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Percutaneous transluminal angioplasty for
renovascular hypertension
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SUMMARY Five children with renovascular hypertension were treated with percutaneous
transluminal angioplasty, and followed for 12 to 32 months. Blood pressure fell to normal in four
patients and improved in one. Angiographic and endocrinological improvements were associated
with a fall in blood pressure and no complications were observed. Angioplasty is considered a
safe, effective treatment for children with renovascular hypertension.

Renovascular hypertension has traditionally been
treated with renovascular surgery or nephrectomy of
the affected side. Recently, however, with the
development of double lumen catheter with an ex-
pansible balloon, percutaneous transluminal angio-
plasty has emerged as a less invasive treatment.1-3
The pressure of the inflated balloon fractures the
stenotic lesion, stretching the vessel wall, and
expanding the lumen. Since few reports of its
application to children have been published," we
report our experience with angioplasty in five
children with renovascular hypertension.

Patients and methods

Peripheral blood was withdrawn for measure-
ments of plasma renin activity and aldosterone early
in the morning, after at least 30 minutes of supine
rest. Patients had been put on a diet with a sodium
content of 9 g/day for at least three days before
blood sampling. Drugs had been stopped two weeks
before blood sampling and the 1-sarcosine, 8-
isoleucine angiotensin II infusion test. Plasma renin
activity and aldosterone were measured by radioim-
munoassay.

Patients were sedated before angioplasty, which
was done under local anaesthesia. Only patient 4
received general anaesthesia because of his age.
Angioplasty procedure was as follows. When a
Gruntzig catheter was properly positioned, the
balloon was inflated for 10 seconds with a filling
pressure of 9 atm, and this was repeated three times.
To avoid postoperative thrombosis, aspirin (20
mg/kg per day) was given for two weeks.

Case reports

Patients were selected according to the presence of
stenotic lesion on angiography. Their clinical data
are presented in Table 1.

Patient I
A 9 year old girl was admitted to hospital because of
vomiting and headache; hypertension was noticed.
Plasma renin activity and aldosterone values were
high, and she was diagnosed by angiography as
having stenoses of both renal arteries. After
performing angioplasty, ganglion blocker was also
administered, but no hypotensive effect was
achieved. She was therefore transferred to our
hospital. Angiography confirmed stenosis of the left
main and right distal renal arteries. Angioplasty was
performed on the left side, after which her blood
pressure fell and has subsequently remained well
controlled with captopril and furosemide.

Table 1 Clinical data for five patients with renovascular
hypertension

Patient Age Sex Blood pressure (mm Hg) Duration of
no (yrs) Before angioplasty After angioplasty* follow up

(highest) (mths)

1 10 F 242/168 124/88 32
2 5 F 240/170 110/70 12
3 16 M 220/150 160/120 (first) 27

174/140 140/80 (second)
4 1 M 140/80 110/50 12
5 12 F 170/100 120/80 12
Mean (SEM) 164(33)/135(15) 127(8)/81(9) 19(4)

*Values measured one month after angioplasty.
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Patient 2
A 5 year old girl attended hospital because of
impairment of visual acuity in the right eye. Hyper-
tension and hypertensive retinopathy were found on
examination. Angiography showed stenosis of the
left renal artery and the patient was referred to our
hospital for treatment. Her plasma renin activity
was 9-5 ng/ml per hour and the aldosterone concen-
tration was 0-36 pmol/l. Stenosis of the left renal
artery was confirmed by angiography. Angioplasty
was performed, after which no medication has been
needed and the patient's blood pressure has re-
mained normal.

Patient 3
This 12 year old boy with cafe au lait spots was
originally admitted to hospital at the age of 10 years
because of diarrhoea and dehydration. Hyper-
tension was noted, and he was diagnosed as having
renovascular hypertension associated with neuro-
fibromatosis. Hypertension was not well controlled
with captopril, furosemide, and a beta blocker, and
he was therefore transferred to our hospital. His
plasma renin activity was 19-5 ng/ml per hour, and
the aldosterone concentration was 2-3 nmol/l. With
the intravenous infusion of 1-sarcosine, 8-isoleucine
angiotensin II his blood pressure fell. Angiography
confirmed stenosis of the right renal artery and
angioplasty was performed. After angioplasty, hy-
pertension was controlled with captopril, furose-
mide, and a beta blocker but because his blood
pressure rose again, angioplasty was repeated seven
months later. To date, hypertension has been
controlled with the above drugs.

Patient 4
A 6 month old boy was noted on routine physical
examination to have hepatomegaly; he was admitted
to hospital and diagnosed as having hepatitis.
During the course of his illness, hypertension was
noted and he was transferred here. His plasma renin
activity was 12-4 ng/ml per hour, and the aldo-
sterone concentration was 0-93 nmol/l. Blood pres-
sure fell with intravenous infusion of I-sarcosine,
8-isoleucine angiotensin II. Angiography showed
moderate stenosis of the right renal artery, and
angioplasty was performed. After this his blood
pressure fell and has subsequently remained normal.

Patient 5
This 11 year old girl attended hospital because of
headache, and hypertension was found. The diag-
nosis of renovascular hypertension due to aortitis
syndrome was made according to the angiographic
findings and the blood test results. She was referred

to our hospital after aortitis syndrome was con-
trolled with aspirin. Her plasma renin activity was
10-8 ng/ml per hour and the aldosterone concentra-
tion was 0-87 nmol/l. Her blood pressure fell after
intravenous infusion of 1-sarcosine, 8-isoleucine
angiotensin II. Angiography showed stenosis of the
right renal artery and angioplasty was performed.
After angioplasty, her blood pressure became
normal.

In patients 1, 2 , and 4 no evidence of inflamma-
tion was found before the diagnosis and during the
follow up period, therefore fibromuscular dysplasia
was considered to be the underlying cause. In all
patients, serum creatinine and blood urea nitrogen
values were normal. Some underwent determination
of creatinine clearance and this was also normal.

Results

Angiography. (Figs. 1 and 2). In patients 1, 2, and 4,
widening of the stenosis was observed immediately
after angioplasty. Angiography was repeated one
year later in patients 1 and 2 and showed no
stenosis. In patient 1, angiography was repeated two

Fig. 1 Renal angiography ofpatient 2 with fibromuscular
dysplasia showing (a) the left renal artery stenosis.
Arteriogram (b), immediately after angioplasty, shows
dilatation ofthe stenotic lesion.
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years later, and again no restenosis was observed.

Patient 3 developed stenosis again seven months

later and angioplasty was repeated. A third angio-
graphy 10 months later still showed stenosis. In

patient 5, the catheter could not be introduced to

the narrowest part of the long stenotic segment, and

angioplasty was thus applied to the proximal portion

only. One year later, angiography showed that the

stenosis was unchanged.

Blood pressure. The patients' blood presure fell

from mean (SEM) 164(33)1135(15) mm Hg to

~~~~127(8)/81(9) mm Hg after one month. In only one

~patient did blood pressure rise again, and angioplasty
was repeated. The other four patients' blood pressure

remained improved throughout the observation

period.

............... Medication. Patients 2, 4, and 5 required no

Medication. In patient 1 and 3, different hypotensive

aagents were used before and after angioplasty.
Although these failed to control blood pressure

before angioplasty, normal values have subse-

~~quently been maintained with medication.

Endocrinological study. (Table 2). In patients 1, 2,

and 3 (after the first angioplasty), plasma renin

activity in the inferior vena cava and renal veins

decreased. The renin ratio (stenotic/contralateral)
-w_ decreased in patient 1, and remained unchanged in

patients 2 and 3 (after the first angioplasty). In
patient 3 both the plasma renin activity and renin

ratio increased after the second angioplasty.

Discussion

Fig. 2 Renal angiography ofpatient 3 with right renal
artery stenosis before (a), and immediately after (b) the first Five patients with renovascular hypertension were

angioplasty. Note that the extrarenal circulation (indicated treated with angioplasty. Throughout the follow up
by three arrows) was no longer identified after angioplasty. period ranging from 12 to 32 months, four patients
Residual stenosis was observed. showed normal and one patient showed improved

Table 2 Plasma renin activity (PRA) in patients with renovascular hypertension, from inferior vena cava and both renal
veins before (n=5) and after (n=3) percutaneous transluminal angioplasty (PTA)

Patient No PRA (ng/ml per hour) Renin ratio
(stenoticlcontralateral)

Vena cara inferior Renal vein Renal vein
(stenotic side) (contralateral)

(1) Before 56-0 > 85 28-9 < 2-9
After 12 mths 14-2 24-9 16-1 I-S

(2) Before 24-1 25-3 22-7 1-1
After 12 mths 9-4 11-7 10-9 1-1

(3) Before 21-9 28-2 19-0 1-5
After 7 mths (before 2nd PTA) 1-( 10-3 2-1 1-5
After 17 mths 7-9 47-1 19-5 2-4

(4) Before 25-9 52-6 17-1 3-1

(5) Before 17-4 20-6 22-0 0-9
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blood pressure values. These results are very en-
couraging. The effectiveness of angioplasty in our
patients was confirmed by angiographic and endo-
crinological findings. Follow up angiography
showed improvement in patients 1 and 2 and no
change in patient 5, in whom the dilatation of the
narrowest segment was impossible. In patient 3,
restenosis occured after the first and second angio-
plasty. The third angioplasty will be performed
when control with medication becomes impossible.

Plasma renin activity in the vena cava and renal
veins decreased in three out of four occasions. This
finding confirms the role of renin-angiotensin-
aldosterone axis in the pathogenesis of renovascular
hypertension. A renal vein renin ratio above 1-5 is
considered to be important,7 but two patients of the
five showed ratios below 1-5. Furthermore, in two
patients, the ratio did not change after angioplasty.
This clearly shows the difficulty of diagnosing and
predicting the prognosis of this disease.7 In three
patients, 1-sarcosine, 8-isoleucine angiotensin II
infusion was performed and the blood pressure
decreased in all. This finding also supports the role
of renin-angiotensin-aldosterone system. Interpreta-
tion of the results, however, should be done with
care because this test sometimes gives false negative
results.8 Therefore, patient selection for angioplasty
should be dependent on angiography.
Renal function in these patients was within the

normal range both before and throughout the follow
up period and no complications were observed.
Care should be taken, however, to avoid possible
complications such as thrombosis.
There has been little experience with angioplasty

in children. Our experience with five patients
followed for 12 to 32 months shows the effectiveness
of the procedure. Angioplasty may prove to be of
great use in the treatment of children because it is
non-invasive and may be undertaken on repeated
occasions.
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