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MEDICAL PRACTICE

Occasional Survey

Follow up study of 70 patients with renal artery stenosis
treated by percutaneous transluminal dilatation

G G GEYSKES, C B A J PUYLAERT, H Y OEI, E J DORHOUT MEES

Abstract

Between April 1978 and April 1981, 70 patients with hyper-
tension and renal artery stenosis were treated by per-
cutaneous transluminal arterial dilatation. Selection of
the patients was based solely on arteriographic criteria.
Arteriography after dilatation showed considerable
widening ofthe stenosed area in all patients. In 65 patients
the effect of treatment on the blood pressure was assessed
during follow up periods of one to four years. In 14 of
these patients the hypertension was cured, in 29 it was
improved, and in 22 there was no change. Patients
with fibromuscular lesions benefited distinctly more
than did those with atheromatous stenosis, only one of
the 21 patients with fibromuscular lesions showing no
change as compared with 21 of the 44 patients with
atheromatous lesions. The only serious complication
encountered was microcholesterol emboli, which de-
veloped in two patients with severe atheromatous lesions
of the aorta. In the atheromatous group age and overall
renal function had no influence on the blood pressure
response. In the subgroup of patients with a unilateral
lesion the renal vein renin ratios and asymmetrical
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curves obtained by renography had only a very limited
predictive value.
In experienced hands percutaneous transluminal

arterial dilatation is relatively safe, and this study
suggests that it should be attempted in all patients with
renal artery stenosis. Only in patients with severe
atheromatosis of the aorta should the risk associated
with the catheterisation be weighed against the 50% or
so chance of benefit from the procedure.

Introduction

Stenosis of one or more renal arteries may cause a serious
form of hypertension that may be cured surgically or by neph-
rectomy. Both of these procedures are accompanied by con-
siderable discomfort and risk, however, and neither is invariably
curative, because not all radiographic stenoses are "functionally"
related to the hypertension. Despite extensive experience it
has proved impossible to define a reliable set of signs or tests
for predicting the success or failure of corrective measures. The
problem is complicated by the fact that surgical treatment is
usually reserved for cases in which good results are expected,
and it is therefore not known which of the excluded patients
would have profited had the operation been performed. The
introduction in 1978 of transluminal dilatation by means of an
inflatable balloon1 made it possible to replace a major operation
by a simple procedure to correct a stenotic artery in cases
where the risk of an operation was considered to outweigh the
expected benefit.
Between April 1978 and April 1981 we used intravascular

dilatation to treat all hypertensive patients referred for or found
to have renal artery stenosis. We followed up the patients for
one to four years and report here the results, with particular
attention to preoperative clinical data considered to have
predictive value.
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Patients and methods

Between April 1978 and April 1981 all patients with hypertension
and 50"o or more renal artery stenosis as estimated by arteriography
were treated by percutaneous transluminal arterial dilatation. Patients
were selected irrespective of their clinical or laboratory state,

and no patient who fulfilled the arteriographic criterion was denied
the treatment. The age range of the patients was 23-70 years.

The diagnosis of an atheromatous or fibromuscular lesion was

based on the radiological appearance of the stenosis. Blood pressure

was measured with the Roche Arteriosonde and a mean value cal-
culated from at least six determinations in the outpatient department
or during the first two days after admission before treatment and solely
on an outpatient basis after treatment. Patients who had been taking
antihypertensive agents before percutaneous transluminal arterial
dilatation had the drug continued, decreased in dosage, or dis-
continued, dependent on the blood pressure response to the pro-

cedure. The dosage was never increased or the drug changed,
however, so that any changes in the blood pressure could be ascribed
to the intravascular dilatation and not to different antihypertensive
medication. The end point of observation of non-responding patients
was six weeks after the procedure; after that they were given ap-

propriate antihypertensive medication. All other patients were fol-
lowed up for one to four years.

The blood pressure in April 1982 was compared with that before
intravascular dilatation and the patient classified as cured or im-
proved according to criteria for changes in supine diastolic blood
pressure derived from a cooperative study of renovascular hyper-
tension in the USA2-namely, cure < 90 mm Hg without medication,
and improved 91-109 mm Hg with a decrease of > 15 O0; all other
patients were classified as no change. The last criterion (1500 decrease
in blood pressure) was modified for six patients: their blood pressure

had decreased by only 1000, but after percutaneous transluminal
arterial dilatation at least one drug regimen had been discontinued
(diuretic, beta blocker, vasodilator, or sympatholytic); the first
criterion (supine diastolic blood pressure 90-109 mm Hg) was main-
tained. Before treatment renography using a gammacamera, computer
system and 131I or 1231 labelled Hippuran was performed. Two
characteristics of the renography curves were analysed-namely,
difference in time to peak (transit time) between the affected and contra-
lateral kidneys in minutes, and the relative percentage uptake of
Hippuran in the first two minutes by the affected kidney as com-

pared with the total uptake by both kidneys.
Before percutaneous transluminal arterial dilatation a renal vein

renin ratio was determined after at least three days on a low sodium
diet. Plasma renin activity was analysed with a modification of the
method of Haber et al.3 Results concerning the predictive values of
renography and renal vein renin quotient were analysed only in
patients with unilateral renal artery stenosis.

Differences between the three groups (cured, improved, and no

change) in age, serum creatinine concentration, unilateral or bilateral
stenosis, radiological appearances (fibromuscular versus athero-
matous), and renographic results were analysed for statistical sig-
nificance by the x2 test.

All patients received anticoagulant treatment with coumarin.
After intravascular dilatation coumarin was continued for an arbitrary
period of six months.

Technique of percutaneous transluminal arterial dilatation-Initially
a midstream aortogram was made and the pigtail withdrawn to the iliac
artery. A Gruntzig femoral balloon catheter 4-5 to 6-0 mm diameter
according to the estimated lumen and 1 5 or 2 cm long was placed in
the stenotic area and the balloon inflated several times, being shifted
a few millimetres between inflations. When the stenosis disappeared
and there was good washout of contrast during deflation the balloon
was withdrawn (a J wire being left in position) and a control or selec-
tive arteriogram made. When the result was inadequate intravenous
dilatation was repeated. We relied on fluoroscopic control and did
not use pressure gradients. Our technique and the anatomical results
are detailed elsewhere.4

Results

EFFECT ON BLOOD PRESSURE IN DIFFERENT GROUPS

Tables I and II show the effect of percutaneous transluminal
arterial dilatation on the blood pressure at the end of the observation
period. The data on five of the 70 patients were excluded for the
following reasons: one patient died two days after the procedure
from colonic bleeding due to extensive cholestero! emboli (see

BRITISH MEDICAL JOURNAL VOLUME 287 30 JULY 1983

below); two patients underwent dilatation of a renal artery stenosis
in their less affected kidney (the other kidney was small and had an
occluded artery and high renin production-both patients became
normotensive after contralateral nephrectomy, but the effect of
dilatation on the blood pressure could not be assessed); and in two
other patients, who had biopsy proved glomerulonephritis, the blood
pressure did not decrease after the procedure, although this may have
been attributable to another anomaly.

TABLE I-Effect of percutaneous transluminal arterial dilatation (PTA) on
blood pressure of all patients and patients divided into subgroups according to
location and type of lesion(s)

Blood pressure after PTA °
No Cured
of No and

patients change Improved Cured improved

All patients 65 22 29 14 66
Location of renal artery

stenosis:
Unilateral 52 16 22 14 70
Bilateral 9 4 5 0 56

Single kidney with renal
artery stenosis 2 0 2 0

Segmental artery stenosis 2 2 0 0
Type of lesion:

Fibromuscular 21 1 10 10 95
Atheromatous 44 21 19 4 52

TABLE II-Effect of percutaneous transluminal arterial dilatation (PTA) on
blood pressure in group of patients with atheromatous lesions, subdivided
according to age and overall renal function

Blood pressure after PTA °
No Cured
of No and

patients change Improved Cured improved

All patients 44* 21 19 4 52
Age (years):

<55 20 10 9 1 50*55 24 11 10 3 54
Serum creatinine (,Lmol/l):

< 120 20 10 8 2 50
~>120 24 1 1 1 1 2 54

Age <55 years and serum
creatinine <120 gmol/l 12 7 5 0 42

Age >55 years and serum
creatinine >120gmol/l 16 8 7 1 50

*Stenosis unilateral in 29, bilateral in 12, single kidney in two, segmental in one.
Conversion: SI to traditional units-Creatinine: 1 ,umol/l z 0 01 mg/100 ml.

Complete cure of the hypertension occurred only in patients with
a unilateral lesion, and predominantly in patients (10 of the 21) with
fibromuscular dysplasia. Although five of the nine patients with
bilateral stenosis showed improvement after intravascular dilatation,
none was cured, whereas a cure was obtained in 14 of the 52 patients
with unilateral stenosis. This difference was significant (p < 0-033).

Analysis of the results in the group with fibromuscular dysplasia
as compared with the group with atheromatous lesions showed a
significant difference in the distribution of patients among the three
groups (no change in blood pressure, improvement, or cure), which
could be attributed predominantly by trend (x2= 17-61, 3=2,
p <0 00015, n=65). Hence in the group with fibromuscular lesions
a much greater proportion of patients were cured of their hyper-
tension and far fewer showed no change in blood pressure than in the
group with atheromatous lesions.
Of the 21 patients with fibromuscular lesions, 17 had unilateral

stenosis and a cure was obtained in 10 of them; only four cures were
obtained among the 29 patients with unilateral stenosis due to athero-
matosis. Thus the cure rate seemed to depend more on the type of
lesion than on whether it affected one or both kidneys. Table II
shows that neither age nor overall renal function influenced the
effect of percutaneous transluminal arterial dilatation on the blood
pressure in the group of patients with atheromatous stenosis: the
proportions of patients cured and improved were higher in the group
of 16 patients aged over 55 and whose serum creatinine concentration
exceeded 120 ,umol/l (14 mg/100 ml) than among the 12 patients
aged less than 55 and whose serum creatinine concentration was
normal (500° and 42°,, respectively). Better overall results in younger
patients with normal renal function found in the initial analysis
disappeared when patients were separated into groups according to
type of arterial stenosis.
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During hospitalisation the blood pressure decreased immediately
after intravascular dilatation in most patients, but this did not predict
the ultimate blood pressure.

RENAL VENOUS RENIN RATIO

In 37 patients with unilateral renal artery stenosis the renal venous
renin ratio was determined. Figure 1 gives the results for the three
groups of patients cured, improved, and showing no change in blood
pressure. The ratio exceeded 1 0 in 32 of the 37 patients. Of 11 patients
with a ratio of 2-0 or greater, nine showed improvement or cure and
two no change in blood pressure; and of those with a ratio of 1 0 or
less, one was cured, one improved, and three showed no change in
blood pressure. No statistically significant differences in ratios were
found among the three groups.

RENOGRAPHY

In 32 patients with unilateral renal artery stenosis a renogram
was made before percutaneous transluminal arterial dilatation. As
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FIG 1-Predictive value of renal venous renin ratio on response of blood
pressure to percutaneous transluminal arterial dilatation in 37 patients
with unilateral renal artery stenosis. (PRA=Plasma renin activity in
renal venous blood.)
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FIG 2-Results of renography before percutaneous transluminal arterial
dilatation in 32 patients with unilateral renal artery stenosis. Chart
shows predictive value of difference in time to peak between stenosed
and contralateral kidneys.
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FIG 3-Same subjects as in fig 2. Relative Hippuran uptakes (%) by affected
kidney in first two minutes as compared with total uptake by both kidneys
(normal-- 500,>).
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described, two characteristics were analysed: the difference in time
to peak between the affected and contralateral kidneys in minutes,
which would be expected to be positive in blood flow impairment,
and the relative percentage Hippuran uptake in the first two minutes
by the affected kidney as compared with the total uptake by both kid-
neys; this would be less than 50% in the case of stenosis. Figures 2 and
3 show that these variables were predominantly (but not always)
abnormal on the renogram before intravascular dilatation. The data in
the three groups of patients overlapped, however, so that the effect of
the outcome of the procedure on the blood pressure could not be pre-
dicted for individual patients.

COMPLICATIONS OF THE PROCEDURE

In all 70 patients arteriography immediately after intravascular
dilatation showed reduction of the stenosis, although some irregularity
of the arterial wall always remained. Five patients showed subintimal
contrast medium injection, and in two patients extravasation of
contrast was seen in the kidney. In 10 patients flow of the contrast
in a segmental artery disappeared after the procedure. Control
scintigraphy was performed in all of these cases, and renal infarction
was seen in only one. With the exception of this last patient, these
complications did not influence kidney function or the blood pressure
response after arterial dilatation. Inguinal haematomas, although
temporarily troublesome for many patients, disappeared without
definitive lesions. Other complications included those frequently
seen after renal arteriography, such as back pain, vomiting, and a
slight increase of the serum creatinine concentration that never lasted
more than three days after the procedure.
Two patients, however, developed microcholesterol emboli. Both

of these patients showed ischaemic skin discoloration with intact
peripheral pulses. One of them died of acute colonic bleeding two
days after arterial dilatation, and the other had to have a leg ampu-
tated two months after the procedure. These two patients had severe
generalised atherosclerosis of the abdominal aorta and large peripheral
arteries. The diagnosis of microcholesterol emboli was confirmed at
necropsy and by skin biopsy.

Discussion

Since the original paper by Gruntzig et al describing successful
dilatation of an atheromatous renal artery stenosis with the
inflatable balloon catheter' many authors have reported the use
of this treatment for stenosis of different origins: in fibro-
muscular dysplasia,5 after renal transplantation,6 and in spleno-
renal shunt anastomosis. I Our results on the effect of percutan-
eous transluminal arterial dilatation on the blood pressure in
different types of patient correspond roughly with series of more
than 20 patients described by other investigators. Tegtmayer et
all treated 38 patients (50 stenosed arteries). The hypertension
was cured in 16, improved in 18, and no change was seen in
four. Angiography three months after the procedure showed
recurrence of the stenosis in 22° . Redilatation led to an im-
mediate anatomical success rate of 48" , the overall rate of
cured and improved hypertension being 900g. Their definition
of improvement in blood pressure-namely, greater ease in
controlling the blood pressure with antihypertensive medication
-was not satisfactory. This, together with selection of the
patients, probably contributed to the high percentage of good
results. Grim et al reported 26 patients with renovascular
hypertension treated with percutaneous transluminal arterial
dilatation.9 Of their 10 patients with fibromuscular dysplasia,
seven were cured, two showed improvement, and one required
nephrectomy because of a thrombosed renal artery. In 12 of
16 patients with atheromatous lesions, repeated angiography
showed recurrence of stenosis in 11 and a segmental infarction
in one. After repeated dilatation one patient was cured and
eight improved, giving a benefit of 9000 in the fibromuscular
and 650 in the atheromatous group. Our findings were in
general agreement with those results.

Observing no change or only improvement of the blood
pressure suggests two possibilities: that percutaneous trans-
luminal arterial dilatation failed to increase the diameter of the
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artery sufficiently to allow normal blood flow to the kidney, or
that the hypertension was due to some other cause. During the
follow up period we saw neither cured patients with recurrence
of hypertension nor patients with initial improvement in blood
pressure who later again developed serious hypertension. This
differs from the findings of Tegtmayer et al and Grim et al,
who noted recurrence of the stenosis in a large proportion of
their patients, especially in their atheromatous groups. The
absence of recurrence of hypertension in our series may have
been due to prolonged (six months) anticoagulant treatment
after dilatation.
Major improvement of renal function was seen only in the

two patients with a single kidney, whose serum creatinine
concentrations after dilatation decreased from 255 to 140 umol/l
(2 9 to 1-6 mg/100 ml) and from 230 to 130 stmol/l (2 6 to
1-5 mg/100 ml), respectively.
The disappointing predictive value of the renal vein renin

ratio on the success rate of percutaneous transluminal arterial
dilatation was due mainly to the relatively high numbers of
patients with low ratios whose hypertension did eventually
improve or was even cured (false negative test results). This
might be explained by inappropriate conditions during the
collection of renal venous blood, but Marks et al° and Luscher
et all' had the same findings in patients who underwent renal
vascular surgery. Although more patients respond to correction
of the renal blood flow when the renal venous renin ratio is
high, it does not seem justifiable to withhold intravascular
dilatation from patients with a low ratio, in view of the low
morbidity of this procedure.
Of the two renographic criteria considered to have predictive

value, the first (time to peak difference) appeared to be the less
reliable in that the number of false negative results was high
(fig 2). The second criterion (Hippuran uptake ratio) showed
somewhat greater reliability, since of the five patients with a
ratio of more than 50(' only one showed some improvement.
Of the 27 patients with a ratio lower than 50%, seven were not
improved by dilatation.
We therefore conclude that none of the tests used was suf-

ficiently reliable to serve as contraindication or indication for
the use of percutaneous transluminal arterial dilatation. The
same holds for other criteria, such as age and overall renal
function, which we analysed separately as well as in several
combinations with the tests described above. The only criterion
with predictive value that emerged very clearly was the type of
lesion: appreciably better results were obtained in patients

with fibromuscular lesions, and there was a higher cure rate in
unilateral stenosis. Probably the group of patients with athero-
matous renal artery stenosis included many with essential
hypertension.
Our results suggest that percutaneous transluminal arterial

dilatation should be attempted in all patients with hypertension
and renal artery stenosis, with the exception of those with severe
atheromatous disease of the aorta. In that group the 500o or so
chance of improvement in blood pressure must be weighed
against the risk of cholesterol emboli due to the catheterisation.

This study was supported by the Home Dialysis Foundation
Utrecht (STD).
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MATERIA NON MEDICA

The line is immaterial

A recent visit to the National Theatre to see The Importanice of Being
Earnest reminded me of travels in Chile in the early 'seventies. I was
staying with the family of a haematologist (there is some medical
interest in this story too; he changed from anaesthetics after losing
an arm in a cyclopropane explosion) and, like many Chileans, they
were very Anglophile.

In their library they had solid, leather bound editions of many of
the classics of English literature translated into Spanish. I was
anxious to brush up my Spanish and thought that reading translations
of works I already knew reasonably well in English would be a
simple, entertaining, and comparatively painless way of doing it.
The Obras Comnpletas de Oscar Wilde seemed as good a choice as any
and I was soon chuckling my way through La Importancia de Llamarse
Ernesto. No problems until I reached the bit where the Reverend
Canon Chasuble DD urges Miss Prism (wonderfully played at the
National by Anna Massey) to take a kindlier view ofhuman weaknesses.
"Caridad, querida Miss Prism, caridad! Nadie es perfecto. Yo mismo
tengo particular debilidad por el juego de damas." Now of course,
as every schoolboy knows, Dr Chasuble's original words were:
"Charity, dear Miss Prism, charity! None of us are perfect. I myself

am peculiarly susceptible to draughts." I hadn't come across juego de
damas before, but it didn't sound as if it had much to do with
draughts-a Spanish draught is a corriente de aire, which sounds less
uncomfortable than the British variety. Damas might have had
something to do with women, but that didn't seem consistent with
the image of the saintly and unlecherous Dr Chasuble.
To the dictionary, then, and in an instant all was clear: jurego de

damas does indeed mean "draughts," but the kind that you play
rather than the kind popularly supposed to bring on attacks of
rheumatism. For the best part of the century the entire Spanish
speaking theatrical world has been seriously misled, and it is unlikely
that this is a unique example.
How many other well known phrases from English literature have

come out of the linguistic washing machine the worse for wear?
At all events, let us hope that there is universal agreement about
what is meant by the word "handbag." It worries me to think that
latter day Edith Evanses of national theatres in Madrid or Paris,
Berlin or Moscow, have been practising for hours in front of the
mirror to get just the right amount of outrage and disbelief into a
phrase which actually means something quite different.-COLIN
BREWER, London.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.287.6388.333 on 30 July 1983. D

ow
nloaded from

 

http://www.bmj.com/

