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Summary: The results of transcatheter renal artery embolization are presented in a small group of
patients with end-stage renal disease. Five of the patients were suffering from severe drug-resistant
hypertension, one from rejection of a renal transplant and one had heavy haematuria from a transplant
kidney. All seven patients benefited from the procedure with no significant morbidity. The procedure of
renal artery embolization and its potential complications are discussed. It is concluded that renal ablation
by transcatheter embolization is not only effective, but also has a significantly lower morbidity and
mortality than surgical nephrectomy in this group of patients with end-stage renal disease and associated
problems.

Introduction

Prior to the advent of arterial embolization, patients
with renal failure and severe hypertension were some-
times treated by bilateral nephrectomy in an attempt
to lower their blood pressure. This operation was
associated with considerable morbidity and mortality.
Embolization ofboth kidneys with complete occlusion
of their vascular supply, first performed by Dotter in
1975 for a patient with end-stage renal disease and
massive urinary protein loss, offers an alternative form
of treatment. This technique can also be applied to
failed transplant kidneys to avoid the need for general
anaesthesia and surgery in uraemic immunosup-
pressed patients.
Our experience at Sheffield using this technique in a

small group of seven patients with end-stage renal
disease and drug-resistant hypertension, and other
difficult medical problems associated with renal trans-
plants, form the basis of this report. While many other
indications for embolization have been reported
(Table I), large numbers of examples of such patients
have deliberately not been included here.

Patients and methods

In this group of seven patients, there were five cases of
drug-resistant hypertension, where the native kidneys

were embolized. These five patients constituted only a
very small minority of those patients attending with
end-stage renal disease and it was not possible to
control their hypertension by meticulous
haemodialysis, when appropriate, and maximal
medical therapy including the use of angiotensin-
converting enzyme inhibitors. Four of these patients
had renal transplants with good function, while one
was maintained on haemodialysis. A further patient
who was considered unfit for surgery had irreversibly
rejected his third renal transplant, resulting in a very
tender and swollen transplant kidney. The remaining
patient, who was also considered a poor surgical risk,
suffered heavy haematuria from a second failed trans-
plant kidney and was requiring frequent blood trans-
fusions. In these latter two patients the transplant

Table I Indications for renal embolization

Renal carcinoma
Malignant renovascular hypertension
Irreversible rejection of renal transplant with complications
Haemorrhage

- renal trauma
- arteriovenous fistula
- angiodysplasia
- polycystic kidneys

Severe proteinuria in end-stage renal disease
Uretero-cutaneous fistula in end-stage renal disease/calyceal

fistula
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kidneys were embolized. There were five male and two
female patients, with ages ranging from 21 to 39 years
(mean 29 years). The indication for the procedure and
the pathology in each case are summarized in Table II.
In total, 11 kidneys were embolized; 9 of these were
native and 2 were transplant kidneys. Fourteen renal
arteries were occluded in all.
The procedure was carried out under local anaes-

thetic following a premedication with intramuscular
papaveretum. Antibiotic cover was commenced, with
a loading dose of gentamicin with the premedication,
and continued until at least 48 hours following the
procedure. Using the Seldinger technique, freeflush
arteriograms were performed with a 7 French gauge
pigtail catheter of the native kidneys and, when
present, the transplant kidney to delineate the
anatomy of the renal vessels and to eliminate stenosis
of the graft artery as a possible cause for hypertension
(Figure 1). A low osmolar non-ionic contrast medium,
Iohexol 300, was used throughout. The vessels to the
kidney were then selectively catheterized using either a
femoral-visceral (Cobra) or a femoral-cerebral
(Sidewinder) catheter with only a single end hole
(Figure 2).
To eliminate renin secretion by the juxtaglomerular

apparatus of native kidneys, a combination of
embolization materials was used to occlude small
vessels in an attempt to prevent formation ofcollateral
vessels which could result in the recurrence of
hypertension. Absorbable gelatin sponge (Sterispon),
a temporary embolic agent, and lyophilized dura
mater, a 'permanent' agent, were used to embolize
small vessels. These agents were suspended in contrast

Table II A summary of patients' clinical details

Pathology and Kidneys
Patient Indication for renal embolization embolized

1 End-stage renal disease (ESRD), Two
functioning cadaver renal transplant native
Hypertension

2 ESRD; haemodialysis One
Hypertension native

3 ESRD; functioning live-related Two
renal transplant native
Hypertension

4 ESRD; functioning cadaver renal Two
transplant native
Hypertension

5 ESRD; functioning cadaver renal Two
transplant native
Hypertension

6 ESRD; haemodialysis One
Irreversible rejection of third renal transplant
transplant with pain and swelling

7 ESRD; failed cadaver renal One
transplant; haemodialysis transplant
Heavy haematuria from
transplant kidney

medium for radiographic control and 50% dextrose
was added to aid coagulation. This was then followed
by large vessel embolization with coils. Absolute
alcohol, a very effective 'permanent' agent for occ-
luding capillaries, was used in case 1. The emboliza-
tion materials were injected cautiously through a

Figure 1 Case 6: freeflush aortogram shows 2 transplant arteries from an aortic patch anastomosed on to the right
common iliac artery. The right external iliac artery has been tied off.
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Figure 2 Case 4: the left renal artery has been embolized on a previous occasion and coils are seen. The right renal
artery has been selectively catheterized and a small native kidney demonstrated.

catheter with a single end hole under fluoroscopic
control to avoid reflux into the aorta. The emboliza-
tion was then considered complete when there was
stasis of contrast medium in the major renal arteries
and no flow of contrast material in the distal branches
with residual opacification of the parenchyma of the
embolized kidney. The effectiveness of the procedure
was confirmed arteriographically (Figure 3). During

the embolization all patients experienced severe pain
at the site of the kidney being infarcted and int-
ravenous opiate analgesia was required for control.
This limited the procedure to the embolization of a
single kidney at any one sitting.

Patients were then carefully monitored for 24 hours
and kept in hospital until their pain and any pyrexia
had settled.

Figure 3 Case 4: a successful result is confirmed by freeflush aortogram with absence offlow in both left and right renal
arteries.
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Results

Five patients with end-stage renal disease underwent
embolization of their native kidneys for drug-resistant
hypertension. The results are summarized in Table III.
The average length of follow-up is 11 months (range 5
to 24 months). All five patients had a successful
response, their mean arterial blood pressure falling by
more than 15 mmHg, or control of their blood
pressure being made possible with only a beta-blocker
and/or a diuretic. In this group the average mean
arterial pressure fell from 125 to 106 mmHg and the
average number of antihypertensive drugs fell from
four to two.
One patient with end-stage renal disease, main-

tained on haemodialysis with irreversible rejection ofa
third renal transplant, underwent successful infarction
of this failed transplant. He has very recently, some
four months later, had a further cadaver renal trans-
plant into the contralateral iliac fossa.
A further patient with heavy haematuria from a

failed transplant kidney was successfully treated by
embolization with resolution of the haematuria.

All of the patients experienced features of the
'post-infarction syndrome' with varying degrees of
loin pain, nausea and vomiting, and pyrexia. One
patient had a dissection of the right iliac artery and
distal aorta by a guide wire with no long term sequelae.
The renal embolization in this patient was successfully
completed 4 weeks later using the same femoral artery.

Hypertension is commonly seen in patients following
renal transplantation with incidences as high as 85%
reported,2 and is an important risk factor associated
with the development ofcardiovascular complications
in this group of patients.3 Factors implicated in the
aetiology of such hypertension include transplant
rejection, steroid treatment, transplant artery stenosis
and hypersecretion of renin by the native kidneys.
Prior to the advent of arterial embolization, patients
with renal failure and severe hypertension were some-
times subjected to bilateral nephrectomy in an attempt
to control it. This operation was, however, associated
with a complication rate as high as 88% and a
mortality rate as high as 11%. 4-8 Our findings strongly
support the view9'0 that embolization with complete
occlusion of the vascular supply to both kidneys offers
an effective and much safer alternative in this group of
patients as well as those with problems related to failed
transplant kidneys.

In renal embolization when large volumes of tissue
are being infarcted, there is a risk of infection with
abscess formation and/or septicaemia, particularly in
this group of immunosuppressed patients. Therefore,
in all patients the procedure was covered with pro-
phylactic antibiotics, gentamicin, which was con-
tinued for at least 48 hours.
No serious complications were seen in our group of

patients. All patients experienced pain at the site ofthe

Table III Mean arterial blood pressure and antihypertensive drugs pre- and
post-embolization in 5 patients with drug-resistant hypertension

Mean arterial B.P Antihypertensive drugs
(mmHg) (total mg per day)

Patient Pre- Post-embolization Pre- Post-embolization

1 131 101 frusemide 250 frusemide 250
enalapril 2.5 enalapril 12.5
nifedipine 80
atenolol 150
prazosin 15

2 128 85 frusemide 80
enalapril 20
nifedipine 80 nifedipine 80
atenolol 100 atenolol 100

3 126 119 frusemide 80
enalapril 5
labetalol 1000 labetalol 800
hydralazine 200

4 13 115 frusemide 750 frusemide 1000
enalapril 5
atenolol 100 atenolol 50
prazosin 6

5 125 109 frusemide 120 frusemide 120
atenolol 100 atenolol 200
nifedipine 80 nifedipine 80

Discussion
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infarcted kidney, a slight pyrexia and varying degrees
of paralytic ileus, manifested as nausea and vomiting,
during the first 48 hours following embolization. This
triad of loin pain, slight pyrexia and vomiting forms
the 'post infarction syndrome'. Because it is so com-
mon we consider it a normal sequela rather than a true
complication. The complications ofembolization pro-
cedures have recently been reviewed." The most
serious potential complication described is that of
embolization of non-target organs. Skin necrosis and
gangrene of the feet,'2 and infarction of the gut13 and
spinal cord,14 have all been reported. Another impor-
tant possible complication is infection in the
embolized kidney. Hypertension has also been des-
cribed.'5 A 3% incidence of complications after renal
embolization was reported in one study.16 In one series
of 200 patients embolized for gastric bleeding major
complications occurred in 6.5%.17 In another series of
219 embolizations performed in 200 patients for a
variety of clinical indications, major complications
were seen in 5%,18 while a more recent analysis of 410
embolization procedures undertaken for a variety of
indications showed a similar incidence ofmajor comp-

lications of 6.6%.19 Thus the incidence of major
complications has been found to be acceptably low
and the procedure has a high benefit/risk ratio. The
technique requires an angiographic team with a high
level of expertise and a full knowledge of these
potential complications. In addition, when selecting
and managing these patients, close cooperation
between the radiologist and renal physician is essen-
tial.

In conclusion, renal ablation by transcatheter
embolization is not only as effective as, but also has a
significantly lower complication rate than, surgical
nephrectomy in this group of patients with end-stage
renal disease and associated problems.
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