gener-
ally mild or moderate.

Eight hypernephroma patients underwent radical
nephrectomy after embolization. Interval between
embolization and operation day was 1 to 21 days,
averaging 6.5 days.

Review of the surgical pathologic specimens in 8
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Fig 1. M 47. Hypernephroma of right kidney, Stage D.

A) Selective right renal arteriography shows multiple neovascularities in the entire right kidney.
B) Using occlusion balloon catheter, a total 16 cc of alcohol was injected. Both segmental arteries are completely occluded.

cases revealed endothelial denudation, medial nec-
rosis with organized thrombus in renal artery, and
variable extent of ischemic necrosis in tumor. Nor-
mal renal parenchyme was noted in seven cases,
except one case of failed emholization. Peripheral
part of renal ariery was more severely damaged
than proximal one.

Of the 8 radical nephrectomized hypernephroma
patients, 5 patients remain alive well for four months
to one year and 2 patients have been treated with
anti-cancer drug and remain alive for seven to ten
months. One patient was !ost for follow up.

Palliative therapy group of 7 hypernephroma pa-
tients have been followed up and 4 patients are
alive. For 2 months to 2 years with improvement of
symptoms, 1 patient expired after six months, 2 pa-
tients are in serious condition due to metastatic le-
sion.

Life threatening hematuria from the huge an-

giomyolipoma was controlled by superselective in-
fusion of absolute ethanol. Hematuria decreasec
after first ethanol embolization and stopped after
second embolization which was performed 15 days
after first embolization. During the 20 months of fol-
low up, no gross hematuria recurred and mass size
markedly decreased.

Another angiomyolipoma patient who had com-
plete occlusion of tumor vessel by ethanol emboli-
zation has been well for six months.

DISCUSSION

Indications for therapeutic renal artery occlusion
include: 1) control of hemorrhage from benign or
malignant tumor, vascular malformation, or trauma;
2) control of pain due to malignant tumor; 3) recuc-
tion of tumor bulk preoperatively or as palliation; 4)
decreasing tumor vascularity to lower operative
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Fig. 2. M 60. Hypernephroma of right kidney with IVC involvement, Stage D.
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A) Relatively well-define hypervascular mass is revealed in pre-embolization arteriography.
B) A total 17cc of ethanol was injected through the balloon catheter, inducing complete occlusion of segmental arteries.

blood loss and 5) transforming a vascular neoplasm
into an ischemic one in an attempt to stimulate an
immune response (Elliman et al., 1981, Bernardins
etal., 1981).

Variety of emoolizing agents have been used
such as gelatin foam sponge, stainless steel coil,
isobutyl-2-cyanoacrylate, ethanol, autologous tis-
sue and blood clot, ferromagnetic material, and de-
tachable balloons (Kauffmann et al., 1981; Barry et
al., 1981; Deppman et al., 1981; Mazer et al., 1981;
Goldstein et al., 1975; Chuang et al., 1981; Freeny
et al., 1979; Barth et al., 1977; White et al., 1979;
Lalli et al., 1969). Among them, absolute ethanol
has several advantages over others: 1) complete
tissue necrosis with arterial occlusion, 2) permanent
arterial occlusion, 3) less danger of accidental em-
bolization of nontarget organs, 4) milder postinfarc-
tion syndrome, 5) no infection related to the proce-
dures, and 6) simplicity of the procedure (Eillman et

al., 1981).

Techniques for delivery of absolute ethanol to
renal artery include the balloon occlusion technique
and superselective technique. The balloon occlu-
sion catheter serves several purposes the balloon
interrupts renal blood flow, markedly prolonging
contact time of the ethanol with the endothelium;
the balloon inhibits reflux of ethanol into the aorta
and the balloon allows effective infarction with injec-
tion at the main renal artery without the necessity for
selective segmental injection. Thus, the balloon oc-
clusion technique is simple to use and reduces the
time required to perform the procedure (Rabe etal.,
1981).

The mechanism of action cf ethanol has been
proposed to be a combination of perivascular nec-
rosis, sludging of erythrocyte in small arteries and
glomeruli, small artery spasm and endothelial dam-
age and sloughing leading to occlusion (Ellman et
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Fig. 3. F 50. Hypernephroma of left kidney, Stage C.

A) Pre-operative evaluation with selective arteriography showed hypervascular mass of upper portion of left kidney.
‘Thread and streaks’ are noted in the renal vein due to tumor thrombi.
B) Mixture of 7cc ethanol and 4cc Lipiodol caused occlusion of interlobar arteries. Some residual Lipiodol density is

remained in the tumor.

al., 1981).

The immediate effect of rapid (1-5 ml/sec) injec-
tion of absolute ethanol into a normal rena' artery is
tissue toxicity leading to necrosis in the perivascular
areas. This is associated with sludging of erythro-
cytes in small arteries and glomeruli and spasm in
these small arteries. The angiographic correlate of
this sludging and vessel spasm is a slowed flow rate
in the renal vessels. Endothelium is damaged and
sloughs over a period of hours, resulting in occlu-
sion of the damaged vessels, which may not be
complete for several days.

When the ethanol is injected very slowly (0.1 mi/
sec), endothelial damage may occur, but there is lit-
tle direct tissue toxicity produced. With slow injec-
tion, ethanol interacts with blood at the catheter tip
to produce in situ emboli which are made of clumps

of damaged erythrocytes and denatured protein. In
situ emboli are trapped in capillaries and con-
sequenily resultin acute renal arterial occlusion. Itis
possible that this slow injection technique may be
preferred in treatment of benign conditions, such as
occlusion of arteriovenous malformations, in which
permanent arterial occlusion with minimal tissue
damage is desired (Eliman et al., 1981; Ellman et
al., 1984).

Ellman et al. (1981) described the upper limit of
volume of ethanol used in renal arterial emboliza-
tion, 1 ml/0.9 KG of body weight at a rate of 2 ml/
sec.

It is known that mixing of contrast material with
absolute ethanol produces the precipitate-like ma-
terial (Rabe et al., 1982). In-one of our cases, mix-
ture of ethanol and LUF was used and complete oc-
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clusion of renal artery with staining of hypernep-
hroma was obtained, which opened the possible
way of opacification of non-opaque ethanol.

Ellman et al. (1981) suggested specific criteria
indicating adequate renal ablation: 1) All arteries
smaller than major segmental branches must be
occluded. 2) Stagnation of flow in patent major ar-
teries must be observed. 3) Extravasation of con-
trast material into the renal parenchyma must be ob-
served. And Ellman et al. (1981) considered a sec-
ond attempt at tissue ablation with ethanol to be
contraindicated due to the possible rapid leakage of
ethanol into surrounding tissue. But Rabe et al.
(1982) have different view and have found balloon
occlusion of the main renal artery with ethanol injec-
tion be effective with no need for selective segmen-
tal injection and consider total occlusion of the main
renal artery as their end point. And they insisted that
repeated ethanol embolization is not contraindi-
cated.

With embolic occlusion of the renal arteries, flank
pain, fever, nausea, vomiting, anorexia, paralytic

ileus have been described as postembolization syn-

drome. Compared to other agent, postembolization
symptoms after ethanol embolization are milder and
last for fewer days (Ellman et al., 1981).

Reports about rare complications of this proce-
dure include abscess formation in infarcted area,
perinephric abscess, infarction of left colon due to
reflux of ethanol into the inferior mesenteric artery
(Cos etal., 1982).

Giuliani et al. (1981) have opinion that preopera-
tive embolization of the renal tumor should be per-
formed twenty-four hours before the operation, to
rec'uce a possible damage to the patient’s general
condition.

Though the beneficial effect on survival was not
documented with long-term follow-up in the cases
of inoperable hyprnephroma, preoperative interrup-
tion of renal arterial flow with absolute ethanol was
reported to make the radical nephrectomy easy in
the handling of renal vascular pedicle and dissection
of kidney and reduce the operation time (Moon et
al., 1983).
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