RENAL ARTERY DISEASE

Thrombolytic therapy for renal artery
occlusions: a preliminary report

JEFFREY W. OLIN, DO; ROBERT A. GRAOR, MD; JESS R. YOUNG, MD

m Percutaneous transluminal angioplasty and renal artery revascularization have been successful in con-
trolling blood pressure and preserving renal function in patients with atherosclerotic renal artery stenosis.
In addition, thrombolysis appears promising for treatment of patients with total occlusion of renal artery
bypass grafts. More experience will be necessary to define its role in native renal artery occlusions. The
authors describe successful thrombolysis in two of three patients given thrombolytic therapy for total oc-

clusion of renal arteries.
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THEROSCLEROTIC renal artery stenosis

was previously thought to be rare. However,

as our population ages, generalized atheros-

clerosis and atherosclerotic renal artery dis-
ease are becoming more prevalent.! Percutaneous trans-
luminal angioplasty (PTA),”* renal revascularization
alone,’” and renal revascularization with aortic replace-
ment® ! are being performed with increasing frequency
both to control high blood pressure and to preserve renal
function. We recently administered thrombolytic agents
to three patients to treat total occlusion of a renal artery
to a solitary functioning kidney.

CASE REPORTS

Case 1
A 56-year-old black man had increasing bilateral hip
claudication that occurred when he walked even a short
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distance (i.e., less than half a block). He had mild coro-
nary atherosclerosis, which had been shown radio-
graphically at cardiac ¢atheterization. His blood pressure
had been poorly controlled for 14 years. The patient had
a BUN of 23 mg/dL and serum creatinine level of 2.3
mg/dL; urine sediment test showed albuminuria (2+),
and microscopic examination showed no abnormalities.
An arteriogram revealed chronic occlusion of the aorta
distal to the takeoff of the right renal artery. The right
renal artery was markedly stenotic (>90%) at its origin
(Figure 1A). The left renal artery was not visualized. The
celiac axis showed mild narrowing near the origin, the
superior mesenteric artery was widely patent, and a large
collateral artery reconstituted the inferior mesentery
artery.

An aorto-bifemoral bypass was performed with re-
vascularization of the right kidney using a 6-mm Golaski
microknit graft from the aortic graft to the right renal
artery. The ankle/arm blood pressure ratios improved
from 0.44 preoperatively to 0.69 postoperatively. The
serum creatinine level increased to a peak of 4.7 mg/dL
postoperatively and returned to 2.0 mg/dL when the
patient was discharged from the hospital. The blood
pressure remained difficult to control despite adminis-
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FIGURE 1A. Intra-arterial digital substraction arteriogram shows total occlusion of aorta distal to takeoff of right renal artery. Right
renal artery is severely stenotic (solid arrow). Superior mesenteric artery is widely patent with large collateral artery (open arrows)
reconstituting the inferior mesenteric artery. FIGURE 1B. Intra-arterial digital subtraction arteriogram shows thrombosis of
aortorenal bypass graft (arrow). FIGURE 1C. Arteriogram shows complete thrombolysis of right renal artery bypass graft and
clinically significant stenosis at the anastomosis of the bypass graft to the native renal artery (arrow). FIGURE 1D. The area of
stenosis at the anastomotic site was significantly improved after PTA. Mild stenosis is still present (arrow).

tration of the following medications: 20 mg furosemide Cleveland Clinic with acute pulmonary edema after
twice daily, 50 mg atenolol daily, and 5 mg minoxidil suffering an acute myocardial infarction. He was anuric
daily. and was given emergency hemodialysis and ultrafiltra-

Seven months later, the patient was transferred to the  tion. Pre-dialysis laboratory values included: BUN, 46
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FIGURE 2A. Intra-arterial digital substraction arteriogram of aorta shows aorto-iliac graft with occlusion of the aorta and left renal
artery bypass graft (arrow). FIGURE 2B. Arteriogram taken after thrombolysis of aortorenal bypass graft shows no stenosis.

Cortical blood vessels appear healthy.

mg/dL; serum creatinine, 5.8 mg/dL; and serum
potassium, 5.0 mEqg/L. An intra-arterial digital subtrac-
tion arteriogram showed thrombosis of the right renal
artery bypass graft (Figure 1B). A catheter was placed
directly into the occluded graft, and urokinase was in-
fused at 4,000 IU/min. The next day, arteriography was
repeated, showing a patent aortorenal graft. However,

clinically significant stenosis was seen at the anastomo- -

sis of the renal artery graft and native renal artery (Figure
1C), with a 60-mmHg gradient. PTA was successfully
performed (Figure 1D), decreasing the pressure gradient
to 20 mmHg. The patient remained oliguric and re-
quired periodic hemodialysis. He had several episodes of
ventricular tachyarrhythmia, was hemodynamically un-
stable, and died one week later.

In summary, although the renal artery thrombus was
successfully lysed, severe hemodynamic instability pre-
cluded recovery from the acute tubular necrosis.

Case 2

A 67-year-old white woman had a one-year history of
poorly controlled hypertension. One week before admis-
sion to the Cleveland Clinic, she had visited an emer-
gency room because of right lower quadrant pain; at that
time, an abdominal aortic aneurysm was discovered by

ultrasonography. At admission, the patient had blood
pressure of 200/104 mmHg, a grade III/VI holosystolic
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epigastric abdominal bruit, and an enlarged aorta de-
tected by palpation. She was taking 20 mg furosemide
daily and 240 mg sustained-release verapamil daily. An
arteriogram showed a 3.1-cm abdominal aortic
aneurysm with total occlusion of the right renal artery
and more than 90% narrowing of the left renal artery.
Carotid ultrasonography showed a normal left internal
carotid artery and 50%-70% narrowing of the right in-
ternal carotid artery. Results of stress thallium examina-
tion (to detect asymptomatic coronary artery disease)
were normal, and the serum creatinine level was 1.7
mg/dL.

The patient had aorto-iliac bypass surgery using a 5-
mm Golaski microknit graft from the aortic graft site to
the left renal artery. Daily administration of 100 mg
atenolol was begun. At discharge from the hospital, the
patient had a serum creatinine level of 1.2 mg/dL and
blood pressure of 140/68 mmHg.

Six months later, the patient returned to the hospital,
complaining of an 8-kg weight gain and anuria of three
days’ duration. Laboratory examination showed the fol-
lowing values: BUN, 110 mg/dL; serum creatinine, 10.6
mg/dL; serum sodium, 121 mEq/L; serum potassium, 5.3
mEq/L; and lactic dehydrogenase, 520 IU/L.

An arteriogram showed occlusion of the left renal
artery graft (Figure 2A). A catheter was inserted into the
occluded graft, and urokinase was infused at a rate of
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FIGURE 3A. Intra-arterial digital subtraction arteriogram shows severe aortic atherosclerosis, total occlusion of renal artery to the
upper pole (small arrow) and subtotal occlusion of renal artery to the lower pole (small arrow) of the right kidney. Left renal artery is
totally occluded, and distal reconstitution of the renal artery is seen (large arrow). FIGURE 3B. Arteriogram shows distal
reconstitution of renal artery (arrow) after contrast medium has disappeared from aorta.

4,000 IU/min. The next morning, arteriography was re-
peated and showed a widely patent renal bypass graft.
No stenosis was seen, and the cortical renal vessels ap-
peared reasonably healthy (Figure 2B). Hemodialysis
was performed one more time. The urine output in-
creased, and BUN and creatinine levels continuously
declined.

At discharge from the hospital, the patient had a
BUN of 93 mg/dL and a serum creatinine level of 6.8
mg/dL. Renal function had remained stable when the
patient was seen at follow-up examination nine months
after thrombolysis. At that time, BUN was 49 mg/dL
and serum creatinine level was 3.6 mg/dL. The patient’s
blood pressure had been more difficult to control, requir-
ing 40 mg furosemide twice daily, 100 mg atenolol daily,
and 20 mg nifedipine every six hours.

Case 3

A 58-year-old white woman came to the Cleveland
Clinic with accelerated hypertension (blood pressure,
220/120 mmHg) and declining renal function. She had
been taking furosemide, atenolol, nifedipine, and
clonidine. Her serum creatinine level had risen to 3.4
mg/dL from a level of 2.8 mg/dL two months previously.

An arteriogram showed severe atherosclerosis of the
abdominal aorta, total occlusion of the renal artery to
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the right kidney’s upper pole, and subtotal (99%) occlu-
sion of a larger renal artery to the lower pole of the right
kidney. The left renal artery was totally occluded but was
reconstituted distally (Figure 3). Laminograms showed
the right kidney to measure 12 cm in length and the left
kidney, 10 cm.

The patient had several episodes of acute pulmonary
edema as well as a recent myocardial infarction; we
therefore determined that she would be at increased
operative risk if aortic replacement and renal revascular-
ization were attempted. Because the left kidney was
deemed salvageable, a catheter was inserted into the left
renal artery. A guide wire was advanced into a highly
calcified, hard plaque. A catheter was inserted over the
guide wire, and urokinase was infused at 4,000 IU/min.
An arteriogram taken the next day showed no improve-
ment. Urokinase therapy was discontinued, and the
patient subsequently had coronary artery bypass surgery
and later aortic replacement and bilateral renal end-
arterectomy.

DISCUSSION

Atherosclerotic renal artery stenosis, previously
thought to be the cause of hypertension in only 0.4%—
4% of hypertensive patients, is now commonly en-
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countered."! Some investigators have suggested that
36%—-63% of patients have progression of renal artery
stenosis and that total occlusion of the renal artery
develops in 16% of patients.””'* These data are in-
complete, however, in that most patients were not
studied prospectively. (Prospective studies are underway
at our institution.)

The spectrum of patients with renal artery stenosis is
also changing.” Many patients are older and have gener-
alized arteriosclerosis as well as severe aortic athero-
sclerosis. Intervention is considered more often to pre-
serve renal function than to control blood pressure. In
many patients, the aorta is so severely diseased that an
aortorenal saphenous vein bypass is not technically
feasible. In the presence of diffuse atherosclerosis, the
celiac axis is often affected and therefore precludes
either hepatorenal or splenorenal bypass. The implica-
tions of this are that many patients require aortic re-
placement along with renal revascularization. Whereas
renal revascularization carries an operative mortality
rate of approximately 2% when performed alone’ and
aortic replacement alone carries an operative mortality
of approximately 2%,"'® combining these operations
often results in a mortality rate of 7% for unilateral renal
revascularization and 15% for bilateral renal revascular-
ization’ despite careful perioperative screening for
carotid and coronary atherosclerosis and correction of
these extrarenal atherosclerotic manifestations before
renal revascularization. Recently, one report'® described
an operative mortality rate of 3% in 32 patients with
severe aortorenal atherosclerosis who had combined
aortic replacement and bilateral renal revascularization.

PTA is also being done with increasing frequency in
patients with renal artery stenosis. In our experience and
that of others, the effectiveness of PTA in treating
atherosclerotic renal artery stenosis is poor.*!7 Osteal le-
sions usually cannot be dilated; when they can be di-
lated, stenosis often recurs rapidly. Even with non-osteal
lesions, only 42% of patients have a successful clinical
outcome, and 55% have recurrent stenosis. Preserva-
tion of renal function with PTA has been reported,’ but
patients so treated may require repeated angioplasty be-
cause of recurrent stenosis. PTA of a totally occluded
renal artery has been done successfully, but the risk of
complications in this situation is much higher than
when performed on a stenotic artery.'” We therefore
reserve PTA of the renal arteries for patients who are at
a high risk for surgical therapy but need some interven-
tion for renal preservations, as in Case 3 or in patients
with isolated focal renal artery stenosis or fibromuscular
dysplasia. Recent reports have also showed the possi-
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FIGURE 4. Schema of thrombolysis. FIGURE 4A. Guide
wire is inserted into thrombus, and catheter is then advanced
over guide wire several centimeters into thrombus. FIGURE
4B. Guide wire is removed and thrombolytic agent is infused
through catheter directly into clot. FIGURE 4C. Thrombus is
successfully lysed, leaving an area of residual stenosis from
atherosclerotic plaque. Reprinted with permission.’’

bility of using surgical revascularization to restore renal
function in patients with totally occluded renal arter-
ies.lo—ll

We may logically assume that renal function can be
restored if totally occluded renal arteries are reopened
with thrombolytic therapy before irreversible renal
parenchymal damage occurs. Intra-arterial administra-
tion of thrombolytic agents has restored blood flow to
arteries acutely or chronically occluded by emboli or
thrombus. Aortic bifurcation grafts as well as lower-ex-
tremity bypass grafts have also been successfully
lysed.”** This thrombolytic technique involves insert-
ing a guide wire into the occluded artery or graft and ad-
vancing a catheter over the guide wire several centime-
ters into the clot (Figure 4). The thrombolytic agent is
then infused directly into the thrombus until complete
thrombolysis occurs. If the thrombus is soft and the
guide wire can be passed through the thrombus, success-
ful thrombolysis occurs almost always; however, if the
guide wire is advanced into a highly calcified atheros-
clerotic plaque (as in Case 3), successful thrombolysis
becomes unlikely.”’

The success rate for thrombolysis in occluded leg ar-
teries is 80%-93%.7+"3 Generally, thrombolysis is
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successful only for arterial occlusion less than 30 days
old; however, thrombolysis has also occurred in chronic
thrombolytic occlusion of up to several months’ dura-
tion.

For the kidney, the likelihood of successful throm-
bolysis is different than for leg arteries in that clinically
significant recovery of renal function becomes less likely
the longer the kidney is deprived of its blood supply.
When a bypass graft to a solitary functioning kidney be-
comes thrombosed, irreversible renal damage occurs
quickly and there may not be time for development of
adequate collaterals to the kidney.”® This situation is il-
lustrated in Case 2; the patient recovered some renal
function after three days of anuria but had doubled
levels of serum creatinine after the prolonged anuria.

Thrombosis of a renal artery graft to a solitary
functioning kidney often causes anuria; in addition, the
patient may become acutely fluid overloaded and
azotemic, as shown in the first two cases. This situation
is easily recognizable and emergency arteriography and
subsequent intra-arterial thrombolysis can be performed.
In this situation, the probability of restoring renal func-
tion is high. In Case 1, in which renal artery thrombosis
was caused by stenosis at the anastomotic site, angiogra-
phy showed thrombolysis; nevertheless, the patient’s un-
stable hemodynamic status precluded his recovery from
acute tubular necrosis, and he subsequently died of un-
derlying cardiovascular instability.

Case 2 is an excellent example of the usefulness of
rapid angiography and thrombolysis in restoring renal
function. In this patient, no demonstrable cause of renal
artery thrombosis was identified.

The long-term patency of renal bypass grafts is un-
known because no prospective studies have used serial
arteriography to determine patency rates. In a series
from our institution, six (5.7%) of 105 renal artery by-
pass grafts became occluded.® This figure may represent
underestimation. In another group of patients who had
254 surgical revascularizations, 11 (4.3%) later had
renal artery thrombosis or stenosis at the anastomotic
site.” We may conclude, therefore, that more patients
may benefit from thrombolysis of renal artery bypass
grafts; these patients must be identified early enough for
renal function to be salvaged.

Totally occluded native renal arteries also are not un-
common."** In patients affected by this condition, oc-
clusion develops slowly and thus allows collaterals to
develop; acute loss of renal function is thereby pre-
vented although the renal artery has become totally oc-
cluded.” Because these occlusions often progress slowly
and do not produce symptoms, the problem in this situa-
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tion is to achieve timely identification of candidates for
thrombolysis. We decided to attempt the procedure in
one patient (Case 3) because surgical revascularization
would have placed her at increased operative risk. Pre-
dictors of renal salvage included distal late reconstitu-
tion of the renal artery by collaterals, presence of a late
phase nephrogram, and kidney size greater than 9 cm in
length on laminograms. When the guide wire was in-
serted, a calcified hard atherosclerotic lesion was en-
countered. Past experience has shown that these lesions
are successfully lysed in only 20% of cases.”” A trial of
urokinase was given, but thrombolysis did not occur.

There have been several reports on the use of low-
dose streptokinase (5,000-10,000 U/h) intra-arterially
for renal artery thromboembolism®~" or thrombosis
after an attempted percutaneous transluminal angio-
plasty of the renal arteries.” In many of these situations,
renal function was successfully salvaged. The situation
in our patients was different in that thrombolysis was
used for bypass graft thrombosis or thrombosis to a na-
tive renal artery secondary to atherosclerosis.

Urokinase was administered to all three patients be-
cause it is superior to streptokinase for treating periph-
eral arterial occlusions and causes fewer bleeding com-
plications.??73132 Tissue plasminogen activator may be
equally effective but has not been studied in this set-
ting. 293132

Thrombolytic therapy is absolutely contraindicated if
the patient has active internal bleeding, has had a stroke
less than two months previously, or has any intracranial
or intraspinal process. Relative contraindications in-
clude major surgery done less than 10 days previously,
organ biopsy done less than 10 days previously, puncture
of noncompressible vessels, recent cardiopulmonary re-
suscitation, recent gastrointestinal bleeding whose cause
remains uncorrected, recent trauma, pregnancy, and un-
corrected hemostatic defects.’? The patient’s blood pres-
sure should always be under control before thrombolytic
therapy is considered.

More experience is necessary before we can define the
exact role of thrombolytic therapy in treating
completely occluded renal arteries and bypass grafts.
Based on our early experience with three patients,
thrombolysis appears promising and may be effective in
preserving or restoring renal function in some patients
affected by advanced atherosclerosis.

We believe thrombolysis should be attempted if the
usual clues to renal salvageability are present and if in-
sertion of a guide wire shows the thrombus to be soft. If
the thrombus is hard and highly calcified, it would be
best to seek other forms of interventional therapy.
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