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CHAPTER 1

Introduction and questions

The studies reported in this thesis were done because of our
interest in renovascular hypertension. The interest of our
group was intensified by the development of a new treatment of
renal artery stenosis, balloon catheter dilatation or percutane-
ous transluminal angioplasty (PTA) in 1978.

Our earliest results, the first report in the litterature on PTA in
a group of patients with renovascular hypertension, was pu-
blished in 1979 (1). This innovative way of treating patients
with renal artery stenosis has led to an enthousiastic and
fruitfull cooperation among the departments of radiology,
nucleair medicine and nephrology. An account of the scientific
cooperation of these departments on the subject of renal artery
stenosis and PTA, is given in the list of publications, abstracts
and full papers, to be found at the end of this thesis.

This thesis comprises five reports on studies with renograms,
radionuclide investigations of individual renal function in pa-
tients suspected of renovascular hypertension. More informa-
tion about/he radioisotope renogram is given in chapter 2. The
main question was to determine wether the renogram could
trace functional changes in a kidney with a stenosed artery,
before and after PTA treatment. In a given patient these ._
functional changes could provide information on the signifi-
cance of the artery stenosis as a cause of that patient's hyperten- i
sion, and to some extend predict the bloodpressure response !
after PTA treatment. i

;
An important issue in these studies is the registration of the )
renal effects created by captopril on the renogram. This drug '
with its specific inhibition of the conversion of angiotensine I
to angiotensine II, amplifies the impairment of the glomerular

I filtration rate (GFR) in a kidney behind a stenosis. This is
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attributed to the dependency of the GFR on angiotensin II in a
kidney with a low perfusion pressure: converting enzyme inhi-
bition disturbs the angiotensin Il-dependent autoregulation of
the GFR (2). A short overview of the pathophysiology of
autoregulation of renal blood flow and GFR with emphasis on
the contribution of angiotensin II, is given in chapter 3. As
shown in our studies, captopril-induced deterioration of the
GFR can be shown by renography, especially when it occurs in
only one of two kidneys and for that reason does escape
detection by overall renal function studies.

Our group has introduced the captopril-induced change in the
renogram as a test for a functional renal artery stenosis (3,4).
This test can detect abnormalities in flow as well as in renal
renin activity, two main components of the sequence of events
that are thought to be of importance in the causation of
renovascular hypertension.

Questions posed in this thesis.

1. Is it possible to predict the effect of PTA on bloodpressure
by the 131 I-hippurate renogram.

2. Does the 131 I-hippurate renogram change after PTA, and
is this change related to the blood pressure response to
PTA.

3. Are renograpic methods able to demonstrate captopril-in-
duced unilateral changes in renal function in a patient with
renovascular hypertension.

4. Do captopril induced changes in the renogram improve
specificity or sensitivity of the renogram without captopril
for the diagnosis of renovascular hypertension.

5. Do what extent can patients with hypertension and one
very poorly perfused kidney (one that has relative hippura-
te uptake of that kidney /total renal uptake of 25% as
shown by renography) benefit from PTA treatment.
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CHAPTER 2

The radioisotope renogram

In 1956 Taplin and Winter (1) developed the radioisotope
renogram as a test to detect unilateral renal artery disease in
hypertensive patients. They interpreted the time activity curves
by a visual comparison of the two tracings and this method is
still widely utilized. However differences in interpretation of
this qualitative method have led to more objective quantitative
interpretations of the various parameters derived from these
curves.

There are divergent opinions about criteria to be employed in
interpretation of renogram curves. Unavoidable technical dif-
ficulties and lack of an accepted standardized technique may
partially account for discrepancy in published results. This was
especially true when single probes were placed above each
kidney, but thickness of body wall, size of renal pelvis and
asymmetric rate of pelvic emptying, especially when the diure-
sis is slow, are still causing considerabel variations in the
amplitudo and shape of the curves in a normal individual. In a
overview of 12 studies false positive renograms were reported
in 20% (range 0 - 33%) of 357 patients with essentiel hyperten-
sion, true positive tests in 84% (range 54 -100%) of 348 patients
with proven renal artery stenosis (2).

Over the passed decade, the use of more advanced gamma
camera equipment and computer system enabling accurate
background subtraction have improved the accuracy of reno-
graphy to such extent that measurment of divided renal func-
tion has achieved a high level of reliability (1,3,4). |

Part of the difficulty in determining the value of the radioisoto- J
pe renography for screening of a hypertensive population may J
be caused by the low incidence of renovasculair hypertension. -
In a group of 689 hypertensive man with moderate severe ^
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hypertension, selected from an at random sample of 7455
Swedish men, only 4 (=0.6%) had renovascular hypertension
(5). If these 689 men would have been subjected to a renogram
with a supposed low 5% false positive results, 35 patients would
have had a false positive compared with a hopefully 4 patients
with a true positive test. This is an unacceptable yield, inherent
to all tests with a relatively high false positive rate in screening
programs of a large population with a low incidence of the
disease. An even lower incidence was reported in patients
participating in the hypertension detection and follow up pro-
gram: renal artery stenosis was found in only 5 in 5485 partici-
pants (6). This has been the cause of a decline of enthusiasm
and, consequently, of the use of the isotope renogram in the
screening of hypertensive patients for the detection of renovas-
cular hypertension (7,8).

A different situation occurs in a population with a high preva-
lence of the disease because of previous screening. In this
populat ion renography does have its value in detecting patients
with impairment of unilateral renal blood flow as a sign of
functional renal artery stenosis. The isotope renography is up
to the present still the least invasive technique for the study of
the individual renal function (GFR, renal blood flow, renal
mass). Sequential investigations in one patient may provide
information on improvement or deterioration of the individual
renal function, for instance induced by PTA treatment.

This is the setting in wich we analysed the usefulness of the
renogram in the diagnosis of renovascular hypertension in the
university hospital in Utrecht. In most of the patients seen by ^
our group the diagnosis of renal artery stenosis had already
been established by angiography, after which they had been }
referred to us for therapeutic interventions. A renogram was !>
made before and after correction of the renal artery stenosis to j
obtain information on the relation of the renography curves, ~j
the renal artery stenosis on the renal angiogram, and the )
change of the bloodpressure after correction of the renal artery /
stenosis. Compared with renovascular surgery, PTA could be
expected to be a less invasive, risky and costly intervention.
Therefore we have applied the method from the beginning in



1978 in all patients with renal artery stenosis. This gave us the
opportunity to study the renogram before and after PTA in a
relative large group of patients also in those patients with a low
expectation of benefit.

Several radiopharmaceuticals can be used to obtain time acti-
vity curves of the two kidneys. First we used 131 1-orthoiodo-
hippurate (131 I-OIH). The hippurate molecule is concentra-
ted in the kidney by glomerular filtration and active tubular
excretion. The uptake of this compound in the kidney reflects
the renal blood flow (4).

Later we used 99mTc- diethylenetriaminepentaacetic acid
(99mTc DTPA) simultaneously with 131 I-OIH. In contrast to
hippurate, DTPA is excreted only by glomerular filtration.
Accumulation of this radioisotope in the kidney parallels GFR
(3,4).

The initial choice of 131 I-OIH was made because our main
interest was the comparison of renal blood flow of the two
kidneys in patients with unilateral renal artery stenosis. After
the use of captopril premedication we included investigations
with 99mTc DTPA because the comparison of GFR of both
kidneys appeared to provide additional information.

The methods we used to perform renography and to analyse
quantitatively the hippurate and DTPA time-activity curves
are described in the following chapters, and in a paper concer-
ning the method of determination of the region of interest (9).
For reviews on the technique and application of renography in
renovascular hypertension the reader is referred to the papers
of Kirchner (10) and Velchik(II).
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CHAPTER 3

Autoregulation of renal Mood flow and GFR

A kidney with a stenosed artery may show functional changes
that can be made visible on the renogram. For better unders-
tanding of these changes the following short pathophysiologic
considerations can be helpful.

A stenosis in a renal artery causes a pressure gradient lowering
the perfusion pressure of the kidney. In consequence of this
lower pressure the renal blood flow would decrease unless
adaptive vasodilatation occurs. The latter indeed enables the
kidney, as well as many other organs, to maintain relative
constancy of blood flow rates in the face of major changes in
perfusion pressure. This constancy of flow is demonstrable in
the isolated organ in the absence of neural or humoral control.
It is controlled by intrinsic mechanisms of the kidney, and
because of this called autoregulation.

In tissues with autoregulation, the main regulator of the tissue
perfusion at a given pressure is the precapillary arteriole, wich
determines the resistence to flow and the amount of blood
delivered to its capillary bed by varying its state of constriction
or dilatation.
This is true for all tissues but is somewhat more complex in the
kidney because of its unique circulation with pre and post
glomerular arterioles, each with its own regulation of resistan-
ce.
The seperate regulation of afferent preglomerular and efferent
postglomerular arterioles has been shown beautifully by Ro-
bertsen et al (1) who measured glomerular dynamics by micro-
puncture in the rat: During a gradual fall of the arterial blood
pressure glomerular blood flow as wel as glomerular capillary
hydraulic pressure, determining GFR, remained relatively con-
stant as a result of a marked fall of afferent and a concomittant |
rise in efferent arterioler resistance. H

o
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This experiment shows two autoregulations in the kidney: one
of the renal blood flow and another, at least as important,
serving the relative constancy of GFR during variation of
perfusion pressure.

In all tissues, as well in the kidney the exact mechanism of
autoregulation of bloodflow is not yet clear. Among possible
mechanisms are mentioned (2): arteriolar smooth muscle cont-
raction and relaxation as a direct response to pressure changes,
tissue pH, and oxygen tension, and local acting prostaglan-
dins. However, although prostaglandines certainly play a role
in the renal bloodflow (3,) prostaglandines synthetase inhibi-
tors failed to alter renal bloodflow autoregulation in the rats
(4).

The renin angiotensin system has been shown to play an
important role in the autoregulation of the GFR: When the
arterial pressure falls, the filtration pressure is protected by
angiotensin II that causes constriction preferentially of the
efferent arteriole. This has been demonstrated in rat kidneys by
Myers et al (5): systemic angiotensin II infusion increased
arterial blood pressure and the resistance of as well afferent as
efferent arterioles in the kidney, while the GFR remained
constant. But when during angiotensin II infusion the rise in
perfusion pressure of the kidneys was prevented by aortic
constriction, the afferent arteriolar resistance remained con-
stant, only the efferent resistance increased as without aortic
constriction. This suggest a rise in resistance of the afferent
arteriole as a secundary reaction to the increase of pressure,
whereas the efferent arteriolar resistance responds to angioten-
sin II. These findings are supported by the work of Ichikawa et
al (6), who found that a subpressor dose of angiotensin II in the
renal artery increased only efferent arteriolar resistance.
Hall et al (7) studied the effect of changes in perfusion pressure
in the dog. They showed that when renal perfusion pressure is
reduced to low levels in dogs with chronic renin depletion,
autoregulation of the renal blood flow is maintained but the
GFR falls.
Direct observation of constriction of afferent and efferent
arterioles have been done in renal grafts in the cheek pouch of

10



hamsters: these grafts developed primitive glomerular circula-
tions with visible afferent and efferent arterioles. Afferent
vessels visibly constricted more strongly to norepinephrine
wheras efferent vessels were more sensitive to angiotensin II
(8).

The constriction of efferent arterioles may be caused by circu-
latory but also by intrarenally formed angiotensin II. All
components of the renin angiotensin system are present within
the kidney (9,10,11). Thus, angiotensin II can be formed intra-
renally in the juxtaglomerular cells and exert effects in its direct
environment, notably on the efferent arterioles.
The distribution of renin in the kidney is not uniform. Under
normal conditions superficial glomeruli with short loops of
Henle contain renin. By contrast juxtaglomerular glomeruli
with long loops of Henle, descending deep into the medulla
have little or no extractable renin (12). During low perfusion
pressure, renin also becomes detectable in the deeper neph-
rons. This distribution of renin has consequences for the renal
blood flow during very low perfusion pressure that is mainly
reduced in the cortical nephrons, supposedly by a more active
constriction of efferent arterioles in that region, helping to
maintain the GFR and, at the same time, to reabsorb sodium
and water more actively.

It has been shown that an increased angiotensin II concentra-
tion can also have a negative effect on GFR by reduction of
glomerular capillary surface area by mesangial cell contraction '
(13). A decrease of the filtration rate can be generated by
elevation of the NaCl load in the distal tubule at the site of the
macula densa. This response has been termed tubuloglomeru-
lar feedback. When this occurs, renin secretion is supressed
concomittantly. Although intrarenally formed angiotensin
probaly does not mediate the glomerular response of tubulog- {
lomerular feedback, it seems an important modulator of the i
magnitude of the response (14). |

!
Conner et al (15) reported that ischemic kidneys reabsorbed «
sodium and water to a greater degree then the opposite kidney, J
a finding that has been confirmed and expressed in various "
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nummerical forms by Stamey et al (16) and used as a diagnostic
test for renovascular hypertension. Since circulating levels of
All and aldosterone are equal for both kidneys, other factors,
notably the lower perfusion pressure and higher activity of
intrarenal production of renin and angiotensin in the stenotic
kidney could account for the difference between the two kid-
neys.

The intrarenal effect of angiotensin II in regulating renal blood
flow and GFR, as wel as all other actions can be suppressed by
converting enzyme inhibition. Thus the effects of converting
enzyme inhibition in the kidney are in an opposite direction to
those of angiotensin II. Also, conditions wich result in a higher
PR A bring about greater effects of converting enzyme inhibi-
tion in the kidney. It is conceivable that with very low perfusion
pressure and a high dependency of the GFR on the effect of
angiotensin II on the afferent arteriole, converting enzyme
inhibition will decrease GFR while increasing renal blood
flow. This has been shown by Hall et all (17). In dogs with
chronically elevated renin, autoregulation of renal blood flow
and GFR during low perfusion pressure remained intact unless
the angiotensin converting enzym inhibitor captopril was infu-
sed. In these circumstances GFR fell progressively parallel to
perfusion pressure, while renal blood flow was maintained.
These studies were extended to determine wich role was played
by circulating as opposed to intrarenally formed angiotensin II
(18). During converting enzyme inhibition replacement of cir-
culating angiotensin II by i.v. infusion of angiotensin II at rates
that decreased renal bloodflow to control levels increased
GFR, filtration fraction, and resistance of the efferent arteriole
to levels not significantly different from control, when the
perfusion pressure was maintained constant by aortic constric-
tion. These observations suggest a contribution of the circula-
ting angiotensin II in the autoregulation of GFR. However, in
later studies (19) it could be shown that intrarenally formed
angiotensin II plays a more important role. This was shown by
an experimental design that prevented renin release by the
kidney from entering the systemic circulation. Under these
circumstances autoregulation of the GFR and renal blood flow
remained intact and GFR decreased strongly after converting

I 12
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enzym inhibition while renal blood flow remained at control
levels.

These physiologic regulations have gained clinical relevance
after the reports of transient renal failure during antihyperten-
sive treatment with converting enzyme inhibition in patients
with renal artery stenosis of a solitary kidney or with bilateral
renal artery stenosis (20). In these patients all renal tissue is
located distal of the artery stenosis and thus subjected to a low
perfusion pressure. Converting enzyme inhibition interferes
with the angiotensin dependent autoregulation of the GFR and
causes a decrease of GFR while the renal perfusion is maintai-
ned. These changes of renal function are not seen in a kidney in
wich the arterial blood pressure is high and the renin angioten-
sin system is suppressed, as in the contralateral kidney of a
patient with unilateral renal artery stenosis. Such patients do
not demonstrate the syndrome of transient renal failure during
converting enzyme inhibition, however split renal function
tests by radioisotope renography does reveil a depressed GFR
without much change of RBF in the stenosed kidney, as shown
by our studies in the following chapters.

13
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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 arteriograpbic criteria.
Arteriography after dilatation showed considerable
widening of the 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 nbromuscular lesions benefited distinctly more
than did those with atheromatous stenosis, only one of
the 21 patients with nbromuscular 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
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- 1
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 *>:
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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.

Patients and methods
Between April 1978 and April 1981 all patients with hypertension

and 50% 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 athcromatous 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-

t lowed up for one to four years.
a The blood pressure in April 1982 was compared with that before
I
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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°,,; all other
patients were classified as no change. The last criterion (15"0 decrease
in blood pressure) was modified for six patients: their blood pressure
had decreased by only 10%, 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 blcod pressure 90-109 mm Hg) was main-
tained. Before treatment renography using a gammacamera, computer
system and 13II or m I 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 x* 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 Griintzig 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
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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 cholesterol emboli (see
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.

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<0033) .

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 (x*= 17-61, 3 = 2,
p<000015 , 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/1 (1-4 mg/100 ml) than among the 12 patients
aged less than 55 and whose serum creatinine concentration was
normal (50% 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.

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)

All patients
Location of renal artery

•tenosis:
Unilateral
Bilateral

Single kidney with renal
artery stenosis

Segmental artery stenosis
Type of lesion:

Fibromuscular
Atheromatous

Tsln
of

patients

65

52
9

2
2

21
44

Blood

No
change

22

16
4

0
2

1
21

pressure after PTA

Improved

29

22
5

2
0

10
19

Cured

14

14
0

0
0

10
4

O'
/O

and
improved

66

70
56

95
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

All patients
Age (years):

<55
>55

Serum creatinine (ixmol/1)
$120
>120

Age « 55 years and serum
creatinine «120|xmol/I

Age > 55 years and serum
creatinine > 120(xmol/l

Kin
of

patients

44*

20
24

20
24

12

16

Blood

No
change

21

10
11

10
11

7

8

pressure after

Improved

19

9
10

8
11

5

7

PTA

Cured

4

1
3

2
2

0

1

uo

and
improved

52

50
54

50
54

42

50

'Stenosis unilateral in 29, bilateral in 12, single kidney in two, segmental in one.
Conversion: SI to traditional units—Creatinine: 1 txmol/1«0-01 mg/100 ml.

p.
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RENAL VENOUS RENIN RATIO

In 37 patients with unilateral1 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

jA"
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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.

LJ improved

f~) no resoil

i
19|2G 22 23 26 26 29

PRA quotient
conlralaterat

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.)

Time to peak

6 -number of
patients

normal

FIG 2—Results of reno/traphy 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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Hippuran uptake isT two minutes in 7o
sten.
sien • contr. (normals 50%)

3-number of
patients

e cured
G3 improved
D no result

70 20 10 %

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=50%).

RENOGRAPHY

In 32 patients with unilateral renal artery stenosis a renogram
was made before percutaneous transluminal arterial dilatation. As
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
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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 ftequently
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 Griintzig et al describing successful
dilatation of an atheromatous renal artery stenosis with the
inflatable balloon catheter1 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.' 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
a/8 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

I cured and improved hypertension being 90%- Their definition
I of improvement in blood pressure—namely, greater ease in
I controlling the blood pressure with antihypertensive medication
I —was not satisfactory. This, together with selection of the
I patients, probably contributed to the high percentage of good
| results. Grim et al reported 26 patients with renovascular
I hypertension treated with percutaneous transluminal arterial
I dilatation.* Of their 10 patients with fibromuscular dysplasia,
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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 90% in the fibromuscular
and 65% 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
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 ah
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 (j.mol/1
(2-9 to 1-6 mg/100 ml) and from 230 to 130 fxmol/1 (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 al10 and Liischer
et al11 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
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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 50% 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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CHAPTER 5

Study 2: Renography: prediction of blood pressure
after dilatation of renal artery stenosis

G.C. Geyskes, H.Y. Oei, J.A.J. Faber
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Abstract

In 60 patients with hypertension and unilateral renal artery
stenosis (URAS) radio-hippuran renograms were performed
before and 6 weeks after anatomically adequate percutaneous
transluminal angioplasty (PTA). Two characteristics of the
renographic curves have been analyzed: the difference in time
to peak (DTP) between the affected and contralateral kidneys,
which would be expected to be positive in blood flow impair-
ment, and the relative hippuran uptake (RHU) in the second
minute by the affected kidney as compared with the total
uptake by both kidneys: this would be less than 50% in the case
of stenosis. Before PTA, both variables were predominantly
abnormal. The DTP did not predict the blood pressure respon-
se to PTA. The group of patients with a RHU between 25 and
45% comprised all cured patients and predicted a more favora-
ble response of the blood pressure than a RHU of less than 25%
and especially more than 45% which group contained 83%
patients whose blood pressure failed to respond after PTA.
After PTA the DTP did normalize in the majority of patients,
but this was not related to the blood pressure response. The
RHU increased in patients in whom it had been low initially,
but frequently remained low (45%). The increase of the RHU
was significantly higher in patients with a favorable blood
pressure response. Pretreatment with captopril did intensify
the abnormal curves of hippuran and of DTP A renograms in 6
patients with URAS who did respond favorably to PTA. There
was no such deterioration in 2 patients whose blood pressure
did not change sufficiently after PTA or in 4 patients without
renal artery stenosis.
In conclusion, renography can to some extent predict the effect
of PTA on the blood pressure; possibly captopril pretreatment
can improve its predictive ability. Sequential renographies can
be used as an indication of improvement of the renal function
after PTA.
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Introduction
When a patient with hypertension also has a renal

artery stenosis (RAS) on angiography, there is no cer-
tainty about the interrelationship of the two, a prerequi-
site of the diagnosis renovascular hypertension. Only
when correction of the stenosis is achieved and the blood
pressure becomes normal, can the diagnosis of renovas-
cular hypertension be made retrospectively. Unfortu-
nately, the reverse is not true. When a renal artery stenosis
has been dilated by balloon dilatation and the blood
pressure remains unchanged after at least some weeks,
there are two major possibilities: the patient did not
originally have a functional renal artery stenosis, or the
renovascular hypertension persists because the dilata-
tion was insufficient or the stenosis has re-occurred. To
complicate the issue further, a significant number of
patients are 'improved' after PTA: their residual hyper-
tension may be due to incomplete resolution of a renovas-
cular component or to a different pathophysiologic etiol-
ogy. Therefore, a test which could demonstrate the exis-
tence of renovascular hypertension before or after PTA
would be helpful. Such a test should be less invasive than
a repeated arteriography. We investigated whether ren-
ography before and after PTA could be used to demon-
strate a functional stenosis before and its resolution after
PTA. This analysis was done in patients, with a stenosis of
one main renai artery and a normal artery to the contrala-
teral kidney, because the curve of the affected kidney can
only by analyzed in relation to that of a normal contrala-
teral kidney. The results of this study can therefore not be
applied to all patients with renal artery stenosis such as
those with bilateral or segmental RAS.
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Patients and Methods

Sixty hypertensive patients with a unilateral renal artery stenosis
of at least 50% and a normal renal artery to the contralateral kidney
were selected on angiographic criteria. All patients underwent a
balloon dilatation that appeared sufficient at angiography immedi-
ately after the dilatation. A renography before and 6 weeks after the
PTA was performed using 18 MBq l3lI-orthoiodohippurate (OIH).
In a subgroup of patients, a renography with 35 MBq 99mTc-diethy-
lene triamine penta-acetic acid (DTPA) was also done. Both exami-
nations were performed with a large field gamma camera (Siemens
LFOV, with high energy parallel hole collimator) and computer
data acquisition. Data were stored in 20-second frames of a 64 x 64
matrix over a 20-min period. Kidney regions of interest were gene-
rated automatically on the composed image of the 0 to 5-min
interval by determination of the distinctive intensity of the image.
Time-activity curve based on measurement between the kidneys was
used for the correction of blood background activity. Two charac-
teristics of the OIH renographic curves were analyzed, namely the
difference in time to peak (transit time) between the affected and the
contralateral kidneys in minutes and the relative percentage uptake
of hippuran in the second minute by the affected kidney as com-
pared with the total uptake by both kidneys. Antihypertensive
medication was omitted 24 h before this investigation and patients
were on a liberal fluid intake; 1 h before the investigation they took
0.5 liters of water orally. Renography during captopril treatment
was performed 1 h after an oral dose of 25 mg captropril given before
breakfast. The blood pressure at the time of the post-PTA renogram
was compared with that before PTA and the patients classified as
cured, improved or failed according to the cooperative study of
Maxwell et al. [1] with a slight modification [2]. In an additional
group of 4 hypertensive patients without renal artery stenosis renog-
raphy was performed with an without captopril treatment. Signifi-
cance of differences between groups were calculated with analysis
of variance.
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Table I.

RHU,%

<25
25-45
>45

Results of OIH renography before
renal artery stenosis

All

10
38
12

Cured

0
15
0

Improved

4
16
2

Failure

6
7

10

PTA in 60 patients with unilateral

Cured + improved

31/38(82%)

Failure

10/12(83%)

Predictive value of the RHU by the affected kidney in the first 2 min
as compared with total uptake by both kidneys (normal = 50%) on the
blood pressure response. A high failure rate is seen when the RHU is
>45%, a RHU between 25 and 45% predicts a high rate of cure and
improvement. Differences between the groups cured vs. improved +
failure and failure vs. cured + improved are significant at p < 0.001.

Results

Of this group of 60 patients with URAS, the blood
pressure was cured in 15 (25%), improved in 22 (37%) and
failed to respond after PTA in 23 (38%). As shown in
table I, the results of the RHU at the renogram before
PTA were different in the different patient groups: a high
failure rate of 83% is seen when the RHU was >45%,
whereas a high rate of cure and improvement (82%)
corresponds with a RHU between 25 and 45%. Also
patients with a very low RH U of < 25% had a high chance J
(60%) of failure of their blood pressure to respond after {
PTA. As can be seen in figure 1, the average value of the §
RHU before PTA (indicated by asterisks) is not much f
different in the three patient groups, but the groups with x

the less-favorable blood pressure responses have a larger j
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Fig. 1. Sixty patients with unilateral renal artery stenosis, divided

into three groups according to theirfelood pressure response to PTA.
For each patient the RHU before and after PTA is given. The normal
value is 50%. A RHU of 25-45% predicts a more favorable blood
pressure response (p< 0.001). The majority of patients with a de-
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• • • *

creased RHU (<45%) before PTA show an increase of their RHU
after PTA.

Difference in time to peak affected—contralateral kidney
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_6 - 5 - 4 - 3 - 2 - 1 0 +1 +2 +3 +4 +5 +6 +7 >7 min

Fig. 2. Patients as in figure 1. DTP before and after PTA. No
differences are detectable between patient groups. After PTA the
DTP does improve towards the normal value of 0 in all three groups.

1
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variation of the RHU. Analysis of significance of differ-
ences in RHU values between patient groups yielded a
p < 0.001 between failure versus cured + improved and a
p < 0.001 between cured and improved + failure. The
criterion DTP at the renogram before the PTA was, as
shown by the asterisks in figure 2, frequently prolonged
but, in the three groups, no differences in distribution
could be detected, so that DTP does not have a predictive
value as to the outcome of the PTA on the blood pressure.
The changes of the RHU and of DTP after PTA for each
patient in the three groups is shown by the arrows in
figure 1 (RHU) and figure 2 (DTP). In the majority of
patients with a decreased RHU (<45%) pre-PTA, the
RHU increased after PTA. This is the reverse for patients
with a 'normal' RHU of > 45% pre-PTA, who did not
show an increase in RHU after PTA. The average A RHU
pre- versus post-PTA in the three groups was as follows:
cured +5.8%, improved +5.6%, failure +0.4%. This
A RHU of the group failure was significantly less than
the A RHU of each of the two other groups with a
p<0.05. As can be seen in figure 1, RHU did not always
increase after PTA to the normal value of > 45%, even in 5
of the 15 patients who were cured of their hypertension. A
change of the DTP towards the normal value (0 min) after
PTA is seen in the large majority of patients independent
of their blood pressure response.

Treatment with captopril before PTA caused an im-
pressive deterioration in the OIH and, even more so, in
the DTPA renogram, in 6 patients whose hypertension
was cured (5 patients) or improved (1 patient) after PTA
in 5 or nephrectomy in 1 patient. In the OIH renograms,
this deterioration was mainly seen in prolongation of the
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Table II. RHU and DTP of OIH renography before PTA without and with pretreatment with captopril

URAS

+
+
+
+
+
+

+
+

—
-
—
—

Pre-PT^i

— captopril

RHU
%

42
38
45
39
29
34

28
50

60
47
69
59

DTP
min

1
5
i

2
1
2

1
0

0
0
0
1

+ captopril

RHU
%

37
37
43
28
27
34

28
49

60
46
64
60

DTP
min

4
10
3
3

10
13

0
0

0
0
0
0

Post-PTA

+ captopril

RHU
%

41
43
46
43
29
n.d.

n.d.
n.d.

DTP
min

0
0
0
1
0
n.d.*

n.d.
n.d.

Blood pressure, mm Hg

before PTA

200/120
230/135
220/130
180/130
240/130
200/120

180/100
180/120

210/115
160/90
155/120
189/100

after PTA

150/80
140/90
150/90
130/80
160/105
120/80

150/100
170/120

n.d.
n.d.
n.d.
n.d.

Remarks

blood
pressure
normalized
after PTA

blood pressure
unchanged after PTA

no renal
artery
stenosis

In the first group of 6 patients with unilateral renal artery stenosis (URAS) captopril induces prolongation of the DTP only before PTA.
I n the other groups of 2 patients without functional URAS and of 4 patients without renal artery stenosis, captopril does not induce changes
of the curves. n.d. = Not done; * = nefrectomy.



DTP. This abnormality disappeared after PTA in all 5
patients who had a repeat post-captropril renogram after
PTA, and did not occur in two patients with a unilateral
renal artery stenosis, but no change of their blood pres-
sure after PTA. Also, 4 patients with slightly asymmetric
curves but with no renal artery stenosis at arteriography
did not show any captopril-induced deterioration of the
OIH or DTPA renogram. Data of these patients and their
OIH renograms are shown in table II. A typical example
of the changes in the OIH and DTPA renograms of one of
these patients (patient No. 5, table II), is shown in figures
2-5.
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Discussion

In this study, the RHU before PTA did have a predic-
tive value. When the uptake of radiohippuran in the
second minute by the kidney with a renal artery stenosis
was not diminished (RHU >45%), the blood pressure
failed to respond in 83% of the patients after PTA. This
group of patients obviously contains the majority of
patients with nonfunctional renal artery stenosis. This is
supported by the observation that the RHU of all but one
patient in this group did not improve after PTA. This is in
contrast to all other groups of patients. The only excep-
tion is the 1 patient in figure 1 with improvement of the
blood pressure after PTA and a high RHU of 80% which
improved to an even higher value after PTA. This patient
had a very small hypoplastic contralateral kidney with a
normal artery: he had a (probably functional) artery
stenosis of the larger kidney that was dilated.

The second category of patients without much benefit
from the PTA was that with a very low RHU: 6 of the pa-
tients with a RHU < 25% failed to respond while the other
4 improved. No cures were seen. This group is composed
of patients with small contracted kidneys distal to the ar-
tery stenosis which do not improve sufficiently after PTA:
they also had a low RHU after PTA, especially the 6 pa-
tients whose blood pressure failed to respond. One of
these patients underwent nephrectomy of this small kid-
ney which showed areas of previous infarction, probably
dating from before the PTA. This caused the inadequate
circulation, even after the main renal artery has been di-
lated successfully. The hypertension of this particular pa-
tient was cured afterthe nephrectomy.
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The DTP, although frequently high before and normal
after PTA, did not predict the response of the blood pres-
sure to PTA because no differences were seen between the
patient groups. It has been shown that, in case of a renal
artery stenosis, the DTP can be decreased by diuretics or
by a large fluid intake, causing a higher diuresis also in the
kidney distal to an artery stenosis [3, 4], This may have
limited the predictive value because in some patients long-
acting diuretics could have been effective even after 24 h
discontinuation of therapy; and our protocol included an
extra fluid intake 1 h before renography.

Even when the renovascular component is removed
with certainty, as in the patients whose blood pressure is
cured, the RHU after PTA can remain low (in 8/15 patient
< 45%). This cannot be caused by insufficient blood flow
and therefore must be attributed to the decrease of renal
mass as seen after longstanding inadequate arterial blood
flow. This is why it is impossible to demonstrate a success-
ful or, conversely, to exclude an insufficient dilatation us-
ing the RHU at the post-PTA renogram. Notwithstanding
this limitation, an increase of the RHU when initially de-
creased and/or a decrease of the DTP when initially pro-
longed occurred frequently after a successful dilatation at
control angiography done immediately after the PTA.
These changes are an indication of improvement or even
normalization of the circulation of the decreased renal
mass behind a corrected renal artery stenosis. However,
no definitive conclusions on this point can be drawn from
this study because no repeated control angiographies or
functional studies other than the renograms after PTA
have been done in the patients with renographic improve-
ment but with failure or only improvement of their blood
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pressure after PTA. Probst et al. [5] compared the relative
function of the poststenotic kidney in the OIH renogram
with that in dynamic CT scanning before and after PTA.
As in our study, he found improvement of the RHU after
PTA in the group of patients with a favorable blood pres-
sure response, which did correspond with an increase of
the relative opacification in the CT scanning. In their
group of patients with only moderate or no improvement
of the blood pressures both methods did not show im-
provement of the relative function. These findings sup-
port an improvement of the renal circulation after succes-
ful PTA.

In a further attempt to improve the sensitivity of detec-
tion of renovascular component by renography, we per-
formed the OIH and DTPA renography during captopril
treatment. It has been shown that converting enzyme
inhibition with captopril can cause a reversible but pro-
found decrease of glomerular filtration rate (GFR) and
diuresis in patients with a solitary kidney with renal
artery stenosis, or with bilateral renal artery stenosis [16].
This phenomenon may be due to impaired autoregula-
tion of GFR because intrarenal generation of Angioten-
sin II is blocked [7]. When arterial pressure is low, an
increased Angiotensin II level is necessary to constrict
the efferent arterioles and to maintain the filtration pres-
sure. This probably also occurs in patients with unilateral
renal artery stenosis, but remains undetected because the
GFR and diuresis in these patients are maintained by the
intact contralateral kidney. Renography with OIH, and
especially by DTPA, being excreted by glomerular filtra-
tion only, could be the ideal noninvasive method to show
this phenomenon, because it should occur only in the
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affected, and not in the contralateral kidney. As shown in
'Results', captopril induced magnification of asymmetry
in 6 patients with renovascular hypertension and not in
patients with renal artery stenosis without improvement
of the blood pressure after PTA or in patients without
renal artery stenosis. More experience is needed to define
more accurately the contribution of this method to the
detection of real renovascular hypertension. In this re-
gard, especially interesting are the data of 1 (the third in
table II) patient with proven renovascular hypertension
and a pre-PTA OIH renogram that can be considered as
normal but that showed a flattening of the curve after
captopril together with a decreased uptake of the DTP A,
both on the affected side. Also, 3 of the 4 patients that did
not have renal artery stenosis, but did have an asymmetric
RHU showed no change of their OIH and DTPA curves
after captopril. These preliminary results do suggest that
the post-captopril renogram can detect unilateral, ele-
vated intrarenal renin activity. If this is true, the predic-
tive value of renography before PTA can hopefully be
increased further to prevent unnecessary PTAs in newly
detected cases of renal artery stenosis, and also to prevent
a relative invasive control angiography in the follow-up
of patients who underwent PTA without complete cure of
the blood pressure.
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• In a 56-year-old man with severe familial hypertension and
unilateral renal artery stenosis, captopril induced striking
changes In the renograms of the affected kidney. After Injec-
tion of orthoiodohippurate sodium 1131, the uptake phase was
unchanged but the later curve showed continuous accumula-
tion. In contrast, the uptake of technetlum Tc 99m diethylene-
triamine pentracetfc acid was abolished. These changes are
compatible with a cessation of filtration and maintenance of
renal blood flow. After balloon dilatation of the stenosis, the
blood pressure became lower, and these changes could no
longer be demonstrated. The captopril renogram may provide
useful information on the dependency of hypertension on
unilateral renal artery stenosis.

"Denal failure after antihypertensive treatment with cap-
•*•* topril has been described in four patients, each with
one transplanted kidney and renal artery stenosis,1 and in 11
patients with bilateral renal artery stenosis or renal artery
stenosis in a solitary kidney.2 In these patients the viability
of the kidney remained unaffected and the renal insuffi-
ciency resolved within a short period after discontinuation
of captopril administration. The cause of this renal failure is
functional: a severe, but rapidly reversible deterioration of
the glomerular nitration rate (GFR) without evident tu-
bular damage. The decrease of the GFR by converting"
enzyme inhibition is thought to be due not only to a further
decrease of the already low arterial pressure distal to the
stenosis, but also, and possibly more importantly, to inter-
ruption of the autoregulation of the GFR. The effect of
angiotensin II on the efferent arteriole is important for the
maintenance of the filtration pressure, in particular at low
arterial blood pressure.8

Deterioration of glomerular filtration induced by cap-
topril should also occur in the affected kidney of patients
with renovascular hypertension due to unilateral renal
artery stenosis. Clearance studies, however, will not reveal
a unilateral loss of excretory function because the GFR and
diuresis will be maintained by the contralateral kidney. In
the patient described herein such a unilateral disturbance of
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renal function was indeed present as could be demonstrated
with a noninvasive method: gamma camera renography
using orthoiodohippurate sodium 1131 and technetium Tc
99m diethylenetriamine pentracetic acid.

REPORT OF A CASE

In a 56-year-old man, hypertension had been discovered six
months before he came to the department. When he initially
consulted his family physician because of dizziness, his blood
pressure was 260/160 mm Hg. He was treated with metoprolol
tartrate and chlorthalidone, but the blood pressure remained high
(230/130 mm Hg). He was referred to a local hospital, where
arteriography showed a stenosis in the proximal part of the left
renal artery. Blood pressure control remained unsatisfactory
despite treatment with a combination of atenolol, 100 mg/d,
prazosin hydrochloride, 6 mg/d, and furosemide, 40 mg/d. Addi-
tional information revealed a strong family history of hypertension;
his mother had died of a cerebrovascular accident at the age of 65
years, and five of his 11 brothers and sisters were hypertensive,
one sister having died of a cerebrovascular accident at the age
of 68 years. On admission to the hpspital his blood pressure was
210/125 mm Hg supine and 180/110 mm Hg on standing. A soft
systolic bruit was heard over the left renal artery, and funduscopy
revealed arteriolar constriction without exudates or papilledema.
The findings from the rest of the physical examination were
normal. Laboratory studies disclosed normal routine urinalysis
and normal excretion of vanillylmandelic acid. Levels of serum
urea, creatinine, sodium, and potassium, as well as chest roent-
genogram and electrocardiogram, were normal. On admission,
atenolol (100 mg/d) therapy was continued as the only antihyper-
tensive medication. In preparation for a percutaneous trans-
luminal angioplasty (PTA), anticoagulant treatment with warfarin
sodium was started. The blood pressure, taken four times daily by
trained nurses, remained above 210/120 mm Hg. Renographic
examinations, the methods and results of which are described
below, were performed. Angiography demonstrated a severe ste-
nosis 1 cm from the origin of the left renal artery (Fig 1). Dilatation
was performed with a balloon catheter (outside diameter, 6 mm).
Control angiography directly after the dilatation showed ablation
of the stenosis. After PTA the diastolic blood pressure decreased
about 20 mm Hg but remained elevated above normal values during
unchanged atenolol treatment.
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After six weeks, the blood pressure at the clinic was still
150/110 mm Hg despite atenolol. The renographic examinations
were repeated (see "Results" section). Four months later a re-
currence of the stenosis was excluded by a control angiography
(Fig 2) performed because of persistent hypertension. Furo-
semide, 40 mg/d, and prazosine hydrochloride, 6 mg/d, were
added to the atenolol treatment, and the blood pressure became
160/100 mm Hg. From this value, compared with the blood pressure
of 200/120 mm Hg during the same treatment before the PTA was
done, we concluded that the left-sided renal artery stenosis had
been responsible for at least 20-mm Hg diastolic blood pressure
and that the remaining hypertension was probably of the essential
familial type.

Gammagraphic renographies were done four days and one day
before and repeated six weeks after PTA. The fasting patient
consumed a water load of 0.5 L one hour before the intravenous
dose of radionuclides. Captopril, one 25-mg tablet orally, was given
one hour before the start of the renogram. Renography with
0.5 mCi (18 mBq) of MI and with 1 mCi (35 mBq) *Tc was
performed with a large-field-of-view gammagraphic camera
(Siemens LFOV) with high-energy parallel-hole collimator and
computer data acquisition. Data were stored in 20-s frames of a
64 x 64 matrix during 20 minutes. Kidney regions of interest were
generated automatically on the composed image of the first five
minutes by determination of the distinctive intensity of the image.
Time activity curve based on measurement of the region between
the kidneys was used for the correction of blood background
activity. Besides visual comparison of the curves, the following
values were calculated: from the U1I renogram, the relative per-
centage uptake in the second minute by the affected divided by
affected plus contralateral kidney, and the difference in time to
peak of the affected minus the contralateral kidney in minutes;
from the T c curve, the relative percentage uptake of the affected
divided by affected plus contralateral kidney (for technical reasons '•'"
calculated from the third minute). In addition, the uptake of Ull or
T c during one minute of each kidney individually was expressed
as a fraction of the injected dose measured using the gamma
camera. This "single-kidney uptake capacity" was standardized by
positioning the patient's kidney in relation to the collimator by
echography, to enable comparison in successive investigations. :
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Fig 1.—Renal arteriography before dilatation shows stenosis 1 cm
from origin of left renal artery.

Fig 2.—Four months after dilatation, control arteriogram shows
patent left renal artery with no recurrence of stenosis.
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Fig 3.—Top, From left to right, orthoiodohippurate sodium I 131 renography curves before per-
cutaneous transluminal angioplasty (PTA) without and with captopril premedication and after PTA
with captopril premedication. Bottom, Technetium Tc 99m diethylenetriamine pentracetic acid curves
made at identical times and conditions. R indicates right; L, left.

Quantitative

Blood pressure, mm Hg

OrihotodoNppurato Mdium 1131
ReMha uptake of L kidney, % of total uptake

Difference in time to peak between L and R kidney, min

Uptake in second minute, arbitrary units
L kidney

R kidney

1«chneliumTc«9mdietrv»en«tri«minepentrace»icacid
Relative uptake of L kidney, % of total uptake

Uptake in third minute, arbitrary units
L kidney

R kidney

Data of Renographies*

Before PTA

215/130

29
1

135

337

28

45

116

Before PTA
and Captopril

180/95

31

10

155

336

15

25

137

After PTA and
Captopril

150 110

34

0

202

386

35

70

127

*PTA indicates percutaneous transluminal angioplasty.



I;

RESULTS

On the 131I renogram without captopril premedication,
the affected (left) kidney showed less accumulation of the
131I and a prolongation of the time to peak. After reaching
the peak, though, the excretion phase of the left kidney had
a parallel course compared with that of the right kidney (Fig
3). At the examination after premedication with captopril,
which caused a decrease in blood pressure from 215/130 to
180/95 mm Hg, the uptake in the second minute was not
changed, but the time to peak was prolonged, and after
reaching the peak value, the curve of the left kidney showed
no decrease until the end of the examination. This change of
the curve of the left kidney can be explained by a much lower
diuresis with intact renal blood flow after captopril. After
PTA, the renogram during captopril administration demon-
strated a curve from the left kidney that was lower but equal
in form to that of the right. This corresponds to a small
kidney mass without other functional disturbances.

The first T o renogram before PTA and without cap-
topril showed a curve of the left kidney demonstrating less
activity in the first minutes, a prolongation of the time to
peak, and a slower excretion compared with the curve of the
right kidney (Fig 3). After captopril the curve of the left
kidney was completely flat, while that of the right kidney
remained unaffected. After PTA, but again with captopril,
the curve of the left kidney had become similar in shape to
that of the right kidney, although it remained lower, as in
the 131I renogram after PTA.

In the Table, quantitative data derived from these
curves are shown. The table also shows the blood pressure
when the radioisotope studies were done: before PTA,
215/130 mm Hg, declining to a near-normal value of :
180/95 mm Hg after captopril. ^

Before PTA the uptake capacity of 131I in the second 1
minute of both kidneys remained practically unchanged by
captopril administration; in fact, the left (affected) kidney i
even showed a tendency to increase its I31I uptake. As the |
capacity to accumulate hippurate depends mainly on the |
renal blood flow, our findings suggest an unaltered renal ,1
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blood flow during captopril, even in the left kidney behind •
the stenosis.

This is in contrast to the considerable decrease of ""Tc
uptake by the left (and not by the right) kidney after
captopril. As """Tc is excreted by glomerular filtration only,
the 99mTc data in our patient are in agreement with a
considerable decrease in GFR of the left kidney, and thus a
decrease of the filtration fraction.

The important prolongation of the time to peak in the
accumulation curve for hippurate of the affected kidney
before PTA demonstrates a captopril-induced low diuresis
by that kidney, mainly due to the lower GFR, and probably
an increased fractional sodium and water resorption.

COMMENT

The functional changes of the left kidney, revealed by a
renography in our patient, are in agreement with the
functional deterioration of kidney function seen after cap-
topril in patients with a single kidney with renal artery
stenosis or with bilateral renal artery stenosis: a decrease of
GFR while the renal perfusion is maintained.13

In patients with unilateral artery stenosis, a decrease of
the filtration fraction on the affected side only after cap-
topril has been reported by Wenting et al4 using an invasive
technique: extraction ratios of 131I and iothalamate sodium I
125 obtained by catheterization of both a renal and a
peripheral vein during continuous infusion of the radiophar-
maceuticals.

In dogs, angiotensin II, circulating5 as well as intra-
renally formed,6 has an important function in the auto- \ _
regulation of the GFR during changes of blood pressure. \
After blockade of intrarenal angiotensin II formation,
reduction of the blood pressure decreased GFR and filtra- .
tion fraction while renal blood flow even increased. This j
suggests that angiotensin II has an important influence on
the constriction of the efferent arterioles. '

The hypothesis that interruption of the autoregulation of (
GFR by converting enzyme inhibition is the most important
mechanism responsible for the renal failure is supported by
the fact that transient renal failure also occurred when
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captopril did not change the blood pressure in a patient with
single kidney and renal artery stenosis.7 In addition, rats
with bilateral renal artery stenosis, pretreated with a
diuretic, that developed renal failure during captopril did
not show impairment of renal function after minoxidil or
dihydralazine, despite a similar fall in blood pressure.8

These changes of the renal function induced by convert-
ing enzyme inhibition by captopril or any other converting
enzyme inhibitor can be expe'cted only in kidneys in which
intrarenal renin and angiotensin II concentrations are
elevated, not in kidneys in which this system is suppressed,
as in the contralateral kidney of a patient with renovascular
hypertension caused by unilateral renal artery stenosis.
Deterioration of the function of the affected and not the

contralateral kidney after captopril in our patient is in
agreement with these theoretical expectations.

CONCLUSION

In conclusion, our patient shows that the typical func-
tional disturbances of converting enzyme inhibition in a
kidney behind an artery stenosis can be demonstrated by
noninvasive radioisotopic studies. Recently, we reported9

that six patients with unilateral renal artery stenosis, who
were cured or improved after PTA, did show changes in the
renographic curves of their affected kidney after captopril,
whereas this was not seen in three patients who had a renal
artery stenosis at angiography but who had no change of the
hypertension after PTA of this (retrospectively nonfunc-
tioning) renal artery stenosis. Once confirmed in a larger
series of patients with renovascular hypertension, the
captopril renography might prove a useful diagnostic test to
demonstrate unilateral functional renal artery stenosis
before, or perhaps even more important, after surgical or
catheter intervention. This is of particular importance in a
patient such as ours whose blood pressure does not become
normal after intervention.
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CHAPTER 7

Study 4: Renovascular hypertension identified by
captopril-induced changes in the renogram

G.G. Geyskes, H.Y. Oei, C.B.A.J. Puylaert,
E.J. Dorhout Mees
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• Radioisotope renography was performed in 21 patients
with hypertension and unilateral renal artery stenosis with and
without premedication with 25 mg of captopril, and the results
were compared with the effect of percutaneous transluminal
angioplasty on the blood pressure, assessed 6 weeks after an-
gioplasty. Angioplasty caused a considerable decrease in
blood pressure in 15 of the 21 patients. In 12 of these 15 pa-
tients, captopril induced changes in the time-activity curves of
the affected kidney only, suggesting deterioration of the excre-
tory function of that kidney, while the function of the contrala-
teral kidney remained normal. After angioplasty the asymme-
try in the time-activity curves diminished despite identical
pretreatment with captopril. Such captopril-induced unilateral
impairment of the renal function was not seen in the six pa-
tients with unilateral renal artery stenosis whose blood pres-
sure did not change after percutaneous transluminal angio-
plasty or in 13 patients with hypertension and normal renal
arteries. The functional impairment of the affected kidneys was
characterized by a decrease of MmTc-dietriylenetriamine pen-
taacetic acid uptake and a delay of 131l-hippurate excretion,
while the 131l-hippurate uptake remained unaffected. These
data are in agreement with a reduced glomerular filtration rate
and diuresis during preservation of the renal blood flow,
changes that can be expected after converting enzyme inhibi-
tion in a kidney with low perfusion and an active, renin-mediat-
ed autoregulation of the glomerular filtration rate. These data
suggest that functional captopril-induced unilateral changes,
shown by split renal function studies with noninvasive gamma
camera scintigraphy, can be used as a diagnostic test for reno-
vascular hypertension caused by unilateral renal artery steno-
sis. With the criteria used, a sensitivity of 80% and a specificity
of 100% were obtained.

Recently, it has been shown that a kidney with renal
' artery stenosis may exhibit impaired excretory func-

tion during converting enzyme inhibition (CEI).1"3 This
effect is thought to be due mainly to interruption of the
autoregulation of the glomerular filtration rate (GFR),
which becomes dependent on the stimulated intrarenal
angiotensin II when the perfusion pressure is low.4 This
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impairment of renal function only comes to the attention
of clinicians in patients without a normal kidney (i.e.,
either with a single kidney with renal artery stenosis or
with bilateral renal artery stenosis). These patients
demonstrate an oliguria and a rise of serum creatinine
or urea concentration. However, if renal insufficiency
occurs in a kidney with stenosis of its renal artery when
a normal contralateral kidney is present, this unilateral
renal insufficiency remains undetected because the
healthy kidney maintains the overall GFR and diuresis.

The present study was performed prospectively to in-
vestigate whether in patients with renovascular hyper-
tension caused by unilateral renal artery stenosis, a uni-
lateral change in renal function induced by CEI can be
unmasked by radioisotope renography. We also tried to
ascertain whether such unilateral change in these ra-
dioisotopic studies after CEI is seen specifically in pa-
tients with functioning renal artery stenosis, as judged
by a good antihypertensive effect of percutaneous trans-
luminal angioplasty (PTA), and not in patients with
nonfunctioning renal artery stenosis or without renal
artery stenosis. Criteria by which these changes can be
quantified were selected retrospectively. Furthermore,
in patients who underwent PTA, renography during CEI
was repeated after PTA. When unilateral renal insuff-
iciency occurs before PTA, renal insufficiency should not
occur after successful dilatation of the artery stenosis.
Confirmation of this assumption indicates that reno-
graphy during CEI could be a useful test in patients
with hypertension and unilateral renal artery stenosis
to determine whether that stenosis contributes to the
elevated blood pressure. This technique has been ap-
plied in preliminary studies with a single patient5 and a
small group.6

PATIENTS AND METHODS
Thirty-four patients with known or suspected renal

artery stenosis in whom arteriography and PTA were
planned were selected for this study. The suspicion of
renovascular hypertension was based on a moderate to
severe hypertension with insufficient response to anti-
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hypertensive medication or on the asymmetry of a 131I-
hippurate renogram performed during the workup of
these patients.

Unilateral renal artery stenosis was demonstrated on
arteriograms in 21 of the 34 patients. PTA was per-
formed on these patients, and the stenosis was dilated
sufficiently in 19 patients, as shown by arteriography
performed immediately after the procedure. In the other
two patients, nephrectomy of a small kidney with a se-
vere entrance stenosis was performed. Characteristics of
these patients are given in Table 1. The remaining 13
patients had essential hypertension because arteriog-
raphy showed normal renal arteries. Assessment of the
blood pressure response and a control renogram were
performed at the clinic 6 weeks after PTA (or nephrec-
tomy). In 15 of the 21 patients with renal artery steno-
sis, the hypertension was cured or improved after PTA
or nephrectomy. In six patients PTA had no noticeable
effect on the blood pressure. Criteria for cure, improve-
ment, or no result are derived from the American coop-
erative study.7 Based on these data the 34 hypertensive
patients were divided into three groups: 1) renovascular
hypertension (i.e., functional renal artery stenosis; 15
patients); 2) nonfunctional renal artery stenosis (6 pa-
tients); and 3) normal renal arteries (13 patients).

Gamma camera renograms with and without captopril
pretreatment were done on 2 different days before PTA
and repeated with captopril pretreatment 6 weeks after
PTA. To avoid residual retention of radionuclides the
two studies before PTA were made at least 3 days apart.
All antihypertensive therapy was withdrawn on the day
of the renogram. Diuretics were not taken during the 48
hours before each examination. For patients taking a
converting enzyme inhibitor, this medication was dis-
continued at least 3 weeks before the first investigation.

During each examination the patients were fasting
but consumed a water load of 0.5 L in the hours before >
the i.v. administration of the radionuclide. Captopril '
was administered orally in a 25-mg dose 1 hour before '
the examination. As shown by Ferguson et al.,8 this dose ]
is followed by almost complete CEI from 15 to 120 min- y
utes after ingestion.
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Renography with 35 MBq 99mTc-diethylenetriamine
pentaacetic acid (DTPA) and 18 MBq [131I]orthoiodohip-
purate was performed successively with a large-field-of-
view gamma camera (Siemens LFOV, Erlangen, West
Germany) with high energy parallel-hole collimator and
computer data acquisition. Data were stored in eighty
15-second frames of a 64 x 64 cell matrix during 20 min-
utes. Kidney regions of interest were generated auto-
matically on the composed image in the first 5 minutes
by determination of the distinctive intensity of the im-
age. The time-activity curve based on measurement be-
tween the kidneys was used for the correction of blood
background activity.9

Calculations of the following variables were per-
formed from the 131I-hippurate renogram: 1) the percent-
age uptake in the second minute by the affected/affec-
ted + contralateral kidney; 2) the time to peak of the
affected minus the contralateral kidney in minutes; and
3) the relative activity of hippurate at 15 minutes, that
is, the activity of the affected/contralateral kidney dur-
ing the 15th minute x the activity of the contralater-
al/affected kidney during the second minute. The per-
centage uptake of the affected/affected + contralateral
kidney was calculated from the "mTc-DTPA renogram.
Because of high background activity in the beginning of
the curve, this value was calculated for the third min-
ute. In addition, the uptake of the 131I-hippurate and
"mTc-DTPA in each kidney in the second and third min-
ute, respectively, was expressed as a fraction of the in-
jected dose, measured using the gamma camera, and
presented in arbitrary units. This single kidney uptake in-
capacity was measured when the patient was in a stan-
dardized position in relation to the collimator, thus al-
lowing comparison between successive examinations.
Because the decision to include this single kidney up-
take capacity was made later in the study, it was not •,
done in all patients. During renography, blood pressures f
were recorded by trained staff using Korotkoff phase V
for diastolic blood pressure. f
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TABLE 1. Characteristica of 21 Patients with Unilateral Artery Stenosis Before and 6 Weeks After One-sided Percutaneous

Patient no.,
sex, age

1., M, 63
2., F, 45

3., M, 49

4., F, 28

5., M, 57

6., F, 41

7., M, 22
8., M, 17

9., F, 66

10., M, 63

- — o - — j — — — • —

Scr
(/itnol/L)

100
88

97

68

88

79

98
100

350

100

Before PTA

Medication (mg/day)

None
Atenolol, 100
Hydrochlorothiazide, 25
Atenolol, 100
Hydrochlorothiazide, 25
Pindolol, 10
Clopamide, 5
Metoprolol, 100
Chlorthalidone, 25
a-Methyldopa, 250
Propranolol, 320
Hydralazine, 100
Epithiazide, 4
Triamterene, 50
Acebutalol, 400
Atenolol, 100
Hydrochlorothiazide, 25
Atenolol, 100
Furosemide, 80
None

orNFX

Blood
pressure
(mm Hg)

200/120
220/130

230/140

180/130

240/130

200/120

180/100
180/110

160/115

190/110

After PTA

Medication (mg/day)

None
None

None

None

Atenolol, 100

None

Acebutalol, 400
Atenolol, 100
Hydrochlorothiazide, 25
Atenolol, 50
Furosemide, 80
None

orNFX

Blood
pressure
(mm Hg)

150/80
150/90

145/95

125/80

160/105

120/80

150/75
160/90

150/90

150/85

Treat-
ment

PTA
PTA

PTA

PTA

PTA

NFX

PTA
PTA

PTA

PTA



12., M, 59

13., F, 39
14., M, 42
15., F, 16
16., F, 46
17., M, 48
18., F, 45
19., F, 68
20., F, 68

21., M, 60

L15

75
120
71

108
148
52
83
87

Minoxidil, 10
Furosemide, 240
Tolbutamide, 1000
o-Methyldopa, 750
Prazosine, 3

None

None

None

None

None

None

None

Propranolol, 160
Hydralazine, 75
Chlorthalidone. 50

190 None

240/140

200/115

180/110

160/105

180/100

180/120

185/135

155/95

140/100

170/120

Furosemide, 60
Tolbutamide, 1000

Hydrochlorothiazide, 12.5

Triamterene, 25

None

None

None

None

None

None

None

Atenolol. 100
Hydrochlorothiazide, 25

None

150/90

150/95

130/85

150/75

150/100

170/120

170/130

155/95

160/100

i in

NFX
NFX
PTA

PTA

PTA

PTA

PTA

PTA

PTA

PTA

160/110 PTA

Cure or improvement of the hypertension occurred in Patients 1-15, while no result was obtained in Patients 16-21 (see text for criteria).
SCT = serum creatinine; PTA = percutaneous transluminal angioplasty; NFX = nephrectomy.



RESULTS
Typical results for one patient (Patient 14 in Table 1)

are given in Figure 1. This patient's hypertension was
cured after PTA of a stenosis of the left renal artery.
Before PTA, pretreatment with captopril slowed down
the excretion of 131I-hippurate and strongly reduced
the uptake of 99mTc-DTPA in the left kidney, while
the curves for the right kidney remained unchanged.
Six weeks after PTA, notwithstanding the same pre-
treatment with captopril as before PTA, the uptake
and excretion of the radioisotopes by the two kidneys be-
came synchronized, although the left kidney remained
smaller.

All individual data of the selected variables from the
time-activity curves in the three groups of patients are
shown in Figures 2 through 4. The magnitude and the
direction of the changes in these variables caused by
captopril or PTA can be read off the lines that connect
the data for each patient.

In the upper part of Figure 2, which shows the relative
131I-hippurate uptake in the second minute of the affect-
ed kidney as a percentage of the total uptake, the per-
centages before PTA and without captopril show a wide
variation from our normal value of 45 to 55% in all three
patient groups. In the first group (renal artery stenosis,
cured + improved), 13 patients had an uptake in the af-
fected kidney of less than 50% of total while the two
other patients had small contralateral kidneys but an

• intact renal artery. Half of the patients with normal
arteries also showed an abnormal asymmetrical hippur-
ate uptake (the kidney with the lowest uptake less than
45% of total uptake). As explained in the Methods, these
patients were frequently selected because they showed ;
an asymmetrical hippurate uptake. '

In all three patient groups captopril changed neither
the contribution of the affected kidneys in relation to the "I
total uptake nor the single kidney uptake capacity in f
relation to the dose injected, not even in the affected kid- l

neys of the group with functional renal artery stenosis. '
After PTA, notwithstanding the same captopril pre- Jj
treatment, the affected kidneys of all but one patient • ,
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FIGURE 1. Renography in a 42-year-old man (Patient 14 in Table I) with hypertension and stenosis of the left
renal artery. L — the left kidney, R = the right kidney. After percutaneous transluminal angioplasty (PTA), his
hypertension was cured. The upper half of the figure shows ull-hippurate (a) and the lower half shows w>»Tc-
diethylenetriamine pentaacetic acid (DTPA) (b) time-activity curves in three different circumstances: I) before
PTA without any medication (control): 2) before PTA but with 25 mg of captopril taken orally I hour before the
investigation: 3) six weeks after PTA with the same captopril pretreatment. Before PTA captopril slowed down the
excretion of'^l-hippurate and reduced the uptake ofw>»Tc-DTPA only in the left kidney. After PTA this effect
disappeared.



with a functional artery stenosis showed an increase of
their relative hippurate uptake to a percentage above
the pre-PTA value with and without captopril. This pat-
tern was not seen in four patients with nonfunctioning
renal artery stenosis: their relative hippurate uptake in
the affected kidney did not change after PTA.

During a later phase of the renographic curves capto-
pril only changed the variables representing the han-
dling of hippurate in the functional renal artery stenosis
group (see Figure 3). The difference in time to peak, al-
ready prolonged 1 minute or more on the affected side in
13 of the 15 patients in the first group, was increased
after captopril by at least 1 additional minute, and fre-
quently by much more. Two patients with the longest
difference in time to peak in renography without capto-
pril demonstrated an exceptional decrease of this vari-
able after captopril, although their differences in time to
peak remained strongly abnormal. The third exception
with a modest decrease did have a segmental renal ar-
tery stenosis. After PTA, the difference in time to peak
decreased to the normal value of less than 1 minute in
all patients. The relative activity at 15 minutes in-
creased markedly in seven of the 15 patients in Group 1,
whereas no remarkable changes were seen in the two
other patient groups.

Figure 4 shows the results of the DTPA uptake in the
third minute. Captopril clearly induced a decrease of the
DTPA uptake in the affected kidney relative to the total
uptake in all patients of the group with functional renal
artery stenosis. The single kidney DTPA uptake relative
to the dose injected shows that the decrease of the affect-
ed to total ratio was caused mainly by a decreased up-
take of the affected kidney. Only in two patients was an
increase of the DTPA uptake in the affected kidney re-
corded. However, in these patients the affected/affected-
+ contralateral uptake ratio was decreased by captopril.
After PTA, despite captopril pretreatment, the DTPA
uptake of the affected kidneys increased, as did the af-
fected/affected + contralateral uptake ratio. No consis-
tent changes were seen in the relative uptake of DTPA
in the contralateral kidney. In the two other patient
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FIGURE 2. 131I-hippurate renal uptake in hypertensive patients
divided into three groups: functioning and nonfunctioning unilat-
eral renal artery stenosis, as determined retrospectively by the
result of percutaneous transluminal angioplasty (PTA) on the
blood pressure, and a third group with normal renal arteries. In
each group values are shown before (pre) and after (post) treat-
ment with captopril. In patients who had PTA, an additional post-
PTA value, also with captopril pretreatment, is shown. The lines
connect individual values. The upper plate represents the uptake
ofhippurate in the affected kidney in relation to the total renal
uptake (normal values, 50 ± 5%; in the patients with normal
renal arteries the kidney with the lowest uptake is used as the
numerator). The lower plates show the uptake of the kidney aa a
fraction of the dose injected (arbitrary units). No consistent capto-
pril-induced changes could be detected.
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groups, both without renovascular hypertension, the
DTPA uptake did not show consistent changes after cap-
topril nor did it change after PTA.

Figures 2 through 4 show that captopril-induced alter-
ations of the DTPA and hippurate renograms in the
group of patients with functional renal artery stenosis
generally were not seen in the group of patients without
functional renal artery stenosis. To determine the sensi-
tivity and specificity of these captopril-induced changes
the following analysis of the data was done. First, three
variables were selected that showed the captopril-
induced changes: 1) the DTPA uptake, affected/
affected + contralateral; 2) the difference in time to peak
between the affected and the contralateral kidney in the
hippurate curves; and 3) the relative activity at 15 min-
utes of the hippurate curve. Second, limits were imposed
on each of these three groups of data to obtain reason-
able differentiation between the group of 15 patients
with and the group of 19 patients without renovascular
hypertension. The following limits were selected to de-
cide whether there was a captopril-induced change: 1) a
decrease of the DTPA uptake of 4% or more; 2) an in-
crease by 1 minute or longer in the difference in time to
peak on the hippurate curve; 3) an increase on the hip-
purate curve of 1.0 or more of the relative activity at 15
minutes.

The percentage of positive or negative results in the
two patient groups with or without renovascular hyper-
tension respectively is shown in Table 2 under the head-
ing "captopril-induced change." Table 2 also presents
the percentage of positive or negative results of the ren-
ograms with and without captopril pretreatment. For
this analysis the following criteria were used for a posi-
tive test result: DTPA uptake affected/total, less than ;
45%; difference in time to peak of the hippurate curve, 1
minute or longer; and a hippurate relative activity at 15 .
minutes of the affected/contralateral kidneys of 2.0 or
more. \

Table 2 shows that captopril did increase the sensitiv-
ity of some criteria (DTPA uptake from 64 to 80%, differ-
ence in time to peak from 87 to 93%) but did not improve
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FIGURE 3. 131I-hippurate data from a later phase of the time-ac-
tivity curves of the same patients and during the same conditions
aa Figure 2. Major captopril-induced changea were aeen only in
the group of patients with renovascular hypertension that re-
turned to normal after percutaneous tranaluminal angioplasty
(PTA).
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the specificity, which is rather low for all criteria. This
low specificity could not be improved by combining crite-
ria. The results are better when captopril-induced
change is considered, which yields an acceptable per-
centage sensitivity and specificity of the DTPA uptake
(86 and 89%) and of the difference in time to peak of the
hippurate curve (87 and 89%). A lower sensitivity but a
higher specificity was obtained by combination testing:
the captopril-induced changes in the renographic stud-
ies are called positive when at least two of the three cri-
teria are positive. This lowers the sensitivity to 80% but
increases specificity to 100%. The sensitivity of 80% is
caused by three of the 15 patients with a functional
renal artery stenosis who did not have at least two posi-
tive criteria. The first had a stenosis in one of two seg-
mental renal arteries, supplying blood to the dorsal half
of the kidney. Eventual renographic alterations in that
part were overshadowed by the central part with a nor-
mal blood supply. The second patient had a small kidney
with a strongly abnormal initial renogram in which no
further deterioration could be detected after captopril.
The third patient had only one of the three positive cri-
teria: after captopril a decrease of the relative DTPA up-
take from 34 to 26% ( - 8%) but no increase of asymme-
try in the excretion phase of hippurate. This result
appeared to be due to a slow excretion of the normal
contralateral kidney caused by low diuresis during that
investigation. Operating characteristics of captopril
renography using this combination of criteria are shown
in Figure 5.
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FIGURE 4. "mTc-diethylenetriamine pentaacetic
acid (DTPA) uptake in the three groups of patients as
in Figures 2 and 3. The uppermost panel shows the
uptake of DTPA in the affected kidney in relation to
the total renal uptake (normal value, 50 ± 5%). The
lower two panels show the individual kidney uptake
as a fraction of the dose injected (arbitrary units). A
decreased uptake of the affected kidney after capto-
pril occurred mainly in the group of patients with
renovascular hypertension. PTA = percutaneous
transluminal angioplasty.
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FIGURE 5. Operating characteristics of captopril
renography in patients with and without renovascu-
lar hypertension. Sensitivity is 80% (12/15); specific-
ity is 100% (19/19). TP'= true-positive; FP= false-
positive; FN = false-negative; TN= true-negative.
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TABLE 2. Sensitivity and Specificity of Three Selected Characteristics of
the Radioisotope Studies Used Alone or in Combination Testing

Treatment

Control (%)

Captopril, 25 mg (%)

Captopril-induced
change (%)

Control (%)

Captopril, 25 mg (%)

Captopril-induced
change (%)

"mTc-
DTPA

(affected/
total)

64
80

86

50
47

89

ljll-hippurate

Differ-
ence ir.
time to

peak

87
93

87

74
79

89

Ratio at
15 minutes

73
73

47,

84

79

100,

t

*

Two of
three

criteria
positive*

80
87

80

68
74

100

fe

DTPA = diethylenetriamine pentaacetic acid.
*See text for criteria used to decide whether a test is positive or negative.
tPercentage positive in 15 patients with renovascular hypertension = sensitivity,
f Percentage negative in 19 patients without renovascular hypertension = speci-

ficity.
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DISCUSSION
Our data show that captopril-induced renal insuf-

ficiency, as reported in patients with a single kidney
with artery stenosis or with bilateral renal artery steno-
sis, 1~3-10 also occurs in the affected kidney of patients
with unilateral renal artery stenosis. This unilateral
renal insufficiency has not yet been revealed because
renal function tests, such as serum urea or creatinine
concentration, and diuresis are well maintained by the
intact contralateral kidney, which is untouched by the
effects of captopril. In an overview of captopril therapy
in 269 patients with renovascular hypertension, Hollen-
berg,10 using blood urea nitrogen and diuresis as crite-
ria, found rapidly progressive renal insufficiency only in
patients with bilateral renal artery stenosis or a single
kidney. However, with split renal function studies using
radioactive labeled compounds, it would be possible to
unmask this unilateral deterioration of renal function.
Thus, we chose the combination of the renographic time-
activity curves of "mTc-DTPA and 131I-hippurate be-
cause they measure different renal functions. The up-
take of DTPA is an estimate of GFR,11 while the uptake
of hippurate parallels the effective renal plasma flow.12

The excretion phase of both isotope curves represents
the diuresis.

Our observations that the uptake of DTPA was de-
creased while hippurate uptake was not affected and
hippurate excretion was delayed are compatible with a
decrease of the GFR and diuresis with unchanged renal
plasma flow. These findings confirm previous reports
that captopril's main effect in a kidney with a stenosed •'*-
renal artery is a decrease of the GFR while the renal
perfusion is maintained. Wenting et al.,13 using renal
artery and vein catheterization in patients with renal
artery stenosis, found a reduction in the extraction ratio
of [125I]iodothalamate in the affected kidney after ad-
ministration of captopril, reflecting a lower filtration
fraction. Fommei et al.14 recently reported a patient
with unilateral renal artery stenosis in whom captopril
induced a marked reduction of "Tc-DTPA accumula- '
tion in the affected kidney, together with an unchanged >
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uptake of 99mTc-albumin microspheres, suggesting a de-
creased GFR while the blood flow remained unaffected.

The results of these radioisotope studies fit the
hypothesis that captopril induces a dilatation of the
postglomerular arterioles. This, in combination with the
very low pressure in the renal artery, causes a fall in
filtration pressure and, hence, in GFR, whereas the ef-
fective renal plasma flow remains constant. In dogs it
has been shown that circulating15 as well as intrare-
nally formed16 angiotensin II has an important role in
the autoregulation of the GFR. In these experiments, re-
duction of the blood pressure during CEI decreased GFR
while the renal blood flow remained well above control
values.

The decrease of GFR after CEI is not a specific effect of
a further decrease of the already low blood pressure dis-
tal of the artery stenosis. In humans17*18 as well as in
dogs19 with all kidney tissue situated distal to an artery
stenosis, an equivalent decrease of the blood pressure by
other antihypertensive medication did not (whereas CEI
did) cause renal failure. Although the low pressure cer-
tainly plays a role, these observations give additional
evidence of a specific action of CEI on GFR.

More important than the theoretical interest is the
fact that our findings show that gamma camera renog-
raphy before and after CEI can be used to detect deterio-
ration of renal function in a kidney with artery stenosis
in the presence of an unaffected contralateral kidney.
The results of the present study confirm suggestions in a
previous report of our group with a smaller number of
patients that unilateral change in a renogram after cap-
topril premedication can be used as a test for true reno-
vascular hypertension.6 The test reveals an unilateral
dependency of the GFF >n its autoregulation by angio-
tensin II, due to a low perfusion pressure and an in-
creased angiotensin II concentration, a prerequisite for
a renin-dependent Goldblatt-like hypertension. Al-
though the salt state of the patients may modify this
dependency of the GFR on angiotensin II, it does not
play a major role in a kidney with a functioning renal
artery stenosis. As shown in Table 1, seven of the 15
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patients with renovascular hypertension (and a positive
test) did not receive pretreatment with a diuretic.

In the present study a positive test (unilateral
changes in the renograms after captopril) was seen in 12
of the 15 patients with renovascular hypertension, as
judged by the decline of their blood pressure after PTA.
On the other hand, a negative test (no unilateral
changes after captopril) was obtained not only in the 13
patients with normal renal arteries but also in all six
patients with anatomical renal artery stenosis, which
apparently was not causing the hypertension as the
blood pressure remained elevated after adequate PTA.
This testing procedure yielded a specificity of 100%. To
obtain these results, limits were set and prerequisites
chosen to decide when a test was positive or nega-
tive.20' 21 In general, the sensitivity of a diagnostic test
can be increased by lowering the criteria set for a posi-
tive test, but this will automatically decrease the speci-
ficity, and more false-positive tests are obtained. The re-
verse is also true: higher limits will decrease sensitivity
but increase specificity and the number of false-negative
results. The ultimate choice of criteria is therefore de-
pendent on the goal for which the test is used, which in
our case was the exclusion of renovascular hypertension
in a small group with a high probability of disease. In-
creasing the number of patients tested in a prospective
study using the same criteria would help to define the
sensitivity and specificity more precisely.

Arteriography is generally considered22'23 to be the
standard method for verifying renal artery stenosis. It
has an additional advantage in that PTA can be per-
formed immediately when a stenosis is found. However,
most patients remain hypertensive after PTA. Thus, the
physician frequently must decide to what extent these
patients should be reinvestigated to establish whether
they still have a renovascular component in their hyper-
tension because of insufficient dilatation or recurrence
of the stenosis. Whenever a pre-PTA abnormal captopril
renogram becomes normal after PTA, the renovascular
component has been removed and a residual hyperten-
sion can be treated with antihypertensive medication. A
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converting enzyme inhibitor may be used without risk-
ing renal function. An initially normal captopril reno-
gram predicts a poor effect of PTA on blood pressure.
Knowing this beforehand can prevent disappointment
and troublesome repetition of arteriography.
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CHAPTER 8

Study 5: Renovascular hypertension The
small kidney updated

G.G. Geyskes, H.Y. Oei, J. Klinge, C.J. Kooiker,
C.B.A.J. Puylaert, E.J. Dorhout Mees.
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Summary

This study describes the results of treatment in 57 patients with
renovascular hypertension, and one unilateral poorly perfused
kidney. Patients were included in the study when they showed
an unilateral 131 I-hippurate uptake of less then 25% of the
total renal uptake on the renogram. Almost all poorly perfused
kidneys were small: on average 3.7 cm shorter then the contra-
lateral kidney. Eight patients had fibromuscular lesions. Twen-
tynine patients showed occlusion (occlusion group) 28 stenosis
(stenosis group) of the artery of the small kidney on the angio-
gram. Additionally, 20 patients in the occlusion group and 5 in
the stenosis group, showed artery stenosis in the contralateral
kidney.

Percutaneous transluminal dilatation (PTA) of the artery of
the small kidney could be performed in 22 patients of the
stenosis group, but only in 2 patients of the occlusion group.
PTA of the contralateral kidney was successful in all but one of
the 25 patients with bilateral lesions. In 22 of the 33 patients in
whom the small kidney could not be treated by PTA, and in 6
patients who's bloodpressure did not respond to PTA, neph-
rectomy of the small kidney was performed. The others were
treated by medication.

After a follow up period of 2 - 79 months 48 patients were
normotensive (diastolic bloodpressure 95 mmHg or less), 2!
without, 27 with medication; 9 patients were still hypertensive
unless medication.

In 17 patients with unilateral disease average serum creatinine
concentration increased only slightly from 120 to 124 micro-
mol/L after nephrectomy of the small kidney. In 10 patients
with bilateral lesions, nephrectomy of the small kidney in
combination with contralateral PTA caused a decrease of the
average serum creatinine concentration from 163 to 127 micro-
mol/L, showing improvement of renal function. Histologic /!
examination of all excised kidneys showed tubular atrophy *

. and juxtaglomerular hypertrophy. Larger infarcts and chole- •.
i sterol emboli were seen in kidneys without or with previous \\
I PTA attempts. 'I
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A
The results of this study show that with this therapeutic strate- j
gy normotension could be obtained in the majority of these ;,
p reviously severe hypertensive patients with progressive arteri- *
al disease. This occured without immediate serious complica- U
tions and without loss of renal function. Renal function even
improved in patients treated by nephrectomy combined with
contralateral PTA.

Introduction

Since the first report on percutaneus transluminal angioplasty
(PTA) of a renal artery stenosis in 1978 by Gruntzig et al (1) it
has been shown in several series that PTA is a relatively
effective, safe and cheap method of treatment for patients with
renovascular hypertension (2). As renovascular hypertension
is a simple term for a wide scale of anatomic abnormalities it
could be expected and has indeed been shown that the results
of PTA on the blood pressure are dependent on some anatomic
and clinical characteristics. Subgroups of patients are descri-
bed with a less favorable prognosis of the effect of PTA on the
blood pressure: patients with atheromatous disease, especially
at the origo of the renal artery, and patients with bilateral
lesions (3). In a previous study on the predictive value of
radiohippurate renography we found a less favorable response
of the blood pressure after PTA in patients with the lowest
(?2S% of total) unilateral hippurate uptake (4). Therefore,
patients with a very low unilateral perfusion and a contracted
kidney may constitute another subgroup of patients with reno-
vascular hypertension in whom PTA is less likely to correct the
hypertension. The present retrospective study describes the
radiological and clinical findings and course in 57 patients with
renovascular hypertension who demonstrated a unilateral 131
I-hippurate uptake of less then 25% of the total renal uptake.
All these patients were seen after the introduction of PTA as
the first choice of therapy in our departments in 1979 (5). The
results indicate that although PTA played only a modest role in
therapy of the vascular lesions in the small kidney, the effect of
various therapeutic modalities was satisfying, normal blood
pressure being achieved in the vast majority of these patients.
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Patients and methods

Patients were selected for this study when they had hyperten-
sion, renal artery lesion(s) on the arteriogram and a one sided
low renal blood flow at renography: a radiohippurate uptake
of only 25% or less by one kidney as compared with the total
uptake of both kidneys. This occured in 57, or about one third,
of the 174 patients evaluated by renography for angiographi-
cally proven renal artery stenosis since 1979 when PTA of renal
arteries was introduced in our institution. There was an equal
sex distribution, 28 female, 29 male patients, and age ranged
from 27 to 77 years (average 55.4 y).

Renography was performed using 18MBg 131-Iodine-orthoio-
do hippurate and a large field gamma camera (Siemens LFOV,
with high energy parallel hole collimator) and computer data
aquisition. Kidney regions of interest were generated automati-
cally on the composed image of the 0 to 5 minute interval by
determination of the distinctive intensity of the image (6). Time
activity curve based on measurement between the kidneys was
used for correction of blood background activity. The relative
hippurate uptake (RHU) of the kidney with the lowest uptake
was calculated as the per cent uptake of hippurate of that
kidney in the second minute as compared with the total by both
kidneys. One hour before the investigation the patients drank
0.5 L water, antihypertensive medication was omitted 24 hours
before the renography.

The length of the kidneys was measured on the angiograms,
with correction for magnification.

The type of the lesion was based on radiological criteria:
Atherosclerotic if the renal artery lesions occured within the
first centimeter of the orifice in association with atherosclerotic
disease of the abdominal aorta. Fibromuscular dysplasia was
diagnosed when the lesion did not meet the criteria for atheros-
clerotic disease and/or had the typical appearances of fibro-
dysplastic disease
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Blood pressure was taken as an average of several measure-
ments at the clinic and during admission before PTA. After
PTA, patients were classified as normotensive when their dias-
tolic blood pressure at the outpatient clinic was 95 mmHg or
less.

The renal venous renin ratio (RVRR) was determined after at
least one day of diuretic treatment during a moderate sodium
restricted diet and withholding of other antihypertensive medi-
cation during the previous 24 hours. PRA was measured by
radioimmuno essay (7). Renal function was estimated from
serum creatinine concentration.

Results

The main characteristic of all patients are shown in the table 1 a
and b, patient numbers in the text refer to the number in this
table.

Radiology
Table la shows the patients with stenosis, table lb with occlu-
sion of the artery of their small kidney. In both tables subdivi-
sion has been made as to unilateral or bilateral lesions and to
treatment with PTA or nephrectomy.

Arterial lesions of the small kidney
Among the 57 patients studied, 28 patients showed stenosis
without occlusion (stenosis group) of the artery of their small
kidney. In 3 of them this was combined with stenosis of seg-
mental arteries (#2,8,21). One patient had only stenosis of 2
branches of the intact main artery (#9). In only one patient a
small but otherwise intact accesory artery was present (#23).

The other 29 patients showed total occlusion (occlusion group)
of the artery of their small kidney. In 25 patients occlusion was
seen in the only main renal artery, the remaining four patients
had besides an occlusion of the larger renal artery a relatively
small accessory artery that was normal in two patients (#31,32)
but was also significantly stenosed in two others (#48,57).
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Table 2 shows the RHU values in the two groups of patients:
those with ipsilateral renal artery occlusion or stenosis. Very
low RHU values of nearly zero (less than 5%) are shown almost
exclusively in patients with an occluded artery of that kidney:
in 13 patients of this subgroup 12 had an occlusion. However,
RHU values between 5 and 25% are seen in patients with
stenosis as well as occlusion. With exception of the patients
with a very low RHU, no sharp dividing line between the
patients with occlusions and stenosis could be drawn within
this group.

Arterial lesions of the contralateral kidney
In 25 of all 57 patients the artery to the contralateral kidney
also showed an important stenosis. This was seen in 20 of the 29
patients with occlusion and in 5 of the 28 with stenosis of the
artery of the ipsilateral small kidney. The two patients with two
diseased arteries (one occluded, one stenosed) of their small
kidney also showed multiple stenosed accessory arteries of
their contralateral kidney (#48,57).

Kidney size
On the angiogram the length of the kidney with the low radio-
hippurate uptake was, when measurable, allways shorter then
the contralateral kidney, although with a wide range: the
difference was on average 3.7 cm (range 1-8 cm), in the group
patients with occlusion 4,2 cm (range 2-8 cm), in the group with
stenosis: 3.3 cm (range 1-7 cm).

Type of arterial lesions
Of the 57 patients studied 8 were classified as fibromuscular
arterial disease. In 46 patients the arterial lesions were classi-
fied as atheromatous, 3 patients could not be classified. Athe-
romatous disease dominated strikingly in the group patients
with the more extreme pathology: for instance ipsilateral oc-
elusion combined with contralateral stenosis was caused by
atheromatous lesions in 19 of the 20 patients.
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Intervention and its result on the bloodpressure

Stenosis group

In 27 of the 28 patients with renal artery stenosis PTA of the
artery of the small kidney was attempted. The one exeption
was a 59 years old man with a stenosis in the main renal artery,
extending over and obstructing the entrances of the segmentai
arteries, by which the prognosis of a successful dilatation
without occluding one of these branches was minimal. Overall
renal function and the radiologic picture of the contralateral
kidney were normal (patient #2 table la). Nephrectomy was
done without a preceeding PTA attempt.

In 5 of the 27 patients in which PTA was attempted the balloon
catheter could not be manoevred into the stenosis of the small
kidney and no dilatation was obtained (patient # 1,3,4,5 and
28). One of these had also a stenosis of the artery of the
contralateral kidney, which was dilated (patient nr. 28). This
patient together with the oldest (pat. nr. 1, 66 yrs) from this
group of 5 patients are normotensive on minimal medication
(patients # 28 and 1, a diuretic and 20 mgr enalapril respective-
ly) and we feel no urge to recommend nefrectomy. The other 3
jounger patients (44,46,56 yrs), underwent nephrectomy which
cured the hypertension in all three (pat. # 3,4 and 5).

In the remaining 22 patients a balloon dilatation was perfor-
med, in 4 of them together with dilatation of a stenosis of >50%
in the artery of the contralateral kidney. This PTA resulted in
cure of their hypertension (normotension without therapy) in 5
patients (patients #6-10) and improvement in 7 patients (pa-
tients # 11-15,25 and 26). In the other 10 the antihypertensive
effect obtained by PTA was insufficient. Six of these 10 pa-
tients underwent nefrectomy. At histologic examination all 6
kidneys showed incomplete infarction with juxtaglomerular
hyperplasia. But additonally complete infarcts were seen in 4 of
them (#19,20,21 and 27). In one patient (# 23) an emergency
nephrectomy was performed after his PTA because suspection
of arterial perforation. Hypertension was cured in only one of
these six patient (pat. # 19) after nephrectomy, the other 5 all
became normotensive but were still on medication.
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At the end of the follow up period four patients (# 16,17,18,
and 24) were still hypertensive and had not been treated by
nefrectomy. Patient # 16 had lower bloodpressures two years
after PTA but the blood pressure increased during the last
year. Reangiography was done wich disclosed a normal renal
artery of his small right kidney but a new stenosis of his left
renal artery. He died of sepsis 1 week after vascular surgery: a
bypass to his left renal artery in combination with a prothesis
of the lower abdominal aorta. Patients # 18 and 24 are of older
age (73 and 70 years respectively) and have moderate renal
insufficiency, both contraindications for nephrectomy. Patient
# 17 is noncompliant to medical advise (perhaps because she is
feeling healthy).

Table 3 shows the blood pressures at the end of the follow up
period and how these results were obtained. Two of the 28
patients neither had an ipsilateral successful PTA nor were
nefrectomized (# 1 and 28). In patient 28 who had bilateral
disease, dilatation was achieved only of the stenosed artery of
the contralateral kidney. At the end of the follow up 16 Pa-
tients had been treated by ipsilateral PTA only. This group
comprises the only 4 patients whose diastolic bloodpressure
was still elevated above 95 mmHg at the end of the follow
period. This means that only 12 of the 28 patients or 43% of this
group could be treated successfully by PTA. 10 Patients under-
went nefrectomy. In 6 of them, previous PTA showed no
lasting positive effect on the blood pressure. In all 10 nefrecto-
mized patients the blood pressure became normal, in 5 without
medication. The combined therapies achieved normotension
in 86% of the patients of this group: 32% without, 54% with
medication. In 14% we failed to obtain this goal for reasons
explained previously.

Occlusion group

PTA of the occluded artery of a small kidney has been attemp-
ted in 8 patients (# 33-36,45,47,57). Only in two of them (# 29
and 57) the occlusion was reopened but the artery remained
stenotic at control angiography. In the other 6 introduction
catheters and guide wires could be passed through the stenosis



but the balloon catheter could not be positioned properly and
the arteries remained occluded. Because of this low success rate
no further attempts to reopen occluded arteries of small kid-
neys have been made. Patient # 29, in whom the occlusion was
reopened, although still stenotic, did very well on medication.
Patient # 57 had bilateral artery disease, underwent PTA on
both sides but remained hypertensive despite medication. Nine
patients of this group of 29 patients with an ipsilateral occlu-
sion had a normal artery of the contralateral kidney (# 29-37).
In all but one (# 29) of these patients nefrectomy of their small
kidney was done after which the blood pressure became nor-
mal without medication in 4, with medication in 2, while
another 2 patients were still hypertensive notwithstanding me-
dication at the end of their follow up period. Twenty Patients
had bilateral lesions: besides occlusion of the artery of the
small kidney, the artery of the contralateral kidney showed a
stenosis. This stenosis has been successfully dilated in 19 of
them. In one patient (#47) initial nephrectomy was performed.
This kidney showed extensive cholesterol emboli and because
of an increased risk of further embolisation, no PTA of the
stenosis in his solitary kidney was performed. One patient
(#53) had recurrence of the contralateral renal artery stenosis
after previous PTA, and a contralateral bypass was performed
together with the nephrectomy. When PTA of the contralate-
ral kidney was done with the small kidney still in situ, this PTA
did not have any influence on the blood pressure (# 48,49, 50,
51, 52, 53, 54, 55). After the combination of nefrectomy with
contralateral PTA the bloodpressure was cured in 6 (# 48-53)
improved in 2 (# 54 and 55). The 8 other patients of this group
(small kidney with occluded artery in situ, PTA of a stenosis in
the contralateral kidney) did very well on medication (# 38-
43,45,46), one was still hypertensive (# 44). The one patient (#
57) who had bilateral PTA resulting in an ipsilateral stenosis
remained hypertensive.

In table 4 the results of the interventions the blood pressure are
summarized. In 9 patients the occluded kidney is still in situ at
termination of the follow up period. In all 9 a contralateral
stenosis was dilated (one bypass). All but one are normotensive
while on medication. Only 2 patients had PTA of the occluded
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artery, in both without the desired angiographic effect, alt-
hough in one a favorable effect on the blood pressure was
obtained. Of the 18 patients who got nefrectomy, 10 in combi-
nation with contralateral PTA, 3 were still hypertensive despite
medication. The combined therapie in the whole group of 29
patients achieved normotension in 83% of the patients: 38%
without, 45% with medication. In 17% this goal was not achie-
ved.

Influence of intervention on renal function
In table 6 average serum creatinine concentrations are given
for patient groups before the intervention(s) and at the last
follow up visit.

In patients with an unilateral renal artery stenosis or occlusion,
PTA nor nefrectomy did change the serum creatinine to any
significant degree. In contrast, serum creatinine decreased
significantly in the group patients with bilateral renal artery
lesions treated by ipsilateral PTA or nefrectomy in combina-
tion with contralateral PTA.

At the end of the follow up period the group of 17 patients who
were nefrectomized because of an unilateral lesion had a creati-
nine concentration of 124 micromol/1, not different from the
average value of 127 micromol/1 in the group of 10 patients
treated for bilateral lesions.

Pathology of the kidney

Anatomic examination of all excised kidneys showed the chan-
ges of an ischemic contracted kidney or incomplete renal
infarct, typical of a kidney behind a renal artery obstruction
(8): gross reduction in size with a smooth or finely granular
surface. On microscopic examination the glomeruli were close-
ly packed together but otherwise well preserved, with wrinck-
led capillary walls in empty capsular spaces. The tubulus show-
ed extensive atrophy with narrowing or loss of their lumen and
dedifferentiated epithelium. The arteries were thick walled by
intimal fibrosis and the juxtaglomerular apparatus hypertro-
pic. Tubular basement membranes were variously thickened,
the medulla diffuse sclerotic.
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As shown in the tables la and lb, some kidneys additionally
contained single or multiple areas old or, exceptionally, recent
complete infarction. Single large infarcts showed at gross appe-
arance and were confirmed by microscope. In other kidneys
microscopic examination disclosed multiple small complete
infarcts together with needle shaped clefts in obliterated arte-
rioles, characteristic of cholesterol emboli.

Discussion

This study was undertaken to evaluate the results of our thera-
peutic strategy, and especially the role of PTA, in patients with
renovascular hypertension and a one sided kidney with a very
low bloodsupply: less then 25% of total renal blood flow,
determined by 131 I-hippurate renography.

Patients with this low unilateral renal perfusion comprise an
important part of patients with renovascular hypertension: in
our institution about one third: 57 of 174 patients, probably
because these advanced cases are more easily detected in scree-
ning of patients for secundary hypertension of renal origin
than patients with less advanced lesions.

One major therapeutic problem are the patients with a totally
occluded renal artery. This diagnosis was made in 50% (29
patients) of this group of 57 patients. Reopening of this occlu-
sion was possible in only 2 of 8 patients in whom an attempt
was made, in both with residual stenosis. Besides in these 8
patients we tried to reopen an occluded artery in 4 more
patients, not included in this study because the relative hippu-
rate uptake of their affected kidneys was more then 25%. In
only one, a young female with fibromuscular dysplasia the
PTA was technically successful and her hypertension has been
cured for more then 4 years now. Taken together our success
rate of reopening of an occluded artery by PTA is low: 3 of 12
patients in whom it was attempted, with one cure, one improve-
ment and one no change of the hypertension. One other report
of PTA in occluded renal arteries is from Sos (9) who was able
to reopen only 1 of 5 occluded arteries. This patient was cured
of his hypertension.
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PTA of a stenosis of the artery of the small kidney was techni-
cally successful in 22 of the 27 patients in whom it was attemp-
ted. However, results of this procedures alone on the bloodp-
ressure were somewhat disappointing, 10 of the 22 or 45% did
not benefit from PTA. This is a high percentage when compa-
red with a failure rate of only 18% in a group patients with
unilateral renal artery stenosis but a larger relative hippurate
uptake of 25 to 45% on the affected site in a previous study of
our department (4). This can be caused partly by unresolved
bloodpressure elevating mechanisms remaining in the small
kidney: histologic examination disclosed infarction without or
with cholesterol emboli in 4 of the 6 removed kidneys. These
changes were also seen in 8 of the 16 kidneys removed because
of primary renal artery occlusion. In only one of these 8
kidneys a PTA was attempted, showing that these infarcts
occur spontaneously. However, it can not be excluded that
previous manipulation of intra-arterial catheters may have
contributed in the etiology of infarcts found in kidneys that
were previously subjected to intraarterial catheterisation.

When PTA of an occluded or stenosed renal artery of a poorly
perfused, shrunken kidney has not been successful, and the
contralateral kidney is intact, there is a choice of three alterna-
tive treatments: vascular surgery, nephrectomy, or pharmaceu-
tical treatment. Surgical reconstruction of the arterial supply
of small kidneys even with an occluded artery has been repor-
ted by several surgical groups (10,11,12). With criteria for
salvability present, such as filling of the distal renal artery by
collaterals, some residual function and absence of infarcts,
revascularisation can lead to reversal of functional impairment
of that kidney (12).

Whereas juxta glomerular hyperplasia and tubular atrophy
have been shown to be reversible after restoration of the
circulation (13), renal infarction is definitive and can contribu-
te to hypertension on its own (14,15).

When considering conservative surgery with nephrectomy as a
second alternative, the preservation of a small amount of renal
mass should be weighed against the disadvantages of a more
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extensive and less definitive procedure. These disadvantages
are of importance especially in patients with extensive athero-
matous disease. In a recent paper very favorable results of
unilateral nefrectomy in eldery high risk patients with renovas-
cular hypertension are shown (16). In 86 % of 26 patients the
blood pressure was cured or improved by nephrectomy. No
perioperative deaths nor complications occurred. These aut-
hors preoperatively determined total GFR and the relative
contribution of the affected kidney by radioisotope methods.
This predicted the decrease of GFR after nephrectomy. In our
study nephrectomy of kidneys with less then 25% function did
not even result in a significant change of serum creatinine, in
accordance with the prediction of residual function after neph-
rectomy of at least 75% of that before the nephrectomy (17). A
special note of warning against revascularisation of occluded
kidneys is given by Feltin et al (18). They showed by microan-
giography severe damage of the vascular bed in three kidneys
with atherosclerotic occlusion of the renal artery. These kid-
neys could be judged salvageable on the basis of renal size and
other frequently used criteria. Our study shows definitive renal
damage in about half of the small kidneys excised. In view of
the neglectable advantage of saving kidney function one may
doubt wether renovascular surgery is justified in these patients.
For the group of elderly high risk patients with renovasculair
hypertension because of one small kidney and an intact contra-
lateral kidney a reasonable third alternative is farmacological
treatment as shown by a small number of patients in our study.
An atherosclerotic stenosis can progress to occlusion but when
unilateral, this mostly occurs without major clinical symptoms
(19).

In contrast to the difficulties obtaining renal artery dilatation
or reopening by PTA in the poorly perfused kidney, technical
successful dilatation of the artery of the contralateral kidney
was obtained in almost all patients with bilateral renal artery
obstruction in our study. As shown in results serum creatinine
did not change significantly after PTA or nephrectomy of the
small kidney. But when combined with PTA of artery-stenosis
in the contralateral kidney in patients with bilateral lesions,
serum creatinine decreased markedly. Of special interest is the
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improvement of renal function in the 10 patients in table 6 who
were treated by PTA of the contralateral larger kidney in
combination with nephrectomy of the small kidney. These
observations show that the decrease of serum creatinine in the
patients with bilateral lesions was obtained by PTA of the
(larger) contralateral kidney: Overall renal functional impair-
ment was mainly dependent on artery stenosis of the contrala-
teral kidney. This is in agreement with two previous studies: as
early as 1962 Morris et al (20) reported on eight azotemic
patients with bilateral lesions in whon operation had improved
renal function. Recently Ying et al (21) showed 7 patients with
azotemia bilateral renal artery obstruction in whom surgical
revascularisation or PTA produced improvement or stabiliza-
tion of renal function. In 4 of these patients medical antihyper-
tensive therapy before the interventions had induced further
deterioration of renal function. Improvement of azotemia was
achieved by correction of the stenosis of the largest kidneys as
the only intervention.

In view of these experiences and considerations it seems indica-
ted to save a small kidney only when PTA of its artery has been
possible and did cure or improve the bloodpressure. When
PTA is not feasible or remaines without succes on the bloodp-
ressure, nephrectomy is advisable unless the patient shows a
combination of a relative contraindication to surgery with a
good effect and tolerance of antihypertensive medication.
Whenever the renal artery of the larger contralateral kidney
shows a stenosis this should be dilated by PTA. Residual
hypertension can nearly always be successfully treated with
antihypertensive drugs.
With this therapeutic strategy we obtained normotension in
the large majority of patients. Kidney function remained stable
or improved. Morbidity was low and we encountered no imme-
diate fatalaties.
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Table la

initial

nr sex age RHU length lesion RVRR creat BP

follow up

creat BP months pathology

years %

Unilateral stenosis

1 m 66 16

Unilateral stenosis

2

3

4

5

IS

f

f

f

59

44

46

56

25

21

14

14

Unilateral stenosis

6

7

8

9

10

11

12

13

14

15

16

17

18

f

m

f

f

m

m

f

m

n

m

n

f

m

39

54

27

62

39

54

61

58

48

52

48

59

73

21

19

10

7

14

19

19

18

11

18

12

5

22

Unilateral stenosis

19

20

21

22

23

f

f

a

f

IB

Bilateral

24

25

26

n

f

•

Bilateral

27 •

Bilateral

28 f

31

48

65

45

51

24

7

10

14

0

stenosis.

70

54

0

16

18

12

stenosis,

61 20

stenosis,

50 25

cm type

, untouched

3 A

, nephrectony

0

4

3

0

, PTA

2

3

5

4

4

1

3

3

5

3

3

7

1

A

A

A

A

F

A

F

A

I

A

A

A

A

I

A

A

A

-

1.0

1.6

2.3

-

2.8

1.9

3.0

2.2

-

4.0

2.5

2.2

1.0

4.1

5.0

7.0

-

, nephrectomy after

4

4

4

2

4

F

F

A

A

A

bilateral PTA

1

4

3

A

F

A

1.2

2.0

4.4

2.3

1.9

-

2.0

-

umol/1 mraHg

140

84

97

97

140

102

150

90

90

141

100

120

205

115

155

180

89

420

PTA

88

110

183

97

120

257

80

314

170/110+

240/140+

220/110

160/120+

290/160

200/100

190/120

230/130

200/110

160/110+

150/120+

220/120+

150/120+

190/110+

180/100+

170/115+

190/120+

240/100+

220/140+

230/120+

200/100+

165/115+

25O/17C+

200/110+

180/110+

200/130+

umol/1

160

115

107

105

140

70

116

90

85

108

120

136

131

90

150

190

92

530

115

100

170

105

120

197'

90

236

•nHg

130/75+

150/90

130/90

130/90

140/90

145/95

130/80

140/90

170/90

130/80

160/85+

155/75+

160/90+

170/90+

165/85+

160/105+

200/100+

200/100+

140/85

150/90+

150/90+

160/95+

140/75+

160/100

140/90+

170/95+

ipsilateral nephrectoay after PTA, contralateral PTA

3 A

contralateral

3 F

2.0

PTA

1.5

125

only

145

240/120+

170/110+

136

137

170/95+

145/85+

10

18

42

66

12

15

64

48

4

3

20

69

102

72

78

36

67

2

44

50

35

77

27

2

96

14

80

36

1

1

1

1

1

1

1

1

1

1

,2

.3

,2

,2

,2

,2
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Table I a

28 patients with renal artery stenosis in a kidney with a relative
hippurate uptake of less then 25% of total PTA = percutane-
ous transluminal angioplasty; RHU = relative hippurate upta-
ke; length = difference in kidney length on the angiogram;
lesion type A = atheromatous, F = fibromuscular, I = indiffe-
rent; RVRR = renal vein renin ratio ipsilateral/contralateral;
creat = serum creatinine concentration; BP = blood pressure,
+ = with medication; initial = before intervention(s), follow up
— the last visit at the out patient clinic; months — months of
follow up after the last intervention, PTA or nephrectomy.
Pathology: 1 = incomplete renal infarct, 2 = complete infarc-
tion, 3 = cholesterol emboli.

Table 1 b
29 Patients with renal artery occlusion in a kidney with a
relative hippurate uptake of less then 25% of total. Abbrevia-
tions see table 1 a.
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Table lb

nr sex age RHU length lesion RVRR

years X cm type

Unilateral occlusion, PTA

initial

creat BP

uraol/1 naHg

follow up

creat BP

uaol/1 aaHg

aonths pathology

29 £ 45 19 3 I
Unilateral occlusion, nephrectomy

30

31

32

33

34

35

36

37

f

f

in

m

f

m

m

n

68

38

62

57

49

48

54

61

0

21

22

17

0

6

12

15

2

3

3

2

3

0

5

6

A

F

A

A

A

A

A

A

Ipsilateral occlusion, untouched

38

39

40

41

42

43

44

45

46

D

m

f

f

a

f

f

•

f

68

66

64

77

65

67

55

61

66

4

1

8

0

0

8

0

20

16

>4

>4

8

4

6

4

>4

4

>4

A

A

A

A

A

A

A

A

A

-

-

-

-

-

-

4.0
-

190

110

109

140

154

134

96

114

192

contralateral

-

1.2

1.1

400

185

225

304

185

110

190

174

166

150/100+

200/115+

190/120+

200/110+

220/140

225/130+

170/110+

190/135

230/130

177

110

123

160

131

114

135

133

144

130/80+

140/85

130/80

130/80

140/90

140/95+

160/90+

170/110+

180/100+

L stenosis treated by PTA

170/90+

190/100+

220/120+

270/130+

190/110+

240/130+

240/135+

180/110+

170/145

Ipsilateral occlusion, nephrectoay, contralateral stenosis

47 f 60 0 >4 A 252 205/110+

Ipsilateral occlusion, nephrectoay, contralateral stenosis,

48

49

50

51

52

53

54

55

56

£

f

•

f

£

£

49

43

63

54

43

60

61

59

67

22

0

20

16

17

0

15

4

0

5

>4

>4

>4

6

5

2

>4

5

Ipallatcral occlusion, PTA

A

A

A

A

F

A

A

A

A

1.0

2.5

2.8

0.8

114

185

190

160

95

130

190

185

128

160/130

210/130+

210/120+

260/140

140/90+

270/120+

190/100+

200/115

180/120+

., coatralatcral stcaocis, PTA.

514

165

265

229

163

232

141

138

244

110/75+

155/75+

150/95+

190/60+

140/75+

190/95+

180/120+

150/75+

160/90+

untouched

164

r PTA

140

90

145

91

90

103

175

135

146

150/90

140/90

140/80

150/80

150/80

'150/95

140/76

160/90+

160/85+

160/100+

1

13

24

3

4

6

26

3

10

3

14

11

36

12

32

61

70

6

1

38

79

27

34

2

18

20

60
40

1.3

1

1

1.2

1

1.2

1

1

1

1

1

1,3

1

1,2

1.3

1.2

1.3

1,2

95 160/105* 2
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Table 2

relative 13l-I hippurate uptake %
number of patients
total
ipsilateral renal artery stenosis
ipsilateral renal artery occlusions

<5

13
1

12

5-9

6
3
3

10-14

13
10
3

15-19

13
7
6

20-25

1!
6
5

The relative 131-1 hippurate uptake (RHU) of the small kidney
as a per cent of the total uptake: ipsilateral/ ipsilateral+contra-
lateral X 100% in patients with stenosis or occlusion of the
artery of their small kidney.

Table 3

Intervention in the small
kidney: none PTA nefrectom total

(no nefrectomy) (6+prcvious
PTA)

Number of patients 2 16 10 28
Normotensive

(< 95 mmHg diastolic)
without medication 5 5 10
with medication 2 7 5 14

Hypertensive
(> 95 mmHg diastolic)
with medication 4 4

28 patients with a small kidney (radiohipurate uptake < 25% of
total) and renal artery stenosis of that kidney. Interventions)
in the small kidney and the blood pressure achieved at termina-
tion of the follow up period (average 41,1, range 2 to 84
months). In all 5 patients with bilateral lesions the stenosis in
the contralateral renal artery was succesfully dilated.
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Table 4

Intervention in the small kidney none PTA nefrectomy Total

number of patients
normotensive

without medication
ith medication

hypertensive
with medication

9

8

1

2

1

1

18

II
4

3

29

!!
13

5

29 Patients with a small kidney (radiohippurate uptake less
then 25% of total) and renal artery occlusion of that kidney.
Intervention in the artery of the small kidney and the blood
pressure achieved at termination of the follow up period (ave-
rage 22.6 range 2 to 79 months). In !9 patients a stenosis of the
contralateral renal artery was successfully dilated by PTA.

Table 5

Intervention in the small kidney

Number of patients
normotensive

without medication
with medication

hypertensive
with medication

none

11

10

I

PTA

18

5
8

5

nefrectomy

28

16
9

3

Total

57

21
27

9

57 patients with a small kidney (radiohippurate uptake less
then 25% of total) because of renal artery stenosis (28 patients)
or occlusion (29 patients). Intervention in the artery of the
small kidney and the blood pressure achieved at termination of
the follow up period (average 31.5, range 2-79 months). In 24
patients an artery stenosis of the contralateral kidney was
successfully dilated by PTA.
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Table 6

unilateral lesion
ipsilateral PTA
ipsilateral nfx

bilateral lesion
contralateral PTA,

ipsilateral PTA
contralateral PTA,

ipsilateral nfx

serum creatimne
concentration

number af
before patients

13
17

3

10

151
120

217

163

i micromol/1

after

147
124

174

127

Patients with unilateral renal artery stenosis or occlusion,
treated by PTA or nephrectomy (nfx), and with bilateral renal
artery lesions treated by ipsilateral PTA or nephrectomy in
combination with contralateral PTA. Average serum creatini-
ne concentrations before the intervention(s) (=before) and at
the time of the last folluw up visit (=after).
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CHAPTER 9

Conclusions and answers to the questions

Question 1.
Is it possible to predict the effect of PTA on blood pressure by
the 131 I-hippurate renogram.

This question has been analysed in the studies 1 and 2. In the
first study of 70 patients with renal artery stenosis treated by
percutaneous transluminal dilatation (PTA) selection of the
patients was based solely on arteriographic criteria. This gave
us the opportunity to study the predictive value of the reno-
gram in 32 patients with unilateral renal artery stenosis. To
facilitate this analysis data of patients with bilateral renal
artery stenosis or single kidneys were excluded. Two characte-
ristics of the renography curves were analysed, namely the
difference in time to peak (DTP) between the two kidneys, and
the relative percentage uptake of radiohippurate in the first
two minutes by the affected kidney as compared with the total
uptake by both kidneys (RHU). The RHU reflects differences
in renal blood flow, the DTP differences in tubular flow of
filtrate or diuresis. Both characteristics were predominantly
(but certainly not always) abnormal on the renogram before
PTA. Patients were divided in three groups according to their
blood pressure response after PTA. Frequency distribution
curves of DTP or RHU of the three groups were composed.
Only at the extremes of the curves some differences were seen: a
DTP of > 6 minutes occurred more frequently in patients with
cure or improvement of the blood pressure and 4 of 5 patients
with a RHU of > 50% showed no change of the blood pressu-
re. For both characteristics the data in the three groups of
patients overlapped so that no reliable prediction of these
criteria as to the blood pressure response after PTA could be
shown. From this study we concluded that although asymmet-
ric curves on the renogram is a characteristic of renal artery
stenosis, it does not predict the blood pressure response after
PTA.
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In study 2 the predictive value of the RHU and DTP on the
renogram was analysed in an extended group of 60 hypertensi-
ve patients with unilateral renal artery stenosis. The DTP did
not predict the blood pressure response to PTA. Results of the
RHU in this study are slightly different from the first study
because of an improved method to choose regions of interest.
Like in the first study many patients with a normal or above
normal RHU (>45%) did not experience an antihypertensive
effect after PTA: 10 of the 12 patients = 83%. This was also true
for patients with a very low RHU (>25%): 6 of the 10 patients
= 60%. Analysis of variance did show significant differences of
the RHU between the groups "cure" or "failure" and the other
patients. The best results were seen in patients with a RHU
between 25-45%. This group included all cured patients, only 7
of the 38 patients = 18% did not experience an antihypertensi-
ve effect.

These results show a frequent occurrence of a disturbed renal
blood flow and diuresis in the total group of patients with
proven renal artery stenosis. However, correlation of this fin-
ding by renography and the effect of correction of the stenosis
on the blood pressure was poor. False positive renographies
may be explained by patients with essential hypertension who
developed renal artery stenosis as a consequence of their pro-
gressive atherosclerotic disease. PTA may then correct the
stenosis and the renal blood flow but the hypertension does not
return to normal values. Another explanation for the failure of
the blood pressure to respond in many patients who do have all
the characteristics of renovascular hypertension is a residual
hypertension caused by long standing hypertension of renal
vascular orgin. This is a well known phenomenon in experi-
mental renovascular hypertension, due to vascular damage in
the contralateral kidney. Removal of the artery stenosis or
even nephrectomy does not correct this hypertension. This
proofs that the original stenosis is no longer responsible for the
hypertension although it has originated its development. Besi-
des vascular changes in the contralateral kidney possible me-
chanisms sustaining this secondary form of hypertension after
removal of the cause could be: structural changes in the arterio-
lar wall, changing the wall to lumen ratio, changes in the
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central or periferal sympathetic nervous system resetting of
baro-receptors. A third explanation of failure of the blood
pressure to respond to PTA could be residual vascular changes
in the affected kidney after successful dilatation of the main
renal artery stenosis. This may play a role especially in the
kidneys with a very low perfusion, as shown in study 5.

Finally there is always a possibility that the stenosis has not
been dilated sufficiently by PTA and that the residual blood
pressure is still of renovascular orgin. Hopefully, the captopril
renogram discussed in studies 3-5 may help to exclude a still
functioning renovascular component of the residual hyperten-
sion after PTA.

Question 2.
Does the 131 I-hippurate renogram change after PTA, and is
this change related to the blood pressure response to PTA.

In study 2 an analysis has been performed on the changes in the
hippurate renogram induced by PTA in a group of 60 patients
with unilateral renal artery stenosis.

When the difference in time to peak (DTP) was prolonged
before PTA, it returned towards the normal value of zero
minutes (or no difference) after PTA in almost all patients,
irrespective the patients blood pressure response.

The relative hippurate uptake (RHU) increased after PTA in
the majority of patients. Quantitative differences in the chan-
ges of RHU could be shown between patient groups formed
according to their blood pressure response after PTA. The
average increase in per cent of the initial pre-PTA value was
5.8% in the group of patients who were cured of their hyperten-
sion, 5.6% when the blood pressure improved, and 0.4% in the
group without effect of the PTA on the blood pressure. This
small increase in the last group was significantly less than the
increase in the other two groups (p > 0.05) as determined by
analysis of variance. As shown earlier, this group contained
more patients with a normal or above normal RHU before

105



PTA and the small average increase of the RHU after PTA in
this group is mainly due to those patients. Besides, two patients
in this group showed a rather strong fall of their RHU after
PTA, and in one of them an infarct could be demonstrated on a
post PTA scintigram. These results show that a subgroup
within the group of patients with failure of the blood pressure
to respond to PTA probably did not have hemodynamically
significant unilateral renal artery stenosis.

Apart from these exceptions PTA improved the blood flow
(RHU) and especially the flow of filtrate (DTP) in the majority
of patients. One could interprete the observation that this
occurred in all three patient groups as a sign of consistent
improvement of the renal circulation after PTA without much
relation with an antihypertension effect. This may be caused by
frequent occurrence of residual hypertension without depen-
dency on the renal artery stenosis as already mentioned in the
answer to question 1. After PTA the relative blood flow in the
affected kidney did not return to normal values, remaining
below 45% of total blood flow in many patients. This could be
caused by anatomical differences between the kidneys: some
residual shrinking of the affected kidney after prolonged low
perfusion that is not corrected completely by normalisation of
the perfusion pressure after PTA (as seen after reconstructive
vascular surgery). In such cases, the RHU remaines low even
when the blood flow per unit kidney mass is normalized and
equal in both kidneys. The data of study 2 suggest that patients
with a very low renal blood flow in the affected kidney, before
as well as after PTA, form another group without much benefi-
cial blood pressure response after PTA. This may be due to
more severe, probably irreversible damage in their kidney. This
problem is analysed in more detail in study 5.

Question 3.
Are renographic methods able to demonstrate captopril-indu-
ced unilateral changes in renal function in a patient with
renovascular hypertension.
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This question is investigated in study 3 that demonstrates this is
indeed the case. At the time we performed that study, captopril
induced transient renal failure, caused by severe but rapidly
reversible deterioration of the GFR without tubular damage,
had been reported in patients with one single kidney or with
bilateral renal artery stenosis. This decrease of GFR was
thought to be due to interruption of the autoregulation of the
GFR: When the perfusion pressure is low, the GFR becomes
strongly dependent on intrarenal angiotensin II. Our hypothe-
sis was that this change of renal function should also occur in
the affected kidney of a patient with unilateral renal artery
stenosis. However, unilateral renal failure remains unnoticed if
only overall renal function tests such as plasma creatinine
concentration are studied, because the contralateral kidney has
a different setting of its autoregulation of GFR and will conti-
nue filtration and excretion of water and solutes during conver-
ting enzym inhibition.

As shown in study 3 we were able to demonstrate the expected
captopril-induced different behavior of the two kidneys in a
patient with unilateral renal artery stenosis, by noninvase
renographic methods. After injection of 131 I-hippurate, the
uptake phase of the affected kidney was unchanged but the
later phase showed continuous accumulation. In contrast, the
uptake of 99 mTc- DTPA was abolished. These changes occur-
red only in the affected, not in the contralateral kidney. They
are compatible with a cessation of filtration during maintenan-
ce of renal blood flow in the affected kidney, not in the normal
contralateral kidney. After PTA these renographic changes
could no longer be shown.

The demonstration of this functional change by renography
could be a sensitive non invasive test for unilateral renal artery
stenosis. It combines the measurements of asymmetric renal
blood flow of the two kidneys as a rather aspecific sign of
unilateral renal artery stenosis with demonstration of unilate-
ral elevated intrarenal angiotensin II activity, considered to be
a major contributor in the causation of renovascular hyperten-
sion.
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Question 4.
Do captopril-induced changes in the renogram improve speci-
ficity or sensitivity of the renogram for the diagnosis of renal
vascular hypertension.

Study 4 was performed to investigate wether unilateral changes
in the radioisotope renogram after converting enzym inhibi-
tion by captopril as shown in study 3, were seen specifically in
patients with a hemodynamic significant renal artery stenosis
and not in patients with a nonfunctioning, or without renal
artery stenosis. Preliminary data of this study have been repor-
ted in study 2. The diagnosis: hemodynamic significant renal
artery stenosis was made only after the patient did show a good
antihypertensive effect of PTA. The studies were repeated after
PTA, again with captopril pretreatment. Studies were perfor-
med in 34 patients: 13 without and 21 with renal artery stenosis,
of the last group six with nonfunctioning and 15 with functio-
ning renal artery stenosis. PTA was performed in 19 patients
with renal artery stenosis, two underwent nephrectomy.

In 12 of the 15 patients with hemodynamic significant artery
stenosis captopril induced changes of the time activity curves
of the affected kidney only, while the function of the contrala-
teral kidney remained normal. Such captopril induced impair-
ment of renal function was not seen in the six patients with
nonfunctional renal artery stenosis or the 13 patients with
essential hypertension. The changes in renal function of the
affected kidneys were a decrease of 99 mTc-DTPA uptake and
a delay of 1311-hippurate excretion, while the hippurate upta-
ke remained unaffected, data which are in agreement with the
functional changes expected in a kidney with artery stenosis
during converting enzym inhibition. These results suggest that
captopril induced unilateral changes in renal function eviden-
ced with gamma camara scintigraphy, can be used as a diagnos-
tic test to prove or exclude renovaccular hypertension caused
by unilateral renal artery stenosis. With the criteria used, a
sensitivity of 80% and a specificity of 100% were obtained. This
combination of a reasonable sensitivity and a high specificity
could not be obtained by the DTPA or hippurate renogram
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without captopril pretreatment. Captopril induced changes in
the renogram did improve the diagnostic yield of the renogram
in patients with renovascular hypertension. Confirmation of
this assumption is given in chapter 10.

Question 5.
To what extent can patients with hypertension and one very
poorly perfused kidney (one that has a relative hippurate
uptake of that kidney/ total renal uptake of > 25% as shown by
renography) benefit from PTA treatment.

Study 5 reports on some diagnostic features but mainly on the
results of treatment in a group of 57 of such hypertensive
patients, in whom severe renal artery stenosis or complete
obstruction was demonstrated by angiography. The study was
initiated by the results of the analysis of the RHU data in study
2, in which we found a high chance on benefit from PTA in
patients with unilateral renal artery stenosis only in patients
with a moderately decreased RHU in the affected kidney, but
much less benefit when RHU values were below 25%.

The results of study 5 showed indeed a low probability for these
patients to benefit from PTA: in 57 patients who fulfilled the
criteria of inclusion, PTA only cured the hypertension in 5 and
improved it in 8.

While PTA could be performed in 22 of 28 patients with a
stenosis, it proved impossible in all but 2 of the 29 patients with
occlusion of their renal artery. However, PTA of an artery
stenosis the contralateral kidney was successful in all but one of
the 25 patients with bilateral lesions. When the small kidney
could not be treated by PTA or when PTA did not improve the
blood pressure, as occurred in 6 patients, nephrectomy was
performed or, alternatively, the patient was treated by medica-
tion.

After a follow up period of 2-79 months 48 patients were
normotensive (diastolic blood pressure 95 mmHg or less), 21
without, 27 with medication; 9 patients were still hypertensive
despite medication.
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Nephrectomy of the small kidney in a patient with a normal
contralateral kidney did not change renal function. In 17
patients serum creatinine concentration was on average 120
micromol/L before, 124 micromol/1 after nephrectomy. Inte-
restingly, when nephrectomy was performed in combination
with contralateral PTA, total kidney function improved: mean
serum creatinine concentration decreased from 163 to 127
micromol/L in this group.

It is concluded that only in a small proportion of patients with
renovascular hypertension and a unilateral small, poorly per-
fused kidney, the arterial lesion of that kidney can be treated by
PTA, mainly because in about half of them the renal artery was
occluded. A large proportion of these patients have advanced
arterial disease, shown by the frequent occurence of a contrala-
teral renal artery stenosis. This contralateral renal artery steno-
sis could almost always be dilated by PTA. Nephrectomy of the
small kidney did not decrease renal function, the renal function
even improved when nephrectomy was combined with PTA of
a contralateral artery stenosis. This study showed that with a
therapeutic strategy including PTA whenever possible but
supplemented by nephrectomy and medication, we obtained
normotension in the majority of these severely hypertensive
patients without serious complications.
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CHAPTER lft

Supplementary discussions of captoprit renography

The interest in the subject of captopril induced changes on the
renogram in patients with renovascular hypertension is accu-
mulating rapidly. Some abstracts and papers have been publis-
hed after our studies were concluded. As this literature has not
been referred to in the discussion of the studies in the procee-
ding chapters, they will be discussed here.

The studies include in animal and human data. The latter will
be discussed first.

In 1985 Aburano et al (1) reported a decrease of GFR, docu-
mented by 99mTc-DTPA renography in the affected kidney,
after one week captopril treatment 37,5-75 mg/day, in patients
with renovascular hypertension (RVH). Effective renal blood
flow (RBF) of individual kidneys, measured by 1311-hippurate
clearance and renography, remained unchanged or increased.
In 13 patients with normal renal arteries GFR did not change
significantly, RBF increased. In 1986 the same authors publis-
hed a full paper (2) on the effect of captopril on split renal
fuction. The study included 8 patients with RVH and 12
controls with essential hypertension (EH). In all 5 patients with
unilateral renal artery stenosis (RAS), GFR decreased in the
stenotic, not in the contralateral kidneys. RBF was unchanged
or increased in the stenotic or contralateral kidneys and in the
kidneys of the patients with EH. They concluded that a reduc-
tion of GFR during captopril administration could indicate the
presence of renal artery stenosis, and that noninvasive split
renal function tests during captopril administration allow the
kidney function to be expressed as a GFR ratio between each
kidney, wich is a potentially useful new index in the differential
diagnosis of unilateral RVH. Because 1311-hippurate uptake
was measured only during the first minutes, no observations of
the shape of the hippurate curves at later times were done. This
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study, using comparable methods, confirms our findings. It
included 3 patients with bilateral RAS. In these patients cap-
topril decreased GFR in both kidneys without much change in
the ratio: captopril effect in these patients was evidenced by a
change in total GFR rather than by enhancement of differences
between kidneys on renography curves. However, a note of
warning is introduced by a brief report of Hricik (3). He
observed a patient with a single (transplanted) kidney with 90%
renal artery stenosis. After captopril GFR decreased from 73
to 37 ml/min during sodium depletion but only from 62 to S3
ml/min during sodium repletion. Sodium repletion can thus
mask the effect of captopril on GFR, probably by suppressing
renin activity in the kidney. This may also occur in patients
with bilateral RAS.

When using the effect of captopril on kidney function as a test
for RAS, it seems advisable to do the studies during sodium
restriction. This introduces another problem: it has been repor-
ted that reversible azotemia during converting enzym inhibi-
tion (CEI) (4) occured in 5 hypertensive patients without renal
artery stenosis, in whom CEI was combined with diuretics.
Likewise, a decrease of creatinine clearance from 54.1 to 44.1
ml/min has been reported in 16 patients with severe chronic
heart failure during long term treatment with enalapril (5).

The question which part of the decrease in GFR during CEI in
patients with bilateral RAS is caused by disturbed autoregula-
tion and wich part by a lower blood pressure was investigated
by Textor (6). Reduction of the bloodpressure with nitroprus-
side infusion from 205/103 to 146/84 was tolerated by 8 pa-
tients with unilateral RAS without a change in total renal
function. In contrast, similar pressure reduction produced
marked reversible decrements in GFR from 38 to 16 ml/min in
8 patients with bilateral RAS.

These observations challenge the specificity of captopril indu-
ced renal failure in patients with artery stenosis in a single
kidney or bilateral RAS. It seems likely that the specific cap-
topril induced disturbance of autoregulation of GFR occurs in
these patients mainly during stimulation of the renin system by
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sodium depletion. However, the significance of sodium status
for the sensitivety of the captopril-induced decrease of GFR in
the affected kidney of patients with unilateral RAS remains to
be determined.

Fommei et al (7) using 99mTc-DTPA renography, observed a
decrease of the uptake ratio ()GFR ratio) stenotic/non stenotic
kidney of 50% or more one hour after 25 mg oral captopril, in 5
patients with renovascular hypertension, not in 6 patients with
a essential hypertension nor in 5 patients with nonvascular
unilateral renal disease. In a later abstract (8) they extended
these observations. The captopril induced change in uptake
ratio of 99mTc-DTPA was negligeable in 17 patients with EH
and in 7 patients with non vascular unilateral nephropathies.
In contrast, captopril induced a significant change of the ratio
in all 6 patients with RAS whose hypertension was cured by
revascularisation. After revascularisation 2 patients remained
hypertensive, with an still positive captopril uptake ratio: rean-
giography showed obstruction of their bypass. One patient
with a negative test remained hypertensive after surgery despite
an intact bypass.

The results of this group from Pisa fit very well with our data.
They too confirmed RVH by the effect of correction of the
stenosis on the blood pressure. Their study was done with
99mTc-DTPA only, not with 131 I-hippurate. In our study, as
shown in table 2 in study II, 131 I-hippurate, especially the
ratio at 15 minutes, added slightly to the specificity obtained by
DTP A alone, from 89 -100 %, a relative small advantage of our
more complicated technique.

Sfakianakis et al (9) used 131 I-hippurate renography before
and 3 hours after 50 mg oral captopril in patients evaluated for
RVH. Four patients showed normal baseline time activity
curves but unilateral increase in transit time (cortical retention
at 20 min) after captopril. Because not all patients were evalua-
ted by angiography and correction of the stenosis, sensitivety
or specificity of the test cannot be determined in this study. A
comparable observation was made by Kropp et al (10), who
reported captopril induced unilateral changes in radioisotope
studies in 2 patients with unilateral RAS.
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Jackson (11) reported on 6 patients with unilateral RAS. After
captopril was given 1-6 weeks, all showed a decline in 99mTc-
DTPA uptake of their stenosed kidney only. Majd (12) studied
14 hypertensive children. He found a decrease of 99mTc-
DTPA in 11 kidneys with angiographically proven RAS, no
evidence of deterioration in 12 normal kidneys.

All these studies favor the occurance of a change in GFR after
CEI in a kidney with RAS causing RVH, and show the possibi-
lity to demonstrate this interesting pathopysiologic mechanism
on noninvasive radioisotope renograms. However, more stu-
dies are necessary before a high specificity and sensitivity of
this new test for RVH are confirmed.

The same holds for animal studies. In 1985 (13) and, in exten-
ded studies in 1986 (14), Lie en Blaufox from Bronx, NY
demonstrated captopril induced decrease of the GFR in clam-
ped, not in undamped, kidneys of a rat model with a single
kidney and with two kidneys as well as with bilateral clamping.
Comparable reduction of the blood pressure with nitropruside
caused little change of the GFR. Captopril also decreased RBF
in clamped, but increased RBF in nonclamped kidneys. These
results support a dependency of both GFR and RBF on the
renin angiotensin system in the clamped kidneys.

As reported in an abstract, Nally et al (15) from Toledo, Ohio,
performed clearance studies as well as 99 mTc-DTPA and 131
I- hippurate renograms in dogs without and with unilateral
renal artery clamping. Captopril, but not nitroprusside with
similar blood pressure reduction, caused a decrease of GFR
without much change in RBF only in the clamped kidneys.
When the contralateral kidney was excised, captopril did not
change function or renography curves of the clamped single
kidney. They conclude that captopril may unmask angiotensin
II dependent renal functions in some but not in all forms of -•
renovascular hypertension. Alternatively one could state that ,|
in a clamped single kidney the renin activity and the angioten- |
sin II dependency of the function may be low, possibly depen- $
dent on the sodium balance as discussed earlier in the human J
studies. In a subsequent paper of these investigators (16) the M
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data on the dogs with a single kidney are not included but in the
discussion the paradox of captopril induced renal failure in
patients with a single kidney, presumably a mainly volume
mediated low renin model, is mentionned. However, this mo-
del can increase its renin dependency when sodium depleted, as
occurs frequently in patients.

In conclusion these animal models confirm the captopril indu-
ced renal functional changes as seen in patients with RVH.
This supports the hypothesis of a renin angiotensin dependent
autoregulation of the GFR by preferential constriction of the
postglomerular arterioles in a kidney when the perfussion is
low. No conclusions can be drawn from this animal experi-
ments on specificity or sensitivity of renograms.
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CHAPTER 11

Summary

This thesis investigates the significance of the radioisotope
renogram in the treatment of renovascular hypertension. In
chapter 1 the problem is introduced: The studies reported are
founded on the development of percutaneous transluminal
angioplasty (PTA) of renal artery stenosis. PTA is a new
therapy for renovascular hypertension, less invasive then vas-
cular surgery. The renographic data of patients suspected of
renovascular hypertension are analysed in relation with the
effect of PTA on their hypertension. Captopril induced chan-
ges of the renogram as a diagnostic tool for renovascular
hypertension is emphazised. This chapter concludes with five
main questions to be investigated. Chapter 2 presents some
information about the renogram. During the last decade the
technique of renography, such as the use of gammacamera and
computer, has improved so that split renal blood flow and
GFR can be measured accurately by 131 I-hippurate and
99mTc-DTPA respectively.
Chapter 3 summarizes the physiology of the autoregulation of
renal blood flow and GFR. When arterial blood pressure is low
as distal of a renal artery stenosis, the afferent arterioles dilate
to maintain perfusion, on the contrary the efferent arterioles
constrict. This constriction maintains glomerular filtration
pressure, and is caused by intrarenally generated angiotensin
II. This is the pathophysiologic background of the changes that
show on the renogram of a patient with unilateral renal artery
stenosis during converting enzyme inhibition: A decrease of
GFR and diuresis without much effect on renal blood flow.
This occurs only in the affected kidney with a angiotensin II
dependent GFR, not in the contralateral kidney with a supres-
sed renin angiotensin system.
Chapter 4 shows the results of PTA in 70 patients. We analy-
sed the predictive value of two characteristics of the 131 I-
hippurate renogram on the effect of PTA on the bloodpressure
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in a subgroup of 32 patients with unilateral renal artery steno-
sis. Probably because all patients with renal artery stenosis
were treated by PTA, irrespective the outcome of predictive
tests such as the renogram or the split renal vein renin ratio,
many false negative test results were observed.
In chapter 5 the 131 I-hippurate renogram was analysed in 60
patients with unilateral renal artery stenosis before and after
PTA. The relative uptake of hippurate in the second minute, a
reflection of the renal blood flow of the affected as per cent of
the total blood flow of the two kidneys, could to some extend,
predict the effect of PTA on the blood pressure. When normal
(45% or more) 83% of the patients had no result of PTA on the
blood pressure. Surprisingly, also when very low (25% or less),
60% had no result, while moderate diminished bloodblow
(relative hippurate uptake between 25 and 45%) predicted a
favorable effect of PTA on the blood pressure in 82% of the
patients. Comparison of the renogram before and after PTA
demonstrated that the relative hippurate uptake and difference
in time to peak, reflections of relative bloodflow and diminis-
hed diuresis respectively, when previously abnormal changed
in a directions towards normal. This occurred however without
much relation with the blood pressure response. These results
show that improvement of the renal function after PTA of a
renal artery stenosis is not allways followed by an antihyper-
tensive effect. Obviously, in patients with unilateral renal arte-
ry stenosis hypertension may be dependent on other factors
besides a diminished unilateral renal perfusion precission.
Chapter 6 describes the changes in the 131 I-hippurate and
99mTc- DTPA renogram induced by converting enzyme inhi-
bition with a single dose of captopril in a patient with unilateral
renal artery stenosis. These changes occurred only in the affec-
ted kidney: Almost disappearance of the 99mTc-DTPA, but
not of the 1311- hippurate uptake, and a delay in excretion of
hippurate. These changes are in agreement with the influence
of converting enzyme inhibition on the autoregulation of renal
blood flow and GFR as explained in chapter 3.
Chapter 7 presents the results of these studies in a group of 34
patients to evaluate the additive diagnostic yield of these cap-
topril induced changes on the renogram in the diagnosis of
renovascular hypertension caused by unilateral renal artery
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stenosis. With the quantitative criteria chosen, the test was
negative in all 13 patients without renal artery stenosis and in 6
patients with a stenosis that could not be held responsible for
their hypertension because they remained hypertensive after
anatomical successful PTA. The test was positive in 13 of 15
patients with improvement of cure of their hypertension after
PTA. This yielded a specificity of 100% and a sensitivity of 80%
for the captopril induced changes as a predictive test for impro-
vement of the blood pressure after PTA in patients with unila-
teral renal artery stenosis.
Chapter 8 evaluates the treatment of 57 patients with renovas-
cular hypertension and one kidney with a low relative hippura-
te uptake of 25% or less or, with other words, one small
contracted kidney with less then one quarter of total renal
blood flow. Mainly because about half, 29 of the 57 patients
had complete arterial occlusion that could not be passed by
catheters, PTA treatment of the artery of the small kidney was
done in only 24 patients. In this group 13 became normotensi-
ve, 5 without, 8 with antihypertensive medication. Twentyfive
patients had bilateral artery obstruction, PTA of the contrala-
teral larger kidney was successful in 24. Nephrectomy of the
small kidney was done in 28 patients in whom PTA could no be
done or was done but did not change the bloodpressure.
Nephrectomy of the small kidney had neglectable influence on
serum creatinine as a measure of total GFR. Indeed, in iO
patients in whom nefrectomy was combined with PTA of the
contralateral renal artery average serum creatinine even decre-
ased from 163 to 127 micromol/1. Histologic examination
disclosed in about half of the excised kidneys complete large or
small infarcts, the latter with cholesterol emboli. These irrever-
sable changes were seen without or with previous PTA. They
may contribute to residual hypertension after correction of the
renal artery stenosis. After a follow up period raging from 2-79
months 48 patients were normotensive, 2-1 without, 27 with
antihypertensive medication, nine patients were still hyperten-
sive unless medication. The results of this study shows that
patients with an unilateral small kidney have frequent arterial
occlusion that cannot, and frequent contralateral stenosis that
can be treated by PTA. Whenever PTA is not possible, nefrec-
tomy of the small kidney can be done without relevant decrease
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of the overall renal function. Alternatively pharmacological
therapy may be chosen. With this policy normotension can be
achieved in the large majority of these patients with far advan-
ced renovascular disease.
In Chapter 9 the above mentioned studies are discussed in
relation to the five questions posed at the end of chapter 1.
Chapter 10 is a revieuw of recent literature, abstracts and full
papers on the subject of captopril-induced changes on the
renogram, published after conclusion of our studies on this
subject. The published studies, animal as well as human data
confirm our observation. They show the occurance of a decline
in GFR after converting enzyme inhibition that can be de-
monstrated by noninvasive radioisotope renography. Howe-
ver, more data are necessary before a high specificity and
sensitivity of this new test for renovascular hypertension are
confirmed.
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Samenvatting in het Nederlands

Dit proefschrift behandelt de betekenis van het renogram, een
nierfunktie onderzoek waarbij informatie wordt verkregen
over de funktie van de twee nieren afzonderlijk, bij de behan-
deling van patiënten met een hoge bloeddruk door vernauwing
van een nierslagader. Op de nierafdeling van het Academisch
Ziekenhuis Utrecht bestaat al lang wetenschappelijke interesse
voor deze zgn renovasculaire hypertensie door nierarterieste-
nose, hetgeen mede mag blijken uit het proefschrift van N.
Holshuysen in 1967 over het gescheiden nierfunktie onderzoek
als diagnosticum van renovasculaire hypertensie. In 1978 werd
in het Academisch Ziekenhuis in Utrecht een nieuwe behandel-
ing van nierarteriestenose gentroduceerd: het oprekken van de
vernauwing met behulp van een balloncatheter, ook aangeduid
als percutane transluminale angioplastie of PTA. Dit heeft
geleid tot een enthousiaste klinisch wetenschappelijke samen-
werking van de afdelingen rontgenologie, nucleaire geneeskun-
de en nefrologie, ten bewijze waarvan een lijst van publicaties
over dit onderwerp achterin dit proefschrift. Het onderwerp
van dit proefschrift is hieruit geselecteerd. De kern van het
proefschrift wordt gevormd door vijf studies. Deze behandelen
diverse facetten van het renogram als ondersteunend onder-
zoek bij de PTA.Voor PTA kunnen verschillen in nierfunktie
tussen beide nieren worden gediagnostiseerd die informatie
geven over de betekenis van een nierarteriestenose voor de
funktie van de daarachter gelegen nier en daardoor voor de
bloeddruk. Ook kunnen we nagaan of deze funktiestoornis
verdwijnt na een anatomisch geslaagde behandeling.
Een belangrijk facet bij deze studies is de toegevoegde informa-
tie die met het renogram verkregen kan worden als de invloed
van captopril op de nierfunktie wordt vastgelegd. Captopril
remt de vorming van angiotensine II, het aktieve eindprodukt
van de renine aktiviteit. Dit blijkt in een nier waarvan de arterie
is vernauwd een daling van de filtratie in de glomerulus te
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geven door verstoring van de zogenaamde autoregulatie van de
glomerulus filtratie. Dit kan op het renogram zichtbaar wor-
den gemaakt waardoor het onderzoek een grotere diagnostis-
che waarde krijgt. Ter verduidelijking van deze studies volgen
na een korte inleiding (hoofdstuk 1) twee beschouwingen, een
over het renogram en een volgend over de autoregulatie van de
glomerulus filtratie.

Het renogram (hoofdstuk 2) wordt al sinds 1956 gebruikt maar
pas de afgelopen 10 jaar is door gebruik van de gammacamera
en computer de techniek zodanig verbeterd dat het mogelijk is
nauwkeurig de bijdrage van de twee nieren afzonderlijk aan de
totale nierfunktie te meten. Welke nierfunktie gemeten wordt
is afhankelijk van de ingespoten stof, in onze studies 131 I-
hippuraat waarmee de renale bloed doorstroming, of 99 mTc-
DTPA waarmee de glomerulaire filtratie snelheid gemeten
wordt.
Er is veel terechte kritiek op het gebruik van het renogram als
screenings onderzoek bij hypertensie patiënten ter detectie van
renovasculaire hypertensie. Dit wordt vooral veroorzaakt
doordat renovasculaire hypertensie zeer weinig voorkomt. Een
verschil tussen twee nieren wordt echter op het renogram vrij
vaak gezien zonder nierarterie Stenose. Er ontstaat zo een
onacceptabel groot vals positieve onderzoeken. Deze kritiek is
niet van toepassing op ons onderzoek doordat in onze patiën-
ten populatie een zeer hoge incidentie van renovasculaire hy-
pertensie is.

In het volgende hoofdstuk (hoofdstuk 3) wordt de autoregula-
tie van de nier doorbloeding en van de glomerulus filtratie
behandeld. Autoregulatie van de bloeddoorstroming is een
verschijnsel dat een orgaan, zelfs wanneer men het buiten het
lichaam isoleert, zorgt voor een constante bloeddoorstroming
ondanks wisselingen in bloeddruk. Dit gebeurt door een varia-
tie van de contractie van de kleinste toevoerende arterieen, de
zogenaamde precapillaire arteriolen. Dit verschijnsel is bekend
bij vele weefsels in het lichaam maar is wat complexer in de nier
omdat de nier pre- en postglomerulaire arteriolen heeft die
ieder voor zich in weerstand kunnen variëren. Uit verschillende
onderzoeken is gebleken dat de weerstand van de postglomeru-
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laire of efferente arteriolen sterk onder de invloed staat van het
angiotensine II. Bij een lage perfusie druk in de nier gaan de
preglomerulaire arteriolen zo ver mogelijk open staan, maar
contraheren de postglomerulaire arteriolen waardoor de filtra-
tie druk in de glomerulus blijft gehandhaafd. De stijging van
het intrarenale renine tijdens een lage perfusie druk lijkt dus
een positieve bijdrage te leveren tot de nierfunktie, met name
tot de glomerulus filtratie. Indien in deze omstandigheden de
vorming van het angiotensine II wordt geremd door een con-
verting enzym inhibitor zoals captopril valt de filtratie druk
weg: de glomerulus filtratie neemt sterk af terwijl de nierdoor-
bloeding gelijk blijft of zelfs wat toeneemt. Deze pathofysiolo-
gische mechanismen hebben klinische betekenis gekregen. Pa-
tienten met slechts een nier waarin de nierarterie vernauwd is
kunnen een tijdelijk sterke vermindering krijgen van de glome-
rulusfiltratie en dus van de vorming van urine. Bij patiënten
met twee nieren waarvan er slechts n een arterievernauwing en
dus een lage perfusie druk heeft zal in deze ene nier de glomeru-
lus filtratie afnemen. Dit zal echter niet in de andere nier
gebeuren zodat vrijwel geen afname van de totale glomerulus
filtratie en diurese wordt gevonden. Met behulp van renografie
zou deze door captopril genduceerde verandering echter aan
het licht gebracht kunnen worden. Dat dit inderdaad gebeurt
laten een aantal van de volgende studies zien.

Het volgende hoofdstuk (hoofdstuk 4) beschrijft de eerste
studie. Deze studie geeft resultaten van PTA behandeling van
70 patiënten met nierarterie stenose. Deze patiënten werden
met PTA behandeld onafhankelijk van de uitkomst van tevo-
ren gedane zogenaamde voorspellende testen zoals ook het
hippuraat renogram. Dit renogram was gemaakt bij 32 van
deze patiënten met een eenzijdige nierarterie stenose. We ana-
lyseerden twee kenmerken van het renogram: het verschil in de
"tijd tot de piek" van de curve is bereikt, en de relatieve opname
in de tweede minuut door de nier met de arterie stenose als
percentage van de totale hippuraat opname. Dit laatste geeft
het aandeel van de aangedane nier in de totale nierbloeddoorst-
roming weer, het verschil in tijd tot piek geeft een verschil
tussen beide nieren aan in stroomsnelheid van het gevormde
filtraat: tubulaire stroming en diurese. Hoewel beide kenmer-
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ken van het renogram bij de overgrote meerderheid van de
patiënten pasten bij een verminderde doorstroming van de nier
achter de Stenose, was de voorspellende waarde hiervan ten
opzichte van de bloeddruk daling na PTA gering. Hetzelfde
gold overigens voor de verhouding van de renineactiviteit in
het van beide zijden apart opgevangen niervenebloed. Wel was
de renine- activiteit in het niervenebloed van de aangedane nier
meestal hoger was dan die van de contralaterale normale nier.
Maar de voorspellende waarde van deze verhouding ten aan-
zien van de bloeddruk daling na PTA was teleurstellend be-
perkt.

In de tweede studie (hoofdstuk 5) werd deze studie herhaald,
nu in een grotere groep van 60 patiënten met een eenzijdige
nierarterie stenose. Opnieuw had het verschil in "tijd tot piek"
geen voorspellende waarde ten opzichte van de bloeddruk
daling na PTA. Het percentage bloeddoorstroming van de
aangedane nier had echter wel een voorspellende waarde: 83%
van de patiënten met een normale bloeddoorstroming van de
aangedane nier had geen antihypertensief effect na PTA. Pa-
tienten met een zeer laag percentage doorstroming hadden
evenmin weinig effect: in 60% geen resultaat. De beste resulta-
ten werden dus verkregen bij de overige patiënten met een
nierdoorstroming van 25 - 45% van totaal. In deze groep had
82% van de patiënten een verbetering of zelf genezing van de
bloeddruk. Deze twee studies laten zien dat bij patiënten met
een eenzijdige nierarterie stenose wel vaak de nierdoorstro-
ming verminderd is maar dat de ernst daarvan slechts een zeer
zwakke relatie heeft met het bloeddruk verhogende effect dat
er kennelijk van uit gaat. Immers na correctie van de stenose
door PTA blijft de bloeddruk vaak hoog. Dit kan verschillende
oorzaken hebben. Bij proefdieren is bewezen dat een nierarte-
rie stenose hypertensie geeft maar als deze lang bestaat heeft
verwijdering van de stenose of nefrectomie geen bloeddruk
verlagend effect meer. Er is een secundaire hypertensie ont-
staan die door niet geheel opgehelderde mechanismen in stand
wordt gehouden, ook al wordt de aanvankelijk zeker oorzake-
lijke nierarterie stenose weg genomen. Een andere oorzaak van
het niet verdwijnen van de hypertensie na opheffen van de
stenose kan zijn dat een aantal van deze patiënten een essentiële
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hypertensie met secundaire arteriosclerotische nierarterie af-
wijkingen hebben. Ook is het waarschijnlijk dat in de nier
zonder nierarterie stenose, langdurige bloeddrukverhoging
aanleiding heeft gegeven tot vaatveranderingen die op hun
buurt de hypertensie kunnen onderhouden. Weer een andere
mogelijkheid is dat in de nier achter de arterie vernauwing
veranderingen zijn opgetreden in het vaatbet die irreversible
zijn na opheffen van de stenose. Dit wordt beschreven in studie
5 van dit proefschrift.
Als laatste kan genoemd worden dat het niet volledig dalen of

helemaal niet dalen van de bloeddruk kan komen doordat de
nierarterie stenose nog steeds niet is verholpen door de PTA en
dat nog steeds een renovasculaire hypertensie met een ver-
hoogd renine in de nier bestaat. Mogelijk kan dit in de toe-
komst aangetoond worden met een gevoelige test voor het
bestaan van een renovasculaire component: de captopril reno-
grafie zoals beschreven in hoofdstuk 5 en 6.

In de tweede studie (hoofdstuk 5) wordt naast het bovenstaan-
de geanalyseerd in hoeverre veranderingen optreden in het
renogram na PTA. Patienten die een belangrijke verbetering of
een genezing van de bloeddrukken hadden, hadden ook een
verbetering van de nierdoorstroming van de aangedane nier.
Patienten zonder verbetering van de bloeddruk hadden gemid-
deld minder verbetering van de doorstroming. Dit leek vooral
veroorzaakt door die patiënten, die al geen gestoorde doorstro-
ming hadden. Twee patiënten in deze groep hadden verminde-
ring van hun doorstroming, bij een van hen werd op een
scintigram een infarct gezien. Het verschil in tijd tot piek werd
na PTA bij alle patiënten normaal, onafhankelijk van de
bloeddruk verandering. Dit wijst er toch op dat er bij patiënten
met een eenzijdige nierarterie stenose, vaak veranderingen in
de funktie van de nier zijn aan te tonen die ook aantoonbaar
verdwijnen na opheffen van de stenose zonder veel consequen-
ties voor de bloeddruk. Dit berust waarschijnlijk op de eerder
genoemde mechanismen.

De derde studie (hoofdstuk 6) beschrijft de functionele veran-
deringen veroorzaakt door captopril in de nier achter een
nierarterie stenose bij een patient met renovasculaire hyperten-
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sie. Deze veranderingen waren een vrijwel verdwijnen van de
99 mTc-DTP A opname, en wel opname maar geen secretie van
het 131 I-hippuraat. Deze verschijnselen waren alleen zicht-
baar in de aangedane, niet in de contralaterale nier. Deze
metingen bevestigen de juistheid van de hypothese dat vermin-
dering van de glomerulus filtratie door verstoring van de auto-
regulatie ook plaats zal vinden in de aangedane nier bij een
patient met eenzijdige nierarterie stenose.

In de vierde studie (hoofdstuk 7) werd dit onderzoek gedaan bij
34 patiënten, 13 zonder en 21 met nierarterie stenose. Van deze
21 patiënten toonden 6 geen reactie van de bJoeddruk op PTA,
hetgeen tegen een belangrijke renovasculaire component van
de bloeddruk pleitte. Deze 6 patiënten en de 13 patiënten
zonder nierarterie stenose toonden geen eenzijdige veranderin-
gen op DTPA en hippuraat renogrammen na captopril. Daar-
entegen hadden 13 van de 15 patiënten met een waarschijnlijk
renovasculaire hypertensie een aantal veranderingen in de akti-
viteits curves. Kwantitatieve analyse leverde een aantal kriteria
op zodat renovasculaire hypertensie in deze groep patiënten
gediagnostiseerd kon worden met een sensitiviteit van 80% en
een specificiteit van 100%. Dit is meer dan bereikt kon worden
met de hippuraat of DTPA renogrammen afzonderlijk. We
concludeerden dat de door captopril geinduceerde veranderin-
gen een belangrijke toevoeging zijn aan de diagnostische waar-
de van het renogram bij patiënten met renovasculaire hyper-
tensie. Deze bevinding wordt ondersteund door een aantal
mededelingen in de literatuur verschenen na afsluiting van ons
onderzoek. Hiervan wordt verslag gedaan in hoofdstuk 10.

De vijfde studie (hoofdstuk 8) beschrijft de resultaten van
behandeling van 57 patiënten met renovasculaire hypertensie
en een nier met slechts een geringe bloeddoorstroming. Deze
patiënten hadden allen een hippuraat opname van de kleine
nier van 25% of minder van de totale opname, dus slechts een
kwart of minder van de totale nierdoorstroming. Aanleiding
tot dit onderzoek was de uitkomst van de voorspellende waar-
de van het renogram in de tweede studie: een erg lage (> 25%)
hippuraat opname voorspelde een minder goed effect van de
behandeling door PTA. Bij onze 57 patiënten bleek PTA van
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de arterie van de kleine nier slechts mogelijk bij 24 patiënten.
Dit werd voornamelijk veroorzaakt doordat deze arterie bij 29
patiënten geheel was afgesloten. Een afgesloten nierarterie laat
zich vrijwel nooit weer goed openen door PTA. Ook bij 6 van
de 28 patiënten met een stenose van de arterie van de kleine nier
lukte PTA niet. Bij de 24 patiënten waarbij PTA wel kon
worden gedaan was het effect op de bloeddruk als volgt: 13
patiënten werden normotensief (diastolische bloeddruk 95
mmHg of minder), waarvan 5 zonder, 8 met medicatie. Elf
patiënten hadden een onvoldoende antihypertensief effect.
Vijfentwintig patiënten hadden bilaterale arterie obstructies.
PTA van de contralaterale nierarterie lukte vaker dan PTA
van de arterie van de kleine nier: in 24 van de 25 patiënten. Bij
28 van de 57 patiënten werd nefrectomie van de kleine nier
verricht, de overige patiënten werden behandeld met antihy-
pertensieve medicatie. Aan het eind van een observatie periode
die varieerde van 2-79 maanden waren 48 patiënten normoten-
sief, 21 zonder, 27 met medicatie; 9 patiënten waren nog hyper-
tensief ondanks medicatie. In de literatuur wordt soms stelling
genomen tegen nefrectomie en wordt conserverende chirurgie
gepropageerd: zelfs kleine nieren met een afgesloten nierarterie
kunnen behouden worden, soms door een zogenaamde auto-
transplantatie: verplaatsing van de nier naar het kleine bekken
waar de nierbloedvaten opnieuw worden aangesloten. In ver-
gelijking met zulke vrij ingewikkelde chirurgische therapie is
een nefrectomie een kleinere ingreep waarbij met absolute
zekerheid de renovasculaire component is weggenomen. De
vraag is of het daarbij verloren gaan vaneen kleine hoeveelheid
nierweefsel van belang is voor de patient. Bij alle weggehaalde
nieren werd pathologische anatomisch onderzoek gedaan.
Hierbij bleek dat bij de helft in deze nieren afwijkingen werden
gevonden die bij vaatchirurgie niet weggenomen zouden zijn,
terwijl zij op zich een bloeddruk verhogend effect kunnen
hebben. Dit waren grote renale infarcten of kleinere multipele
infarcten door cholesterol emboli. We zagen deze intrarenale
pathologie zowel bij patiënten die tevoren PTA hadden onder-
gaan als bij patiënten waarbij ze spontaan waren opgetreden.
Bij nierconserverende therapie bestaat dus een grote kans op
het achterblijven van pathologische (vaat)veranderingen in de
nier. Bovendien vonden wij na eenzijdige nefrectomie van een
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klein niertje bij 17 patiënten slechts een stijging van het serum-
creatinine gehalte van 120 tot 124 micromol/L. Bij 10 patiën-
ten waarbij deze nefrectomie was gecombineerd met een PTA
van de contralaterale nierarterie verbeterde het serum-creatine
gehalte van 163 tot 127 micromol/L, dus zelfs een verbetering
van de nierfunktie. Deze gegevens ondersteunen de indicatie
nefrectomie bij patiënten waarbij PTA niet kan worden toege-
past. Als er contra-indicaties tegen deze operatie zijn kan
medicamenteuze therapie worden gegeven. Concluderend kan
gesteld worden dat bij deze groep patiënten met een klein
niertje door nierarterie obstructie PTA van deze nierarterie
slechts bij een zeer gering aantal patiënten tot het gewenste
resultaat leidt. Het onderzoek laat echter zien dat met een
behandelingsbeleid waarin naast PTA ook nefrectomie en
medicamentueze behandeling een plaats hebben, bij een grote
meerderheid van deze tevoren ernstige hypertensieve patiënten
met progressief arterieel vaatlijden normotensie kan worden
bereikt. Dit gebeurde zonder ernstige complicaties en zonder
klinisch belangrijk verlies van nierfunktie, deze verbeterde
zelfs bij patiënten die behalve nefrectomie van de kleine nier
PTA van de contralaterale nier ondergingen.

Hoofdstuk 9 bevat een discussie van de bevindingen van bo-
venstaande studies naar aanleiding van vijf vragen, gesteld aan
het eind van hoofdstuk 1.

Hoofdstuk 10 is een overzicht van literatuur, publicaties en
abstracts over het onderwerp captopril renografie, verschenen
nadat onze studies waren afgesloten. De studies daarin ver-
meld bevestigen onze bevinding dat captopril in een nier met
nierarteriestenose funktionele veranderingen teweeg brengt die
op het renogram zichtbaar kunnen worden. Er is nog onvol-
doende ervaring met grote groepen patiënten om de door ons
gevonden hoge specificiteit te bevestigen.
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Vervolgens dank ik mijn tweede promotor, Professor Dr. C.B.A.J.
Puylaert. Beste Carl, je hebt de fundamenten van dit proefschrift ge-
legd. De vanaf het begin tot nu enthousiaste en collegeale manier van
samenwerken heb ik in hoge mate gewaardeerd. Ik ben er trots op een
van de leden van het Utrechtse Dotter (of moet ik zeggen Puylaert-)
team te zijn.
Ook dank ik mijn coprcmotor, Dr H.Y. Oei. Beste Hong Yoe, zonder jouw
inbreng en inzicht zou ik nooit over renogramnsn hebben geschreven.
Samen hebben we heel wat tabellen gemaakt en de resultaten werden zon-
der reserves gedeeld.
De hele staf van de nierafdeling heeft mij niet alleen geestelijk maar
ook in de praktijk gesteund door mij in het dagelijks werk te sparen
en in te springen wanneer dit nodig was. Vooral de sluipgang waarin
achter mijn rug Berry van Schaik en Jaap Beutier aan hun eigen promo-
tieonderzoek werkten was hartverwarmend. Hierbij mijn dank.
Het medisch wetenschappelijk secretariaat van de nierafdeling heeft de
extra belasting die dit proefschrift met zich meebracht als vanzelf-
sprekend aanvaard; hen, maar speciaal Astrid Klein, bedank ik voor het
zeer snel uitwerken van mijn moeilijk leesbaar medisch engels koeter-
waals op een tekstverwerker met nog onbekende werking, gelukkig digi-
taal begeleid door Branco Braam.
Het promoveren op latere leeftijd heeft soms voordelen. Zo bood mijn
dochter Nancy aan het lay-out werk te doen: na een studenten almanak
(met ingebouwde muziekdoos) "een zacht eitje". Je benoeming door de
drukker tot art director heeft meer gevolgen gehad dan ik had voor-
zien, reuze bedankt.
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Door de grote wisseling van mensen in functies, een fenomeen zo eigen
aan een academisch ziekenhuis, kan ik tot mijn spijt niet iedereen met
name bedanken. Ik denk hierbij aan artsen werkzaam op nucleaire ge-
neeskunde, op de angiokamer en op de afdeling 192, die samen met de
nucleaire en röntgenassistenten en de verpleegkundigen een goede pa-
tiëntenzorg garandeerden. Ook aan de dames van de daar bijbehorende
afdeling opname en de recepties die veel organisatie talent hebben ge-
toond.
Het werken met zoveel mensen, vrienden en vriendinnen, en alle steun
die ik van hen kreeg, was een unieke belevenis waarvoor ik heel erg
dankbaar ben en zal blijven.
Ik hoop veel terug te mogen doen.
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Curriculum vitae

Gijsbert Gerard Geyskes, born July 11, 1934 at Woudenberg, The Nether-
lands. Medical study at the university of Utrecht, graduation 1960.
Internships 1961 - 1962 at the University Hospital of Utrecht.
Military service, Military Sanatorium, Amersfoort (head J.C. Gans),
1961 - 1963. Training Internal Medicine, University Hospital of
Utrecht 1963 -1969. Consultant, Department of Medicine, University
Hospital of Utrecht (heads L.A. Hulst, F.L.J. Jordan), 1969 - 1972.
Research fellow, Department of Hypertension and Clinical Riarmacology,
University of Pittsburgh (head A.P. Sharpiro), 1970 - 1971. Staff
member Department of Nephrology and Hypertension, University Hospital
of Utrecht (head E.J. Dorhout Mees), 1972 - up to the present.
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