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Preface 

Diagnostic and therapeutic methods and controversies in the 

management of renovascular hypertension have undergone major chan-

ges during the past few years. This book is based on the proceedings 

of a successful postgraduate Boerhaave Course held in 1982 at the 

Faculty of Medicine of the University of Leiden, The Netherlands. 

Current concepts concerning the diagnosis and treatment of reno

vascular hypertension were presented during this course to an audience 

composed of physicians, nephrologists, cardiologists, surgeons, uro

logists, and radiologists. 

Thus, this book aims at offering an overview of tho,se aspects of 

renovascular hypertension which are relevant to clinical prac-

tice. An effort is made to review the currently available moda

lities of diagnostic procedures, both on the basis of modern in

sights in the pathology and pathophysiology of renovascular hyper

tension, as well as timely r'esul ts of clinical research. In ad

dition, several chapters deal with combinations of these diag-

nostic procedures in a fashion that can be of practical help in 

clin;cal decision making. The medical, surgical and angioplastic 

modalities of treatment are reviewed. Basic considerations concerning 

medical treatment and technical aspects of surgical as well as per

cutaneous angioplasty are presented in detail, both separately and 

in combination. Special attention is given to the problem of renal 

artery stenosjs in k~dney transplants. 

This book offers up to date information on clinical aspects of 

renovascular hypertension, useful to a wide range of clinicians 

in a variety of disciplines. We hope that it will contribute 

to further improvements in the management of patients with reno

vascular hypertension. 

The effort taken by all authors in contributing to the book, is 

gratefully acknowledged. We want to specially thank Mrs. Cathy Fung

Kim, who performed a large amount of work in preparing the manu

scripts. 

Reinout van Schilfgaarde 
James C. Stanley 
Peter van Brummelen 

,Evert H. Overbosch 



1. RENOVASCULAR HYPERTENSION: DEFINITIONS, INCIDENCE AND 
CLINICAL ASPECTS. 

P. VAN BRUMMELEN 

1. DEFINITIONS' 

Renovascular hypertension is defined as high blood pres

sure caused by occlusive disease of the renal arterial 

vasculature which is potentially curable by correction of 

the lesion(s) (1). Renovascular hypertension is not iden

tical with renal artery stenosis since it has been recogni

zed for a long time that the latter is not necessarily 

accompanied by an elevated blood pressure. Indeed, in a 

study reported by Eyler et al. (2) it was shown that 102 of 

303 normotensive patients had some degree of renal arterial 

narrowing on arteriography. This observation was confirmed 

by two later studies based on autopsy data (3,4). Especially 

in the older age groups a sizable number of atherosclerotic 

renovascular lesions is encountered (2). To separate this 

entity from renovascular hypertension, as defined above, the 

term renovascular disease is often used. It should, however, 

be noted that the same term is also used for another group 

of patients i. e. those hypertensive patients with a renal 

artery stenosis which is not the cause of the elevated blood 

pressure. 

Renovascular disease in normotensive patients is usually 

discovered by chance, either in the course of an angiogra

phic investigation or at autopsy. In the majority of pa

tients it does not constitute a clinical problem. Renal 

function can be impaired in patients with severe bilateral 

stenoses, but this seems to be extremely rare in the absence 

of a high blood pressure. 
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The coexistence of renovascular disease and hypertension 

is not uncommon due to a high incidence of renovascular 

lesions in patients with pre-existing essential hypertension 

(5,6). The differentiation of this clinical entity from true 

renovascular hypertension can be difficult and this will be 

one of the main themes of the present symposium. In this 

connection it is relevant to notice that not in all cases of 

true renovascular hypertension blood pressure is normalized 

after succesful correction of the vascular lesion (hence the 

use of the word "potential" in the definition of renovascu

lar hypertension). This fact is usually explained by the 

clinical and experimental observation that changes in the 

opposite kidney, induced by longstanding hypertension, are 

capable to maintain high blood pressure (7). This exception 

is, for some authors, reason to prefer the term surgically 

correctable renovascular hypertension for use in clinical 

practice (8). 

2. INCIDENCE 

Renovascular hypertension is generally considered to be 

the commonest form of correctable secondary hypertension 

(9). Yet, exact figures of its incidence in the hypertensive 

population as a whole are lacking almost completely. About 

20 years ago it was thought that lesions of the renal artery 

were responsible for high blood pressure in 20% of patients 

with hypertension (10). In some later studies figures of 

about 5% are given (11,12,13) whereas in the most recent 

reports estimates are as low as 1% or less (14,15,16). 

What is the reason for this large divergence in incidence 

figures between the various studies? First of all the inade

quate separation of renovascular hypertension from 

renovascular disease in the older studies has resulted in an 

optimistic overestimation of the former. As a consequence 

surgery was frequently unsuccessful and detrimental to the 

patient (17). Another contributing factor is the selective 

refer~al of patients with known or unknown renovascular 

hypertension to specialized clinics (18). This is reinforced 
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by the fact that the incidence of renovascular hypertension 

is much higher in patients with severe hypertension as 

reflected in hypertensive retinopathy grade III or IV (19). 

The study of Berglund and coworkers (14) deserves further 

comment because it is the only study on this subject based 

on a random population sample. From a group of 7455 Swedish 

men, aged 47-54 years, 689 were extensively investigated 

because they had a blood pressure above 175/115 on two 

occasions or because they were receiving antihypertensive 

therapy. Only in 4 patients (0.6%) a diagnosis of renovascu

lar hypertension was made and this led to surgery in 2 of 

them. 

Even lower figures (0.18%) are reported by Tucker and 

Labarthe (15) who estimated the frequency of renovascular 

hypertension among the population of hypertensive patients 

examined at the Mayo Clinic. This was done on the basis of 

the number of patients who had an operation for repair of a 

renal artery stenosis and the number of patients expected to 

have hypertension (data from the U.S. National Health Sur

vey, 20). The very low figure in this study is, in part, 

explained by the fact that the criterion for defining hyper

tension was a diastolic blood pressure above 95 mmHg. 

It can be concluded that the incidence of renovascular 

hypertension is much lower than originally estimated and 

this holds especially true when only patients with correcta

ble hypertension (by surgery or percutaneous transluminal 

renal angioplasty) are taken into account. As a consequence 

extensive investigation of all hypertensive patients for a 

renovascular cause is, for medical and economical reasons, 

no longer justified and selection of patients for further 

investigation on the basis of clinical and or biochemical 

indications has become mandatory (8)*. 

*see also the chapters by drs Maxwell, Schalekamp and Grim. 
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3. CLINICAL ASPECTS 

Extensive searches have been made in order to define 

clinical characteristics that could help to differentiate 

between essential hypertension and the two major subgroups 

of renovascular hypertension, i. e. fibromuscular dysplasia 

and atherosclerotic disease. Although certain differences 

have been uncovered there are very few distinctive clinical 

features that strongly suggest the presence of a renal 

artery stenosis in the individual case. In fact only the 

presence of an abdominal flank bruit is a strong indication 

for the presence of a renal artery stenosis. 

Extensive information on the clinical aspects of renovas

cular hypertension has been provided by the Cooperative 

Study of Renovascular Hypertension (21,22). In this study 

the clinical characteritistics of 175 patients with renovas

cular hypertension (91 with atherosclerosis and 84 with 

fibromuscular hyperplasia) were compared with those of 339 

patients with essential hypertension. All patients with 

renovascluar hypertension used in this analysis had been 

cured by surgery. From this study, and from several other 

studies (12,23,24,25) it emerged that patients with fibro

muscular dysplasia were younger and more often female where

as those with atherosclerotic renal hypertension were older 

and more often male. However, since the average age of 

patients with essential hypertension falls in between and 

because of a wide overlap these features are of little 

diagnostic help. Unfortunately the same has been found to be 

true for other characteristics of renovascular hypertension 

such as shorter duration of hypertension, less hypertension 

in the family and more severe retinopathy (22). Also the 

height of the blood pressure and the frequency of an accele

rated phase of hypertension did not distinguish between 

renovascular and essential hypertension. Patients with 

essential hypertension are more frequent obese than patients 

with renovascular hypertension whereas a thin body habitus 

is overrepresented in the subgroup with fibromuscular 
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dysplasia. For unexplained reasons renovascular hypertension 

is rare in blacks. Although all the aforementioned differen

ces are quantitative rather than qualitative and therefore 

of limited diagnostic value when considered apart, it should 

be emphasized that the combination of features can be of 

great help in the selection of patients for further radiolo

gical, biochemical and pharmacological investigation (1). 

As mentioned before the presence of an abdominal bruit 

has a strong predictive value. This is, however, only the 

case when the bruit is systolic-diastolic, high pitched and 

especially when it is also heard in the flanks (26). Unfortu

nately this typical bruit is only heard in about one-third 

of the patients with renovascular hypertension (22). Thus it 

combines a high specificity with a rather low sensitivity 

(see also the "summing up" by dr Grim). The typical bruit 

should be distinguished from a short systolic bruit that is 

low pitched in quality. The latter is a frequent finding in 

normal persons (27) and is in no way indicative for a renal 

artery stenosis. 

4. SUMMARY 

Renovascular hypertension should be differentiated from 

renovascular disease and correctable renovascular hyperten

sion is the clinically relevant statistic. The incidence of 

renovascular hypertension is much lower than originally 

thought and probably not higher than 1 or 2% of the hyper

tensive population. Except for a typical abdominal bruit, 

clinical characteristics are of limited value for the dif

ferentiation between renovascular hypertension and essential 

hypertension. Nevertheless, they are useful when selecting 

patients for further investigation. 
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THE PATHOLOGY OF RENO-VASCULAR HYPERTENSION. 

Ph.J.Hoedemaeker 

1. I NTRODUCTIor~ 
Reno-vascular hypertension is defined as the elevation of bloodpressure 

which is caused by the presence of unilateral or bilateral stenotic 
lesions in the main renal artery or in its ~ajor branches. In most 
cases a surgical correction of the stenosis will exert a beneficial 

effect on the hypertension. 
Already in 1909 a causal relationship between a reduction of the renal 
bloodflow and changes in the bloodpressure, was observed by Janeway 
(1). It was however not before 1934 that Goldblatt (2) proved such 
a relationship by showing that bilateral artificial constriction of the 
renal artery in dogs, caused chronic hypertension. In 1937 Butler (3) 
was the first to demonstrate that in man surgical correction (e.g. 
unilateral nephrectomy) could cure hypertension. During the next four 
decades many investigators clinically or experimentally provided more 
insight in the problem of reno-vascular hypertension. 
In 1963 Maxwell and colleages (4) showed that unilateral constriction 
of the renal artery in dogs also caused a chronic hypertension, provided 
that the constriction was ~ore than 50%. The hypertension in these cases 
was always associated with the release of a pressure substance from the 
kidney on the stenotic side, named renin, which was earlier isolated 

and identified by Tigerstedt and Bergman (5). Although the role of 
renin in reno-vascular hypertension nowadays is firmly established, 
many pathophysiologic details of this renin dependent reno-vascular 

hypertension have still to be clarified. It is for instance not well 

understood why despite a successful surgical correction of the renal artery 

stenosis, in some cases the hypertension is not affected. Nor is it clear 

why a considerable stenosis of the renal artery can be present without 
the occurrence of hypertension. Furthermore the role of intra renal 
small vessel disease in the pathogenesis of hypertension is still poorly 
understood. 
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This chapter will deal with the pathology of reno-vascular disease 
in relation to the development of (malignant) hypertension. In addition 
morphologic changes in the renal tissue as the result of insufficient 
blood supply will be discussed. 

2. INCIDENCE 
Although reno-vascular disease is not uncommon in autopsy series even 

in non-hypertensive subjects (6), the prevalence of reno-vascular hyper
tension is thought to be only 2 to 5% of the hypertensive population (7). 
This does not include the hypertension caused by intra-renal small 
vessel disease. 
In reno-vascular disease arteriosclerosis is the most common cause. 
It is supposed to be responsible for over 80% of the cases. The dysplastic 
lesions of the renal arteries or their major branches are far less 
common. Together arteriosclerotic and dysplastic lesions account for 
more than 90% of the cases. More rare causes are aneurysms of the renal 
arteries, or congenital anomalies of the abdominal aorta, associated 
with stenosis or hypoplasia of the renal arteries. 

3. PATHOLOGY 
3.1. Arteriosclerosis 

Arteriosclerosis is a co~on cause for reno-vascular disease. Males 
are twice as much affected as females, which difference is less apparent 
in advanced age. The disease is often associated with generalized 
arteriosclerosis. The lesions are mostly present in the main renal 
artery. Arteriosclerotic lesions in the branches of the renal arteries 
are rare. The most common localization for the arteriosclerotic lesion 
is at the aortic orifice. These lesions consist of typical arterioscle
rotic plaques with accumulation of foam cells, fibrous tissue, haem
orrhages and calcifications. In approximately 50% of the cases the 

lesion is bilateral. 
Not infrequently arteriosclerotic aneurysms of the abdominal aorta 

comprise the origin of the renal arteries, causing stenosis. 

3.2.Dysplasia of the renal artery 
Dysplastic lesions of the renal artery are encountered predominantly 

in females with a mean age of 35 years. The condition may be unilateral 
or bilateral and usually affects the main stem of the renal artery. 
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Additional dysplastic lesions may be seen in the major branches. 
During recent years many investigators have proposed morphological 
classifications for the dysplastic lesions of the renal artery, each 
with their own characteristics and reported frequencies of the different 
lesions (8,9,10,11). In this chapter the classification proposed by 
Stanley et a1. in 1975 (12) will be used, because in this classification 
the authors try to relate morphologic changes to etiological factors. 

They distinguish: 
A. Intimal fibroplasia 
B. Medial hyperplasia 
C. f"'edia1 fibroplasia 
D. Perimedia1 dysplasia. 

Of these lesions the medial fibroplasia and the perimedia1 dysplasia 
account for almost 95% of the dysplastic lesions. 
- Intimal fibroplasia is found in approximately 5% of the cases. It 
consists of irregular tubular or focal stenoses localized in the main 
stem of the renal artery. Microscopically the lesion consists of intimal 
proliferation of mesenchymal cells embedded in loose connective tissue. 
Sometimes this intimal fibroplasia is seen as an ostial lesion associated 
either with neurofibromatosis or with hypoplasia of the abdominal aorta 
(13) • 

-fledia1 hyperplasia is a rare lesion that produces focal stenoses. 
It consists of a pure proliferation of smooth muscle cells with focal 
dearrangement of the media. This subgroup accounts for less than 1% 
of the lesions. 
- r·ledial fibroplasia occurs in approximately 85% of the lesions. It 

is seen in the distal part of the renal artery often extending into 
its major branches. In this category Stanley et al. (12) distinguish 

two subtypes. One in which the fibroplasia is confined to the outer 

media and may progress to one which is present diffusely through the 
media. The lesion is characterized by disorganization of the smooth 

muscle with fibrous connective tissue in between. The thinning of the 

media alternating with the fibroplastic areas give rise to local 
dilatations and aneurysms which often is the cause for a characteristic 
beaded appearance of the renal artery on arteriography (14). This type 
of reno-vascular lesion is uncommon in the pediatric age group (15). 



- Perimedial dysplasia accounts for 10% of the reno-vascular lesions. 

It is seen in the midportion of the renal artery and consists of 
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an accu~ulation of elastic tissue in between the media and the adven
titia, producing focal constriction or occasionally multiple stenoses. 

The etiology of the fibrodysrlastic lesion of the renal artery, which 

is also reported to occur in certain animal species (16), is unknown. 
However observations regarding the incidence of the lesion could 

give rise to a few sreculations. 

First it is known that fibrodysrlastic disease is not limited to 
the renal artery. Other muscular arteries like the carotid artery, 

the mesenteric arteries or the iliac artery may show identical lesions, 

sometimes even in a combination as a generalized arterial disease 

(17). These arteries have in common that they are subject to physical 

traction through hyperextension of the neck, through ptosis of a 
kidney, or through the weight of the viscera. Support for the hypo

thesis that stretching of the arterial wall is involved in the patho
genesis of fibrodysplastic disease,is provided by the noted relation 
between a ptotic right kidney and fibrodysplastic disease of the 

right renal artery (18). Apart from these physical forces as a possible 
etiologic factor in fibrodysplastic disease, it is known that the 

fast majority of patients with fibrodysplastic disease are hormonally 
active females, suggesting the i~portance of hormonal factors in 

the disease. Probably a combination of these and other factors are 
involved in the etiology and a final common path of ischaemia of 
the arterial wall might be important (19). 

3.3 Other causes for renal artery stenosis 
- Thrombo-embolic processes. Thrombotic lesions may develop on the 
basis of arteriosclerosis and further reduce the blood supply of 

the kidney, causing hypertension. 

Emboli, usually of cholesterol containing material cause only transient 

ischaemia and rise in bloodpressure. These emboli may be seen following 

transluminal angioplasty. 

- Takayashu arteritis. A rare cause for renal artery stenosis is 

the aortic arteritis or Takayashu's syndrome, usually affecting 

the ostia of the renal arteries (20). 
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- Aneurysms of the renal artery. Apart from the aneurysms and dissections 
which may be observed as a consequence of fibrodysplastic lesions, 
aneurysms occur in approximately 0.1% of the general population. In 
the vast majority of these patients however hypertension is present 

(21). 
- Developmental anomalies. Developmental anomalies which may cause 
renal ischaemia and consequently hypertension, are usually observed 
in relation to coarctation or hypoplasia of the abdominal aorta. In 
approximately 25% of these cases splanchnic arteries also show stenotic 
lesions. Furthermore it has to be noted that ostial lesions of the 
renal arteries of the intimal fibroplasia type are seen in patients 

suffering from neurofibromatosis (13). 
-Iatrogenic stenosis of the renal artery can be seen at the site of 
the anastomosis of a transplanted kidney (22). 

3.4. Intra renal small vessel disease and hypertension 
Intra renal small vessel disease may be a cause as well as a consequence 

of hypertension. In analogy to the fact that stenotic lesions of the 
renal artery or its branches may cause hypertension through renal ischaemic 
and the release of renin from the kidney on the affected sfde, it may 
be considered that intra renal small vessel disease also has a hypertensior 
inducing capacity through renal ischaemia. This is obvious in cases 
of polyarteritis nodosa of the intermediate vessels leading to 
renal ischaemia and consequently to hypertension. 
However changes seen in glomeruli and small bloodvessels of the kidney 
in the malignant phase of essential hypertension, like fibrinoid 

necrosis and thrombosis, are considered to be the consequence of hyper
tension, since a reduction in blood flow due to stenosis of the renal 

artery (23) or anti-hypertensive treatment (24) are able to prevent 

these changes. 
flotwithstanding the fact that changes similar to those observed in 

malignant hypertension can be seen in the renal blood vessels in 
haemolytic uremic syndrome, systemic sclerosis or acute renal failure 
in the post-partum period, doubt exists if these lesions are caused 
by the high blood pressure, since they are often found before the 

hypertension occurred (25). In later stages of these diseases very 



severe and often malignant hypertension may ensue rapidly probably 
as a result of renal ischaemia caused by these vessel lesions 
(26). 

The cause of these vessel lesions is unknown. It is possible that 
primary thrombotic processes playa role, which in turn could be 
caused by a Shwartzmann like phenomenon. 

4. RENAL PARENCHYr1AL CHANGES SECONDARY TO STENOTI C LES IONS OF THE 
RENAL VESSELS. 
The renal ischaemia at the side of the stenotic renal artery 

usually causes atrophic changes in the kidney. In older patients 
additional arteriosclerotic lesions is a cause for rough and scarred 
surface of the kidney. In cases in which the stenotic lesion is 
present in one of the branches of the renal artery, the atrophy 
usually is segmental. 
r1icroscopic examination of the kidney on the affected side will 
reveal ischaemic changes. The tubules are reduced in size and show 
thickening and reduplication of their basement membranes. The inter
stitium consequently is widened and may contain foci of lymphocytic 
infiltrate. The glomeruli may show ischaemic changes in the form 
of wrinkling of the glomerular basement membranes and of thickening 
of the basement membrane of Bowman's capsule. At the side of the 
stenosis the juxta glomerular apparatus (JGA) shows hypertrophy 
and increased cellularity, which can be demonstrated with special 
stains. Excluding the JGA changes, the other ischaemic changes 
also may be present in the contralateral kidney. In this case however 
they are not a consequence of ischaemia but rather the result of 
the exposition of the renal tissue to the high blood pressure. 
It is for this reason that the examination of bilateral renal biopsies 

in case of unilateral renal artery stenosis, to predict the outcome 
of surgical treatment, did not come up to the expectations. Even 
the hypertrophy and increased granularity of the JGA is too incon

sistent for such a prediction. 

5. SUr1r1ARY 
Renal vascular hypertension is caused by unilateral or bilateral 

stenotic lesions of the renal artery. r10re than 90% of the lesions 
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consist of arteriosclerotic or dysplastic lesions. 

Intra renal small vessel disease may also be involved in the pathogenesis 
of hypertension. Histologic examination of bilateral renal biopsies 
in case of unilateral stenosis can not predict the outcome of surgical 
therapy. 
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RENOVASCULAR HYPERTENSION 

ASPECTS OF PATHOPHYSIOLOGY 
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J.J. Morton, E.C.M. Wallace, J.I.S. Robertson 

MRC Blood Pressure Unit, Western Infirmary, Glasgow GIl 6NT, U.K. 

Although it is now nearly half a century since Goldblatt and his 

colleagues demonstrated that hypertension could be produced experimentally 
. . I . 

by the appllcation of a constrictlon to a renal artery, the pathogenesls 

of this condition remains imperfectly understood. The issue is clinically 

relevant, because in man hypertension is often associated with renal artery 

stenosis, and in a proportion of such patients, although by no means all, 

blood pressure can be lowered either by renal arterial reconstvuction or 

by excision of the kidney distal to the scenosis. The importance of the 

renin-angiotensin system in initiating and maintaining renovascular hyper

tension remains particularly controversial. 

2 
In 1974 we proposed a schema relating the evolution of renovascular 

hypertension to changes in the renin system. In the first phase, which 

appears within minutes of the application of a renal artery stenosis, 

plasma renin and angiotensin II, and arterial pressure, rise together, 

and fall, also in parallel, if the stenosis is relieved. Within days 

this is succeeded by a second phase in which, while blood pressure remains 

high, plasma renin and angiotensin II are proportionately less markedly 

elevated. This dissociation has cast doubt on the importance of the 

renin system in phase II, although blood pressure may still be lowered 

either by correction of the renal artery stenosis or removal of the 

affected kidney. Clinical renovascular hypertension is not often 

observed earlier than phase II. Much later a third phase supervenes in 

which blood pressure remains high while the renin system continues 

relatively suppressed; in phase III surgical measures are ineffective 

in lowering arterial pressure. Almost certainly the renin-angiotensin 

system is not pathogenica1ly relevant in phase III. Clinically, the 
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distinction between phases II and III is of major importance in deciding 

on surgical measures. 

3 Recent studies in this department have attempted to define more 

precisely the evolution of renovascular hypertension in relation to the 

renin-angiotensin system. Rats with both kidneys remaining were studied, 

a unilateral renal artery clip being applied to one group, while control 

animals had a sham operation. In an attempt to minimise artifacts, blood 

samples for the assay of plasma renin and angiotensin II, and arterial 

pressure measurements, were obtained in conscious animals. 

On the day after operation, when the first measurements were made, 

blood pressure, plasma renin and plasma angiotensin II concentrations 

were significantly elevated in the rats with unilateral renal artery 

stenosis. Two weeks after operation, however, plasma renin and angio-

tens in II had subsided in the clipped rats to values no different from 

those seen in the controls, although blood pressure remained signifi-

cantly elevated. From the fourth week aft·er operation onwards, plasma 

renin and angiotensin II again rose in the rats with unilateral renal 

artery stenosis, and to a very variable extent in different animals, 

while the hypertension became more severe. Blood pressure, renin and 

angiotensin II remained significantly elevated in the clipped rats up 

to 20 weeks from operation, when the study was terminated. A signifi

cant positive correlation was demonstrable (r = 0.48, n = 21, p <0.05) 

between plasma angiotensin II and arterial pressure in measurements 

made on the first and second days after applying the unilateral renal 

artery clip. 

We have previously shown4 similar related changes in blood pressure 

and plasma angiotensin II immediately after renal artery constriction 

in conscious dogs; in these dog studies an almost identical relation

ship between blood pressure and angiotensin II was obtained during 

acute intravenous infusions of exogenous angiotensin II. Thus it 

appears that in rhe first phase of renovascular hypertension, the 

blood pressure increase can be explained by the immediate rise in 

plasma renin, and hence the direct pressor effect of the resultant 
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increase in plasma angiotensin II. 

... 3 d Between 8 and 20 weeks after cl~pp~ng, ~n the rats, en ogenous 

plasma angiotensin II was also significantly correlated with arterial 

pressure (r = 0.51, n 47, p <0.001), and the regression was no 

different in slope from that describing the similar relationship at 1 

and 2 days after clipping. However, at 8-20 weeks, blood pressure was 

markedly higher for concurrent plasma angiotensin II than was the case 

1 and 2 days after clipping. 

These findings in the rat corroborate and extend our earlier observa

tions in man. 2 ,5 In a series of untreated patients with hypertension 

associated with a renal or renal arterial lesion, a significant positive 

correlation was found between endogenous plasma angiotensin II and 

arterial pressure; however, for any given value of plasma angiotensin 

II, blood pressure was distinctly higher than could be achieved by brief 

elevation of plasma angiotensin II during intravenous infusions of the 

peptide. 

What are the possible factors involved in the upward shift of 

angiotensin II: blood pressure relationship during the evolution of 

renovascular hypertension? This changed relationship could well be 

independent of any alterations in the renin-angiotensin system. 

However, two observations raise the possibility that chronic but 

perhaps quite modest elevation of plasma angiotensin II might be res

ponsible for resetting its own pressor dose-response curve. 

First, in a patient with a renin-secreting tumour,6 in whom there 

was chronic elevation of plasma angiotensin II, and in whom this 

increase was almost certainly the sole ultimate cause of the hyperten

sion, a similarly enhanced angiotensin II: blood pressure relationship 

was seen. Removal of the tumour restored both plasma angiotensin II 

and blood pressure to normal. Second, infusion of angiotensin II into 

conscious dogs for 2 weeks, at a dose which elevated mean plasma 

angiotensin II only from around 25 to 50 pg/ml - well within the 

physiological range - caused a progressive rise in arterial pressure 
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and advancing elevation of the angiotensin II: blood pressure dose-
7 

respons-e curve. 

These considerations therefore sustain the possibility that the 

renin-angiotensin system could still be centrally involved in the 

second phase of renovascular hypertension. Raised plasma angiotensin 

II might both begin and maintain hypertension due to renal artery 

stenosis. Nevertheless, this remains far from certain and the 

resetting of the angiotensin II: pressor dose-response curve could have 

other causes. Several possible mechanisms of this resetting, some of 

which might be angiotensin II - dependent, have been considered. 

First, Folkow8 has emphasised the structural changes in arterial 

and arteriolar walls in hypertension, and has pointed out that an 

increased wall: lumen ratio can per se have a progressive pressor effect. 

Such structural alterations could be initiated and perpetuated by 

increased levels of angiotensin II. 

Second, Cowley and DeClue9 found that part of the pressure increase 

seemed to result from a rise in cardiac output, possibly as a conse

quence of decreased vascular compliance. 

Third, angiotensin II has a variety of central and peripheral 

sympathetic nervous actions that might well potentiate its initial 
1011 pressor effect.' These include an excitatory action on the area 

postrema; stimulation of the adrenal medulla and sympathetic ganglia; 

potentiation of postganglionic neurotransmitter biosynthesis and 

release; and inhibition of neurotransmitter re-uptake. 

Fourth, the prolonged infusion of angiotensin II at a low dose is 
9 accompanied by resetting. of the baroreceptors. 

Fifth, chronic exposure of the adrenal cortex to increased levels 

of angiotensin II potentiates the aldosterone-stimulant effect of 

angiotensin 11.12 In renal hypertension in man there is evidence that 

plasma aldosterone concentration is higher for a given plasma 



aldosterone concentration is higher for a given plasma angiotensin II 

concentration than in normal subjects acutely infused with angiotensin 

11. 13 Such a phenomenon would require corresponding elevation of 

arterial pressure to balance the resultant tendency to retain sodium. 

Furthermore, the enhanced aldosterone level might lead to increased 

sodium accumulation in vascular walls that in turn could raise the 

wall:lumen ratio in resistance vessels, and also enhance the response 

to circulating vasoconstrictors. This effect on aldosterone might be 

relevant to renal hypertension In man, but it is unlikely to explain 

the progressive pressor effect of angiotensin II in the chronically 
7 infused dogs, because in the latter plasma aldosterone was not sig-

nificantly raised. However, In renal hypertens ion, an increase in 

plasma aldosterone concentration is not theoretically an obligatory 
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.. .. 14. . 
requlrement for a helghtened tendency for sodlum retentlon, elther In 

the entire body, or selectively in vascular walls, and hypertension can 

develop in adrenalectomised dogs maintained on constant replacement 
15 

therapy. 

16 
Sixth, Lucas and Floyer have provided evidence of a hormone, of 

renal origin, that is responsible for altering tissue compliance, and 

whose release is inhibited in renal hypertension. It is possible that 

angiotensin II might modify the release of this hypothetical hormone. 

In summary, it appears that circulating angiotensin II is entirely 

responsible, by acute vasoconstrictor effect, for the initial rise In 

pressure that follows renal artery constriction. Later, other 

mechanisms come into play. However, angiotensin II has undoubted 

pressor actions of slow onset, and these could, at least in part, be 

responsible for later phases of renal hypertension, both clinical and 

experimental; this remains unproved. 

Sodium retention seems not to be a necessary accompaniment of 

evolving renovascular hypertension. In the one-clip two-kidney rat 

model, no differences in exchangeable sodium between hypertensive and 

d . 1 7 . 17 sham-operate anlma s were seen up to weeks after operatlon. In 

man, renovascular hypertension shows indeed a tendency to sodium 
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depletion, with a significant inverse relationship between arterial 

pressure and exchangeable sodium in a series studied by us. lS With 

severe unilateral renal artery stenosis or occlusion, pronounced sodium 

depletion with secondary aldosterone excess may present as a striking 
19 

hyponatraemic syndrome. 

If the renin-angiotensin system is involved in phase II of reno

vascular hypertension, antagonists and inhibitors of the system might 

be expected to correct the high blood pressure. The acute effects of 

agents such as saralasin - a competitive antagonist of angiotensin II -

or captopril - an angiotensin converting enzyme inhibitor - are con

sistent. With both types of drug an immediate fall in blood pressure 

is seen, in proportion to the pre-treatment plasma level of renin or 

angiotensin 11. 20 ,21 In the case of captopril, the acute blood 

pressure fall is also in proportion to the acute fall in plasma angio

tensin 11.21 

Although interesting, however, such immediate changes are not 

necessarily relevant to a slow pressor component of the action of 

angiotensin II, to unmask which more prolonged inhibition of the renin 

system might well be required. 

Riegger et al. ,22 studying rats with one-clip two-kidney hyperten

s~on 2S-60 days after operation, found that infusion of saralasin or of 

converting enzyme inhibitor for 11 hours slowly returned blood pressure 

to normal, while brief administration did not have this effect. This 

slow antihypertensive effect was not significantly related to pre

treatment plasma renin value. 

The availability of orally-active converting enzyme inhibitors 

such as captopril and enalapril has permitted an evaluation of pro

longed suppression of angiotensin II formation in renovascular hyper

tension in man. 23 ,24 Longterm administration of both of these agents 

has been shown to cause sustained reduction of plasma angiotensin II 

with converse increases in circulating renin and angiotensin I con-

centrations. The initial blood pressure reduction was proportional 



to the initial fall in angiotensin II but this early blood pressure 

change often related poorly with the longterm response. 

Some severely hypertensive sodium-depleted patients had a very 
19 23 . 

marked initial blood pressure fall, ' wh1le the longterm effect, 

after sodium balance was restored, was more modest. By contrast, 

23 

other patients showed a gradual reduction in pressure over 1-3 weeks of 

. . . h'b" 23 h' 1 f cont1nuous convert1ng enzyme 1n 1 1t10n. T 1S atter type 0 

response was observed 1n some patients whose pre-treatment plasma 

angiotensin II concentrations were within or just above the upper part 

of the normal range, and the effect might therefore have been due to 

reversal of the slow pressor component of angiotensin II. However, 

the converting enzyme inhibitors might lower blood pressure by 

mechanisms additional to suppression of angiotensin II formation, so 

that interpretation must, of necessity, be cautious. 

Can longterm inhibition of the renin-angiotensin system aid in the 

selection of those patients with renal artery stenosis whose hyper-

tension will respond to renal or renovascular surgery? In particular, 

can such a measure help distinguish between phases II and III of reno

vascular hypertension? 

The issue is an important and difficult one. As we have commented 

elsewhere 25 n •••• patients whose blood pressure will fall most after 

surgery are likely to have hypertension of recent onset, to be young, 

to have fibromuscular hyperplasia, to have increased renin, angiotensin 

II and aldosterone 1n peripheral blood with high renal vein renin ratio, 

reduced blood flow in the affected kidney, and well-maintained flow 

in the untouched kidney. At the opposite end of the spectrum, 

surgery is likely to [ail 1n elderly patients with long-standing 

hypertension caused by atheromatous renal artery stenosis, with other 

vascular disease, impaired renal function, reduced blood flow in the 

untouched kidney, a normal ren1n in peripheral blood, and a normal 

renal vein renin ratio. The decision on surgery is not difficult in 

extreme examples of this sort. In practice most patients fall between, 

with a mixture of favourable and unfavourable features." Is it 
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possible that the longterm use of captopril or enalapril might summate the 

varied effects of all these factors?23 

In a small series, we found the initial response to captopril a 
23 poor guide to eventual surgical outcome. However the longterm 

captopril response related well with the later response to renal 

arterial reconstruction or nephrectomy, predicting, in absolute terms 

of systolic and diastolic pressure, successes and failures alike. 

Interpretation must necessarily be cautious with the few patients 

studied; if however, the early promise were fulfilled in larger series, 

it could have, not only prognostic value, but also important patho

physiological implications concerning the role of renin in pathogenesis. 
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RADIODIAGNOSTIC INVESTIGATIONS FOR RENOVASCULAR HYPERTENSION 

E.H. Overbosch, E.K.J. Pauwels, M. Oudkerk and J.G. Blickman 

Renal artery stenosis is the most frequent cause of reno

vascular hypertension. Other possible causes like aneurysms of 

the renal artery or arteriovenous fistulae occur very seldom. 

The incidence of renovascular hypertension is reported to be 

under 5% of the total adult hypertensive population (1). In spite 

of this low incidence, intensive diagnostic efforts for selec

ting those patients in whom the hypertension is renovascular in 

origin appear to be justified, since renovascular hypertension 

is a potentially curable disease. 

A reliable diagnosis can only be made by means of arterio

graphy. The recent development and clinical introduction of 

digital subtraction intravenous angiography (DSA) may, even

tually, replace traditional angiography (2) At this time, 

however, the actual value of DSA still needs definite proof. 

Since angiography is an invasive mode of investigation (of 

which the costs and the complication rate, although low, cannot 

altogether be neglected), many less invasive tests have been 

advocated in order to help decide in each individual patient 

whether arteriography is indicated or not. In this regard, 

tests for which a venous puncture is required are considered 

"less invasive" as compared to arteriography. 

Some of these tests will be reviewed below, and an effort 

will be made to estimate their contribution in the diagnosis 

of renovascular hypertension as related to the contribution 

of arteriography. 

PLAIN ABDOl>-lINAL ~DIOGRAPHY 

Plain abdominal radiography is the only truly "non-invasive" 

test available. It may reveal subtile abnormalities possibly 

pertinent to the determination whether hypertension has a 
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renovascular cause. 

Difference in kidney size. If the size of the kidneys differs 

in such a fashion that either the right kidney is 2 cm shorter 

than the left kidney or the left kidney is 1.5 cm shorter than 

the right, this difference can frequently be taken to indicate 

the presence of renovascular disease (3). 

Abdominal vascular calcifications. Occasionally, an aneurysm 

of the renal artery can present as a calcified ring-shaped 

shadow on the plain abdominal film. This condition, however, 

is extremely rare. If present on the left side, it should be 

differentiated from an aneurysm of the splenic artery (4). 

Hypermobility of the kidney. By making films both in in- and 

expiration, renal hypermobility can be demonstrable. This 

condition can be the cause of renovascular hypertension, pre

sumably by over-stretching the renal artery. This occurs 

especially in female patients (5). 

Plain abdominal films are, as a rule, taken prior to intraveno~ 

urography. 

INTRAVENOUS UROGRAPHY 

Intravenous urography has been used as a blind screening 

method in hypertension. Its yield for diagnosing renovascular 

hypertension is reported to be very low (6,7). This yield can 

be higher when the "rapid sequence urography" technique is 

used, for which films are taken at 1, 2, 3 and 5 minutes after 

bolus injection of the contrast medium (3,8). 

Urographic abnormalities most frequently associated with 

renal artery stenosis are: a unilateral delay of at least 1 

minute in renal appearance of contrast when compared to the 

contralateral side; and a difference in size of both kidneys 

(according to the same criteria as mentioned for plain abdo

minal films) (see Fig. 1). Of course, the latter abnormality 

can be the result of either ipsilateral atrophy or contra

lateral hypertrophy. Other abnormalities can also be observed, 

like notching of the pyelum or ureter as indentations caused 
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by periureteral collateral vessels. This, however, is a less 

reliable sign. 

The predominant disadvantage of intravenous urography in 

confirming the diagnosis of renovascular hypertension is that, 

even after patient selection on the basis of clinical data, 

the number of false negative investigations appears to be in 

the order of 20% (9). 

A relative advantage of intravenous urography is, on the 

other hand, that certain renal diseases associated with hyper

tension may be discovered (table 1). In these patients, however, 

other clinical signs and symptoms besides hypertension are 

usually present, indicating the possibility that other factors 

than renal artery stenosis could be responsible for the hyper

tension. 

Table 1. 

Examples of renal disease that can cause hypertension and can 
be diagnosed on intravenous urography. 

Unilateral 

chronic pyelonephritis 

hydronephrosis 

renal cyst 

renal tumor 

rare disease 

(Page kidney, tuberculosis, etc.) 

NUCLEAR ~1EDICINE 

Bilateral 

chronic pyelo-glomerulonephritis 

hydronephrosis 

polycystic disease 

connective tissue disease 

diabetic nephropathy 

F h . h 131 1 h' h b t' 1 or years renograp y Wlt - lppuran as een rou lne y 

used for the detection of renovascular disorders. The examina

tion is performed immediately after intravenous administration 

of the radiopharmaceutical. The total duration of the procedure 

is approximately 20 minutes. 

With the use of two scintillation probes a time-activity 

curve of each kidney can be generated. In the normal case the 

rise to a maximum count-rate within this period reflects the 
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Figure 1. Young female with severe hypertension. 

On the plain film (a) a marked difference in kidney size i s 
shown. 
Films taken at 1 (b), 2 (c), and 5 (d) minutes after bolus 
injection of the contrast medium demonstrate a delayed appea
rance of contrast. 
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Figure 1 (continued). 

A severe stenosis on the right side is demonstrated by means 
of aortography (e) . 
(Courtesy Bronovo Hospital, The Hague). 
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Figure 2. Renography in the absence and presence of renal 
artery stenosis. 

',1 1 131 h ' h a. ~orma 1 lppuran renograp y 

n. 131 1 hippuran renography in a case with angiographically 
proven renal artery stenosis on the right side . Note the 
typically flattened curve. 

c. Normal 1231 hippuran renography obtained by computerized 
data processing. This technique provides the additional 
possibility of clearly visualizing the kidneys and the 
urinary pathways. 

N.B. Curves a. and b. should be read from right to left. 
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proper arrival and accumulation of the tracer in the kidneys 

(see Fig. 2a). Excretion of the radiopharmaceutical is noticed 

as a lower countrate resulting in a downslope of the curve 

(see Fig. 2b). In renovascular hypertension the blood flow 

through the kidneys may be reduced, which is reflected in a 

flattening of the initial phase of the renogram. This phenomenon, 

however, is non-specific and can also be due to parenchymal 

disease. Since false-negative rates are reported to vary from 

10 to 25%, renography was usually followed by intravenous 

urography. 

Recently 123I-hippuran has been introduced as the tracer 

of choice since it offers a lower radiation dose to the patient 

and a better detection efficiency with the gamma camera. En

couraging results have been obtained with computerized data 

acquisition. The selection of regions of interest over both 

kidneys enables the generation of flow curves without errors 

due to positioning (see Fig. 2c). At present only preliminary 

data are available, and no extensive study to determine speci

ficity and sensitivity for the detection of renal artery ste

nosis with the use of 123I-hippuran and computerized data 

analysis has yet been performed. 

RENAL VEIN RENIN SAMPLING 

Split renal vein sampling in order to assess the amount of 

renin produced by each kidney may be helpful in diagnosing 

renovascular hypertension (10,11). 

In order to perform selective sampling of the renal veins 

succesfully, two items are of importance. First, one must 

realize that duplications of the renal vein occur frequently. 

On the left side the incidence of renal vein duplication is in 

the order of 3%, but on the right side it is much higher (16%). 

Second, one must realize that, on the left side, the adrenal 

and gonadal veins drain into the renal vein. Thus, left side 

samples should be obtained by placing the tip of the catheter 

beyond the entrance of these vessels in the renal vein, in 

order to prevent dilution of the renal venous blood sample. 

However, care should be taken not to introduce the catheter 
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Figure 3. Male (67 yrs) with severe hypertension. The left 
kidney was removed many years before because of tuberculosis. 

The catheter was inserted through the left brachial artery 
because of severe aortoiliac arteriosclerotic disease. 
No renal artery stenosis was demonstrated on the AP aortogram 
(a), but a critical stenosis was observed on the oblique film 
(b). Hypertension responded favourably to percutaneous trans
luminal angioplasty (c). 
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Figure 4. Young female with severe hypertension. 

An abnormal vascularization of the left lower pole is observed 
on the aortogram (a), in addition to superposition of proximal 
branches of the superior mesenteric artery. 
Selective catheterization of the proximal left renal artery 
(b) shows a spasm and col laterals to the lower pole. 
Selective catheterization of the distal left renal artery (c) 
shows a severe stenosis. 
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unnecessarily far into one of the renal venous branches,since 

this might result in an unreliable sample. 

ARTERIOGRAPHY 

Arteriography is the 'gold standard' in the diagnosis of 

renal artery stenosis (12).So far it has been the only method 

that shows renal artery stenosis directly. Most commonly the 

retrograde transfemoral (Seldinger) approach is used. 

In most cases antero-posterior aortography provides suffi

cient information (see Fig. 1), and oblique views with 15° 

angulation are helpful in (1) showing clearly the ostia of 

renal arteries (see Fig. 3), and in (2) decreasing the super

position of segmental and proximal interlobar arteries. 

Selective catheterization of the renal artery is needed 

only in a minority of cases. If aortograms taken in several 

directions do not yield sufficient information concerning the 

intrarenal branches, the intense contrast achieved by selective 

renal arteriography is likely to demonstrate eventual abnorma

lities more clearly. If selective catheterization is performed 

it is important to recognize spasm of the renal artery, other

wise a false positive diagnosis is made (13) (see Fig. 4). 

When spasm occurs there are two possibilities for proceeding: 

to wait or to give vasodilatory drugs. 

There are three types of spasm that can occur in the renal 

artery: 

- concentric short stenosis (see Fig. 4), 

long segmental fusiform narrowing, 

- multiple small cortical perfusion defects. 

Causes of renal artery stenosis 

Causes of renal artery stenosis are summarized below. A 

more detailed description can be found elsewhere (14,15). 

The most common causes of renal artery stenosis are athero

sclerosis and fibromuscular dysplasia (16). 

Atherosclerosis. This is the most common cause of renal artery 

stenosis (over 65% of the cases). Atherosclerotic renal artery 

stenosis occurs in the first two centimetres of the renal arte 



Zigure 5. Young girl (5 yrs) with severe hypertension and 
nilateral stenoses of the intrarenal branches of the renal 
arteries. 
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In addition, a main stem stenosis with aneurysmal dilatation 
was present on the right side (a and b), interpreted to be 
caused by intimal fibroplasia . 
Hypertension responded favourably to percutaneous trans luminal 
angioplasty (c). 



40 

Figure 6. Young male subjected to CT scanning and angiography 
because of blunt abdominal trauma. 

At the level of the upper pole (a) enhancement was observe d 
neither of the renal parenchyma nor of the small upper pole 
artery on the CT scan. 
At a lower level (b) a normal enhancement of both kidneys was 
observed. (The fluid around the right liver lobe was due to 
bleeding from a small liver rupture). 
Aortographically (c and d) both the occlusion of the upper pOlE 
artery as well as the absence of upper pole opacification coule 
De confirmed. 
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and gives an eccentric stenosis. Ivhen the stenosis is in the 

ostium of the renal artery, it is most likely a part of an 

atherosclerotic placque in the aorta itself. 

Fibromuscular dysplasia, which can be divided into four 

different types. 

1) Medial fibroplasia (65-75%). Nostly middle and distal part 

of the renal artery. Solitary or multiple stenoses with local 

aneurysmatic dilatations in between. 

2) Perimedial fibroplasia (10-25%) (see Fig. 1). Mostly middle 

or distal part of the renal artery. Multiple stenoses, but no 

aneurysmatic dilatations. 

3) Intimal fibroplasia (10-15%) (see Fig. 5). Middle part of 

the renal artery and/or segmental arteries; post-stenotic 

(or aneurysmatic) dilatation is usual. 

4) Uedial hyperplasia (5-10%). Two manifestations: (1) proximal 

stenosis with post-stenotic dilatation, and (2) narrowing of 

the renal artery and the branches. 

Less common causes of renovascular abnormalities which may be 

the cause of hypertension are: 

- trauma causing dissection of the renal artery due to either 

abdominal blunt trauma (see Fig. 6) or iatrogenic catheter 

dissection (see Fig. 7), 

- thrombosis, 

- AV fistula (which can occur after a percutaneous renal biopsy), 

- aneurysm, 

- arteritis such as Takayashu. 

Clearly, the angiographic demonstration of a renal artery 

stenosis does not imply its causative relation to hypertension. 

However, the following angiographic findings may be suggestive 

for a stenosis to be hemodynamically significant and thus to 

be causally related to the hypertension. 

- Severe stenosis. A diameter of the residual lumen of less 

than 1.5 mm can be taken as critical. In case of fibromuscular 

dysplasia (and especially the medial fibroplasia) the presence 

of often multiple aneursyms can jeopardize a reliable quantita

tion of a stenosis. 



42 



43 

Figure 7. Female with severe hypertension. 

On the right side two renal arteries were present, showing a 
mild stenosis in the proximal one and severe stenosis in the 
distal one (a). 
Percutaneous trans luminal angioplasty resulted in dissection 
of the proximal renal artery (b), and contrast was observed 
intramurally causing a subtotal occlusion (c). 
The kidney could be saved by means of immediate surgical 
intervention (extracorporeal repair and autotransplantation 
using autogenous hypogastric artery, Professor J.L. Terpstra). 
Postoperatively, both renal function and blood pressure were 
normal. 
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- Presence of collateral circulation. Collateral circulation 

can be visualized aortographically. Usually, this involves 

lumbar and capsular arteries but adrenal, ureteral and gonadal 

arteries can be recruited, too. 

CONCLUSION 

Investigations for diagnosing renovascular hypertension 

should be performed only on the basis of clinical suspection 

in hypertensive patients who respond insufficiently to medical 

antihypertensive treatment and who are relatively young and 

potential candidates for renovascular surgical repair. Conven

tional catheter angiography is the only reliable method cur

rently avaiblable for demonstrating renal artery stenosis in 

a direct fashion. The place of digital subtraction intravenous 

angiography has yet to be established. Since the angiographic 

demonstration of a hemodynamically significant renal artery 

stenosis alone is insufficient for making the diagnosis "reno

vascular hypertension", the combination of angiography (aorto

graphy and/or selective renal arteriography) and split renal 

venous renin sampling appears to offer the most effective 

diagnostic method for that purpose. 
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DIGITAL SUBTRACTION ANGIOGRAPHY IN THE EVALUATION OF HYPERTENSION 

B.J. HILLr4AN 

Renal artery stenosis is the most common etiology for secondary 

hy?ertension, being responsible for an estimated 5-10% of all 

chronic blood pressure elevation. In recent years, however, 

?utt~rns of medical practice generally have disdained case

finding for renovascular hypertension in favor of relatively 

indiscriminate medical therapy, except in cases of unusual 

presentation. The arguments favoring this approach have focused 

on the unreliability of radiographic screening methods for 

detecting renal artery stenosis, the expense of identifying 

and treating individuals with these lesions, and the morbidity 

and mortality associated with diagnosis and therapy. 

Advan~es in radiologic technology ameliorating these objections 

have recently suggested reevaluation of this philosophy. Specifi

cally, it now appears feasible to inexpensively, accurately, and 

safely depict renal artery stenoses in hypertensive patients 

using digital subtraction intravenous angiography (DSA) (1,2,3) 

and to treat identified cases by percutaneous trans luminal angio

plasty (PTA). DSA requires only an intravenous injection of con

trast material to produce diagnostic visualization of the renal 

arteries. The procedure is customarily performed on outpatients 

and requires no patient preparation. Our two and one-half years' 

experience with this method, which was developed in our imaging 

laboratory (4,5,6), suggests that this is a reasonable approach 

which is economically com?etitive with medical therapy for 

moderately and severely hypertensive patients (3). A more aggressive 

approach towards patients suffering renovascular hypertension, 

implementing these diagnostic and therapeutic methods, has the 

further advantage of obviating the non-compliance and drug side

effects of antihypertensive therapy which are such a hindrance 
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to successful medical treatment. 

This report reviews our experience with DSA in the evaluation 

of hypertension and speculates upon the potential impact of this 

modality upon the way physicians approach the hypertensive patient. 

DIGITAL SUBTRACTION ANGIOGRAPHY: EQUIP~1ENT, OPERATION, AND 
METHOD OF PERFORMANCE 

In our system, a digital computer assumes control of the 

interrelationship among the components and provides maximum 

flexibility of operation. The computer signals the generator 

to fire a high-flux, high-heat x-ray tube and coordinates the 

transmission, digitization, and placement into memory of the 

exposures. One milliroentgen is the usual level of exposure 

at the intensifier input which permits us to obtain satisfactory 

images. Two intensifiers designed for digital radiography are 

coupled to video cameras possessing unusually high signal : noise 

capabilities, such that there is no degradation in transmitting 

the image. The intensifiers provide the alternatives of operating 

with 10, 15, or 23 cm imaging field sizes with one or 26 or 35 

cm with the other. The cameras can operate in eithex interlaced 

or non-interlaced modes, allowing the options of obtaining single 

snap-shot images or acquiring exposures in an integrated fashion. 

The output signal is amplified linearly or logarithmically prior 

to digitization. The AID converter performing the digitization 

operates at high speed and is capable of ten megawords per second 

with thirteen bit accuracy. This facilitates digitization in real

time. The digitized image is then transferred to a memory which 

acts as a locus of intermediate storage prior to its transferral 

to disc. Multiple memories in sequence can be used for real-time 

subtraction or for the integration of sequential images. Images 

may be stored as raw data or in subtracted form. Reconstructed 

images are displayed on a CRT screen where their enhancement and 

processing may be controlled by the operator, using an interactive 

keyboard. At the conclusion of an injection-exposure sequence, 

images are recalled to the television screen in raw data form. 

The radiologist operating the keyboard then controls the subtrac

tion of images, their electronic enhancement and other post-pro

cessing maneuvers which may increase their diagnostic content (Fig.l). 
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Fig. la o For legends see next page. 

Fig. lb . For legend see next page. 
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Fig. Ie. For legend see next page. 

Fig . ld. For legend see next page. 
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Fig. Ie. 

Figure 1. The patient is a middle-aged woman with accelerating 
hypertension. 
a. Raw data pre-contrast (mask) image exposed seven 

seconds following contrast material injection. 
Contrast has not yet reached the abdominal circu
lation . 

b. Raw data post-contrast image exposed eleven seconds 
after injection. Contrast material is faintly seen 
in abdominal arteries. 

c. Subtraction image. Slight patient motion is mani
fest as a ghost-like representation of the spine . 

d. Enhanced image. The intravascular contrast material 
has been electronically enhanced to improve vascu
lar density. 

e. Diagnostic image . The mask image has been shifted 
to improve registration with the post-contrast 
image. The bone artifact caused by patient motion 
has been ameliorate,d. There is a normal left main 
renal artery (large arrow) and a mildly stenotic 
accessory left lower pole branch vessel (small 
arrow). The right renal artery is completely 
occluded at its origin. There is diffuse, severe 
aortic atherosclerosis . 
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Our first five renal DSA examinations were ~erformed by 

simply placing a three-inch angiocatheter into an antecubital 

vein and mechanically injecting 40-50 cc of contrast material. 

Although this method usually resulted in diagnostic examinations, 

our results tended to be inconsistent and too dependent on such 

patient-related factors as obesity and cardiac output. In addition, 

one patient suffered venous rupture related to the injection of 

contrast material. For these reasons, we then progressed to a 

technique employing central catheterization. 

Currently, we scrub the antecubital fossa with Betadine, 

then cover the arm and ipsilateral thorax and abdomen with a 

plastic drape. One percent Xylocaine injected subcutaneously 

anesthetizes the skin immediately adjacent to the site of 

ex?ected venous entry. A 2-3 mm skin incision at the anesthetized 

locus makes easier the passage of the pigtail catheter which is 

advanced by Seldinger technique into the distal superior vena 

cava following venous puncture using a 16-gauge needle. He 

prefer to puncture the basilic vein because it makes easier 

the maneuvering of the catheter past the shoulder and into the 

cava. Nonetheless, we have frequently used with success the 

cephalic vein as a site of entry as well. Femoral vein 

catheterization is a final option, however, it is then necessary 

to observe the patient for a time following the procedure to 

insure that no hemorrhage from the puncture site occurs. 

Critical to the procedure is that the patient remains 

motionless during the exposures of the images. The importance 

of the patient's cooperation, therefore, is explained to him 

in full detail. The patient is positioned in relation to the 

intensifier to include the region of the kidneys in the imaging 

field. The twelfth thoracic vertebra superiorly and the fourth 

lumbar vertebra inferiorly serve as useful skeletal landmarks 

in most cases, if imaging the entirety of both kidneys is desired. 

This is feasible only with the new 26 and 35 cm intensifiers. 

The importance of motionlessness and breath-holding ill reemphasized 

and the injection of contrast material commences. We currently 

mechanically inject 45 cc of 76% sodium-methylglucamine diatrizoare 

(Renografin 76) at a rate of 30 cc/second. The technique of rapid 
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injection of contrast material through a large bore.central 

catheter facilitates consolidation of the contrast material in 

as compact a bolus as possible during its transit, preserving 

maximal density at the site of interest, the renal arteries. 

We expose images beginning immediately upon injection at a 

rate of one per second. This practice provides a selection of 

pre contrast images, one of which may prove superior to the 

others as a mask image for subtraction. One to three injection

exposure sequences in different projections are needed for 

full evaluation, depending on the patient's anatomy, and parti

cularly the number of renal arteries. Most frequently, the 

initial sequence is performed straight anteroposteriorly. Sub

sequent sequences are performed in obliquities gauged to demon

strate regions previously obscured. The examination is usually 

completed and the patient released in 30-45 minutes. 

EXPERIENCE WITH DSA AND THE DIAGNOSIS OF RENAL ARTERY STENOSIS 

In our first eighty cases of performing DSA for the indicati( 

of hypertension, we were successful in imaging the renal arteriE 

in 78 (98%). The two patients who were portrayed by images too 

degraded to permit interpretation possessed severe deficits in 

cardiac function. This caused dilution of the contrast material 

during its transit from the superior vena cava to the renal 

arteries, resulting in insufficient opacification of the index 

vessels. 

Diagnostic evaluation of successful examinations was performE 

prospectively at the time of the procedures, in nearly all casel 

by myself, at which time I categorized each study into one of 

three groups: 

1) Definitively normal - no stenoses of the renal circulation 

observed; 

2) Definitively abnormal - one or more renal artery stenoses 

present; 

3) Suspicious-appearing region identified but persistent uncer

tainty regarding the presence of an anatomically significant 

lesion. 
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Fig. 2a. For legend see next page. 

Fig. 2b . For legend see next page. 
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Figure 2. This elderly female has a history of chronic hyper
tension. Recently, her blood pressure has grown 
harder to control and she has suffered diminishing 
renal function. 
a. A stenotic right renal artery originates from 

the region of a large atherosclerotic plaque 
(large arrow). An atrophic left renal artery 
(small arrow) supplies a small left kidney mani
festing a faint nephrogram (arrowhead). 

b. A left posterior oblique view again demonstrates 
the stenotic right renal artery (arrow) and permits 
definition of other abdominal vessels as being 
non-renal. 

Figure 3. This hypertensive patient with decreased renal functior 
had an excretory urogram which demonstrated differen
tial nephrographic density in the upper and lower 
poles. The digital intravenous angiogram shows a 
nearly occluded left upper pole artery (small arrow) 
and a severely stenotic left lower pole artery (large 
arrow) supplying a small area of functioning paren
chyma (arrowhead). The right renal artery is mildly 
narrowed at its origin (open arrow). There is a mode
rate aortic stenosis (curved arrow) . 
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The examinations of thirty-nine patients (49%) were assigned 

to the first category, indicating the examination was of suffi

cient quality as to permit its interpretation as normal. 

The images of thirty patients (38%) depicted renal artery 

stenoses (Fig. 2 and 3). In all but one case, the lesions were 

atherosclerotic in appearance and there were often associated 

changes in the aorta. The remaining case demonstrated characte

ristic alterations of medial fibroplasia isolated to the mid

renal artery on the right. 

Finally, the examinations of nine patients (11%) manifested 

foci considered to possibly represent stenoses, however, defi

nitive confirmation of a lesion was not possible with the 

images obtained. This occurred most frequently when there were 

three or more renal arteries because of the difficulty of pro

jecting the origins of all of these vessels in profile. 

Thus, in the subjective, prospective view of the examiner, 

DSA could serve as the definitive examination in 87% of the cases, 

whereas conventional catheter arteriography would be mandated 

in the 13% among whom a technical failure or an indeterminate 

result was the outcome of the procedure. Retrospectively, 

we now have obtained follow-up information on 29 of our patients 

who received subsequent evaluation by catheter angiography or 

surgery. Among these, a positive DSA diagnosis of renal artery 

stenosis was confirmed in 26 of 28 cases (93%). Only one patient 

whose DSA examination was interpreted as negative received more 

extensive investigation, which in this case did not confirm the 

diagnosis made by DSA. No significant or lasting complication has 

resulted from performing renal DSA. 

As I have intimated, then, there are two major problems 

which may be encountered when performing DSA. The first of these 

relates mainly to the idiosyncrasies of patients - obesity, 

bowel gas, and cardiac function. The importance of central, 

rapid bolus contrast material injection in examining patients 

with poor cardiac function already has been emphasized. He 

routinely apply abdominal compression using a urographic balloon 

compression device to narrow the anteroposterior width of the 

patient and displace non-subtractable peristalsing bowel gas from 
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the region of interest. This has been nearly uniformly effective. 

The second major difficulty in successfully performing DSA is 

intrinsic to the concept of the procedure; namely, the intravenoui 

injection of contrast material implies that arterial visualizatiol 

will be non-selective, such that portions of the renal arteries 

are often overlain by superimposed structures. While obtaining 

mUltiple projections in various degrees of tube obliquity and 

angulation may ameliorate this difficulty in most cases, occasio

nally some portion of the vessel may defy depiction. In these 

instances, ancillary information concerning the hemodynamics 

of the vessel might prove useful in determining the possible 

presence of a stenosis, or in helping to assess the physiologic 

significance of an imaged lesion. That x-ray absorption is 

quantified by the very process of producing DSA images facili

tates the videodensitometric analysis of sequential changes 

in contrast material density as it flows through the renal 

artery. Using data obtained in this fashion, we have begun 

correlating videodensitometric alterations with characteristics 

of renal blood flow. 

VIDEODENSITOMETRIC EVALUATION OF CONTRAST TRANSIT IN RENAL 
ARTERY STENOSIS (7) 

To establish a possible relationship between aspects of renal 

blood flow and patterns of alterations in renal arterial density 

associated with renal artery stenosis, we first evaluated five 

greyhound dogs in which we performed sequential DSA examinations 

at varying levels of renal blood flow. Blood flow was altered 

in these animals by applying to the proximal renal artery pro

gressively smaller electromagnetic flow probes, such that the 

probe both produced a stenosis and measured the flow through 

the narrowed region. Aortic contrast material injections were 

followed by DSA imaging performed at a rate of two images per 

second. Three to five such injection-exposure sequences were 

performed at varying levels of blood flow for each animal. 

The numerical values obtained by evaluating the density 

of the poststenotic renal artery on sequential images of each 

injection-exposure sequence were plotted against time to pro-
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duce time-density curves, and the results evaluated to see if 

there were aspects of the curves which would correlate with 

corresponding changes in blood flow. It was noted that in four 

of the five dogs, sequences representing progressively decreasing 

blood flow were associated with a progressively decreasing slope 

in the portion of the time-density curve representing the initial 

phase of the contrast passage. This phase of the curve most 

likely is representative of the velocity of flow. In the fifth 

animal, two similar levels of blood flow showed the reverse of 

what would be expected from the results of our other animals. 

Applying this videodensitometric technique to patient examina

tions which had been performed previously, we could identify 

a similar trend to the patterns of time-density curves generated 

from videodensitometric measurements of stenotic and normal 

renal arteries (Fig. 4). 

Fig. 4a. For legend see next page 
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Figure 4. The patient is an elderly woman with new onset of 
severe hypertension. 
a. There is a right renal artery stenosis (arrow). 
b. Time density curves derived from videodensito

metric measurements of the renal arteries. 
c. The average slope (straight line drawn from the 

origin to the peak time-density point on the 
curve) of the normal artery is greater than tha 
of the stenotic one. 
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Using examinations performed on patients with unilateral renal 

artery stenoses, we found the initial slope of the normal vessel 

was greater than that of the stenotic vessel in eight of ten 

cases, with a mean ratio of stenotic artery slope/normal artery 

slope of 0.64. This is compared with the value obtained for 

patients with two normal appearing renal arteries (lesser slope/ 

greater slope = 0.87). Thus, extraction of renal hemodynamic 

information by videodensitometric analysis of visual images is 

an exciting prospect which may eventually help in identifying 

lesions and in evaluating the significance of stenoses. For 

now, however, the method has not yet reached a sufficient level 

of reliability that it can replace anatomic depiction and current 

methods for establishing a lesion's relevance. Technical problems 

producing error in evaluating density, the relatively narrow 

range of image gray levels, and problems with bolus diffusion 

and normal circulatory asymmetry are some of the difficulties 

which must be superceded if this method is to become clinically 

applicable. 

RELEVANCE OF DSA TO THE APPROACH TO THE HYPERTENSIVE PATIENT 

There persists a disparity of views as to how to best manage 

a patient presenting with hypertension. During the past decade, 

those favoring a conservative approach generally have prevailed. 

Thus, relatively few patients have undergone extensive evaluation 

for an etiology of their hypertension. As a result, even the 

true incidences of causes of secondary hypertension are in dispute. 

Still, there are beneficial aspects to be accrued from identi

fying and treating patients with this disorder. Patients defini

tively treated for renovascular hypertension have a longer life 

expectancy than those receiving medical antihypertensive therapy 

(8). The complications of hypertension associated with non

compliance with medical therapy and unpleasant drug side effects 

can be avoided (9,10). Hhat has impeded the adoption of a more 

aggressive approach to these patients has been the unreliability 

of screening methods and the extent of patient risk and finan

cial expense entailed in undergoing the diagnostic and thera

peutic procedures which have been employed (11,12). 
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In analyzing the efficacy of seeking out patients with reno

vascular hypertension, McNeil and Adelstein determined that if 

more extensive patient evaluation were to be implemented, "some 

means of selecting patients most likely to benefit from testing 

and subsequent surgical treatment is necessary" (13). Our 

experience with DSA to date indicates that it may indeed by 

capable of fulfilling this role. DSA is a procedure which is 

safe, is easily performed with little patient discomfort, 

requires neither sedation nor hospitalization, and gives 

reliable information concerning the presence, position, characte 

and severity of renal artery stenoses in hypertensive patients. 

Since DSA obviates the need for performing such other diagnostic 

studies as excretion urography, radionuclide scanning, and in 

most cases, catheter arteriography, we have estimated that its 

employment may result in cost savings of $1,000 per patient 

evaluated. If a femoral approach is elected, renal vein renin 

sampling and analysis may be performed during the same catheteri

zation (14), further reducing financial cost and patients' time 

away from employment. Furthermore, we have calculated the advan

tages gained by coupling DSA diagnosis with treatment by PTA 

when feasible. The financial expenses incurred in adopting this 

regimen are projected to be quite competitive with those expecte 

in medically treating moderately or severely hypertensive patien 

for their expected lifetimes (3). Routine or symptom-indicated 

DSA evaluation following surgical or percutaneous angioplasty 

easily can be executed (15,16). 

In view of the medical and social benefits to be realized 

from permanent alleviation of hypertension, and allowing that 

the cost for attaining these results is now competitive with 

medical treatment, it seems reasonable to more extensively 

evaluate a broader range of significantly hypertensive patients. 

Digital subtraction intravenous angiography is the most effica

cious method by which such assessment may be performed. 
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FUNCTiONAL DIAGNOSIS OF RENOVASCULAR HYPERTENSION, WITH 
SPECIAL REFERENCE TO RENIN MEASUREMENTS 

M.A.D.H. SCHALEKAMP AND F.H.M. DERKX 

INTRODUCTiON 

Renal arteriography is the golden standard for the morphological diagnosis of 

renovascular hypertension. Along the same lines renal vein renin measurements 

are often considered the golden standard for the functional diagnosis of this 

disease. Is this correct? Is it true that renal vein renin measurements are to be 

made to inform the clinician about the hypertensive effect of a stenosis that has 

been visualized on the arteriogram? 

There is certainly good evidence that 70-80 percent of the cases with an 

increased renal vein renin ratio between the affected kidney and the contralateral 

kidney will benefit from surgical intervention. On the other hand a normal ratio 

does in no way exclude the possibility of a good blood pressure response to surgery. 

This paper will present some data to support the contention that renin 

measurements are indeed useful, but rather as a prelude to renal angiography and 

not so much as a tool supplementary to angiography and necessary for predicting 

the outcome of surgery. 

INTRAVENOUS UROGRAPHY, ISOTOPE RENOGRAPHY AND RENAL SCINTiGRAPHY 

Intravenous urography is of limited value as a screening procedure for selecting 

those patients in whom a renal angiogram should be made. One in four patients 

with successfully corrected renovascular hypertension has an undiagnostic rapid 

sequence urogram (1). Isotope renography using radio-active Hippuran and a 

three-detector system or a gamma-camera may be more useful (2). 

Our hospital has some experience with the evaluation of split renal function 

using 99mTc_DTPA (99mtechnetium-diethylene triamine penta-acetic acid) renal 

scintigraphy. DTPA-scans of the kidneys were made in 21 patients with essential 

hypertension and a normal angiogram and in 32 patients with hypertension and a 

unilateral renal artery stenosis. Images were recorded with a gamma-camera 

following bolus injections of 1-2 mCi 99mTc_DTPA. The data were stored in a 



DTPA - scan 

99mTc-DTPA renal scintigraphy 

positive 

negative 

total 

renal artery 
stenosis 

26 

6 

32 

essential 
hypertension 

7 

14 

21 

total 

33 

20 

53 

Predictive value of a positive test (diagnostic specificity) 0.79 
Predictive value of 0 negative test (diagnostic sensitivity) 0.70 

63 

Table: diagnostic value of DTPA-renal scintigraphy in renovascular hypertension. 

computer and analysed by generation of region-of-interest curves from each kidney 

and from a background area. The percent contribution of each kidney to total 

'kidney function' was calculated from the number of counts collected from the 

corresponding kidney region in the second minute. An asymmetric contribution of 

at least 40/60 percent was considered abnormal (positive test). The results are 

summarized in the Table. The diagnostic specificity of the 99mTc_DTPA scan 

appears not much better than the reported specificity of intravenous urography, 

which ranges from about 55 to 75 percent in most studies. The diagnostic sensiti

vity is also similar for both procedures. Six out of our 32 patients with unilateral 

renal artery stenosis had a negative 99mTc_DTPA scan. 

RENAL PLASMA FLOW AND GLOMERULAR FIL TRA nON RATE 

In humans these can be measured by clearance techniques. Ureteral catheriza

tion is required for measurements of renal plasma flow and glomerular filtration 

rate on each side separately. Such split function studies are difficult to perform, 

are inconvenient to the patient and are not without risk. Most clinics have there

fore abandoned this technique. The total plasma flow and glomerular filtration 

rate of both kidneys are easy to measure by the use of a constant infusion of 

appropiate markers, for instance radio-active Hippuran and Thalamate. Results 

of such measurements are helpful when nephrectomy is considered. It is not 
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known whether they can predict to some extent how the blood pressure will 

respond to restoration of the normal vascular anatomy, although very low levels 

(about half-normal or less) are considered a contra-indication for surgical 

intervention. 
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FIGURE 1. Peripheral vein plasma renin, under basal conditions, in untreated 
renovascular hypertension (R VHT) and essential hypertension (EHT). 
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PERIPHERAL VEIN RENIN UNDER BASAL CONDITIONS 

Measurements were made in 62 patients with renal artery stenosis and in 80 

patients with essential hypertension. In each case the diagnosis was established 

by renal angiography. All patients were in the hospital. They had a fixed sodium 

intake of 50 mmol/day for at least five days and they were off treatment for at 

least two weeks. A needle was inserted into an arm vein and blood was taken 

via this needle 60 minutes after venipuncture, while the patients were lying in 

bed. The concentration of enzymatically active renin in plasma was measured as 

described by Derkx et aJ. (3). 

In many laboratories the conditions have been less rigorously standardized than 

in our series and normal values have been found in about half of the patients with 

renal artery stenosis. In our series renin was within the normal range in 44 

percent of the cases both in renal artery stenosis and in essential hypertension 

(see Fig. I). We have therefore to conclude that the diagnostic sensitivity of 

measurements of peripheral vein renin is low, even when these measurements are 

made under carefully standardized conditions. 

PERIPHERAL VEIN RENIN AFTER CAPTOPRIL 

The discriminative power of renin measurements may be improved when blood 

samples are taken after stimulation of renin release. A strong stimulus is the 

inhibition of the enzyme that converts biologically inactive angiotensin I into 

active angiotensin II (angiotensin-converting enzyme). Angiotensin II formation is 

blocked and the negative feed-back inhibition of renin release by this peptide is 

therefore interrupted. A potent and orally active inhibitor of converting enzyme 

is captopriJ. This drug is now widely used for the treatment of hypertension, 

particularly in patients with renal artery stenosis. 

It is conceivable that the plasma levels of renin achieved with captopril are 

higher in renovascular hypertension than in essential hypertension. Indeed, 

as shown in Fig. 2, peripheral vein renin rose after 50 mg captopril to much higher 

values in patients with unilateral stenosis than in essential hypertension. Fifteen 

out of 39 patients with renal artery stenosis had a normal renin concentration 

before captopril. Values 60 minutes after captopril showed little overlap between 

both groups of patients (see Fig. 3). These results would indicate that measurements 

of peripheral vein renin 60 minutes after 50 mg captopril can be used for selecting 

those patients in whom renal angiography should be performed. In our laboratory 

a value of 200)J U/ml or higher is used as a criterium. It should be noted 

however that these studies were performed under strictly standardized conditions 
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FIGURE 2. Effects (mean.:t:SEM) of a single dose of captopril in untreated 
renovascular hypertension (R VHT) and essential hypertension (EHT). The blood 
pressure response was similar in both groups but the effects on peripheral vein 
plasma renin were very different. 
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as described before. We are therefore not certain that this procedure is to be 

recommended for the use in an outpatient clinic. Salt intake and antihypertensive 

medication may influence the results. It is also important to note that patients 

with bilateral renal abnormalities were not included in our series. 

RENAL VEIN RENIN 

The renal vein renin ratio between the afffected kidney and the contralateral 

kidney in patients with renal artery stenosis is said to be the best index of the 

functional importance of the stenosis. A high ratio is considered to predict 

a favourable outcome of surgery (4,5). It is often implied that a high ratio is caused 

by a high secretion rate of renin from the affected kidney and a low secretion 

rate contralatrally. However, a high ratio is not necessarily caused by such a 
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difference in secretion rate. This can be illustrated by the following example. 

Let us compare two steady-state conditions. In one the secretion rate of renin 

by the kidneys is ten times higher than in the other. The peripheral vein plasma 

RVHT n=26 EHT n=23 
CAPTOPRIL CAPTOPRIL CAPTOPRIL CAPTOPRIL 

- + - + 

affected 
side 

4.0 

affected ! 
side 

3.0 

t 
2.0 

right right 
side side 

control ateral contralateral :t ! i i 
side side 

left left 
I J side side 1.0 

FIGURE 4. Renal vein-to-artery ratios (renal vein/aorta, mean+SEM) of renin 
before and 30 minutes after a single dose of captopril, 50 mg, in untreated 
renovascular hypertension (R VHT) and essential hypertension (EHT). Captopril 
had little effect on these renin ratios despite a several-fold increase in renin 
secretion. 

level is then also ten times higher, provided that the kidneys are the only source 

of circulating renin and that the clearance of plasma renin is not different in 

the two conditions. If all the renin secreted by the kidneys enters the plasma via 
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the renal vein and if the renal plasma flow is the same in the two conditions the 

veno-arterial difference in renin across the kidney will be increased by the same 

factor as peripheral vein renin, because the renin level in the renal artery is the 

same as in a peripheral vein and because the renal secretion of renin is equal to 

the product of renal plasma flow and the veno-arterial difference across the 

kidney. Under such conditions the renin ratio between the renal vein and the 

renal artery will not be changed despite a ten-fold increase in secretion. One can 

easily see that on the other hand a reduction in renal plasma flow in the face of 

a constant secretion will result in an increased renal vein-to-artery renin ratio. 

This theoretical objection against the renal vein ratio as a measure of renin 

secretion has also been made by Brown et al. (6). 

These uncertainties prompted us to investigate whether or not the renal vein

to-artery renin ratio is altered by a contrived increase in renal secretion. Again 

a single gift of captopril was used as a stimulus. Twenty patients with unilateral 

renal artery stenosis and 23 patients with essential hypertension were studied. 

The diagnostic criteria and the experimental conditions were as described before. 

Blood was sampled shortly before and 30-40 minutes after 50 mg captopril orally. 

Since plasma renin may change during the catherization procedure and since 

sometimes elapses between the blood samplings at the two sides, we prefer to 

measure the renal vein-to-aorta renin ratio for each kidney instead of measuring 

the ratio between both renal veins. The arterial samples were collected at 

exactly the same time as the corresponding renal vein samples. Fig. 4 shows the 

results. The renal vein-to-artery renin ratio was increased on the affected side 

and suppressed contralaterally in patients with renal artery stenosis as compared 

to patients with essential hypertension. In essential hypertension the renal vein

to-artery ratio was not altered by captopril despite a five-fold increase in arterial 

and peripheral vein renin. In unilateral renal artery stenosis the renal vein-to

artery ratio on the non-stenotic side was also not altered by captopril. It was 

increased on the stenotic side but the change was small and statistically not 

significant despite an eight-fold increase in arterial and peripheral vein renin. 

These findings are a clear demonstration that even a strong stimulus like captopril 

has little or no effect on the renal vein-to-artery renin ratio. Similar results have 

been obtained with the vasodilator drug diazoxide (7). One has therefore to 

consider that a high renal vein-to-artery renin ratio, as is often found on the 

side of stenosis in patients with renal artery disease, is an indication of a 

diminished renal blood flow rather than an index of increased renin secretion. 
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FIGURE 5. Renal vein-to-artery ratios of renin in untreated patients with 
renovascular hypertension and essential hypertension. Ratios of 1.00 and 1.50 
are indicated by horizontal lines. Mean values and standard deviations are afso 
given. 
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The renal vein-to-artery renin ratio in our patients with essential hypertension 

was 1.252.°.04 (mean2.SEM, n=47) for both kidneys (see Fig. 5) and, as discussed, 

the ratio is constant no matter whether circulating renin is low or high. In our 

patients with unilateral renal artery stenosis the ratio was 1.042.°.03 (n=46) on 

the non-stenotic side and 3.162.0.35 on the stenotic side. Thus virtually all the 

renin that is secreted by the kidneys comes from the affected kidney. 

In the large majority of our cases with unilateral renal artery stenosis the 

ratio was 1.5 or higher on the stenotic side. Why is this so? The answer can be 

given by the following example. Let us consider a hypothetical case of unilateral 

renal artery stenosis where the blood flow through the kidneys is normal. Since 

only the affected kidney is secreting renin, it is easy to see that in this case the 

renal vein-to-artery renin ratio of the affected kidney has to be two times higher 

than the ratio of a normal kidney in an individual with both kidneys equally 

contributing to the total quantity of secreted renin. As mentioned we found in 

essential hypertension a ratio of 1.25. Thus the ratio in our hypothetical case of 

unilateral renal artery stenosis would be 1.50 on the affected side and 1.00 on 

the non-affected side. When the renal blood flow of the affected kidney is 

depressed the renal vein-to-artery renin ratio on that side will be higher than 1.50. 

Many laboratories use the ratio between the renins in the veins of the 

affected and non-affected kidneys and take 1.5 as a criterion for asymmetric 

secretion. As explained in the forgoing discussion the figure of 1.5 has a logical 

basis. In our series 40 out of 46 patients had a renal vein-to-artery ratio of 1.5 

or higher on the affected side. The ratio between the renins in the renal veins 

of both sides was 1.50 or higher in 36 patients. The patients with essential 

hypertension had a ratio of 0.58-1.57 (right renal vein/left renal vein, 95-percent 

confidence limits, n=47). In all our patients renal vein sampling was performed in 

the same session as renal angiography and blood samples were taken before the 

contrast injection. The diagnosis of renal artery stenosis or essential hypertension 

was thus established by renal angiography. Our findings seem to indicate that 

nearly all cases with unilateral renal artery stenosis on the arteriogram have 

an increased renal vein renin ratio. Thus in patients with unilateral disease, renal 

vein renin measurements seem to add little to the pre-operative work-up. This 

could be different in cases with bilateral renal artery disease. Since most cases 
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eligible for surgery have unilateral disease, one may wonder that the usefulness 

of renal vein renin measurements as a routine procedure in the pre-operative 

diagnosis of curable renovascular hypertension. 

CONCLUSION 

Intravenous urography (rapid sequence), isotope renography, clearance 

measurements of glomerular filtration rate and/or renal plasma flow and 

measurements of peripheral and renal vein renins in conjunction with renal 

angiography are now widely used for the pre-operative diagnosis of renovascular 

hypertension. Intravenous urography, isotope renography and measurements of 

peripheral vein plasma renin under basal conditions have not enough diagnostic 

sensitivity to be used as a single test for screening. Measurements of peripheral 

vein plasma renin 60 minutes after a single oral gift of 50 mg captopril under 

strictly standardized conditions can probably be used for selecting those hyper

tensive patients in whom renal angiography should be performed. The renal 

vein-to-artery renin ratio is a poor measure of the secretion rate of renin. An 

elevated value is caused by diminished renal blood flow rather than inceased 

renin secretion. The renal vein-to-artery renin ratio in patients with two normal 

kidneys averages 1.25 and is not significantly altered after stimulation of renin 

secretion. The large majority (80-90 percent) of patients with unilateral renal 

artery stenosis has an increased ratio between the renins in the renal veins of 

both sides (affected/non-affected side 1.50 or higher) as opposed to less than 

10 percent of the patients with essential hypertension. Thus in unilateral 

disease renal vein renin measurements appear to add little to renal angiography. 

This could be different in bilateral renal vascular disease. 
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APPLICATION OF DIAGNOSTIC PROCEDURES IN PATIENT rffiNAGEMENT 

M.H. MAXWELL and A.U. WAKS 

Renal artery stenosis is the most common type of potential 

curable hypertension. Renal artery stenosis, however, may be 

incidental and not responsible for the elevated blood pressure 

in patients with hypertension. It is important, therefore, 

to differentiate between renovascular disease and renovascular 

hypertension (1). Renovascular disease is defined as the 

presence of stenotic lesion(s) of a main or segmental renal 

artery demonstrable by arteriography or at the time of surgery. 

Renovascular hypertension is defined retrospectively as arteria 

hypertension which responds favorably, i.e., cured or benefited 

to operative or angioplastic treatment of renovascular disease. 

The goal of diagnostic tests is to make a prospective diagnosis 

of renovascular hypertension, i.e., select the patients who 

will be benefited by correction of the renal artery stenosis. 

CLINICAL CHARACTERISTICS 

In the Cooperative Study of Renovascular Hypertension, 

in which 502 patients with renovascular disease were compared 

with 1128 subjects judged to have primary (essential) hyper

tension, the question was asked: Do patients with renovascular 

hypertension have clinical characteristics which differentiate 

them from patients with essential hypertension? (2). The 

differences in clinical characteristics between patients with 

renovascular hypertension and those with essential hypertension 

were quantitative rather than qualitative. Truly distinctive 

features of renovascular hypertension, suggested by a number 

of investigators, were not found. Renovascular hypertension 

may occur in either sex at any age, and may range in severity 
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from mild to very severe. Renovascular hypertension is less 

frequent in black than in white persons (3). 

The presence of a bruit in the upper abdomen in patients 

with renovascular hypertension was the finding which most 

sharply differentiated the two groups of patients. Body habitus 

is an important consideration in the prevalence of abdominal 

bruits since vascular murmurs are transmitted poorly through 

body fat. The frequency of bruits in the upper abdomen in 

patients with renal artery stenosis was related to body habitus, 

being more frequent in thin and less frequent in obese indi

viduals. Regardless of body habitus, upper abdominal bruits 

were 6 to 8 times more frequent in renovascular than in essen

tial hypertension. 

In a more recent prospective study, Grim et al. (4) 

excluded abdominal bruits heard exclusively during systole, 

reasoning that only systolic-diastolic bruits indicate the 

presence of a stenosis sufficient to produce a pressure 

gradient during diastole (5). Systolic-diastolic bruits were 

detected in 39% of patients with renovascular hypertension 

(sensitivity, 39%), but only two of 379 patients with essential 

hypertension had such a bruit (specificity, 99%). Even 

assuming a prevalence of renovascular hypertension of only 5%, 

the presence of an abdominal systolic-diastolic bruit had a 

predictive value of 67% (4). 

An abdominal bruit is thus a clear indication to perform 

further diagnostic tests for renovascular hypertension. Other 

clinical characteristics which may influence our decision to 

search further for renovascular hypertension are listed in 

the Table. These include: inappropriate age of onset of 

hypertension (younger than age 20 or older than age 50); sudden 

worsening of mild hypertension; young or middle-aged female 

with an abdominal bruit (possible fibrous dysplasia); evidence 

of diffuse atherosclerosis (coronary, cerebral, peripheral) 

in hypertensive patients above the age of 40. Although reno

vascular hypertension is often mild or moderate in degree, its 

prevalence in unselected patients with accelerated and malignant 

hypertension (grade III and IV hypertensive retinopathy) has 
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been reported to be 31% (6). 

Table. SCREENING, DIAGNOSIS AND SIGNIFICANCE OF RENOVASCULAR 
DISEASE 

SCREENING FOR RENOVASCULAR DISEASE 

HISTORY 

INAPPROPRIATE AGE OF ONSET 
SUDDEN WORSENING OF HYPERTENSION 
YOUNG WHITE FEMALE, NEGATIVE FM1ILY HISTORY 
DIFFUSE ATHEROSCLEROSIS 

PHYSICAL EXAMINATION 

ABDOHINAL BRUIT 
GRADE III - IV RETINOPATHY 

LABORATORY 

HIGH PRA 
ABNORMAL RADIOISOTOPE RENOGRAM/SCAN 
ABNORMAL RAPID INTRAVENOUS UROGRAM 
DISPARITY OF KIDNEY FUNCTION TESTS 
POSITIVE SARALASIN TEST 

DIAGNOSIS OF RENOVASCULAR DISEASE 

RENAL ARTERIOGRAM 

DIGITAL VASCULAR IMAGING (DVI) 

SIGNIFICANCE OF RENOVASCULAR DISEASE 

(RENOVASCULAR HYPERTENSION) 

SARALASIN TEST 

RENAL VEIN RENINS 

RENAL ARTERIOGRAM 

RESPONSE TO PERCUTANEOUS TRANS LUMINAL ANGIOGPAPHY (PTA 

DILEMMAS IN TESTING FOR RENOVASCULAR HYPERTENSION 

1. Renovascular hypertension is a retrospective diagnosis 

A technically acceptable renal arteriogram can establish 

the diagnosis and usually the etiology of renal artery stenosi 

and may also suggest whether the arterial lesion is hemo

dynamically significant (estimated degree of stenosis, post

stenotic dilatation, collateral vessels, relative size of the 

kidneys) (7). The arteriogram, however, does not establish 
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the diagnosis of renovascular hypertension. If the elevated 

blood pressure decreases substantially after corrective surgery 

or trans luminal angioplasty, then the diagnosis of renovascular 

hypertension is made retrospectively. 

All of the other diagnostic tests, whether intended for 

diagnosing renovascular disease (isotope renogram/scan, urogram, 

PRA, kidney function tests, saralasin test) or for judging 

the significance of known renal artery stenosis, i.e. proba

bility of renovascular hypertension, (renal vein renins, 

saralasin test) are nonspecific and may be positive in conditions 

other than renovascular disease. An abdominal bruit does not 

necessarily indicate renal artery stenosis, but may be caused 

by turbulent blood flow in any large abdominal artery or by 

hyperdynamic circulation in young individuals. Radionuclide 

studies (8) and the intravenous urogram (9, 10) are not diag

nostic, but merely show disparity in kidney function between 

the two kidneys. Lateralization of renal vein renins may 

occur in conditions other than significant renal artery stenosis, 

i.e., renin-secreting tumor of the kidney, and there is little 

agreement regarding a critical renal vein renin ratio in reno

vascular hypertension (11). A positive saralasin test 

(decreased blood pressure) suggests renin-mediated hypertension, 

either renovascular or from another cause (essential, glomer

ulonephritis) (12). Thus, there is no single test or combination 

of tests to reliably diagnose renovascular hypertension. 

2. Renovascular hypertension is a "rare" disorder 

The true prevalence of renovascular disease and renovascular 

hypertension amongst the hypertensive population is unknown, 

but estimates based upon selected populations of. referral 

centers range from 4% to 10% (3, 8). Compared to essential 

hypertension, therefore, renovascular hypertension is a rela

tively "rare" disorder, which greatly influences cost- and 

risk- benefits of the tests for its diagnosis (13). 

The sensitivity of a given test is calculated by deter

mining the percentage of positive tests in a group of patients 

with a specific disease. The specificity is the percentage 
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of negative tests in subjects without the disease. The 

predictive value of a positive test is the percentage of sub

jects with a positive test who have the disease. In searching 

for renovascular hypertension, since none of the tests are 

truly diagnostic (see above) a positive test result usually 

leads to other more costly and possibly more dangerous pro

cedures. Since the proportion of those with essential hyper

tension is twenty times greater than those with renovascular 

hypertension, even a given test of high sensitivity and 

specificity may have a low predictive value and will result 

in a large number of patients with essential hypertension 

subjected to unnecessary procedures. 

As an example, let us assume that the prevalence of reno

vascular hypertension is 5% and that of essential hypertension 

95%. Test A for renovascular hypertension is positive in 95% 

of patients with renovascular hypertension (test sensitivity: 

95%). Test A is falsely positive in only 5% of patients with 

essential hypertension (test specificity: 95%). Then, for 

1,000 unselected hypertensive patients, test A will be positiv 

in 47.5 (95%) of 50 patients with renovascular hypertension, 

but will also be falsely positive in another 47.5 (5%) of the 

950 patients with essential hypertension. The predictive valu 

of test A is thus only 50%, i.e., in random testing of patient 

with hypertension when test A is positive a given patient 

will have an equal chance of having essential or renovascular 

hypertension. 

Although renovascular hypertension represents a small 

proportion of the total hypertensive population, the prevalenc 

of hypertension in the general population is so high that 

renovascular hypertension is not a "rare" disorder in abso

lute numbers. If the prevalence of renovascular hypertension 

is 5%, then there are 3 million people with this disorder in 

the United States, compared to only 300,000, for example, 

with end stage kidney disease. 



3. Renovascular hypertension responds to antihypertensive 
drug therapy 

There have been no published prospective, randomized 

trials of medical versus operative therapy of renovascular 

hypertension. Furthermore, available reports vary widely 

with regard to selection of patients, definition of reno

vascular hypertension, types of medications used and length 

of follow-up. 
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Two of the earliest reports indicated that standard anti

hypertensive drugs were effective in lowering the blood 

pressure of some patients with renovascular hypertension 

(14, 15), presenting an alternative mode of therapy for 

patients who were poor operative risks or who had inoperable 

renal arterial lesions. The largest comparative study showed 

much better long-term results in operated patients (16). 

The better results of medical therapy in more recent 

reports has been attributed to the use of new antihypertensive 

drugs, particularly beta-blockers and catopril (17). 

In the Cooperative Study of Renovascular Hypertension, 

79% of patients with unilateral renovascular disease were 

benefited by operative treatment, and the operative mortality 

rate was 5.9% (18). More recent data from large operative 

series have reported better results than those from the 

Cooperative Study (19-28), with benefited rates generally 

around 90-95%. The operative mortality has been lower than 

that reported in the Cooperative Study, ranging from 0% 

( 2 2, 25, 26, 29 ) to 5 % ( 2 3) . 

The use of percutaneous trans luminal angioplasty (PTA) 

to dilate renal arteries offers a potentially more cost-effective 

alternate to operative treatment. There are few long term 

follow-up studies, however, so that the precise indications 

for PTA cannot yet be delineated. 

Successful initial dilatation is possible in about 90% 

of the cases (30-32). There have been no patient deaths 

reported, and the immediate morbidity appears to be about 

5% (66). 
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The mortality associated with operative revascularization 

is limited almost entirely to elderly patients with athero

sclerotic renal artery stenosis and evidence of coronary and/or 

peripheral atherosclerosis (28, 33, 34). Therefore, it was 

initially hoped that the safer procedure of PTA could replace 

surgery in the former group of patients. Unfortunately, 

several investigators have noted frequent and early restenoses 

of atherosclerotic renal artery stenosis following PTA (30, 

35, 36). Successful redilatation by PTA, however, has been 

repeated in some patients up to four times (36). 

If the hypertension can be controlled with antihypertensive 

drug therapy in most patients with renovascular hypertension, 

then legitimate questions are: Why bother to do any diagnostic 

tests? Why not treat all hypertensive patients with drugs, 

and only test those whose blood pressure cannot be controlled? 

The answers to these questions are complex, and depend upon 

one's ethical viewpoint and clinical experience. Persons 

diagnosed as having high blood pressure are committed to a 

lifetime of antihypertensive drug therapy and physician visits, 

so that the costs for the diagnosis and correction of reno

vascular hypertension even in a small proportion of patients 

may be comparable to long-term drug therapy (37). In our 

opinion physicians should be more concerned with risk-benefit 

than with cost-benefit. 

All antihypertensive drugs have undesirable (and sometimes 

dangerous) side effects, which interfere with the quality of 

life. Furthermore, a large proportion of drug-treated hyper

tensive patients are non-compliant, with poor long-term blood 

pressure control. Better long-term results have been reported 

in operative than in drug-treated patients with renal artery 

stenoses (16). 

Another consideration is preservation of renal function. 

Although unpredictable in an individual patient, renal arterial 

stenotic lesions are often progressive (38), sometimes to 

total arterial occlusion. An apparently stable serum creatinine 

may be misleading, representing hypertrophy of the contra

lateral kidney during loss of renal mass on the stenotic side. 



Improvement of renal function occurs following successful 

revascularization (8). 
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In summary, we "feel that the diagnosis and cure of 

significant renal artery stenosis is superior to long-term 

medical therapy. With careful selection of patients and 

appropriate tests the cost-benefit and risk-benefit will be 

far less than was the case when it was assumed that all 

hypertensive patients would be screened indiscriminately (13). 

DIAGNOSTIC TESTS 

1. Who to screen 

We believe that the following groups of hypertensive 

patients should undergo diagnostic tests for renal artery 

stenoses: 

A. Patients with an abdominal bruit. Factitious systolic 

abdominal bruits are not uncommon in thin, teenage and very 

young women. Systolic-diastolic epigastric bruits are 

extremely rare in essent~al hypertension, even in individuals 

with generalized atherosclerosis (4). Hypertensive patients 

with a systolic-diastolic bruit have about a 50% chance of 

having renovascular hypertension (3, 4). 

B. Sudden worsening of severity of hypertension. When 

stenosis of a renal artery narrows to a critical diameter of 

1.5 mm or less (39), renovascular hypertension may occur in 

the presence of preexisting essential hypertension. Sudden 

worsening of hypertension is not part of the natural history 

of essential hypertension, so that tests for other forms of 

secondary hypertension, e.g., pheochromocytoma, are also 

indicated. 

C. Inappropriate age of onset of hypertension. This is 

particularly true in children, where the incidence of secondary 

hypertension (renal artery stenosis, parenchymal kidney disease) 

is very high. When hypertension occurs de novo after the age 

of 50, atherosclerotic renal artery stenosis must be ruled out. 

D. Accelerated and malignant hypertension. Although the 

prevalence of renovascular hypertension has been reported to 

be 31% in accelerated and malignant hypertension (grade III 
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or IV hypertensive retinopathy) (6), these patients should be 

thoroughly evaluated for all forms of secondary hypertension 

as well. 

E. Severe hypertension. Patients with diastolic pressure 

of 115 mmHg or higher have a poor long-term prognosis, will 

require multiple antihypertensive drugs and often will not 

adhere to prescribed medical therapy. Early amelioration of 

renovascular hypertension should permit a better quality of 

life and prevent cardiovascular sequelae associated with severe 

hypertension. This stratum of hypertension comprises less 

than 10% of the total hypertensive population (HDFP). 

F. Miscellaneous. In addition to patients who have 

clinical characteristics suggestive of renovascular hyper

tension (see above), other patients with mild or moderate 

hypertension should also be screened. These are individual 

physician decisions. For example, we screen most patients 

whose blood pressure cannot be controlled because of poor 

compliance or intolerable drug side effects. Of particular 

interest are those patients who do not have a significant 

decrease in blood pressure following diuretic therapy (see be1c 

2. Who not to screen 

Patients over the age of 40 years with a history of 

familial hypertension who have mild hypertension which respondE 

to standard medical therapy need not undergo tests for reno

vascular hypertension. More controversial are patients, usual] 

elderly, with evidence of diffuse, severe atherosclerosis. 

Although age alone is not a contraindication to corrective 

operation, almost all operative deaths have occurred in patient 

with generalized atherosclerosis (28, 33, 34) leading some 

investigators to suggest that tests for these patients be 

restricted to those who are nonresponsive or intolerant to 

drug therapy and those exhibiting loss of renal function 

(28, 34). This is, however, the very group of patients who 

are suspect for atherosclerotic renal artery stenosis. If 

percutaneous trans luminal angiop1asty demonstrates long-term 

success in a significant proportion of this group, then they 
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deserve a complete workup for renovascular hypertension. 

3. Comparative Risks of Diagnostic Tests 

There is essentially no risk in PRA determination or in a 

radioisotope renogram/scan. Potential complications of renal 

vein renin determinations include groin hematoma, venous 

thrombosis and venous perforation; we could find no published 

reports of morbidity or of deaths, and therefore conclude that 

the risk of major complications is very low. Serious compli-

cations from intravenous urography are uncommon. In a large 

series (33,000 procedures) 1.7% of the patients had adverse 

side effects, of which only 5% were major; there was one death 

(0.003%) (40). Major complications of trans femoral renal 

arteriography were 1.2%, largely consisting of hemorrhage, 

thrombosis or renal injury, and the mortality rate in the 

Cooperative Study was 0.1% (41). Utilizing digital subtraction 

techniques, smaller catheters and much smaller amounts of 

contrast material, the complication rate of renal arteriography 

may be considerably decreased (42). Adverse reactions to the 

sarala&in test consist solely of transient hypotensive or 

hypertensive responses in a small number of patients; no serious 

side effects or deaths have been reported in over 6,000 pro

cedures (12). The safety of digital vascular imaging (DVI) 

is unknown. The dose of contrast medium used is often two to 

three times greater than that used for a urogram, theoretically 

increasing the risk of acute renal failure in susceptible 

patients. Furthermore, the technique of catheter insertion to 

the vena cava and bolus injection of contrast material suggests 

such possible complications as ruptured vessel wall, chemical 

thrombophlebitis or pericardial injection. 

4. Comparative Costs of Diagnostic Tests 

The costs of diagnostic tests leading to the diagnosis and 

cure of renovascular hypertension must be compared to the costs 

and inconveniences of chronic antihypertensive drug therapy 

(37). In certain groups of patients, cost-effectiveness is 

relatively unimportant. These include patients with severe or 
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accelerated hypertension and patients with moderate hypertensic 

whose pressure cannot be controlled with or who are intolerant 

of medical therapy. Cost should not be an important consider

ation in patients with a high probability of renovascular 

hypertension, such as patients with a systolic-diastolic 

abdominal bruit, young children, sudden worsening of benign 

hypertension and inappropriate age of onset of hypertension. 

Cost may be a consideration in patients with mild hypertension 

and in young adults with moderate hypertension who are not 

particularly suspect for renovascular hypertension. 

5. Characteristics of Various Diagnostic Tests 

There is considerable disagreement regarding the sensi

tivity, specificity and predictive value of the various 

diagnostic tests, alone or in combination (see above). Our 

views are summarized, as follows: 

A. Plasma renin activity (PRA). In our experience, in 

essential hypertension high PRA is limited almost exclusively 

to patients with severe or accelerated hypertension. There

fore, an inappropriate high PRA (mild or moderate hypertension) 

suggests a more complete workup for renovascular hypertension. 

However, PRA is not elevated in about one-third of patients 

with correctable renovascular hypertension (43). It cannot 

be relied upon as a screening test. 

B. Radioisotope renogram/scan. Renography is less 

accurate than the hypertensive urogram in screening for reno-

vascular disease (3, 8, 44). Renal scans, however, are safe, 

rapid and relatively inexpensive. We use renal scans instead 

of urography only in patients who may be sensitive to radio

graphic contrast media, or may be in greater jeopardy when 

exposed to them, e.g., diabetics, patients with azotemia. 

c. Rapid sequence intravenous urogram. The urogram is 

positive in about 80% of patients with significant renovasculal 

disease (3, 4, 10, 43), with false positive values in patients 

with essential hypertension ranging from 1.5% (4) to 12% (10). 

A negative urogram in a patient without an abdominal bruit has 

a high exclusion ratio, making the likelihood of renovascular 
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hypertension less than 2% (3, 4). A urogram may also diagnose 

unsuspected other causes of hypertension, such as ureteropelvic 

obstruction, pyelonephritis or renal calculi. 

D. Individual kidney function tests. The high morbidity, 

high cost and large percentage of uninterpretable test results 

makes the use of kidney function tests unwise except in rare 

clinical circumstances, e.g., to determine the contribution to 

overall renal function of a stenotic kidney prior to nephrectomy. 

E. Renal vein renins. Renal vein renin determinations are 

subject to considerable error because of such factors as mis

labeling, improper blood sampling and differences in patient 

preparation. When renal vein renins are clearly lateralizing, 

they are 95% predictive of operative curability (11). In 

patients without renin lateralization, however, approximately 

50% are benefited by surgery (11, 45, 46). Therefore, non

lateralization should not exclude consideration of operation 

in an individual patient. We perform renal vein renins in 

patients with bilateral renal artery stenosis in order to 

select the side for initial PTA or surgery and in some patients 

with renal artery stenosis of equivocal significance. 

F. Saralasin test. In the presence of renal artery 

stenosis, we and others have found the saralasin test to be 

more specific and more sensitive than renal vein renins in 

diagnosing renovascular hypertension, particularly when both 

changes in blood pressure and changes in PRA are used in judging 

saralasin test results (47, 48, 49). Saralasin testing is also 

useful in patients allergic to iodine-containing contrast 

substances. 

G. Digital vascular imaging (DVI). The technology of 

DVI is changing rapidly. In a comparison with conventional 

catheter angiograms, DVI was sufficient for diagnostic purposes 

in only 19 of 30 cases (63%) (50), although better results 

have been reported by others (51). It is a curious semantic 

aberration that DVI has been called a non-invasive technique 

because the catheter is in the venous rather than in the 

arterial vasculature; morbidity and mortality rates have not 

yet been reported. In our experience 'resolution of the main 
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renal arteries is not comparable to standard arteriography, 

and the renal arterial branches are seldom visualized at all. 

Practically, even with a positive DVI surgeons seldom will 

operate on a patient with renal artery stenosis without first 

requesting a renal arteriogram. 

H. Renal arteriogram. Conventional renal arteriography 

remains the best method for delineating, diagnosing the etiolol 

and jUdging the severity of renal arterial lesions. It offers 

the further advantage of permitting dilatation of a stenotic 

lesion by PTA during the same procedure. Its main limitations 

compared to DVI are cost and possibly safety. 

DIAGNOSTIC TESTS IN CLINICAL MANAGEMENT - NEWER CONCEPTS 

The diagnosis and treatment of renovascular hypertension 

is in a state of rapid evolution, largely because of the adven 

of PTA, converting enzyme inhibitors and radiological digital 

subtraction techniques. The following practical approach is 

based upon several premises: None of the standard tests can 

unfailingly diagnose renovascular hypertension. They are 

therefore often disregarded in certain clinical circumstances, 

and the decision is made to nevertheless proceed to renal 

arteriography. Renal arteriography is generally diagnostic 

of the type, degree and operability of renal artery stenosis. 

Successful initial dilatation by PTA is possible in 90% of 

cases of main renal artery stenosis. The short-term response 

(days, weeks) to successful dilatation offers the most accurat 

and practical diagnostic approach for renovascular hypertensio 

if the blood pressure falls significantly, then renovascular 

hypertension was present, even if the blood pressure should 

subsequently increase because of restenosis. Thus, PTA become 

a diagnostic tool as well as a therapeutic modality. When PTA 

is not technically feasible or is initially unsuccessful in 

dilating a stenotic artery, then the usual diagnostic tests 

are employed (renal vein renins, saralasin test). These tests 

are also employed in clinical situations where intervention is 

not strongly indicated, such as mild hypertension or renal 

artery stenosis of dubious significance. 



The decision diagrams (Figures 1, 2, 3) are based upon 

the following clinical categories. 
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1. Severe or accelerated hypertension, children with hyper
tension, hypertension uncontrollable with drugs (Figure 1) 

These clinical circumstances dictate a complete workup for 

all forms of secondary hypertension, including renovascular. 

Patients in this category comprise about 10% of the hypertensive 

population. Since negative screening tests will not rule out 

renovascular hypertension, we start with a renal arteriogram, 

combined with PTA if renal artery stenosis is found. If the 

blood pressure is significantly reduced, definitive therapy 

has been rendered promptly, efficiently and safely. If hyper-

• SEVERE I ACCELERATED HYPERTENSION 

• CHILDREN 

• UNCONTROLLABLE WITH DRUGS 

~ 
TESTS FOR SECONDARY HYPERTENSION ___ -l SPECIFIC Rx I 

(pheochromocytoma, renal disease, etc) 

~ 
REDUCE BP WITH DRUGS 

l 
RENAL ARTERIOGRAM 

I 
l 

NEGATIVE _I DRUG Rx I ~ 
POSITIVE 

~ 

~ 

Figure 1. Severe or accelerated hypertension, children with 
hypertension, hypertension uncontrollable with drugs. 
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tension recurs, then PTA may be tried again or operative 

intervention attempted in the secure knowledge that renovascul 

hypertension is present. If the blood pressure is not lowered 

after successful dilatation or dilatation is not possible, 

various diagnostic or Lnerapeutic choices are indicated in 

the figure. 

2. Mild or moderate hypertension in patients who are suspect 
for renovascular disease (Figure 2) 

In this category, the severity of the hypertension, degree 

of blood pressure control with antihypertensive drugs, presenc 

of target organ damage and the probability of renovascular 

disease influence strategy. In a young female with a lateral-

MILD I MODERATE HYPERTENSION 
SUSPECT FOR RENOVASCULAR 

(abdominal bruit, inappropriate age of onset, 

sudden onset or worsening of HT) 

~ 
DVI or UROGRAM 

l ~ 
POSITIVE NEGATIVE - -IDRUG 

r----------l : 
IOPE4TION I ARTERIOGRAM -- - -RE~iRAM/- --lDRUG 

I ! 
L - - - - - - - - 4 PTA I 

I 

t 
ETC 

Rxl 

Figure 2. Mild or moderate hypertension in patients who are 
suspect for renovascular disease. 
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izing abdominal bruit or in an elderly patient with recent 

worsening of hypertension and diffuse atherosclerosis, for 

example, we would proceed directly to renal arteriography, as 

in the prior category. Conversely, with mild, well-controlled 

hypertension, despite an inappropriate age of onset we would 

start with a rapid sequence urogram or DVI, and then follow 

the choices indicated. This group of patients probably com

prises approximately another 5% to 10% of the hypertensive 

population. 

3. Mild or moderate hypertension, not suspect for reno
vascular disease (Figure 3) 

Diagnostic workup in this category of patients, which 

represents about 70% of the hypertensive population, is the 

most controversial. Over 50% of these patients will have a 

substantial reduction of blood pressure following thiazide 

therapy (52) or the morning after a single oral dose of 

furosemide the evening before (53). Patients with renin

mediated, including renovascular, hypertension do not exhibit 

a reduction in blood pressure after furosemide (53). Moderate 

sodium depletion following thiazide or furosemide administration 

improves the sensitivity and specificity of the saralasin test 

(48), especially when post-saralasin PRA, as well as blood 

pressure response, is used to judge test results (47). Thus, 

when there is no vasodepressor response to diuretic adminis

tration, the diuretic will have served to prepare the patient 

for a saralasin bolus test (54), a rapid and simple procedure. 

Only those with a positive test response would undergo further 

studies for renovascular disease. This sequence is cost-

effective and avoids unnecessary invasive procedures. The 

choice of which patients should undergo a saralasin test 

depends upon the clinical circumstances and the wishes of 

the patient. 
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MILD / MODERATE HYPERTENSION 

TRIAL OF THIAZIDE DIURETICS 
OR FUROSEMIDE TEST 

I 

BP UNRESPONSIVE 

~ 
SARALASIN TEST 

(BP and PRA responses) , 
POSITIVE 

I 
".,;'1", 

..... I " ,,/ t ........... 

l 
BP REDUCED 

~ 
I DRUG Rx I 

l t 
NEGATIVE __ J 

t 
I 
I 
I 

RENOGRAM/ 
SCAN DVI UROGRAM I 

I 
I I 

I 
I 

+ FURTHER TESTS 

I ______ ...1 

Figure 3. Mild or moderate hypertension, not suspect for 
renovascular disease. 
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CONCLUSIONS 

The strategies described above are not meant to be rigid 

or categorical. The decisions are based upon individual 

clinical circumstances and risks as well as the likelihood of 

renovascular disease rather than upon a prefixed set of 

diagnostic tests for all patients. When the likelihood of 

renovascular disease is strong, the patient is at high cardio

vascular risk or the long-term prognosis is poor, then renal 

arteriography is used to delineate the renal artery lesion 

and the early blood pressure response to PTA determines its 

significance. When the likelihood of renovascular disease 

is lower, then standard tests are used. Obviously, further 

technical improvements in DVI could change these strategies. 
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GENERAL ASPECTS OF MEDICAL TREATI1ENT. A REVIEW. 

W.H. Birkenhager and P.W. de Leeuw 

INTRODUCTION 

Mechanical treatment (surgery or angioplasty) appears to be 

the therapy of choice for the hypertensive patient in whom 

renal artery stenosis is a likely source of the hypertension. 

Little nas been reported on medical management of renovas

cular hypertension, compared to mechanical intervention. The 

best type of research has been carried out using drugs inter

fering with the renin-angiotensin system, particularly the 

converting enzyme inhibitor captopril (1,2,3,4). However, these 

studies were concerned with the use of this drug as a diagnostic 

or predictive tool rather than with the achievement of long

term therapeutic results. When keeping to our brief, we have 

to leave the discussion of this class of drugs to the next 

paper and limit the present discussion to conventional treat

ment. It appears there is a need for such an assessment. In 

a recent monograph dealing with renovascular hypertension (5) 

a nlere three out of 225 pages were allotted to medical treat

ment of hypertension in patients with renal disease, without 

even a specific reference to renal artery stenosis. When one 

considers the results reported in the literature, one should 

bear in mind, that only occasional attempts have been made to 

randomize patients to one type of treatment or another. The 

majority of series comprised patients in whom surgery was 

rejected for various reasons, such as the presence of conco

mitant ailments, a questionable outcome of investigations 

dealing with the pathogenetic significance of the arterial 

lesion, multiplicity of arteriographic abnormalities and 

refusal by the patient to be operated upon. Another type of 
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bias is implied in the approach, that the indication for per

forming renal arteriography and surgery has frequently been 

derived from refractoriness to medical treatment. 

In reviewing the literature one becomes morosely impressed 

by tne almost universal lack of randomization when the results 

of (different types of) medical versus surgical treatment are 

compared. To date angioplasty has not yet been compared with 

drug treatment. In order to assess the feasibility of conven

tional medical treatment in patients with renovascular hyper

tension we will explore two angles. First of all, the relevant 

literature will be discussed in a chronological order. Secondl 

currently fashionable hypertensive drugs will be reviewed 

against the pathophysiological background of renal artery 

stenosis and their likelihood to be effective will be derived 

from that point of view. 

RESULTS OF CONVENTIONAL DRUG TREATMENT 

Dustan et al. (6) were amongst the first to demonstrate 

that the majority of subjects with renovascular hypertension 

are amenable to treatment with antihypertensive drugs. This 

investigation has established the notion that surgical treat

ment may be deferred in cases of reasonable doubt as to the 

pathogenetic significance of the stenosis with respect to the 

hypertensive process. 

Kjellbo et al. (7) studied (in retrospect) 240 patients 

with renal artery stenosis. Seventy-four patients were operatE 

upon. In 61 of these, data were compared with a group of 152 

patients who were followed up for a period up to 8 years and 

in whom sufficient data existed on the degree of blood pressuJ 

control. The groups were not strictly comparable, because of 

a preponderance of older patients in the non-surgically managE 

group. In the latter group mortality was considerably higher 

than in the operated patients (after a follow-up period of 

> 4 years: 37 vs. 9 deaths). The decision to operate was 

apparently based on selection of suitable patients, e.g. 

those lacking signs of wide-spread atherosclerotic disease. 

The authors therefore subdivided both groups into patients 
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with and those without signs of such damage. Major extrarenal 

artery involvement and/or renal impairment was present in 57% 

of the medically treated as compared with 37.5% of the surgi

cally treated patients. When such patients were eliminated the 

operated group comprised 38 patients, the non-operated group 

72. The average age was appreciably lower in the first than 

in the second group (41 vs. 50 years). The finding, that the 

mortality rate in the medically treated group was in excess 

of twice the rate in the surgically treated group is therefore 

still not based upon a fair comparison between the results of 

the two treatment modalities. 

Pinedo et al. (8) observed a 5 year survival of 67% in 71 

patients with atherosclerotic renal artery disease after sur

gery versus 81% in 42 patients who were treated medically. 

It should be noted that only 25% of the surgically treated 

were normotensive after 6 years. This is obviously a lesser 

score than is observed in most series, even when atherosclero

sis is separated from fibromuscular dysplasia. 

Hunt and coworkers (9), from the Mayo Clinic, have been 

giving a lot of attention to the problems associated with the 

management of patients with renovascular hypertension. In a 

prospective study of patients enrolled between 1958 and 1965, 

214 patients were followed for 7 to 14 years, on average 

approximately 10 years. A hundred of these were submitted to 

surgical intervention, 82 having failed to respond to inten

sive antihypertensive treatment. The other 114 patients were 

treated medically for at least 6 months; 16 underwent surgery 

later on for various reasons. The latter subgroup has not been 

included in the analysis of the results of treatment. 

In the surgical intervention group 84 patients were alive 

after 7-14 years; 51 were normotensive (diastolic pressure 

< 90 rnrn Hg) without medication. Thirty-three patients required 

antihypertensive medication. Of the 16 patients who had died, 

10 had been needing intensive (sympathicolytic) antihypertensive 

medication. In 13 cases the cause of death could be related to 

hypertensive disease. Among the 98 patients who received anti

hypertensive medication (excluding those 16 who were transferred 
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later for surgical correction) "satisfactory" blood pressure 

control (diastolic pressure usually < 100 mm Hg) was maintaine 

in 52. Seven patients had unsatisfactory blood pressure contro 

and 39 had died. Causes of death were related to hypertensive 

disease in 37 cases (renal failure in 8). The main data have 

been summarized in Table I. 

Table 1. 

N. 

10 yrs. 

Alive 

Survivors NT 

C.V.A. 

Hunt et al. 1974 

Prospective study 

Surgical 

100 

84 (84%) 

51 

(diast.<90) 

3 

Medical 

59 (60%) 

52 

(diast. <100!) 

8 

Renal fail.O 4 

Obviously such figures alone do not tell the entire story. 

First of all, the medically-treated group was "purified": 16 

patients who apparently did not well after a preliminary peric 

of drug treatment were transferred to surgical management. ThE 

reasons were: unsatisfactory blood pressure control, refusal t 

continue drug treatment and progressive reduction of renal fur 

tion. This of course worsens the disadvantage for the medical] 

treated group. 

The difference in morbidity data (in the survivors) is alsc 

impressive. Four of the 59 medically treated survivors had to 
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undergo renal dialysis or transplantation, while non progressed 

to this stage in the surgically treated group of 84 survivors. 

Cerebrovascular accidents had occurred in 3 survivors of the 

surgically treated group and in 8 of the others. 

It should be stressed, that terminal renal failure occurred 

in no less than 12/98 patients (deceased plus survivors) in 

the medically treated group and in 3/100 in the group receiving 

surgical treatment. This difference could be related in part to 

lesser control of blood pressure in the drug-treated group. In 

addition, however, it seems to be fairly obvious that in severe 

renal artery stenosis, lowering of blood pressure in the conti

nuing presence of the stenosis will tend to compromise the 

perfusion further up to the point of inducing ischemic atrophy. 

Chassin and Sullivan (10) analyzed the records of 24 consecutive 

patients who were operated on at the Peter Bent Brigham Hospital, 

in order to check how each had responded to medical treatment 

prior to surgery. In this study not only excretory urograms and 

selective renal arteriograms, but also renal vein renin measure

ments served to decide upon surgical treatment. In all but one 

the renal vein renin ratios (involved kidney/uninvolved kidney) 

were greater than 1.5. In all, following surgery a cure (dia

stolic pressure < 95 mm Hg) or an improvement (diastolic pres

sure < 100 mm Hg and > 15% decrease from pre-operative treatment 

levels) without medication or with a reduction in medication was 

achieved, that is, 12 patients were cured and 9 improved. The 

missing 3 patients could not be traced by us. 

It was not entirely clear whether surgery was deemed necessary 

irrespective of the preoperative treatment results. However, the 

hypertension in some patients had been in good control for some 

years and the patients were referred for evaluation of abnormal 

rapid-sequence urogram. A minority was referred primarily for 

refractoriness to pharmacologic treatment. This material there

fore seems to be based upon a mixture of arbitrary selection 

procedures and probably does not reflect the middle of the road 

status of renovascular hypertension. The drugs used in varying 

combinations were: thiazides, spironolactone, reserpine, methyl

dopa, hydralazine, propranolol and guanethidine. 
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In this series, the average results of medical treatment 

alone were definitely less than those of surgical correction 

(alone or combined with drug treatment). 

Zech and Pozet (11) carried out a study in 114 patients 

with renovascular hypertension. Patients were followed up 

for 1~ to 9 years. Forty patients were operated upon, whilst 

74 received drug treatment. Here again, the average age of 

the latter was higher than the former (39 vs. 45 years). An 

average blood pressure of 145/85 or less was considered as a 

cure. An improvement was defined as a decrease in blood 

pressure of 15% or more. Lesser results were counted as 

failures. Surgical treatment resulted in cures or improvements 

in 45% of cases (including 10 patients with a lesser contrala

teral stenosis), whilst 63% of medically treated subjects 

either improved or became normotensive. 

On balance, it is still not clear whether surgical treatment 

is as vastly preferable to pharmacological treatment as has bee 

claimed for many years. The modern drug arsenal appears to offe 

a reasonable alternative to the still empirical approach of 

intervening mechanically. The main limiting factors to drug 

treatment appear to consist of, firstly, refractoriness or lack 

of compliance and, secondly, threatened viability of the ste

nosed kidney(s). Kaplan (12) in his manual "Clinical Hypertensi 

proposes to adhere to the guidelines originally laid down by 

Gifford. 7hese are presented in Table II (with some modificatio 

S~LBCTION OF THE APPROPRIATE DRUG(S) 

The problem of selecting hypotensive drugs which are par

ticularly suitable for treating these patients should mainly 

be approached by a pathophysiological point of view, because 

an empirical data bank is lacking. 

As has been indicated elsewhere in this volume, renovasculal 

hypotension according to the two-kidney one-clip rat model 

passes through three main stages (table III). The initial 

phase is due to vasoconstriction following activation of the 

renin-angiotensin system. Phase II is probably related to 
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Table II. (from Kaplan (12) with modifications) . 

Factors favouring medical vs. surgical treatment. 

THE PATIENT 

Age more than 50 years and/or long duration of hypertension. 

Coexisting disease which would increase risk of operation. 

Expected compliance with drug regimen. 

THE AR'l'ERIAL LESION 

Atherosclerotic. 

So extensive that nephrectomy would be the only surgical 

approach. 

Bilateral (unless viability of kidneys is at stake) . 

CLINICAL APPRECIATION 

Doubtful significance of lesion in genesis of hypertension 

(e.g. equivocal difference in renal vein renin activity). 

Table III. 

Renal artery stenosis (experimental) 

Time-related events in 2k-Ic rats 

Phase I (Renin release - A II - Ald. 
Adrenergic system ~ 'l 

II 

III 

Sodium-fluid retent~~ 
Vessel wall sensitization 

Hypertensive vessel wall restructuring 

(contralateral kidney etc.) 

Reversibili ty 

] yes 

] no(?) 
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fluid and sodium retention and on increased arteriolar respon

siveness to angiotensin. 

In the third phase vascular changes in the opposite kidney 

apparently dominate the picture. Once this stage is reached, 

the removal of the stenosis or the primarily affected kidney 

often is no longer effective in curing the hypertension. This 

sequence may also play a role in the elaboration of hypertensio 

in human renal artery stenosis. In addition, a decrease in rena 

kallikrein excretion is both a feature of experimental and of 

clinical renal artery stenosis (for references see Breslin et 

al. (5», a deviation which may contribute to the hypertension 

in all three stages. Adrenergic activity is increased; this 

may be conceived to result from stimulation of the renal affe

rents and/or certain areas in the brain, analogous to the area 

postrema in the rabbit or the region anterior to the third 

ventricle in the rat (see Breslin et al. (5». The stepped 

therapeutic approach to human hypertension due to renal artery 

stenosis may be based upon a comparison with the experimental 

sequence (table IV). 

Table IV. 

Renal artery stenoais 

(Hypothetical paralleliam) 

Experimental 

Phase t Renin, All, Ald. 
t Adrenergic act. 

II t Sodium-fluid 
tVessel wall respon

siveness 

III Veasel wall restruct
uring 

Clinical 

t Renin 
(syst. or reno 
vein ratio) 

.. Renin 

t vol. para
meters(? ) 

.. or ,Renin 
,G.r .R. 

Treatment 

Surgery or 
angioplasty 

All antag. 
fJ blockers 

Include 
spironolactone or 
common diuretics 

Any hypotensive 
drug (?) 

When renin or renal vein renin ratios are obviously increased, 

reconstructive surgery or angioplasty remain the first choice. 

If this is rejected for whatever reason, the complete panel of 

antihypertensive drugs may be considered (table V). 



Table v. 

ACTION POTENTIAL OF ANTIHYPERTENSIVE DRUGS 

VOLUME CONTROL 

ADRENERGIC SYSTEM 

RENIN-ANGIOTENSIN SYSTEM 

VASCULAR SM. MUSCLE 

[
tubular fuction 

aldosterone 

[
% adrenoceptors 

periPheralJ 
neurones 

central 

[
conversion A I'" A:rr 

AIr 

[
C:+ influx 

contractile facilities 
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When renin values are not obviously increased, further func

tional challenging procedures may be undertaken in order to 

establish whether or not the hypertension is potentially 

renin-dependent (see M.A.D.H. Schalekamp: Functional diagnostic 

procedures, this volume). 

Even after short term preparation with a diuretic drug - which 

would unmask the role of the renin-angiotensin system - a sig

nificant proportion of patients with renovascular stenosis and 

hypertension will not respond to subsequent suppression of the 

renin-angiotensin system. Presumably these correspond to Phase 

II or (even more probably) Phase III of the experimentally 

induced sequence of events. In those, a more prolonged diuretic 

treatment would be the first choice. It is obvious that this 

treatment should be attuned to disturbances of potassium 

handling (some 20% of patients tend to become hypokalemic due 

to secondary hyperaldosteronism). When the other elements are 

considered, to date no practicable drug interfering with the 
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kallikreinbradykinin system other than the converting enzyme 

inhibitor is available. Although the vasodilator substances 

(hydralazine, diazoxide, minoxidil) are often claimed to be 

renal vasodilators, their effect on either the primarily 

stenosed or the secondarily affected renal vascular tree is 

doubtful. This does not subtract from their values as systemic 

vasodilators, but it should be borne in mind that the effect 

on the ipsilateral kidney may be contrary to what should be 

achieved (renin stimulation, fluid and sodium retention); 

in addition a baroceptor-mediated hyperadrenergic state is 

likely to be accentuated with the ensuing phenomena of tachy

cardia and angina. 

Anti-adrenergic drugs may be supposed to act favourably upon 

several systems involved in the pathophysiology of this type 

of hypertension, irrespective of its phase. They inhibit both 

adrenergic and (indirectly) angiotensin-dependent vessel wall 

tone. In the early seventies Laragh and his colleagues started 

to advocate the preferential use of beta-adrenoceptor blocking 

drugs in hyperreninemic hypertension. Propranolol appeared to 

be particularly effective in a group of such patients including 

renovascular hypertensives (13). 

Although this has not been a universal experience, it is onl] 

fair to confirm, that betablocker therapy has become a substan

tial addition to the treatment of such patients (14). 

The French authors we referred to previously (11), subdividec 

their medically treated patients into two groups: 39 who receivE 

diuretics and other hypotensives without the addition of a beta

blocker and a second group of 35 patients treated with beta

blockers alone or in combination with a diuretic and/or hydra

lazine. It was apparent that the second group fared better than 

the first: the "~checs" amounted to 59% without betablockers 

and were limited to 12% when betablockers had been added to 

the regimen. 

A final word about the other drugs available in hypertension: 

at present there exists no firm evidence to assess the potentia] 

value of such drugs as postsynaptic a- blockers (prazosin, tri

mazosin), centrally acting drugs ( a-methyldopa, clonidine), or 
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calcium channel blocking agents (nifedipine, verapamil). 

SUHI-1ARY 

The problem of selecting patients with renal artery stenosw 

for mechanical correction of the obstructive lesion equally 

applies to the dilemma of choosing an appropriate mode of 

pharmacological treatment. The effects of surgical and medical 

treatment on blood pressure, prevention of cardiovascular com

plications and preservation of renal function are difficult 

to compare, because most series have been studied on a retro

spective basis. The results vary widely, mainly due to biases 

in the selection procedures. Once it has been decided to reject 

mechanical intervention the complete arsenal of hypotensive 

agents may be selected from. On the basis of the pathophysiology 

of experimental renal artery stenosis, converting enzyme inhibi

tors are the first choice in tne renin-dependent stage, whereas 

tne (adulterated) later phases are probably becoming suitable 

for more conventional treatment, mainly diuretics and/or beta

nlockers. 
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CAPTOPRIL IN THE TREATMENT OF HYPERTENSION WITH RENAL 
ARTERY STENOSIS 

G.J. WENTiNG, H.L. TAN TJIONG, F.H.M. DERKX, H. v.URK , J.H.B. DE BRUYN 
AND M.A.D.H. SCHALEKAMP 

INTRODUCTION 

Although the role of the renin angiotensin system in the initiation of renovas

cular hypertension is well established, it has proved difficult to demonstrate that 

renin or angiotensin levels are high enough to be responsible for the maintenance 

of this form of hypertension (I). Recently pharmacological dissection of the 

different components of the renin angiotensin system has become a clinical 

reality. Claims have been made that administration of drugs which block either 

angiotensin II's action (saralasin) or its formation (angiotensin converting enzyme 

inhibitors, teprotide and captopriJ) can be used to identify the participation of 

the renin angiotensin system in elevated blood pressure and to select surgically 

curable forms of hypertension (2). In this regard especially captopril is interes

ting because it is orally active and both short-term and long-term responses can 

be studied. However, despite much speculation in the literature, the mechanism 

of captopril's blood pressure lowering effect has not been fully clarified (3). 

It is attractive to opt for simplicity and to accept that the drug exerts its 

effect solely through prevention of angiotensin II formation. Indeed the fall in 

blood pressure shortly after a single dose of captopril correlated positively with 

pretreatment plasma renin levels in some studies. However this is not invariably 

so, and this becomes even more evident during long-term treatment (4). There 

exists a potential problem of specificity. Angiotensin converting enzyme is 

identical with kininase II and by this way it is involved in the inactivation 

of bradykinin. Accumulation of the vasodilator bradykinin can contribute directly 

to the blood pressure lowering effect of captopril but also indirectly because 

this hormone is involved in the release of prostaglandins as well. Theoretically, 

it is also possible that the change in vascular resistance after captopril rather 

than the effect on blood pressure is correlated with pretreatment renin. 

We have, therefore studied the haemodynamic response to captopril both in 

patients with essential hypertension in whom plasma renin was low or normal 
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and patients with hypertension associated with renal artery stenosis and often 

high plasma renin values. The response to long-term captopril treatment in the 

patients with renovascular hypertension was also compared with the blood 

pressure lowering effect of corrective surgery or nephrectomy. In this report we 

will try to answer three questions: 

1) Is captopril more effective in renovascular than in essential hypertension and 

is the fall in blood pressure related to pretreatment renin? 

2) Does the fall in blood pressure to captopril in patients with renal vascular 

hypertension predict surgical outcome? 

3) Does angiotensin converting enzyme inhibition harm the function of the 

affected kidney? 

PATIENTS AND METHODS 

Fifty-six severely hypertensive patients were extensively studied after 

previous antihypertensive therapy was tapered off and finally stopped for at 

least 3 weeks. Routine investigations including intravenous urography, radioisotope 

kidney scanning (99mTechnetium-diethylenetriaminepentaacetic acid, DTPA) and 

in the majority (n=l7) also renal arteriography, had not revealed any cause for 

the hypertension in 30 patients (essential hypertension, EHT). The remaining 26 

patients had unilateral renal artery stenosis (renovascular hypertension, R VHT). 

The renal vein-to-artery ratio of plasma active renin ranged from 1.~2 to 14.78. 

The acute and long-term (one month) blood pressure response to treatment 

with captopril was studied in all. A more detailed haemodynamic profile of 

captopril's action was obtained by invasive and non-invasive techniques in 14 

patients with essential hypertension and 16 with renal artery stenosis, as 

described previously (5). 

The acute effects of captopril on effective renal plasma flow (ERPF, 131 I_ 

-iodohippurate), glomerular filtration rate (GFR, 125I-iothalamate) and split 

renal extraction of these substances were studied in EHT (n= 17) and R VHT (n=26). 

During long-term captopril ERPF and GFR measurements and sequential DTPA 

scanning of both kidneys were performed in 17 patients. Nine of them had EHT. 

Twenty-three of the patients with RVHT underwent surgery; in seven of them 

the procedure was nephrectomy, in the remainder it was renal artery recon

struction. All of these operated patients were reassessed 3 to 6 months after 

surgery while they were not on antihypertensive medication. 

Data are presented as mean values .:t. standard error of the mean. The t tests 

for paired and unpaired data were used for comparison. 
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RESUL TS 

Plasma renin and the haemodynamic response to captopril 

The mean pretreatment concentration of active renin in plasma was 60).'U/ml 

(range 3 - 89, n=26) in the group with a renal artery stenosis and 20 lJ U/ml 

(range 13-390, n=30) in the patients with essential hypertension. Systemic 

arterial pressure was higher in R VHT (204.2=.5/113.:.3 mm Hg) than in EHT 

(181.2=.6/101.2=.3 mm Hg) but this could be a matter of selective referral to our 

center. The fall in blood pressure for the whole group of patients with RVHT 

after one single oral dose of captopril, 50 mg, was more pronounced ( mean 

arterial pressure -32.:.4 mm Hg) than in EHT ( mean arterial pressure -16+2 

mm Hg) but this difference disappeared when groups of patients were compared 

that were matched for age, sex and severity of hypertension. Plasma renin 

levels of these matched groups are depicted in Figure 1. 

EHT RVHT 
PLASMA REN IN 
~U /ml 5000 ~~------n------'--' 

500 

• 
Ie 
I 

FIGURE 1. Plasma renin levels in patients with essential hypertension (EHT, 
n=14) and hypertension with renal artery stenosis (RVHT, n=16). The normal 
range for plasma renin is 5-50 lJU/ml, sodium intake 50 mmol/day. 

The effects of captopril were maximal at 90 minutes (see Fig. 2). At that time 

mean arterial pressure had decreased from 141 +6 to 119~) mm Hg in patients 
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with EHT and from 143~6 to 114~5 mm Hg in RVHT. Cardiac output and heart 

rate did not change so that the reductions in pressure were associated with 

parellel reductions in total peripheral resistance. 
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FIGURE 2. Short-term haemodynamic effects of captopril, 50 mg orally, in 
patients with EHT (n=14) and RVHT (n=16). Data relevant to body size were 
converted to 1.73 m 2 • * P<0.05, ** P<O.OI, ***P<O.OOI. From Wenting et al. 
(5) reproduced by permission of the American Journal of Cardiology. 
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During long-term treatment with captopril, 450 mg daily, blood pressure was also 

lowered in both groups of patients, by a fall in total peripheral resistance (see 

Fig. 3). 
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FIGURE 3. Long-term effects of captopril, 450 mg/day. For further details see 
legend to Fig. 2. 

Short-term but not long-term blood pressure responses to captopril correlated 

with pretreatment plasma renin (r=0.43, n=30, p<0.01 vs. r=0.28, n=31, p> 0.05) 

but the lower r-value may indicate that other factors besides circulating renin 

are important. 
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Captopril and renal function 

The effects of a single dose of captopril, 50 mg, on effective renal plasma 

flow, glomerular filtration rate and split renal function were studied in both 

EHT and R YHT during renal vein catherization. Results on overall renal function 

are shown in Fig. I.f. Despite the decrease in renal perfusion pressure ERPF and 

GFR did not change. Moreover, there was no difference in response pattern 

between the two groups. 
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FIGURE I.f. Short-term effects of captopril, 50 mg orally, in patients with 
EHT (n= 17) and R YHT (n=26). 
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dramatic drop of the extraction of hippuran on the side of stenosis (see Fig. 5). 

Minor changes of Hippuran extraction were found on the contralateral side in 

R VHT and on both sides in EHT. 

UNILATERAL RENAL ARlERY STENOSIS ESSENTIAL HYPERTENSION 

% 80 

70 ~I' f---l* f---- I' 
60 

50 

.. I 
40 

30 

20 
affected side contralateral side right side left side 

FIGURE 5. Effects of captopril, 50 mg orally, on the renal extraction of radio
labelled hippuran in 26 patients with unilateral renal artery stenosis and 17 
patients with essential hypertension. *p<0.05, **p<0.0 J. 

After a four-week treatment period with captopril, 450 mg daily, a small 

increase in ERPF (+122.3%, n=8, p 0.01) was found in patients with EHT 

without a change in GFR (+42.5%, NS). An opposite trend (ERPF -32.6%, 

GFR -72.6%, n=8) emerged in RVHT but these changes were not statistically 

significant. Sequential DTPA scanning showed a marked reduction of the uptake 



114 

and excretion of the label by the stenotic kidney during chronic captopril treat

ment in four out of eight cases in whom the scans were performed (see Fig. 6). 

UNILATERAL RENAL ARTERY STENOSIS ESSENTIAL HYPERTENSION 
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FIGURE 6. Effects of long-term captopril, 450 mg/day, on the split renal uptake 
of DTPA in 8 patients with RVHT and 7 patients with EHT. 

In three of these patients captopril was stopped and renal scanning could be 

repeated after one week without treatment. Shut-down of the stenotic kidney 

was reversible in two patients. In the third case it was irreversible and throm

bosis of the renal artery was found at operation. 

Captopril versus surgery 

The decrements in systolic and diastolic pressure obtained after one month 

of captopril treatment and the effects of surgery in 23 patients with RVHT are 

shown in Fig. 7 and 8. Mean values, both for systolic and diastolic blood 

pressure observed during long-term captopril treatment, were not significantly 
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FIGURE 7. Effects of one month captopril, 450 mg/day, and corrective surgery 
on systolic blood pressure in 23 patients with renovascular hypertnsion. 

liS 

different from those measured three months after operation. Correlation 

coeificients, however, between the results of the two treatment modalities were 

not so convincing; r=0.44, p<0.05, n=23 for systolic pressure, r =0.53, p<O.OI 

for diastolic pressure, r =0.51, p<O.O 1 for mean pressure. No correlation was 

found between pretreatment peripheral-vein plasma renin and the response of 

blood pressure to surgery. 
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FIGURE 8. Effects of one month captopril, 450 mg/day, and corrective surgery 
on diastolic blood pressure in 23 patients with renovascular hypertension. 

DISCUSSION 

Plasma renin and the blood pressure-lowering effect of captopril 

Although the development of captopril is the logical consequence of the 

hypothesis on renin's keyrole in blood pressure regulation, its precise mechanism 

of action has yet to be elucidated. A number of investigators have described 

strong correlations between changes in blood pressure and control plasma renin 

but others failed to show an exclusive role for decreased angiotensin II formation 

in the hypotensive response to captopril (4). In our series the antihypertensive 

action of captopril in patients with a renal artery stenosis was not very 

different from the response in patients with essential hypertension, despite a 

marked difference in circulating renin between the two groups. The fall in 

pressure after a single dose of captopril was weekly correlated to pretreatment 

plasma renin but these relation was lost during chronic treatment. In contrast, 
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the changes in vascular resistance were significantly related to baseline plasma 

renin both in short-term and long-term treatment. But again the correlation 

coefficients were rather low. Thus it appears that the antihypertensive action of 

captopril does not solely depend upon interference with the circulating renin 

angiotensin system. The components of this system are known to be present not 

only in the plasma but also in the blood vessel wall (6). Suppression of local 

angiotensin 11 formation may be important. Other mechanisms such as local 

accumulation of bradykinin (7) and modulation of sympathetic tone could be 

involved (8). At any rate it is clear that the blood pressure lowering effect of 

captopril cannot be used to identify patients with so-called renin-dependent 

hypertension. 

Long-term response to captopril vs. surgical outcome 

Sofar no single test including peripheral-vein plasma renin, renal-vein 

renin estimation or demonstration of renin dependency of blood pressure by 

infusion of the angiotensin II antagonist saralasin has proven to be satisfactory 

in identifying patients who may benefit from surgical intervention. Recently 

Atkinson et al. (9) reported that the fall in arterial pressure with prolonged use 

of captopril, but not the acute response, related well with surgical outcome in 

ten patients with unilateral renal artery stenosis. In our larger series of 23 

operated patients, a statistical correlation between the results of the two 

treatment modalities was indeed found. But there were many exceptions (Figs. 7 

and 8). Thirteen out of the 23 patients on captopril had a satisfactory response 

i.e. systolic 160 mm Hg or less and diastolic 95 mm Hg or less. Nine out of 

these thirteen patients reached the same level after surgery. Ten patients had 

an unsatisfactory response to captopril but three of them responded to surgery. 

We do not feel therefore that a trial with captopril is very useful for selecting 

patients for operation. 

Effects of captopril on the function of the affected kidney 

Because large amounts of converting enzyme are in the lung, this organ is 

thought to be the main site of angiotensin II formation. Converting enzyme, 

however, has also been found in the kidney where it is strategically localized in 

the juxtaglomerular apparatus. There is ample evidence from animal studies 

that locally formed angiotensin II mainly acts on postglomerular arterioles (lO). 

In this way glomerular capillary pressure and hence glomerular filtration 

rate can be maintained when perfusion pressure is decreased by renal artery 
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stenosis (I 1). Little is known about the importance of this mechanism in patients 

with renovascular hypertension. We observed that after captopril the extraction 

of radioactive hippuran fell from 60 to 35 percent on the side of stenosis with 

little change contralaterally. An increased peri tubular capillary flow, and hence, 

diminished contact time with the tubular secretory pump is the most likely 

explanation. Renal vasodilation, particularly at the level of the postglomerular 

capillaries, may well be the cause of such an increased blood flow. It is easy to 

see that under these circumstances glomerular perfusion may fall below a 

critical value in kidneys with a tight artery stenosis. Sequential DTPA scanning 

of the kidneys indeed showed that this is not only a theoretical possibility. More 

studies will be needed to differentiate between the direct effects of captopril 

on the kidney and its indirect effects, which depend on the fall in systemic 

blood pressure. 
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RENOVASCULAR HYPERTENSION: BASIS FOR ANATOMICAL RECONSTRUCT I 

J.C. Stanley 

Successful vascular reconstructions for the treatment of renov 

cular hypertension are dependent upon three factors. First, i 

documentation that the renovascular disease is of functional 

significance in contributing to the hypertensive state. Secon 

is demonstration of an anatomically correctable lesion. Third 

is performance of an appropriate operative procedure. Unique 

characteristics of individual renovascular lesions influence 

their specific surgical management. Important differences exi 

in the operative treatment of 1) Arterial fibrodysplastic sten 

of the intimal, medial, and perimedial types, 2) Arteriosclero 

stenoses, 3) Dissections, 4) Emboli, and 5) Aneurysms. The 

basis for selecting a specific surgical approach 1n anatomical 

reconstructions of the renal arteries is the subject of this 

dissertation. 

ARTERIAL FIBRODYSPLASIA 

Intimal Fibroplasia represents 5% of all dysplastic renal arte 

disease(13). Long tubular stenoses are common in infants,with 

smooth focal stenoses most often affecting adolescents and 

adults. The later usually develop in the midportion of the 

main renal artery (Figures 1 and 2). Intimal webs are a rare 

variant of this dysplastic disease (Figure 3). Ostial lesions 

are invariably associated with neurofibromatosis or developmen 

tal narrowings of the abdominal aorta (Figure 4 and 5) (14). 

Aortorenal bypass with autogenous hypogastric artery or saphen 

vein is favored in treating focal intimal lesions(lO-12). 

Distal intimal fibroplasia affecting second order segmental 



FIGURE 1. Intimal Fibroplasia. 
Focal stenosis in midrenal 
artery often occurring in 
adolescents and young adults. 
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FIGURE 2. Intimal Fibroplasia. 
Diffuse proliferation of sub
endothelial tissue encroaching 
into lumen. Cross-section,H and 
E stain. 

FIGURE 3. Intimal Fibroplasia. 
Isolated intraparenchymal 
intimal web. 
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FIGURE 4. Intimal Fibroplasia. 
Ostial stenosis associated 
with neurofibromatosis and 
aortic developmental narrowing. 

FIGURE 5. Intimal Fibroplasia 
Hypoplastic vessel with ex
cessive elastic tissue, 
typical of ostial stenoses. 
Cross-section, Movat stain. 

branches is best treated by operative dilation or extra corpore 

repair with local arterioplasty or bypass. Approximately 95% 

patients having uncomplicated intimal lesions benefit from 

operation. Nearly 85% of cases necessitating complex reconstr 

tions, including those requiring thoracoabdominal bypass, will 

have a salutory response to renal revascularization (Figures 6 
and 7) (14) . 

Medial Fibroplasia and Perimedial Dysplasia account for 85% an 

approximately 10% of dysplastic renal artery stenoses, respec

tively(13). Medial fibrodysplasia varies in appearance from a 

solitary stencsi~to multiple stenoses in series with interveni 

mura l aneurysms (Figure 8). The distal and midportions of the 

renal artery are most often affected, with extensions into seg 

mental branches occurring in 20% of cases. Bilateral disease 

occurs in 70% of patients, usually being more advanced on the 

right. The severity of bilateral disease is such that approxi

mately 15 to 20% of these patients will undergo revasculari-

zation of both kidneys. Progression has been documented in 
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a 

FIGURE 6. Intimal Fibroplasia. Multiple ostial stenoses of 
left renal artery associated with hypoplastic aorta (a). 
Postoperative arteriogram of autogenous saphenous vein aorto
renal graft carried to cornmon orifice of renal arteries that 
were anastomosed to each other (b). 

a b 

FIGURE 7. Illtimal Fibroplasia. Ostial stenosis of superior 
right renal a r tery associated with a suprarenal midabdominal 
coarctation (a). Postoperative arteriogram of thoracoabdominal 
bypass with autogenous saphenous vein graft to the affected 
renal artery (b). 
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?IGURE 8. Medial Fibrodysplasia. 
Multiple stenoses in series with 
intervening mural aneurysms. 

FIGURE 9. Cedial Fibrodysplasi 
Excessive accuDulations of 
medial ground sUbstances pro
jecting into lumen, adjacent 
to regions of marked medial 
thinning. Longitudinal sec tie 
Hand E stain. 

at least 12% of medial fibrodysplasia. These lesions are char

acterized by accumulations of medial ground substances adjacent 

to regions of medial thinning (Figure 9). Perimedial dysplasia 

is similar to medial fibroplasia in that multiple constrictions 

are common. However, there are no intervening dilatations and 

segmental vessel disease is very unusual (Figure 10). 

Characteristic of this type stenosis is excessive elastic tissue 

at the junction of the media and adventitia. 

FIGURE 10. Perimedial Dysplasia 
Multiple stenoses without mural 
dilations. 
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Renal revascularizations for medial or perimedial stenoses 

limited to the main renal artery are best under t aken with 

aortorenal bypasses, using auto logous ar tery or v ein grafts. 

The former is pre f erred in treating pediatric-aged patients 

(Figure 11), and t he later in treating adults (Figure 12 ) (12,20,2 1 ) . 

Distal end-to-e nd anastomos e s are favored over end-to-side 

anastomoses (Figure 1 3 ). Similar recons t r uc tions using pros-

thetic grafts are favored by some surgeons (Figure 14) (6, 7 ). 

Less common revascularizations using spleno renal or hepatorenal 

bypasses may be usefu l in p r i mary r e anas tomosis and local 

arterioplastic procedures are not as successful as more conven

tional reconstructions. Segmental lesions may be trea t e d by 

operative dilation or onlay patch grafting during bypass of 

proximal disease. Treatment of extensive segmental disease 

is often facilitated by an extracorporeal approach(l,22). Approxi-

FIGURE 11. Autogenous hypo
gastric artery aortorenal 
bypass graft for atypical 
medial dysplasia in a child 
with a solitary kidney. 

FIGURE 12. Autogenous saphenous 
vein aortorenal bypas~ grafts 
with end-to-end, graft-to-renal 
artery anastomoses are favored 
in treating most adult medial 
and perimedial lesions. 
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FIGURE 13. Aortorenal recon
structions with end-to-side 
graft-to-renal artery 
anastomoses are prone to 
kinking. 

FIGURE 14. Aortorenal or ilio
renal reconstructions with 
prosthetic grafts offer an 
alternative to use of vein 
grafts. 

imately 90% of properly selected patients with medial or peri

medial dysplastic disease benefit from operative intervention. 

ARTERIOSCLEROSIS 

Arteriosclerotic lesions are the most common cause of renal arter: 

occlusive disease and account for more than 70% of reported 

cases of renovascular hypertension. Arteriosclerosis typically 

involves the proximal renal artery, appearing initially as 

an eccentric stenosis, with eventual progression to a concentric 

lesion (Figure 15). Distal extensions o f posterior plaque 

are common within the main renal artery, but actual obstruct-

ing stenosis within segmental vessels are rare. Arteriosclerotic 

disease limited to branch locations occurs in less than 5% of 

cases. Bilateral lesions affect 50% of patients having renovasc

ular hypertension, with no clear predilection for either side in 

unilateral disease. The severity of bilateral disease leads 
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FIGURE 15. Arterioscle
rotic stenosis. Charac
teristic involvement of 
the proximal renal artery. 

to revascularization of both kidneys in approximately 10% of 

cases. These stenoses, like other forms of arteriosclerosis, 

undergo inexorable progression at an unpredictable rate. 

Revascularization of ischemic kidneys secondary to renal artery 

arteriosclerosis usually entails endarterectomy or a bypass 

procedure(11,19). Anatomic evidence favoring endarterectomy 

includes discrete renal artery disease without extensive mid

abdominal aortic arteriosclerosis. The later markedly increases 

operative difficulties in occluding the aorta without compro

mise to the splanchnic and renal circulations. In those 

instances whete concomitant aortic reconstructive surgery is 

required, renal revascularization with a prosthetic or vein 

graft is most often undertaken. In the face of moderate aortic 

disease not needing treatment, an ilioren~l or other uncon

ventional bypass may lessen technical difficulties of 

revascularization directly from the aorta. Approximately 85% 

of patients exhibiting advanced renal artery arteriosclerotic 

occlusive disease have clinically evident disease of the aorta 

and its nonrenal branches. Complete occlusion of the renal 

artery without preoperative arteriographic evidence of recon

stituted distal vessels should not be a deterrent for attempting 

renal revascularization(24). Beneficial outcomes occur in 

70% to 90% of patients treated operatively for arteriosclerotic 

renovascular hypertension(18,19). Poorer results occur among 

individuals exhibiting clinically overt generalized extrarenal 

arteriosclerosis. 
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DISSECTIONS 

Renal artery dissections are a rare cause of secondary hyper

tension(5). These lesions are usually categorized by etiology 

as to 1) spontaneous dissections in association with an 

underlying arteriopathy, particularly arteriosclerosis and 

arterial fibrodysplasia, and 2) those caused by blunt tr2uma or 

intraluminal catheter injury. Spontaneous dissections 

usually extend within the outer media, communicate with the 

lumen in only half the cases, and are most likely to affect 

proximal vessels with extensions beyond branchings being 

uncommon (Figure 16). Traumatic dissections arise most often 

from the lumen and extend in subintimal or inner medial planes 

(Figure 17). 

FIGURE 16. Spontaneous renal artery 
dissection (a), characterized by 
hematoma extending within the outer 
media (b). 



FIGURE 17 .. Traumatic segmen
tal renal artery dissection, 
with subintimal and inner 
medial dissections being 
most common. 
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The anatomic basis for reconstruction of dissections is similar 

to that for fibrodysplastic lesions, excepting a realization 

that technical problems related to gaining access to, and 

repairing traumatic lesions are frequently formidable. 

Conventional aortorenal bypass using autogenous vein is 

favored for treati ng catheter-induced and spontaneous dis-

sections. Those lesions associated with blunt trauma, 

especially if segmental vessel involvement exists, seem 

uniquely suited to repair using extracorporeal techniques. 

EMBOLI 

Macroemboli are uncommon as a cause of renovascular hypertension. 

The majority of large emboli are observed within the distal 

main renal artery, o f ten being trapped at its bifur cation 

(Figure 18). The most common source of renal arter y macro

emboli is from an accumulation of thrombus in the left atrium, 

with dislodgement of irregular emboli that frequently do not 

totally occlude the renal artery. Although such emboli are 

usually unilateral, bilateral lesions or embolization of a 

solitary kidney have been described in approximately a third 

of these cases. Atheroemboli occasionally are responsible 

for large vessel occlusions, but are observed more often as 

microemboli within arteries 150 to 200 urn in diameter. 
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FIGURE 18. Renal artery macro
embolus entrapped in the distal 
renal artery. 

Surgical treatment of acute renal artery embolization remains 

controversial. The benefits of operation compared to more 

conservative therapy, including administration of fibrinolytic 

agents, have not been as clearly defined in this type reno

vascular disease compared to other types. Once surgical thera 

appears warranted, removal of the embolus is usually possible, 

either directly or with a balloon catheter, through an arterio 

tomy in the main renal artery. Weeks to months after the 

initial event, these lesions become complicated by mural 

fibrosis, and a more traditional approach with an aortorenal 

bypass may be required to restore normal blood flow . Although 

data are sparse, a beneficial outcome may be expected followin 

operative embolectomy in approximately 50% of cases. 

ANEURYSMS 

Macroaneurysms of the renal artery are often encountered in 

patients suspected of renovascular hypertension(15). Most ren 

artery aneurysms are related to congenital defects, medial 

degeneration or arteriosclerosis. Trauma and connective tissu 

diseases are less common causes. Operation for hypertension 

thought due to an aneurysm per se should be undertaken only 

when a causal relationship to elevated blood pressure is clear 

es t abl i shed. Although uncommon, accumulation of thrombus in a 
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aneurysm with embolization distally may produce renal ischemia 

and secondary hypertension (Figure 19 and 20). It has been 

suggested, but poorly documented, that compression of adjacent 

arteries or depulsation of blood flow through an aneurysm, 

contributes to renin release. The commonest cause of reno

vascular hypertension in these patients is the presence of 

associated renal artery stenotic disease. More than 90% of 

FIGURE 19. Intraparenchymal 
renal artery aneurysm with 
cortical infarct secondary 
to embolization of aneurysmal 
thrombus. 

FIGURE 20. Extraparenchymal renal artery aneurysm 
containing thrombus (a) and cortical infarct sec
ondary to distal embolization (b). 
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renal artery aneurysms a r e saccular and occur at arterial 

bifurcations. Among these lesions, 75% are extrarenal. 

Fusiform aneurysms are often poststenotic in etiology. 

Isolated intraparenc hymal aneurysms oc c u r in less than 10% 

of cases, and are often unamenable to direct reconstructive 

vascular surgery. Approximately 25% of patients with renal 

ar t ery aneurysms have multiple lesions (Figure 21). 

FIGURE 21. Multiple 
renal artery aneurysms 
usually occur at 
branchings and are 
observed in 25% of cases 

Anatomic loci and the morphologic character of renal artery 

aneurysms dictate the specific operative approach to these 

lesions (16) • Aneurysms occurring within the main renal artery 

or primary branches, coexisting with stenotic disease, are 

best treated in a conventional manner with aneurysmectomy and 

an aortorenal bypass (Figure 22). These procedures may entail 

complex reimplantations or anastomoses of segmental vessels. 

Occasional aneurysms can be successfully treated by local 

arterioplastic procedures. Second order branch involvement 

may necessitate extracorporeal repair. Irreparable renal 

ischemia with parenchymal infarction often leads to total 

or partial nephrectomy if surgical correction of the 

hypertensive state is to be expected. 
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FIGURE 22. Renal artery aneurysm involving primary branches of 
fibrodysplastic vessel (a). Postoperative arteriogram of 
a u t ogenous saphenous vein aortorenal graft with implantation 
of superior segmental branch into side of vein graft (b). 

OPERATIVE FAILURES 

Persistent or recurrent hypertension following reconstructive 

surgery for renovascular hypertension are often the result of 

technical failures that may be remediable if recognized 

early(2,17,23). Carefully performed routine postoperative 

arteriographic studies have provided insight into the incidence 
of certain complic ations(3,4,8,9). 

Ac ute graft thromboses are most serious, with an inordinately 

high incidence of nephrectomy following reoperation. Early 

graft occlusions have been reported in approximately 4% of 

vein grafts used for aortorenal bypass . The frequency of 

this complication is slightly greater in prosthetic grafts, 

and is less with arterial autografts. Most acute thromboses 

are related to anastomotic failures. Graft kinking is a less 

frequently encountered problem, especially since distal end

to-end anastomoses have become favored over the end-to-side 
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anastomoses, although in some series it continues to be a 

major cause of graft failure(23). Acute thrombosis following 

endarterectomy or operative dilation occur infrequently, 

particularly with the greater use of intraoperative arterio

graphy when difficulties are suspected. 

Late graft stenoses are a common cause of recurrent hyper

tension (Figure 23) (4,9). In earlier times anastomotic 

problems were the basis for the majority of these lesions, 

but the current technique of anastomotic spatulation has 

lessened the occurrence of this complication. Significant 

late aortorenal vein graft stenoses have been documented in 

approximately 8% of cases(9). Prosthetic graft stenoses are 

often associated with anastomotic neointimal fibroplasia and 

occur more frequently. Nonprogressive aortorenal vein graft 

dilation has been observed in 20 to 44% of cases(3,9). 

Nearly 6% of aortorenal vein qrafts assume aneurysmal pro

portions, with the frequency of this complication approaching 

20% in pediatric patients (Figure 24) (9,12). The concern 

about these grafts relates to thrombus formation and distal 

embolization, not rupture. 

FIGURE 23. Late stenosis 
of aortorenal vein graft 
attributed to operative 
clamp trauma. 



FIGURE 24. Late aneurysmal 
dilation of aortorenal 
vein graft; a phenomenon 
particularly likely to 
affect pediatric-aged 
patients. 
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Many graft abnormalities, being relatively silent and insid

ious in their development, may be successfully treated if 

r ecognized early. Intravenous digital subtraction angio

graphy should facilitate more frequent postoperative 

assessments of these conduits in patients who have undergone 

renal revascularization. 
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IN SITU AND EXTRACORPOREAL RECONSTRUCTION: 
TECHNICAL ASPECTS OF SURGICAL THERAPY FOR RENOVASCULAR HYPER
TENSION 

J.L. TERPSTRA AND R. VAN SCHILFGAARDE 

Surgical therapy for renovascular hypertension has currently 

made excellent results available (10). Overall failure may be 

as low as 11% in some large series (9) but has been reported 

35% by others (4). Overall failure rates reflect to a large ex

tent the effectiveness of pre-operative diagnostic procedures. 

In addition, however, they are negatively affected by surgical 

failure like persistent or recurrent stenosis or occlusion of 

the reconstructed renal artery (early and late technical failure: 

and, of course, operative mortality. 

In .order to further improve success rates of surgical therapy 

for renovascular hypertension, surgical failure should be reduce( 

to a minimum. For that purpose, two general aspects need to be 

considered. The first concerns the specific type of operative 

procedure chosen in each individual in whom the diagnosis 'reno

vascular hypertension' has been made ('~fuich type of operation ?' 

The second concerns the basic nrinciples of (vascular) reconstru( 

tive surgery in general applied specifically to renovascular re

constructive surgery ('Guidelines for operative technique'). 

WHICH TYPE OF bPERATION ? 

The first question to be answered is: should an in situ or 

extracorporeal procedure be chosen ? In order to decide upon 

this question, the availability of a technically perfect (pre

ferably multiplane) angiography is mandatory, showing not only 

the main sterns of the renal arteries but also their distal branch 

es in the renal hilus and beyond. 

If the stenotic lesion is located in the ~ain stew of the re

nal artery or eventually in one of its first branches, surgical 
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repair should be performed while leaving the kidney in situ. 

The specific type of operation to be performed in these instan

ces depends upon the nature of the stenotic lesion. In case of 

a proximally localized arteriosclerotic lesion, simple transre

nal endarterectomy is our first choice. In our experience the 

surgical failure rate is as low as 2%, whereas it increases con

siderably if endarterectomy is extended with patch plasties or 

other procedures (14). We have no experience with transaortic 

endarterectomy as advocated by Wylie (16). The transrenal tech

nique is an open endarterectomy allowing for close and accurate 

inspection of the distal end before closure of the arteriotomy, 

whereas the transaortic approach is a semi-closed endarterecto

my necessitating peroperative control angiography after closure 

of the aortotomy in order to exclude an eventual distal irregu

larity or dissection. In spite of the excellent results reported, 

we are somewhat reluctant in applying a semi-closed technique 

for performing endarterectomy since we feel an open technique 

to be technically safer. 

In case of more distally located arteriosclerotic lesions, 

or if fibrodysplastic disease is present, by-pass surgery should 

be applied: Whereas the saphenous vein is the most commonly used 

graft for this purpose, we advocate the use of an autogenous ar

terial graft (i.e. the internal iliac artery, or a splenorenal 

anastomosis in selected cases). In our experience, surgical fail

ures were not observed when using autogenous artery for graft 

material, whereas a considerable number of surgical failures 

was observed when saphenous vein, prosthetic grafts or other 

techniques were applied (14). Others, too, have reported favour

able long term results of autogenous artery for aortorenal by

pass grafts (12). Venous grafts should be used in case an appro

priate autogenous arterial graft is not available, but late com

plications like aneurysmal dilatation and stenosis can be expec

ted in 16% (7) to 41% (2) of venous grafts. 

If, however, lesions are present in more than one of the 

most proximal branches or even more distally in the renal hilus, 

an extracorporeal reconstructive procedure is indicated. Auto-
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genous artery is our first choice for reconstructing the renal 

artery in extracorporeal procedures, as it is for in situ reno

vascular by-pass surgery. Such an extra corporeal reconstruction 

is composed of three parts: nephrectomy, extracorporeal work

bench surgery, and autotransplantation. The procedure has been 

previously described in detail (13). 

Apart from the indications described above, extracorporeal 

repair should also be considered as the operation of choice in 

other selected cases. Unusual pathologic conditions like aneu

rysms and arteriovenous fistulae may be interpreted as the cause 

of renovascular hypertension in such patients. In situ recon

structive surgery is extremely difficult and risky, while extra

corporeal repair can be successfully performed. And renovascular 

surgery in children is associated with a high incidence of surgi

cal failure when performed in situ (6,11). Here, too, extracor

poreal repair can be taken to offer better chances of success 

(3,5). In addition, redo renovascular surgery is often technical

ly very difficult, and the risk of losing a kidney may be in the 

order of 40% (8). Thus, for redo renovascular surgery there may 

be a relatively sound indication for choosing an extracorporeal 

procedure. Data sustaining this concept are lacking, however. 

Finally, an extracorporeal reconstruction can be inevitable when 

an effort for trans luminal angioplasty has been unsuccessful and 

has been complicated by the occurrence of (iatrogenic) dissection 

of the renal artery. In summary, extracorporeal renov~scular sur

gery should be applied in those patients in whom standard in situ 

revascularization procedures cannot be performed or can be pre

dicted to yield a high failure rate. Others, using a comparable 

criterium, have also reported very good results in such patients, 

which results compare favourably with those obtained in patients 

which could be surgically treated by means of in situ revascula

rization (1). 

The current experience of our institution in the surgical 

creatment of renovascular hypertension is based on 117 adult 

batients (older than 16 years) subjected to in situ reconstruc

tion (89 pts with arteriosclerotic lesions, 20 pts with fibro-
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dysplastic disease, and 8 unclassified pts), and 31 adult pa

tients subjected to extracorporeal reconstruction (2 pts with 

arteriosclerotic lesions, 23 pts with fibrodysplastic disease, 

and 6 unclassified pts). In addition, extracorporeal surgery 

for renovascular hypertension was performed in 3 children, in 

1 renal transplant recipient (which can be taken to represent 

an example of redo surgery) (15), and in 2 patients in whom trans

luminal angioplasty had been unsuccessful and had caused dissec

tion of the renal artery. In situ operations were performed from 

1961 through 1981, and the first extracorporeal procedure was 

performed in 1974. 

Table 1 

Operative risk and postoperative complications of surgical the

rapy for renovascular hypertension S 

Mean age (yrs) 

Mean blood loss (ml) 

Mean duration of operation (hrs) 

Mean hospital stay (d) 

Postoperative complications 

- aardiac (%) 

- pulmonal (%) 

- disturbed wound healing (%) 

- temporary hemodialysis (%) 

Operative mortality (%) 

in 

n 

situ 

= 117 

46 

1150 

3 ~ 

16 

11 

9 

16 

1 

7 3 

I extracorporeal 

n = 31 

35 

2300 

5 % 
20 

10 

10 

13 

6 

3 4 

Arteriosclerosis 89 pts, fibrodysplastic disease 20 pts, 
unclassified 8 pts. 

Arteriosclerosis 2 pts, fibrodysplastic disease 23 pts, 
unclassified 6 pts. 

3 7% equals 8 pts, all of which suffered from generalized 
arteriosclerosis. 

2 

4 3% equals 1 pt, who had a renal artery stenosis of unclassified 
origin. 

S For details see Van Schilfgaarde et al (14). 
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In Table 1 both types of renovascular surgical procedures 

are compared in regard to factors pertinent to operative risks 

and postoperative complications. Both the mean duration of the 

operation and the mean peroperative blood loss were significant

ly higher in extracor?oreal as compared to in situ surgery. How

ever, the mean duration of hospital stay was only slightly 10ngE 

and the numbers of postoperative complications were of co~parablE 

magnitude but for temporary postoperative hemodialysis. This wa~ 

required in 2 pts (6%) after extracorporeal reconstruction of a 

solitary kidney as compared to 1 pt (1%) after in situ repair. 

Operative mortality was lower after extracorporeal (1 pt, 3%) 

as compared to in situ reconstruction (8 pts, 7%). 

While operative morbidity nor mortality after extracorporeal 

surgery were higher than after in situ reconstruction, neither 

was there an increase of surgical failure. On the contrary, 

extracorporeal repair was associated with a substantially lower 

number of surgical failures as compared to in situ reconstruc

tion. At short term follow up, percentages of surgical failure 

after reconstructive surgery for fibrodysplastic disease were 

5% (11 mths) after extracorporeal and 15% (10 mths) after in 

situ reconstruction. At long term follow up these percentages 

were 9% (45 mths) after extracorporeal and 20% (77 mths) after 

in situ reconstruction. Since postoperative angiographies were 

made routinely since 1975, the percentages mentioned should re

flect the actual incidence of surgical failure after extracorpo

real procedures, but they may have been actually higher after ir 

situ surgery. 

Results of surgical treatment for renovascular hypertension 

at our institution are presented in more detail elsewhere (14). 

Thus, on the basis of the considerations presented above, we 

feel that in situ and extracorporeal operative techniques shoulc 

each be applied for optimal surgical treatment of renovascular 

hypertension. The decision which of both techniques to choose 

in an individual patient does not depend upon supposed differen

ces in magnitude and associated risks of operation (since, in 

our experience, such differences are virtually absent), but the~ 

should depend upon the type of lesion present in that specific 
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individual. 

GUIDELINES FOR OPERATIVE TECHNIQUE 

The technical principles for performing renovascular surgery 

are basically the same as those of vascular surgery in general. 

They are, in fact, applicable to both in situ and extracorporeal 

reconstructive renovascular surgery. Technical details, however, 

differ for these two types of surgical procedure. 

Those technical aspects which are in our opinion of predominant 

importance for successfully performing renovascular surgery, will 

be discussed below. Since the discussion is mainly based on the 

technical experience gathered at our own institution in the course 

of more than two decades, a rather personal view will be expressed. 

In addition, both the choice of topics and the order in which they 

are presented are more or less of a random type. We have refrained 

from efforts to give a detailed step-by-step description of each 

operative procedure. 

General 

Of main importance is the interpretation of the lesion(s) to 

be repaired, and the decision whether this should be performed 

by in situ or extracorporeal surgery. The need for quality angio

grams has been stressed before. The execution of an extracorpo

real procedure if, on second sight, an in situ reconstruction 

should have been perfectly feasible, must by all means be avoided. 

Possibly still more important to be avoided is the mistake of 

starting an in situ procedure which, while being in progress, has 

to be changed into an extracorporeal repair. At that time, such 

a kidney can be taken to have suffered warm ischemic injury al

ready, since such a change in plan can only derive from failure 

to perform in situ revascularization in a technically adequate 

fashion. Subsequent dissection and removal of the kidney takes 

time, and cold flush perfusion cannot prevent ischemic injury 

which has conceivably already occurred. 

Access 

Wide access is mandatory for proper reconstruction of the renal 

artery. 
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A long, transverse upper abdominal incision offers ample 

opportunity for wide access. This incision is advisable for the 

surgical treatment of arteriosclerotic lesions located at the 

origin of the renal artery by means of simple transrenal endarte

rectomy. If, however, a segment of the hypogastric artery is to 

be used for by-pass grafting, a long midline incision should be 

applied, reaching from the xiphoid to the symphysis. A midline 

incision should certainly be used for extracorporeal procedures, 

not only because the hypogastric artery is needed, but also to 

allow for complete and distal dissection of the ureter and for 

an adequate access to perform autotransplantation in the iliac 

fossa. 

A wide exposure of the renal artery is obtained by incising 

the dorsal peritoneum over the abdominal aorta and mobilizing 

the duodenum and ascending colon completely. Next, the ascending 

colon together with the small bowel can be moved out of the ope

ration field completely by placing them, wrapped in a wet towel, 

on the chest wall. In addition, ligation of the inferior mesen

teric vein may facilitate this manoevre. Here, care should be 

taken not to devide the collateral arterial circulation running 

from the superior mesenteric artery to the left colon or lower 

extremities, which collateral circulation can eventually be pre

sent in patients with generalized obliterating arteriosclerosis. 

Finally, especially for reconstruction on the right side, the 

caval vein should be dissected sufficiently by ligating the lum

bar veins in that area. 

Ischemia 

Warm ischemic periods should be kept as short as possible. In 

this respect, extracorporeal procedures might have a relative 

advantage over in situ procedures, since the reconstruction it

self is performed during a cold ischemic period induced after 

nephrectomy using standard techniques derived from transplanta

tion surgery by means of which the first warm ischemic period 

is kept to a minimum. The cold ischemic period which follows 

next may take several hours without injuring a well preserved 

kidney, thus allowing the surgeon to perform the often tedious 
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workbench surgery at his leisure. The second warm ischemic 

period may also be interpreted as relatively harmless to a well 

preserved kidney. 

If, however, renovascular reconstruction is performed in situ, 

the kidney is subjected to a relatively prolonged warm ischemic 

period. This warm ischemia should be less harmful to kidneys sub

jected to revascularization procedures when compared to kidneys 

with an unobstructed arterial supply, since the first have usual

ly many collaterals. Some of these collaterals, however, have 

often been ligated as a consequence of dissecting the renal ar

tery. 

One should be well aware that many patients are relatively de

hydrated at the time of operation, since most of them are on diu

retics as part of their antihypertensive drug therapy, which adds 

to the restriction of oral fluid intake during many hours prior 

to anaesthesia and surgery. This is why we infuse mannitol and 

furosemide prior to clamping the renal artery. We feel that the 

induction of ample diuresis exerts a protective effect against 

ischemic damage, and both during in situ procedures as well as 

during extracorporeal repair (and, in fact, during nephrectomies 

for renal allotransplantation from living related donors) we wait 

with starting warm ischemia until such ample diuresis is evident. 

In case of in situ repair, the warm ischemic period can, as a 

rule, be shorter than 20 minutes in unilateral procedures and 

shorter than 40 minutes in bilateral procedures. This goes for 

simple endarterectomy. In case of splenorenal anastomosis or 

by-pass surgery, the warm ischemic period can even be shorter 

since only one relatively simple anastomosis is to be made during 

renal ischemia if (in by-pass surgery) the proximal anastomosis 

has been made prior to the start of renal ischemia. 

In case of extracorporeal repair, the first warm ischemic pe

riod need not be longer than a few minutes, since cold flush 

perfusion can be started immediatley after starting warm ische

mia and taking out the kidney. In order not to prolong the warm 

ischemic period unnecessarily, the kidney should be freely move

able. For that purpose, the ureter should have been dissected 

completely free along its entire length in order to have the 
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kidney put easily in the cold basin or on the working table 

placed upon the patients symphysis. Details of the surgical pro

cedure have been described elsewhere (13). 

Vascular technique 

As mentioned above, simple transrenal endarterectomy is our 

method of choice for treating main stem arteriosclerotic lesions. 

One should be well aware that endarterectomy should be performed 

not only of the renal artery itself, but also of its aortic ori

gin and thus of the dortic wall at that site. For that purpose, 

the arteriotomy should extend well into the aortic wall. Since 

side-clamping of the aorta is insufficient for achieving that pur

pose, the aorta should be cross-clamped immediately caudally or 

(if necessary) cranially to the origin of the superior mesenteric 

artery. After complete endarterectomy the arteriotomy is closed 

by using a fine running suture and very small stitches. As a rule, 

there is no need for patch plasties. 

If by-pass surgery or extracorporeal reconstruction is indica

ted, autogenous artery is our first choice for graft material as 

mentioned before. If the hypogastric artery is not available or of 

insufficient quality, the external iliac or superficial femoral 

artery can be used. Both can easily be replaced by means of a 

prosthetic graft or saphenous vein, respectively. Alternatively, 

for revascularizing the left kidney, the splenic artery can be 

used. There is no need for additlonal splenectomy. 

We advocate the application of autogenous artery rather than 

autogenous vein because the latter is known to yield a high in

cidence of late complications (2,7), and because redo renovasculal 

surgery is notoriously difficult (8). This latter consideration 

also implies that we advocate to perform bilateral renovascular 

reconstructions simultaneously in one procedure rather than to 

subject the patient to two separate operations, the second of 

which will confront the surgeon with ~ll the technical difficult

ies of redo surgery. This applies specifically to bilateral le

sions for which in situ repair appears to be feasible on both 

sides, but it also applies to bilateral lesions if either one 

side can be treated with an in situ operation and the other needs 
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extracorporeal repair, or if both sides should be treated with 

an extracorporeal procedure. 

It appears needless to mention that basic principles of re

constructive vascular surgery are fully applicable to vascular 

techniques in revascularization of the kidney. After endarterec

tomy, the longitudinal arteriotomy should be closed with a very 

fine suturing technique. Aortorenal and splenorenal by-passes 

should be void of a sharp back-angle and kinking. Thus, the proxi

mal anastomosis of an aortorenal by-pass graft should preferably 

be funnel-shaped and located in the vicinity of the origin of the 

renal artery. Its distal anastomosis should be of the end-to-end 

type, in order to prevent a decreased and disturbed flow as a 

consequence of the competing flow through the (stenotic) proximal 

segment of the renal artery. An oblique rather than a transverse 

end-to-end anastomosis offers the safest way to adequate results. 

This applies especially to the multiple end-to-end anastomoses 

which are often needed in extracorporeal renovascular repair. 

Here, the workbench part of the operation can be facilitated by 

wearing magnifying glasses and by using continuous machine per

fusion. This specially designed equipment has been described 

elsewhere (13). It offers a slight but continuous intravascular 

pressure, thus allowing for a good judgement of both the vascu

lar pathology present as well as the quality of vascular suture 

lines prior to reimplantation and perfusion. 

CONCLUDING REMARKS 

Several surgical techniques are currently available for the 

reconstruction of stenotic renal arteries. The choice between 

in situ and extracorporeal procedures should depend upon care-

ful examination of the specifics of the stenosing lesion(s) in 

each individual patient, for which quality angiograms are neces

sary. Since in situ reconstruction is advisable in some patients 

whereas others should be treated by means of extracorporeal sur

gery, we feel that both techniques should be mastered in anyinsti

tution actively involved in the surgical treatment of renovas

cular hypertension, in order to provide each patient with an op

timal mode of therapy. When graft material is needed for reno-
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vascular reconstruction, we advocate the use of autogenous a 

ry if available. 



149 

REFERENCES 

1. Belzer, F.O.; Raczkowski, A.: Ex vivo renal artery reconstruc
tion with autotransplantation. Surgery 92: 642-645, 1982 

2. Dean, R.H.; Wilson, J.P.; Burks, H.; et al: Saphenous vein 
aortorenal bypass grafts: Serial arteriographic study. Ann 
Surg 180: 469-478, 1974 

3. Kyriakides, G.K.; Najarian, J.S.: Renovascular hypertension 
in childhood: successful treatment by renal autotransplanta~ 
tion. Surgery 85: 611-616, 1979 

4. Lawrie, G.M.; Horris, G.C.; Soussou, I.D.; et al: Late re
sults of reconstructive surgery for renovascular diseases. 
Ann Surg 191: 528-533, 1980 

5. Lilly, J.R.; Pfister, R.R.; Putnam, C.W.; et al: Bench surge
ry and renal autotransplantation in the pediatric patient. 
J Pediatr Surg 10: 623-630, 1975 

6. Olson, D.L.; Lieberman, E.: Renal hypertension in children. 
Pediatr Clin N Amer 23: 795-805, 1976 

7. Stanley, J.C.; Ernst, C.B.; Fry, W.J.: Fate of 100 aortorenal 
vein grafts: Characteristics of late graft expansion, aneurys
mal dilatation, and stenosis. Surgery 74: 931-944, 1973 

8. Stanley, J.C.; Fry, W.J.: Surgical treatment of renovascular 
hypertension. Arch Surg 112: 1291-1297, 1977 

9. Stanley, J.e.; Whitehouse, W.M.; Graham, L.M.; et al: Opera
tive therapy of renovascular hypertension. Br J Surg 69: S63-
S66, 1982 

10. Stanley, J.C.: Renovascular hypertension: The surgical point 
of view. This volume 

11. Stoney, R.J.: Surgical treatment of renovascular hypertension 
in children. J Pediatr Surg 10: 631-639, 1975 

12. Stoney, R.J.; DeLuccia, N.; Ehrenfeld, W.K.; et al: Aortorenal 
arterial autografts. Long-term assessment. Arch Surg 116: 1416 
-1422, 1981 

13. Terpstra, J.L.; Van Schilfgaarde, R.; Zwartendijk, J.: Extra
corporeal renal surgery. Neth J Surg 33: 165-172, 1981 

14. Van Schilfgaarde, R.; Van Bockel, J.H.; Felthuis, W.; et al: 
Clinical results of surgical therapy for renovascular hyper
tension. This volume 

15. Van Bockel, J.H.; Van Es, A.; Donckerwolcke, G.G.; et al: Re
nal artery stenosis in kidney transplantation. This volume 

16. Wylie, E.J.: Endarterectomy and autogenous arterial grafts in 
the surgical treatment of stenosing lesions of the renal ar
tery. Urol Clin N Amer 2: 351-363, 1975 



CLINICAL RESULTS OF SURGICAL THERAPY FOR RENOVASCULAR HYPERTENSIO 

R. van Schilfgaarde, J.H. van Bockel, W. Felthuis, J.L. Terpstra 

Renovascular hypertension is caused by one or more stenotic 

lesions in the main renal artery or its segmental branches. At 

the time, the diagnosis cannot be made with certainty in any 

other fashion than by means of reconstruction of the stenotic 

renal artery. Only a favourable response to technically success

ful surgical or angioplastic repair (i.e. a significant decrease 

of blood pressure), allows retrospectively for the definitive 

diagnosis (8). 

Thus, data concerning clinical results of surgical therapy for 

renovascular hypertension should be interpreted as being composec 

of two different sets which are mutually related. One of these 

concerns technical aspects like morbidity and mortality rates, 

and numbers of surgical failures and recurrences. The second 

set of data, however, concerns the effect of surgery on the 

level of the blood pressure and should in fact be taken to 

illustrate the effectiveness of preoperative diagnostic pro

cedures. 

This study reports on results of renal artery repair in 

148 patients with angiographically demonstrated stenotic lesions 

of the renal artery on one or both sides in combination with 

severe hypertension. It addresses itself mainly to factors 

influencing long term effects on blood pressure and operative 

mortality. It does not cover an analysis of preoperative diag

nostic tests and their validity, which are discussed in other 

chapters. 
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Material and methods 

Between 1961 and 1981, 148 patients underwent reconstruc

tive surgery of stenotic renal arteries interpreted to be the 

cause of severe hypertension. Arteriosclerotic lesions were 

present in 91 patients (Group A, 68 male, 23 female), and 

fibrodysplastic lesions in 43 patients (Group F, 13 male, 30 

female). In 14 patients, the lesions could not be classified 

with certainty (Group U, 10 male, 4 female). The mean age 

was 49.9 years in Group A, 34.4 years in Group F, and 32.2 

years in Group U. This study concentrates on data concerning 

Group A and F, and details concerning Group U will not be 

presented separately. 

In Group A, 89 patients were treated by means of an in situ 

reconstructive procedure and 2 by means of extracorporeal renal 

artery repair. In Group F these numbers were 20 and 23, respec

tively, and in Group U they were 8 and 6. So, of the 148 patientE 

a total of 117 patients were treated by means of in situ recon

struction (16 of which were bilateral procedures), and 31 by 

means of extracorporeal repair (2 of which were bilateral extra

corporeal procedures, while 4 unilateral extracorporeal proce

dures were extended with a simultaneous in situ reconstruction 

of the contralateral side). The first of these extracorporeal 

procedures was performed in 1974. 

In situ reconstructive surgery included one of the following 

techniques. Endarterectomy through a longitudinal arteriotomy 

of the renal artery extending well into the aortic wall was 

performed in 46 patients with primary closure and without patch. 

Other procedures not using graft material (like resection of 

the stenotic lesion with reanastomosis of the renal artery, 

reimplantation in the aorta, or splenorenal anastomosis) were 

performed in 20 patients. Grafts (be it bypass grafts or patch

plasties) were used in 34 patients (13 vein grafts, 14 auto

genous arterial grafts, and 7 prosthetic grafts). Combinations 

of the above procedures were used in 17 patients. 

The technique for extracorporeal renal artery reconstruction 

has been described previously (15). In 30 patients, an auto

genous arterial graft was used for interposition, and in one 
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patient the saphenous vein was applied. 

Data of all patients were available for short term evaluation 

at the end of the first postoperative year (median 10 months). 

For long term follow-up, 136 patients were available. Of the 

12 patients to be excluded, 4 had died during the postoperative 

years from causes unrelated to the surgical procedure, and in 

8 the operation had been performed not more than one year before. 

The median long term follow-up was 55 months in the overall ma

terial, 63 months in Group A (in situ reconstructions only), 

77 months in Group F (in situ reconstructions), and 45 months 

in Group F (extracorporeal reconstructions). 

Results were determined by classifying the patients as cured, 

improved, or failure. For this classification, both the diastolic 

blood pressure (dBP) as well as the amount of antihypertensive 

medication were taken into account. The dBP was registered 

preoperatively, postoperatively, at short term follow up and 

at long term follow up. The amount of antihypertensive medication 

was registered in a semiquantitative fashion. For that purpose, 

antihypertensive drugs were divided into 5 categories: diuretics, 

). - and i3 -adrenergic antagonists, centrally acting agents, direct 

smooth muscle vasodilators, and inhibitors of the renin-angio

tensin system. Each category was scored as 1. Hultiple drugs of 

different types within the same category were scored as 1. 

Dosages were not scored. Thus, the amount of antihypertensive 

medication in each patient at a given time was scored from 0 to 5. 

Effects of surgical therapy were evaluated by using significan1 

changes in dBP or antihypertensive medication as parameters. A 

change in dBP was taken to be significant if the dBP decreased 

or increased with at least 10 rom Hg. A change in antihypertensive 

medication was taken to be significant if the score decreased or 

increased with at least 2 points. 

Patients were called 'cured' if the dBP and/or the medication 

showed a significant decrease, provided that the dBP was below 

90 rom Hg in the absence of any antihypertensive medication. They 

were called 'improved' if the dBP and/or the medication showed 

a significant decrease, on the condition that the dBP was below 

110 rom Hg irrespective of the absolute amount of antihypertensive 
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medication. And a 'failure' was taken to be present either if 

the dBP nor the medication showed a significant decrease, or 

if the dBP and/or the medication showed a significant increase, 

irrespective of the absolute level of the dBP or antihyperten

sive medication. 'Failures' were also called those patients 

in whom a persistent stenosis or occlusion of reconstructed 

renal artery was demonstrated to be present ('surgical failure') 

as well as those who died to causes related to the surgical 

procedure ('operative mortality'). All patients dying during 

their postoperative hospital stay and/or within 30 days after 

the operation were included as operative deaths. 

For statistical evaluation, the Mann-Whitney test was used. 

Table 1 

Short and long term overall results of reconstructive surgery 
(n = 136*) 

10 months 55 months 

benefit from surgery 

- cured 29 
: } 70% 

23 
: } 70 % 

- improved 41 47 

no benefit from surgery 

- insufficient effect 15 

: } 30 

9 % 

} 30% - surgical failure 8 % 14 % 

- operative mortality** 7 % 7 % 

*12 pts are not included (4 died during the follow-up years 
of causes unrelated tu the operation, and 8 underwent ope
ration less than 1 yr before) . 

**When related to the total number of pts subjected to recon
structive surgery, overall operative mortality was 6% (9 
of 148 pts). 
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Results 

Short term (median 10. months) and long term (median 55 

months) overall results did not differ significantly. A bene

ficial effect was observed in 70% of ~atients, and failures 

occurred in 30% (see Table 1). Hithin the failure group, the 

number of patients showing insufficient effect decreased du

ring the postoperative years, and the number of surgical fail

ures increased. In regard to the latter, however, we do not 

know whether this increase is accounted for by early or late 

postoperative surgical failure, since that diagnosis was made 

by means of angiography which was not always performed shortly 

after operation. 

At short term follow-up, patients with arteriosclerotic 

lesions (Group A) were less frequently cured and more often 

improved than those with fibrodysplastic lesions (Group F) , 

since a smal but statistically significant difference was 

observed in favour of Group F (see Table 2). At long term 

follow-up, however, these differences were not statistically 

significant (see Table 3). Differences in terms of benefit 

between Groups A and F were not statistically significant at 

short nor at long term follow-up. 

Differences of results between patients with arteriosclerotic 

(Group A) and fibrodysplastic lesions (Group F) were most con

spicuously present when looking at mortality rates. Overall 

operative mortality was 9 out of 148 patients, i.e. 6%. Of 

these 9 patients, one underwent extracorporeal repair of peri

pherally located renal artery lesions of unclassified origin 

on the right side, while there was an agenesia of the kidney 

on the left side. She died of septic complications due to an 

infected hematoma around the autografted right kidney. The 

other 8 patients underwent unilateral (5 patients) or bilate

ral (3 patients) in situ repair of arteriosclerotic lesions. 

All of these patients suffered from overt generalized arterio

sclerosis. One of them died acutely on the 11th postoperative 

day because of a cardiac arrest for which resuscitation was 

unsuccessful, in spite of the fact that the operation and the 
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Table 2 

Comparison of short term (median 10 months) results of recon
structive surgery for arteriosclerotic and fibrodysplastic 
lesions. 

a:Lteriosclerosis fibrodysplasia 

n = 91 n = 43 

benefit from surgery 

42 % 

t 
72 % 

30 % 

- cured* 22 % 

} 67 % 
- improved* 45 % 

no benefit from surgery 

19 % 

} 9 % 28 % 

- insufficient effect 18 % 

} - surgical failure 6 % 33 % 

- operative mortality 9 % 

*Differences in cure and improvement rates between arterio
sclerosis and fibrodysplasia are statistically significant 
(P < 0.05). 

Table 3 

Comparison of long term results of reconstructive surgery for 
arteriosclerotic and fibrodysplastic lesions. 

arteriosclerosis fibrodysplasia 

n = 84* n = 41** 

benefit from surgery 

- cured 17 % 

} 
32 % 

72 % 66 % 
- improved 55 % 34 % 
no benefit from surgery 

- insufficient effect 6 % 

} 
19 % 

} - surgical failure 13 % 28 % 15 % 34 % 

- operative mortality 9 % 

*7 pts are not included (4 died of causes unrelated to the 
operation during the follow-up years, and 3 underwent ope
ration less than 1 yr before) . 
Median follow-up 63 months. 

**2 pts are not included (both underwent operation less than 
1 yr before) . 
Median follow-up 52 months. 
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postoperative period had been uneventful. The other 7 patients 

died of complications associated with or originating from heav 

blood loss occurring peroperatively or early after operation. 

In 5 of these 7, the renal artery reconstruction had been ex

tended with major aorto-iliac reconstructive surgery. In patie 

with fibrodysplastic lesions mortality was not observed. 

Table 4 

Influence of extrarenal arteriosclerosis on long term results 
of in situ reconstructive surgery. 

arteriosclerosis of 
renal artery only 

n = 42* 

renal artery and 
extra-renal 

arteriosclerosis 

n = 42** 

benefit from surgery 

- cured 19 % 14 % 
} 57 % 86 % 

- improved 67 % 43 % 

no beneIit from surgery 

- insufficient effect 2 % 10 

- surgical failure 12 % 14 % 14 % 43 % 

- operative mortality 
} 

19 

% } 

%*** 

*4 pts are not included (2 died of causes unrelated to the 
operation during the follow-up years, and 2 underwent ope
ration less than 1 yr before). Median follow-up 70 months. 

**3 pts are not included (2 died of causes unrelated to the 
operation during the follow-up years, and 1 underwent ope
ration less than 1 yr before) . 
Median follow-up 43 months. 

***When related to the total number of patients with extra
renal arteriosclerosis subjected to reconstructive surgery, 
operative mortality was 18 % (8 of 45 pts). 
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The presence of extrarenal arteriosclerosis has major con

sequences for functional and surgical results in patients with 

arteriosclerotic lesions, as is shown in Table 4. Extrarenally 

located arteriosclerotic lesions were defined as: myocardial 

ischemic lesions as judged by EKG, a history of symptomatic 

carotid artery disease, or peripheral vascular disease as 

judged by previous vascular reconstructive surgery and/or 

angiographic findings. Of the 84 patients with arteriosclerotic 

lesions available to long term follow-up (Group A), these 

lesions were restricted to the renal artery in 42. In the 

other 42 patients, however, extrarenal arteriosclerosis was 

present. Beneficial results of surgical therapy were observed 

in 86% if arteriosclerotic lesions were restricted to the 

renal artery, but in only 57% of the patients with extrarenal 

arteriosclerosis (P < 0.05). Insufficient effect was observed 

in only 2 % in the absence of extrarenal arteriosclerosis, but 

in 10% in its presence. Significant differences in numbers of 

surgical failures were not observed, but mortality rates 

differed strinkingly. In the absence of extrarenal arterio

sclerosis lesions mortality was absent, whereas it was 19% 

in their presence. These observations were made in spite of 

the fact that the median follow-up for patients without extra

renal arteriosclerosis was 70 months, whereas it was only 43 

months for those with extrarenal arteriosclerosis. 

Table 5 

Effect of additional major reconstructive vascular surgery 
on mortality associated with in situ renal artery reconstruc
tion (n = 117). 

number of pts 

number of deaths 

operative mortality 

reconstruction of 
renal artery only 

95 

3 

3 % 

reconstruction of renal 
artery and simultaneous 

aorto-iliac surgery 

22 

5 

23 % 
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The risk of combining surgical reconstruction of the renal 

artery with simultaneously performed major aorto-iliac vascula 

surgery is illustrated in Table 5. Of all 117 patients subjec

ted to in situ reconstruction of the renal artery, additional 

aorto-iliac vascular surgery was performed in 22. Of those 

in whom the operative procedure was confined to the renal 

artery, 3 patients died (3%), whereas 5 patients (23%) died 

if aorto-iliac surgery was added to the renal arterial recon

struction. 

Results in patients with arteriosclerotic renal artery 

lesions have further been analysed by comparing results ob

tained during two separate time era's. 

The first era was chosen from 1961 through 1973, and the 

second from 1974 through 1981 (see Table 6). The number of 

patients nor their mean age differed significantly between 

both groups. However, the duration of hypertension was twice 

as long in the second group, and the number of patients with 

extrarenal arteriosclerosis was larger. Consequently, the 

number of patients subjected to additional simultaneously 

performed aorto-iliac surgery was higher during the second era 

Table 6 

In situ reconstructions for arteriosclerotic renal artery 
lesions divided over two separate era's. 

1961 - 1973 1974 -

number of pts 44 45 

mean age (yrs) 48 52 

duration of hypertension (mths) 19 38 

extra-renal arteriosclerosis (%) 39 62 

simultaneous AI surgery (% ) 18 31 

mean preop. dBP (mm Hg) 120 106 

medication ~ 3 categories (%) 9 69 

mean preop. creatinin (flmol/l) 104 129 

1981 
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when compared to the first. The mean preoperative diastolic 

blood pressure was lower in the second group. But the amount 

of antihypertensive medication necessary to achieve this lesser 

degree of hypertension was much higher since different drugs 

belonging to 3 or more categories were used in 69% of these 

patients as compared to only 9% of the patients in the first 

group. This more successful medical regulation of hypertension 

during the second era might be causally related to the obser

vation that disturbances of preoperative renal function were 

more often observed, as judged by a higher mean preoperative 

serum creatinin level in the second when compared to the first 

group of patients. In general, patients operated upon during 

the second era may be taken to have been suffering from 

arteriosclerosis presenting itself clinically in an more 

pronounced and possibly severe fashion when compared to those 

operated upon during the first era. 

This appears to be corroborated by the observation that 

mortality was 4% during the first but 13% during the second 

era. In spite of this finding, however, patients in the second 

group did better in terms of benefit (76% vs. 60%) (P < 0.05). 

This was caused by a higher cure rate (29% vs. 14%), a lower 

Table 7 

Results of in situ surgical repair of arteriosclerotic renal 
artery lesions. A comparison of two separate era's.* 

1961 - 1973 1974 - 1981 

n = 44 n 45 

benefit from surgery 

- cured 14 % 

} 
29 % 

} 60 % 76 % 
- improved 46 % 47 % 

no benefit from surgery 

- insufficient effect 25 % 

} 
9 % 

} - surgical failure 11 % 40 % 2 % 24 % 

- operative mortality 4 % 13 % 

*Results at 10 months postoperatively 
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Table 8 

Comparison of short term results after in situ and extracor
poreal surgery for fibrodysplastic renal artery disease. 

benefit from surgery 

- cured 

- improved 

no benefit from surgery 

- insufficient effect 

- surgical failure 

- operative mortality 

*Median follow-up 10 months 
**Median follow-up 11 months 

Table 9 

in situ 

n = 20* 

40 % 
70 % 

30 % 

15 % 

15 % 30 % 

Comparison of long term results after in situ 
real surgery for fibrodysplastic renal artery 

benefit from surgery 

- cured 

- improved 

no benefit from surgery 

- insufficient effect 

- surgical failure 

- operative mortality 

*Median follow-up 77 months 

30 

40 

10 

20 

in situ 

n = 20* 

% 

} 70 
% 

% 

} 30 % 

% 

% 

extracorporeal 

n = 23** 

44 % 

30 % 

22 % 

4 % 

74 % 

26 % 

and extracorpo-
disease. 

extracorporeal 

n = 21** 

33 % 
} 62 % 

29 % 

29 % 

} 38 9 % % 

**2 pts are not included (underwent surgery less than 1 yr 
before. 
Median follow-up 45 months 
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number of patients showing insufficient effect of surgery 

(9% vs. 25%), and less surgical failures (2% vs. 11%). (see 

Table 7). 

The group of patients operated upon because of fibrodys

plastic renal artery disease is, in fact, composed of two 

different types of lesions. The first contains those lesions 

which were located in the main stem of the renal artery, 

allowing for an in situ reconstructive procedure. The second 

represents those lesions which were located more peripherally 

within the segmental branches of the renal artery, requiring 

an extracorporeal reconstructive procedure by means of applying 

workbench surgery and autotransplantation. 

Results of in situ and extracorporeal repair of fibrodys

plastic renal artery lesions are compared in Table 8 (short 

term) and in Table 9 (long term). Whereas at short term follow

up those patients subjected to extracorporeal repair appear 

to fare better than those in whom in situ reconstruction was 

performed, these differences disappeared during the following 

years. However, neither at short nor at long term follow-up 

did these differences reach a statistical significance. In 

addition, the number of patients showing insufficient effect 

of surgery was higher in the extracorporeally when compared 

to the in situ reconstructed group both at short term (22% 

'IS. 15%) as well as at long term follow-up (29% vs. 10%). But 

the number of surgical failures was lower in the extracorpo

really when compared to the in situ reconstructed group at 

short term (4% vs. 15%) as well as at long term follow-up 

(9% vs. 20%). And operative mortality was not observed in any 

patient with fibrodysplastic disease. 

The effect of specific surgical procedures on the outcome 

of surgical therapy was analyzed by determining results at 

short and long term follow-up for each general type of in 

situ reconstructive technique as described in 'Material and 

Methods'. They are presented in Table 10. 

Beneficial results at short term follow-up were highest in 

patients treated by endarterectomy alone, and lowest if com

bined techniques were applied. Other procedures yielded as 
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often a beneficial result as sole endarterectomy only if 

autogenous artery was used for graft material. These observa

tions did not change conspicuously during long term follow-up. 

The incidence of surgical failure was lowest if simple endar

terectomy had been performed, again with the exception of the 

application of autogenous artery for graft material. All other 

techniques showed higher surgical failure rates both at short 

as well as long term follow-up. If operative mortality rates 

were analysed in regard to surgical technique, deaths appeared 

to be distributed evenly over simple endarterectomy and other 

procedures. Here, mortality occurred in 5/100 patients (5%), 

whereas it occurred in 3/17 patients (18%) in whom more than 

one type of surgical technique had been combined. 

Discussion 

Clinical results of surgical therapy for renovascular hyper

tension reported by different authors vary considerably, in 

spite of the fact that a postoperative classification in three 

groups (cured, improved, and failure) is used for determining 

results of surgical therapy in almost all clinical studies 

(for review see 13). Several factors may contribute to these 

variations. 

The criteria applied for classifying results represent a 

factor of main importance. The effect of blood pressure should 

be determined on the basis of two parameters, namely the level 

of the blood pressure itself and the amount of anithypertensive 

medication at the time of blood pressure measurement. In addi

tion, not only the absolute levels but also the operation in

duced alterations in blood pressure and antihypertensive medi

cation should be taken into account. Evidently, one should 

be careful in comparing results of studies in which only ab

solute levels of postoperative blood pressure are recorded (7) 

with those in which both absolute levels and changes in blood 

pressure but not levels of antihypertensive medication are 

taken into account (3,4). Especially for determining cure 

rates, eventual drug therapy cannot be kept out of the consi

derations. Thus, if the criterium for cure is taken to be a 
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diastolic blood pressure below 90 mm Hg without any medication 

(9,10,11), sometimes even extended with the proviso that this 

condition should have existed during at least 6 months (12), 

cure rates might be more easily comparable. 

However, not only blood pressure levels and operation in

duced changes in these levels are sufficient, but the amount 

of drugs required to achieve these levels should be considered 

too. We are not aware of any study in which drug therapy was 

taken into account in a (semi)quantitative fashion. It is some 

times left out of the considerations (3,4,7), sometimes refere 

to as 'present' or 'absent' (10,11,12) or 'the same' or 'not 

the same' as preoperatively (1), and sometimes descriptions 

like 'more easily regulated' (9) or 'refractory to treatment' 

(1) are used to determine the amount of drugs required for 

blood pressure regulation. In our study we have applied strict 

conditions for semiquantitatively describing antihypertensive 

drug therapy and changes in its amount as a parameter for 

defining cure, improvement, and insufficient effect of surgi

cal therapy. 

Results·obtained in our patients appear to be very well 

comparable to those obtained in the Cooperative Study of Reno

vascular Hypertension (4,5). We do not know whether the consi

derations presented above explain for the fact that results 

in our series appear to be somewhat less favourable when 

compared to those reported in some of the more recent studies. 

The fact that we (in contrast to other authors) applied both 

the postoperative blood pressure and the amount of concomitant 

drug therapy in a semiquantitative fashion prohibits from a 

reliable comparison. 

However, that we observed a cure rate considerably lower 

than others (1,6,9,10,11,12,14) cannot be accounted for by 

differing methods, since we applied the same criterium. Con

ceivably, this may illustrate the relative absence of accurate 

peroperative diagnosis in our series and the effect of valid 

preoperative diagnostic procedures in general, since in our 

patients the indication for surgery was made on clinical and 

angiographic cOnsideration mainly, whereas others have appliec 
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specific tests like renin measurements in a far more systematic 

fashion. 

A second factor which may contribute to variations in overall 

results concerns the composition of patient material. Better 

results may be expected in series having a greater portion of 

patients with fibrodysplastic or focal arteriosclerotic disease 

than generalized arteriosclerotic disease (13). Whereas we had 

a relatively large amount of patients with arteriosclerotic 

lesions as the cause of renal artery stenosis, this can only 

to a certain extent explain for a decreased overall success 

rate since, in terms of beneficial effect, patients with 

fibrodysplastic disease did better than those with arterio

sclerosis only at the short term follow-up of 10 months post

operatively. In terms of cure rate, however, results in patients 

with fibrodysplastic disease were better than in those with 

arteriosclerosis both at short as well as at long term follow

up. The fact that of our arteriosclerotic patients almost half 

suffered from generalized arteriosclerosis may also be taken 

to have influenced results, for both cure and improvement 

rates at long term follow-up were far better in patients with 

focal arteriosclerotic lesions of the renal artery when com

pared to those with generalized arteriosclerosis. In addition, 

operative mortality was observed only in patients with gene

ralized arteriosclerosis, and not in patients with focal 

lesions of the renal artery. 

A third factor contributing to variations in clinical 

results of surgical therapy may be found in 'experience'. In 

spite of the fact that patients operated upon from 1974 through 

1981 had more pronounced arteriosclerosis than those operated 

from 1961 through 1973, the cure rate obtained during the 

second era was much higher than that obtained during the first. 

In addition, technical failures were observed less frequently 

during the second era, but mortality was higher. Since overall 

operative mortality occurred almost exclusively in patients 

with generalized arteriosclerosis (in whom simultaneous vas

cular surgery was often performed), these findings indicate 

that both the validity of preoperative diagnostic procedures 
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as well as operative management improve with experience on 

the one hand, but that the presence of generalized arterio

sclerosis and simultaneously performed vascular procedures 

continue to present a major operative risk on the other. 

In the patients with arteriosclerotic renal artery stenosis 

the clinical outcome appears to be better in those with lesion 

restricted to the renal artery when compared to those with 

generalized arteriosclerosis. And in patients with fibrodys

plastic disease, the clinical outcome appears to be better 

in those with main stem disease when compared to those with 

peripherally located lesions. Thus, one might conceive that 

those patients suffering from renovascular hypertension on 

the basis of focal main stem renal artery stenosis allowing 

for a simple corrective surgical procedure may be predicted 

to benefit most of surgical repair. If disseminated lesions 

are present (be it extrarenal1y in case of arteriosclerosis 

or peripherally located in case of fibrodysplastic disease), 

chances of success both in terms of functional and technical 

results appear to be lower. This suggestion is corroborated 

by the finding that the highest rate of beneficial effect 

and the lowest rates of surgical failure and operative mor

tality were observed in those patients having been treated 

by means of a simple surgical procedure, whereas those in 

which combinations of several surgical techniques were needed 

showed the lowest rate of beneficial effect and the highest 

rates of surgical failure and operative mortality. Simple 

endarterectomy and the use of arterial autografts gave the 

best results in our series. Whereas endarterectomy does not 

yield the best results in some series (6), the preferential 

use of arterial autografts has recently again been advocated 

in another report (13). 

More in general, one can state that results are dependent 

upon the complexity of the surgical procedure. We observed 

a 23% operative mortality if reconstruction of the renal 

artery was combined with major aorta-iliac surgery in patient~ 

with generalized arteriosclerosis. The increased risk of 

extended vascular procedures has been stressed by many, in 
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spite of the fact that absolute mortality rates in this type 

of surgical patients appear to vary considerably between 5% 

(2) and 25% (5). 

Concluding remarks 

One of the most important factors in evaluating results of 

reconstructive surgery for renovascular hypertension is the 

criterium on the basis of which cure, improvement and failure 

are determined. This criterium should be composed of the 

(diastolic) blood pressure in combination with the amount of 

antihypertensive medication as parameters. We have applied a 

semiquantitative method for assessing the latter parameter. 

Results of surgical treatment for renovascular hypertension 

depend to a large extent on the effectiveness of preoperative 

diagnostic procedures, and the predictive value of preoperative 

tests is expressed in success and failure rates of surgical 

reconstruction. This generally accepted view is reflected in 

the relatively low overall cure rate observed in our patients. 

Secondly, results of surgical treatment for renovascular 

hypertension depend upon the nature and extent of the stenotic 

lesion. If stenosis is caused by arteriosclerosis, a long 

term beneficial effect is observed in over 85% of patients if 

the lesion is restricted to the renal artery. If, however, 

these patients suffer from overt generalized arteriosclerosis, 

the long term beneficial effect may decrease to a level below 

60%. In addition, the operative risk increases considerably, 

since mortality was not observed in patients with localized 

arteriosclerotic lesions of the renal artery, wh~reas it was 

18% in those with manifestations of generalized arterioscle

rosis. 

If stenosis of the renal artery is caused by fibrodysplastic 

disease, the operative risk can be taken to be minimal, since 

operative mortality was not observed in our series. The percen

tage of beneficial effect, however, depends largely on the 

extent of the stenotic lesion, since better long term results 

were obtained if in situ renal artery repair was feasible when 

compared to those patients in whom an extracorporeal procedure 



168 

was required. This difference cannot be explained by surgical 

failures, since they occurred less frequently after extra

corporeal as compared to in situ reconstruction. 

And third, the highest rates of long term beneficial effect 

and the lowest rates of surgical failures and operative mor

tality are obtained after simple operative procedures in which 

either no graft material at all or autogenous artery has been 

applied. 
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RENOVASCULAR HYPERTENSION; COMBINED SURGICAL PROCEDURES 

R.J.A.M. VAN DONG EN 

Aortic aneurysm, occlusive disease of the aortoiliac arteriE 
and abdominal aortic coarctation are often associated with steno
sis or occlusion of one or both renal arteries. In other cases 
a combination of a renal artery lesion with chronic occlusion 
of one or more intestinal arteries exists. 

Such patients may have renovascular hypertension; in many 
cases the discovery of the renal artery lesion is a casual findir 
during aortography. 

In all these patients with combined lesions the indications 
for surgery are not defined, the criteria for success of surgery 
may be difficult to asses, and operative morbidity and mortality 
is hardly known. 

In an effort to develop guidelines for the management of 
such patients, a review is given of the simultaneous aortic, 
renal and intestinal artery reconstruction performed during the 
last two decades. 

During this period about 2000 patients underwent an aorto

iliac reconstruction for non-bleeding aortic aneurysm, aorto

iliac occlusion and aortic coarctation. 301 Of these patients 

had an associated lesion of one or both renal arteries. That 
is about 15%. This large number of cases can be explained by 

our practice of visualizing the renal arteries as a routine 

preoperatively in all patients with dilating or occlusive lesions 

of the abdominal aorta and its branches. 

Many such renal artery lesions found during arteriographic 

examination are unimportant and need not to be corrected, because 
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the stenosis is not of haemodynamic significance and because 

the patients are normotensive and have normal renal function. 
The decision whether or not to perform combined renal artery 
reconstruction in such patients should be based on several 

factors: 
(1) the presence and severity of hypertension, especially hyper

tension not reacting to treatment with antihypertensive 

drugs 

(2) renal function 
(3) the severity of the renal stenosis 

(4) intrarenal vascular disease (nephrosclerosis) 
(5) the condition of the contralateral renal artery and kidney 

(6) the patient's age and general medical condition. 

That few such patients with associated renal artery lesions 

require renal revascularization is emphasized by our material: 

only 133 patients (that is 6.4%) underwent simultaneous aortic 

and renal artery surgery (Table 1). 

About one-half of these 133 patients were hypertensive, 

but this was seldom the reason for reconstruction of the renal 

arteries. In most patients reconstruction of the renal artery 
was carried out because the stenosis of the renal artery was 
more than 90%. 

Kepair of such severely affected renal arteries is required 
because of the danger of total occlusion due to progression 
of the arteriosclerotic process. This is not an imaginary danger. 

In many patients with aortic aneurysm a total or subtotal 

renal artery occlusion is seen with loss of renal function. In 
many patients with aortlc aneurysm progression of renal artery 

stenosis to total occlusion can be observed. 

Also in many patients with aortic occlusion progression 

of renal artery stenosis to total occlusion can be observed. 

In other patients significant progression of arteriosclerotic 

disease in the contralateral renal artery occurs. And in ex

treme situations a total occlusion of both renal arteries will 

develop. 



T
a
b

le
 

1
. 

P
A

T
IE

N
T

S
 

W
IT

H
 

S
IM

U
L

T
. 

R
EN

A
L 

A
R

T
. 

R
EN

A
L 

A
R

T
. 

L
E

S
IO

N
S

 
R

E
C

O
N

ST
R

U
C

T
IO

N
 

PE
R

FO
R

M
ED

 
N

O
. 

P
A

T
IE

N
T

S
 

N
o

. 
P

a
ti

e
n

ts
 

%
 

N
o

. 
P

a
ti

e
n

ts
 

%
 

N
O

N
-B

L
E

E
D

IN
G

 
A

O
R

T
IC

 
A

N
EU

R
Y

SM
 

4
7

8
 

76
 

1
5

.9
 

4
8

(4
5

+
3

*
) 

1
0

.0
 

A
O

R
T

O
-I

L
IA

C
 

O
C

C
L

U
SI

O
N

 
1

5
8

0
 

2
1

6
 

1
3

.7
 

7
6

(6
9

+
7

*
) 

4
.8

 

A
O

R
T

IC
 

C
O

A
R

C
T

A
T

IO
N

 
10

 
9 

9
0

.0
 

9
(7

+
2

*
) 

9
0

.0
 

T
O

T
A

L
 

N
O

. 
A

O
R

T
IC

 
PR

O
C

E
D

U
R

E
S 

2
0

6
7

 
3

0
1

 
1

4
.6

 
1

3
3

 (
1

2
1

+
1

2
*

) 
6

.4
 

O
C

C
L

U
SI

O
N

 
O

F 
IN

T
E

S
T

IN
A

L
 

A
R

T
E

R
IE

S
 

87
 

30
 

3
4

.5
 

25
 

2
8

.7
 

-
~
~
 

-
-
-
-
-

-
-

-
-

-
~
 

*
)P

a
ti

e
n

ts
 
w

it
h

 
a
o

rt
ic

 
a
n

e
u

ry
sm

 
o

r 
a
o

rt
o

il
ia

c
 
o

c
c
lu

s
io

n
 
a
s
s
o

c
ia

te
d

 w
it

h
 

le
s
io

n
s
 

o
f 

th
e
 

re
n

a
l 

a
n

d
 
in

te
s
ti

n
a
l 

a
r
te

r
ie

s
. 

-.
J 

IV
 



173 

So, one of the most important indications to perform a 
simultaneous renal artery reconstruction is a subtotal occlusion 
of the renal artery for the purpose of preserving the kidney. 

In all patients simultaneous treatment of both the aortic 
and intestinal renal artery lesions was carried out at the same 
time for two reasons. Firstly: additional postoperative compli
cations, such as renal insufficiency or other sequelae of reno
vascular hypertension, ischemic intestinal damage and other 
complications, are prevented only if al I lesions are repaired 
simultaneously. Secondly: reconstruction of the renal artery 
lesion later on is technically more difficult and the chance 

of success wil I be less. 

In an attempt to confine the duration of these combined 
operations, we developed various techniques and methods. 

Aortic aneurysm associated with unilateral and bilateral renal 
artery lesions 

First the combination: aortic aneurysm and unilateral or 
bilateral renal artery stenosis and occlusion. These combined 
lesions were treated in 45 patients. 

In patients with aortic aneurysm with associated unilate
ral renal artery stenosis three different techniques were used 
for the revascularization of the kidney. 

In 5 patients with left-sided renal artery stenosis an 
arterial splenorenal anastomosis was performed. All patients 
had a large-sized splenic artery, as demonstrated by angiography. 

Moreover, flow and pressure measurements during the operation 

demonstrated good patency of this artery and good flow. 
In all cases the splenic artery was dissected free after eleva

tion of the lower border of the pancreas, mobilized over its 

entire length, transected in the hi lum of the spleen and anas
tomosed end-to-end to the post-stenotic portion of the renal 

artery after resection of the stenotic segment. The renal artery 
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being repaired, the aortic aneurysm was resected and replaced 
by a prosthesis. 

In 11 patients with stenosis in the proximal part of long 

left or right renal arteries, the transected post-stenotic reni 
artery was re-implanted into the infrarenal aorta or into the 

aortic part of the prosthesis without graft interposition. 

Sometimes the infrarenal part of the aorta is of normal 

size over a sufficient length to be used for re-implantation 
of the renal artery. 

If the infrarenal part of the aorta is involved in the 

aneurysm, a short proximal part of the aneurysmal sac can be 
preserved. By excising a wedge-shaped part of the anterior wal 

and joining the edges of the opening by a running suture a 

sufficiently long infrarenal aortic stump of normal size is 

obtained, which can be used for the re-implantation of the 
poststenotic renal artery. 

Finally, the poststenotic renal artery can be re-implante( 

into the aortic part of the prosthesis. In such cases we mostl; 
widen the ostium of the poststenotic renal artery to get a widt 

anastomosis, especially when the renal artery is smal I-sized. 

In 8 patients with stenosis of short renal arteries, reim· 
plantation was carried out using an interposition graft. This 

interposition graft was anastomosed either to the infrarenal 
aortic stump (if the infrarenal part of the aorta is long enou! 

or to the aortic part of the prosthesis. 

In all these cases only autogenous venous interposition 

grafts were used. 

5 Patients with aortic aneurysm had an associated total 

occlusion of one renal artery. In all cases the hi lar branches 

of the renal artery beyond the occlusion were patent, thus allc 

wing a technically reliable reconstruction. In al I cases the 

distal renal artery was reimplanted into the subrenal aorta 

or into the aortic part of the prosthesis with interposition 

of a venous graft. In 4 of these patients the revascularizatior 



was successful, with return of function, lowering of blood 
pressure and increase in size. 
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14 Patients with aortic aneurysm had associated bilateral 
renal artery stenosis. In all cases, revascularization of both 
kidneys was achieved with an aorto-renal venous bridge angio
plasty, using a single venous graft. After resection of the 
valves the venous graft is anastomosed side-to-side to either 
the anterior wall of the infra-renal part of the aorta or the 
aortic part of the prosthesis. The ends of the graft are anas
tomosed to the post-stenotic renal arteries. 

In some patients an aortic aneurysm is associated with 
stenosis of one renal artery and total occlusion of the other. 
Because the branches beyond the occlusion will be patent in 
such cases it is possible to re~onstruct the occluded renal 
artery. Revascularization of both kidneys can be achieved using 
the aorto-renal venous bridge angioplasty. 

This combined procedure was carried out in only one patient 

with a bleeding aortic aneurysm (Fig. 1 a-d). Previously per
formed angiography had revealed that there was a total occlusion 
of the right and subtotal occlusion of the left renal artery. 
The right kidney was reduced in size but still functioning. 
The day before the planed operation a rupture occurred and be
cause the general condition of the patient was excellent a 
simultaneous operation was performed. Both kidneys were revas
cularized using the venous bridge angioplasty. 

Three early deaths occurred in this group of 45 patients. 

The mortality rate was 6.7%, only a little higher than that 
of a group of 430 patients with isolated aortic aneurysm, without 

renal artery lesion, operated upon in the same period. 

Aortic occlusion associated with unilateral or bilateral renal 
artery lesions 

In 69 patients a simultaneous operation of aortoiliac 
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Fig. 1 a-d. 
a. Aortic aneurysm associated with total occlusion of the right and severe 

stenosis of the left renal artery. 
b. Resection of 'the aortic aneurysm and replacement by a bifurcation pros

thesis. Revascularization of both kidneys using an aorto-birenal venous 
bridge angioplasty. The venous graft is anastomosed side-to-side with 
the aortic part of the prosthesis. 

c. Photograph during the operation. 
d. Post-operative angiogram. The right kidney has increased in size and 

has a good excretory function. 
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occlusion with unilateral or bi lateral renal artery lesion was 
carried out. In all cases the combined operation was indicated 
because of subtotal or total renal artery occlusion. 

The operative procedures are not different from the tech
niques used in the previous group. 

In 48 patients the aortoiliac occlusion was associated 

with unilateral renal artery stenosis or occlusion. 

Sometimes a left-sided renal artery stenosis was treated 

using a splenorenal anastomosis. 

In a few patients the narrowed renal artery was endarte

rectomized and widened with an aortorenal venous patch graft. 
In most cases revascularization of the kidney was carried 

out using a venous graft, interposed between subrenal aorta 

and poststenotic renal artery. 

In patients with bilateral renal artery stenosis or ste

nosis on one side and occlusion of the opposite renal artery 

the kidneys were revascularized using the birenal venous bridge 

angioplasty. 

Only two deaths occurred in this group of 69 patients, the 

mortality rate being 2.9%. So in the combined group the morta

lity rate is the same as in the group patients treated for iso

lated aortoiliac occlusions, without associated renal artery 
lesions. 

Coarctation of the abdominal aorta associated with uni lateral 
or bilateral renal artery lesion 

In 7 patients with abdominal aortic coarctation one or 
both renal arteries were involved. In most cases at least one 

renal artery was totally occluded. All patients underwent total 

reconstruction of all lesions. For the repair of the renal arte

ries only venous material was used. 

In one-sided renal artery lesions the venous transplant 

is inserted between the hypoplastlc subrenal aorta and the 

postocclusive part of the renal artery. 

In bilateral lesions revascularization is carried out 
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with the use of a birenal venous bridge, which is anastomosed 
side-to-side to the hypoplastic aorta. 

There was one death in this group of 7 patients. 

Occlusion of intestinal arteries associated with unilateral 
or bilateral renal artery lesions 

25 Patients had a combination of occlusion of one or more 
intestinal arteries and unilateral or bilateral renal artery 
lesions. In patients with this combination a clear indication 

for simultaneous correction exists. As long as the blood-pres
sure is high the collateral blood-flow to the occluded intes
tinal arteries wil J be sufficient, but when the blood-pressure 
normalizes as the result of the correction of the renal artery 
stenosis, there is a great danger that the collateral circula
tion becomes insufficient. Both obstructions must be treated 
simultaneously. 

In most cases it is possible to reconstruct the intesti
nal and renal arteries with the use of one single venous graft 
Fig. 2 a-e shows an example. 

No postoperative deaths occurred in this group of patient 
with combined renal and intestinal artery lesions. 

Discussion 

All these combined procedures are more time-con6uming, 

more complicated and more risky. Nevertheless the operative 

mortality in patients submitted to these combined simultaneous 
procedures is not significantly higher than in patients sub

mitted to isolated aortic procedures. 

An explanation of this remarkable fact can be given when 
we have a look at the postoperative complications and causes 
of death in the two groups of patients, the group of patients 
submitted to isolated surgery for aortic aneurysm and aorto

iliac occlusion, and the grour of combined aortic and renal 
procedures. 
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b 

Fig. 2 a-c. 
a, band c. Subtotal occlusion of the right and total occlusion of the left 

renal artery . The arterial branches in the hilum of the left 
kidney are patent and in good condition (c). 
Total occlusion of the celiac trunc. 

d. Venous bridge angioplasty. Revascularization of both kidneys and the 
branches of the celiac trunc using a single branched segment of the 
great saphenous vein. 

e. Postoperative angiogram. 
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In the first group the renal complications are very impor' 

tant; renal complications are the first cause of death. 
In the other group, the group of combined procedures, thel 

are only two patients with postoperative renal complications 
and there are no deaths caused by renal complications. 

So it seems, that simultaneous reconstruction of a renal 

artery stenosis or occlusion protects the patient from major 

postoperative renal complications. 
Indeed, renal artery stenosis and occlusion is an importal 

factor contributing to renal complications during aortic surge: 

(Table 2). 

Table 2: Factors contributing to the impairment of the renal 
function and/or tubular necrosis 

1. Preexisting renal artery lesions (stenosis and occlusion) 
2. Sacrifice of collateral and accessory renal arteries 
3. Hypotension before surgery (rupture of AAA) 

during surgery (declamping, blood loss) 
after surgery (hemorrhage, heart failure) 

4. Disturbances of the acid-base balance and plasma electrolytl 
5. Preexisting nephrosclerosis 

This factor is eliminated by simultaneous surgery of the 
renal lesions. Major postoperative renal complications are pre 
vented by simultaneous repair of the renal arteries and so it 
can be explained, that the operative mortality in the combined 
group is not significantly higher than in the group of isolate, 
procedures, despite longer duration and greater risk of the COl 
bined procedure. The renal complication rate and operative mor 
tality in the combined group would have been undoubtedly highe· 

when the renal artery lesions would not have been treated simu 
taneously. 

It sounds paradoxical, but it seems to be reality: in spi 

of - or better - thank tn the greater and more risky procedure 

in the combined group, the operative comrlication rates and Opl 
rative mortalities are the same in the two groups. 

In the same way the simultaneous correction of the intes
tinal artery lesions will protect the patient from ischemic 

intestinal complications, in view of the fact that pre-existinl 

intestinal artery occlusion is the most important factor contr' 
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buting to the impairment of the intestinal bloodflow (Table 3). 

Table 3: Factors contributing to the impairment of the 
intestinal bloodflow 

1. Preexisting intestinal artery occlusion 
2. Ligation of patent inferior mesenteric artery 
3. Interruption of internal iliac artery blood flow 
4. Hypotension before, during and after surgery (blood loss, 

declamping, hemorrhage) 
5. cardiac arrhytmias, heartfailure during and after surgery 

Simultaneous reconstruction of an occluded intestinal arte

ry will protect the patient from major ischaemic intestinal 
complications. 

Based on the results of our retrospective analysis we con

clude that: 

1. Renal artery lesions are frequently found in patients with 

aortic aneurysm and aortoiliac occlusion. 

2. Only a few patients with combined aortic and renal lesions 

require simultaneous aortic and renal reconstruction. The 
most important indication is a subtotal renal artery occlu
sion. 

3. The purpose of the simultaneous procedure is to protect the 

patient from additional complications postoperatively, such 

as renal insufficiency, or other sequelae of renovascular 
hypertension, to protect the patient from loss of one or 
both kidneys due to progression of the arteriosclerotic pro
cess. 

4. In spite of a longer duration and greater risk of the combi
ned procedure the operative morbidity and mortality rates 

are not higher than in patients submitted to isolated aortic 
procedures. 
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RENAL ARTERY STENOSIS IN KIDNEY TRANSPLANTATION 

J.H. van Bockel, A. van Es, R.A.M.G. Donckerwolcke, G.G. Persijn, 
R. van Schilfgaarde, J.L. Terpstra. 

INTRODUCTION 

Transplant renal artery stenosis (TRAS) of the main renal 

artery is one of the most frequent vascular complications in 

clinical renal transplantation. It may be the cause of hyper

tension as well as interfere with graft function. 

Post-transplant hypertension is frequently observed in the 

absence of demonstrable TRAS. In some series it is reported 

to occur in over 80% of all patients, especially during the 

early post-operative period. Post-transplant hypertension can 

be due to different mechanisms acting simultaneously, but the 

most common causes are rejection or underlying disease in the 

transplanted or native kidneys (1,60). 

When routine angiography is performed in transplant patients, 

TRAS is a relatively frequent finding. It can be observed in 

almo3t a quarter of the transplant patients during the early 

post-operative period. Often, however, it is asymptomatic (21). 

The relatively frequent occurrence of both post-transplant 

hypertension .and TRAS introduces Q major diagnostic problem. 

~hen both are present in one patient, the question should be 

answered as to their causative relation. Such an answer is all 

the more important since (post-transplant) renovascular hyper

tension is potentially curable by means of surgical correction. 

In an effort to determine the relation of TRAS and post

transplant hypertension, and its influence on graft function, 

we reviewed those renal transplant recipients from our insti

tution in whom a hemoaynamically significant stenosis was 

depicted angiographically. After revie\ling our own experience 

as well as the relevant literature, we have tried to design 

a reasonable approach to the problem of TRAS in post-transplant 
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hypertension. 

PATIENTS AND METHODS 

From 1966 to 1981, 500 renal transplants were performed in 

450 patients. Of these, 391 were adult recipients and 59 were 

children. A stenosis of the main renal artery was angiographi

cally demonstrated to be present in 53 of these 450 patients 

(~50% diameter reduction). These 53 patients (49 adults and 

4 children) are the subject of this study and will be consi

dered in more detail. 

Cadaver kidneys were used in 51 patients and kidneys from 

living related donors in 2. Of the 53 grafts with TRAS 52 were 

primary transplants and one was a secondary transplant. Donor 

ages varied from 22 months to 50 years. In 9 instances (17%), 

the graft was obtained from a donor younger than 12 years, and 

2 children received a kidney from a pediatric donor. l4achine 

preservation was used in 15% of grafts, and all other kidneys 

had been stored on ice after flush perfusion for which Collins 

solution .was usually applied. Bilateral nephrectomy of the 

native kidneys was carried out in 29 (55%) of the recipients 

before or at the time of the transplantation. Immunosuppressiv 

therapy consisted of azathioprine and prednisone. All patients 

except one received one or more blood transfusions before 

transplantation, and HLA AB matching was always performed (the 

average HLA mismatch was 1.2). 

Renal transplantation was performed in a standard fashion 

by anastomosing the donor renal artery end-end to the internal 

iliac artery as the procedure of choice (n=35) or end-side to 

the common or external iliac artery (n=ll). A patch of the 

donor aorta, multiple end-side anastomoses, or co-adaptation 

of donor arterles to one common orifice were technical varieti 

applied in case of a graft with multiple arteries. 

Post-transplant angiography was not performed routinely. In 

52 of the 53 patients one or more angiograms were performed as 

part of the analysis for hypertension, and in one patient it 

was performed because an immediately post-operative flow scan 

suggested poor graft perfusion in the absence of hypertension. 



On the basis of angiographic findings, 48 stenotic lesions 

could be classified in two groups: 
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Type I stenosis was defined as a short, circumscript narrowing 

interpreted to be possibly caused by kinking or torsion, or a 

stenosis at the site of the anastomosis. This type of lesion 

was observed in 31 patients (65%). 

Type II stenosis was a long, segmental and more -tubular type 

of lesion, often located in the donor renal artery. This type 

of lesion was present in 17 patients (35 %). 

Hypertension was considered 'mild' when the diastoiic blood 

pressure varied between 91 and 100 mm Hg, 'moderate' when it 

varied between 101 and 120 mm Hg, and 'severe' when it was 

above 120 mm Hg in spite of antihypertensive drug therapy. 

Pre-transplant hypertension, which was never severe, was 

observed in 8 patients. In 7 of these, both native kidneys 

were in situ. Post-transplant hypertension was present in the 

52 patients mentioned above. In all instances, it was manifest 

within 6 months after transplantation, and in 90% of these 

patients even within 3 months. Hypertension was mild in 16 (31%), 

moderate in 26 (50%) and severe in 10 (19%) patients. Especially 

in children, severe hypertension often reached diastolic blood 

pressure levels up to 160 mm Hg associated with convulsions. 

The 53 patients were divided into three groups according to 

the way in which TRAS was treated. Group A is composed of 30 

patients in whom 33 vascular reconstructions of the renal artery 

were performed. Group B is composed of 19 patients who were 

primarily treated medically. Group C is composed of 4 patients 

subjected to graftectomy as the first choice of treatment. In 

these 4 patients, TRAS and hypertension were combined with 

severe rejection, and in one an additional pelvic infarction 

with urine leakage was found to be present. 

Hypertension was considered to be cured by surgical inter

vention if the diastolic blood pressure was normal (i.e. below 

90 mm Hg) without antihypertensive medication early after 

operation and during at least the first post-operative year. 

A significant improvement was taken to be present if, within 

the same period of time, the diastolic blood pressure could 
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more easily be regulated with a lesser amount of anti-hyper

tensive drugs. 

RESULTS 

Group A 

Thirty-three vascular reconstructions of the renal artery 

were performed in 30 renal transplant recipients. Three patier 

were subjected to a second operative procedure since a residue 

stenosis remained demonstrable shortly after the first procedl 

The operation was performed within 6 months after transplantat 

in 26 patients (87%) and within 3 months in 16 patients (53%). 

The Type I stenosis was more frequently observed (73%) as com

pared to the Type II lesion (27%). The mean diastolic blood 

pressure at the time of surgical repair was 108 rum Hg, and 

severe hypertension was present in 8 patients. The mean folloy 

up after reconstruction was 69 months. The mean number of rejE 

tion episodes was 2. 

Surgical correction was usually performed by means of resec1 

of the stenosis with a new end-end anastomosis to the interna: 

iliac artery or by means of end-side reimplantation of the tr, 

plant renal artery into the iliac artery (73%). Venous patch 

plasties (6), interposition of a segment of autogenous intern, 

iliac artery (3) and extracorporeal reconstruction (1) were 

applied as alternative procedures in selected cases (fig. la, 

There were no operative deaths. Eleven patients benefitted 

from surgical repair, since 8 were cured from hypertension an( 

3 improved significantly. These latter 3 patients showed spon· 

taneous further improvement during the years following surgic, 

reconstruction and were found to be normotensive and off anti· 

hypertensive medication after 2 to 3 years. Another observati< 

in this group of 11 patients having benefitted from surgical 

repair was a post-operative improvement of graft function in 

5 of them. Such an improvement was not observed in any patien 

without a favourable blood pressure response after reconstruc' 

tion. 

No improvement of the blood pressure was observed in 17 

patients, and 2 patients lost their graft as a consequence of 
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Fig . lao 

Fig . lb . 

Schematic drawing of surgical techniques applied for recon
struction of stenotic lesion of renal transplant arteries in 
27 adults (a) and 3 children (b). 
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a failed attempt to repair a long tubular stenosis with a 

venous patch plasty. The phenomenon of spontaneous improvement 

of the blood pressure during the years following surgical 

correction was observed in these 17 patients having not bene

fitted from surgical repair, too. Seven were found to be normc 

tensive and off antihypertensive medication after 2 to 3 years 

In addition, 2 patients could be cured as yet by means of 

removal of both native kidneys. Graft loss due to rejection 

occurred in 3 patients, and residual stenosis was felt to be 

responsible for persisting hypertension in another three. One 

of these latter patients recently lost her graft as a conse

quence of renal artery thrombosis occurring during an episode 

of acute intestinal illness associated with hypotension. 

In the group of 11 patients having benefitted from surgical 

repair, both native kidneys had been previously removed in 8, 

and the mean pre-reconstructive diastolic blood pressure was 

113 mm Hg. In the group of 17 patients having not benefitted 

from surgical repair, both native kidneys had been previously 

removed in only 6, and the mean pre-reconstructive diastolic 

blood pressure was significantly lower (97 mm Hg) . 

The composition of this patient material is depicted sche

matically in fig. 2: 

TRAS medical 

transplantec t. 

LV 
reconstruction 

spont. impr 

Improved bita! Nx + impr 

Fig. 2. Fate of all 53 patients with transplant renal artery 
stenosis (TRAS). 
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As regards the type of stenosis in relation to results, 

better results were obtained after surgical repair of Type I 

as compared to Type II stenoses. Of the 22 surgically treated 

patients with a Type I stenosis, a beneficial effect was ob

served in 9 (41 %). There was only one recurrence and no loss 

of grafts. Of the 8 surgically treated patients with a Type II 

stenosis, howe ver, a beneficial e ffect was observed in only 2 

patients (25 %). There were two recurrencies and two grafts were 

lost as a direct consequence of the surgical procedure. 

During the follow-up years 3 patients died (2 of them because 

of myocardial infarction). These 3 patients had received their 

grafts early during this series. Reconstructive surgery had 

cured 2 and significantly improved 1 of them. The actuarial 

graft survival in all 30 patients subjected to surgical r epair 

was 82 % at 5 y e ars (n=20) and 65 % at 10 years (n=7) (fig. 3). 

100 actuarial kidney graft survival 

% gratts 
surviving 

so 

o 

" ''O--~..... --tr-.---6-----6------~','_,. 

''!>- - -0- - -0- - -0- - -0- - . 

~ TRAS (n=S3) 

6-------6 reconstructed (n= 30 ) 

c:r- - ~ not reconstruc ted (n = 19 + 4 ) 

5 
years at ter transplantation 

Fig. 3. Actuarial ki d ney graft s urvival of patie nts with 
tra nsplant re nal arte r y stenosis (TRAS). 

10 
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Group B 

Nineteen patients were treated medically. In this group, 

the Type I stenosis was as frequently observed as the Type II 

stenosis since each was observed in 9 patients while in one 

patient the type of lesion could not be classified. The mean 

diastolic blood pressure at the time of diagnosis was 106 mm 

Hg, which did not differ significantly from that in Group A. 

In Group B, however, severe hypertension was observed in only 

2/19 patients, whereas in Group A 8/30 patients were severely 

hypertensive. The mean number of rejection episodes was 2.8. 

In this group, too, spontaneous improvement of hypertensior 

was observed. Three years after transplantation 7 patients 

(37%) were normotensive without antihypertensive drug therapy. 

A considerable improvement was noted in another 3 patients, 

whereas hypertension persisted in 9 (fig. 2). 

A beneficial effect of early removal of both native kidney~ 

as an adjunct to medical treatment was not apparent, since 

early nephrectomy had been performed in 5/10 patients (50%) 

responding favourably to medical treatment and in 6/9 patient1 

(67%) with persisting hypertension. Neither did bilateral 

nephrectomy decrease the blood pressure when it was performed 

later during medical treatment in 2 other patients with persi! 

ting hypertension. 

As regards the type of the stenosis in relation to results 

a favourable response to medical treatment was observed in 6 

out of 9 patients with a Type I stenosis (67%), and in 3 out 

of 9 patients with a Type II stenosis (33%). 

During the follow-up years 4 of the 19 patients returned 

on hemodialysis within 5 years after transplantation because 

of chronic rejection mainly. The actuarial graft survival in 

all 19 medically treated patients was 83% at 5 (n=12) and 10 

(n=3) years. For graphic illustration, these actuarial data 

have been combined with those of the other patients not sub

jected to reconstructive surgery (Group C, see below). Com

bined graft survival of Groups Band C was 68% at 5 and 10 

years (fig. 3). 
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Group C 

In 4 patients with TRAS graftectomy was chosen as the mode 

of treatment (fig. 2). Hypertension was severe in none of these 

patients, and it was associated with severe rejection in all of 

them. In 3 of these patients, the graft was removed within 

3 months after transplantation. 

Data concerning graft survival have been combined with those 

of Group B (see above) and are depicted graphically in fig. 3. 

DISCUSSION 

Hypertension is a frequent observation after renal trans

plantation, present in about half of the patients within the 

first year after transplantation. However, severe hypertension 

is present in only 15% of the hypertensive patients (43,45). 

It can be caused by many factors, which have been recently 

reviewed by Kassisieh and Takacs (16) (Table 1). Since several 

Table 1. 

Possible factors in the pathogenesis of hypertension after 
transplantation. 

1. retention of recipient's diseased kidneys 

2. graft rejection 

3. renal insufficiency 

4. acute ureteral obstruction 

5. recurrence of original disease in transplant 

6. glomerulonephritis de novo 

7. persistence 'of essential hypertension 

8. genetic predisposition for hypertension 

9. volume expansion 

10. steroid therapy 

11. transplant renal artery stenosis 

12. unsuspected factors 

of these factors may contribute simultaneously to the occurrence 

of post-transplant hypertension, it is extremely difficult to 
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decide which of them is of main importance in an individual 

patient (12). 

This applies certainly to the transplant renal artery ste

nosis (TRAS) causing hypertension, which in that case should 

be called 'transplant renovascular hypertension'. While reno

vascular hypertension offers major diagnostic problems in 

non-transplant recipients, the abundance of factors possibly 

cooperating in causing post-transplant hypertension renders 

the diagnosis 'transplant renovascular hypertension' even mOrE 

difficult. Determination of plasma renin activity has been 

found useful by some authors (46,47,62) but others have found 

that excellent results of surgical repair can be obtained in 

the absence of elevated plasma renin activity (6,43,45). Nor

mal plasma renin activity is found in normotensive transplant 

recipients on standard immunosuppressive therapy, but raised 

levels can occur in hypertensive transplant recipients (62) 

and during acute rejection (44). Since, as a simplified conce] 

an initially renin-dependent hypertension in patients with TR, 

may easily convert into a volume-dependent hypertension with 

normal plasma renin activity (20,43,45), the diagnosis 'trans 

plant renovascular hypertension' and the indication for even

tual surgical therapy can be probably more adequately based 

on clinical data than on the assessment of plasma renin acti

vity (6,43,45). 

In an effort to clarify the causative relation of TRAS and 

post-transplant hypertenSion, several factors will be discuss, 

below on the basis of both the findings of OUL study as well 

as data from the literature. 

TRAS in the absence of post-transplant hypertension 

Data concerning the incidence of TRAS in the absence of 

post-transplant hypertension can only be derived from studies 

which angiographies were performed routinely after transplan

tation, irrespective of the presence or absence of hypertensi 

In such studies, the highest reported incidence of 23% in one 

study (21) has not been confirmed by others (13,38). Differen 

in reported incidence of TRAS may well be due to the lack of 
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uniform criteria for the execution and interpretation of angio

graphic studies. We cannot present conclusive evidence on the 

matter, since in our series angiographies were made almost 

exclusively on the indication of post-transplant hypertension 

and never as a routine investigation. Thus, whereas TRAS has 

been reported to occur in the absence of hypertension (21), 

its incidence remains uncertain. 

The clinical value of diagnosing TRAS in the absence of 

hypertension remains debatable, however. In about one quarter 

of the patients, TRAS is associated with a usually slow and 

insidious rise in serum creatinin level which is reversible 

by successful reconstruction (6,17,21,28,45,55,61). Oliguria 

and deterioration of renal graft function (61), anuria requi

ring hemodialysis (45), and renal artery thrombosis (24) can 

occur. In virtually all of these patients, however, TRAS was 

associated not only with disturbances in renal function but 

with hypertension as well. In our series, too, the patient 

who lost her graft to arterial thrombosis was suffering from 

manifest hypertension. And renal failure as the single symptom 

of TRAS has only occasionally been reported (42). 

No sound evidence is available that TRAS in the absence 

of hypertension influences renal graft function. Conceivably, 

TRAS in the presence of hypertension may represent a more 

severe manifestation of TRAS as compared to its occurrence 

in the absence of hypertension. This, in combination with the 

fact that we observed no differences in long-term graft survi

val in patients with TRAS (irrespective of the mode or effect 

of treatment) when compared to those without TRAS (fig. 4) 

suggests strongly that efforts for diagnosing TRAS need not 

be undertaken in the absence of post-transplant hypertension. 
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Fig. 4. Actuarial kidney graft survival in patients with TRAS 
as compared to an unselected group of 448 cadaver 
transplants, as well as to a selected comparable grouI 
of 181 cadaver transplants. 

TRAS in the presence of post-transplant hypertension 

\vhereas, based on angiographic findings in patients with 

post-transplant hypertension, the incidence of TRAS varies 

widely (see Table 2), the most reliable figure appears to be 

about 10% (54). This corroborates our findings since in a 

total of 500 renal transplant recipients we observed TRAS in 

53 patients, 52 of which were hypertensive (10.4%). 

As a rule, the diagnosis is made relatively early after 

transplantation. In our series, TRAS was demonstrated within 

3 months after transplantation in 90% of the patients. Others 

have reported that the majority of patients with TRAS is foun< 

within 6 months (19,21,30,45,47), but sometimes TRAS takes a 

year (33,37,55) or even longer (22,28) to be discovered. 

Of the 30 patients sUbjected to surgical therapy for TRAS, 

a favourable effect on the blood pressure was observed in 



'rable 2. 

Transplant renal artery stenosis incidence as reported 
in literature 

Goldman 0.6 % Henriksson* 6.0 % 

Margules 1.0 % Beachly 6.3 % 

Palleschi 1.5 % Nerstrom 9.7 % 

Lerf 2.6 % Rijksen 10.0 % 

Vidne 3.0 % Munda 10.2 % 

Ricotta 5.0 % Kauffman 12.0 % 

Osborn 5.1 % Doyle 12.0 % 

Dickerman 5.4 % Schacht 16.0 % 

Lacombe* 23.0 % 

( * routine angiography) 

195 
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only 11. Since the diagnosis 'renovascular hypertension' can, 

in fact, be made with certainty only retrospectively after 

technically successful reconstruction of the renal artery (34) 

these 11 patients are the only ones of our series in which 

'transplant renovascular hypertension' can be safely assumed 

to have been present. That other factors have contributed or 

may even have been the main etiologic factor in the occurrence 

of post-transplant hypertension in many of the other patients, 

is strongly suggested by the following considerations. 

Surgical therapy did not reduce hypertension in 17 of 30 

patients (Group A). In 7 of these patients, and in 3 other 

patients having been improved but not cured after surgical 

therapy, spontaneous improval of hypertension was observed 

resulting in complete cure after 2 to 3 years. Spontaneous 

cure of post-transplant hypertension was also observed in 7 

of 19 patients having been treated medically (Group B), while 

3 other patients of Group B spontaneously showed significant 

improval. Thus, in 20 out of 49 patients hypertension decrease 

spontaneously, irrespective of the fact whether treatment had 

been surgical or medical, and 17 of these 20 could eventually 

be classified as cured. 

On the other hand, no spontaneous improval was observed 

in 10 of the 17 patients of Group A in which surgical therapy 

had not reduced the blood pressure. In 2 of these 10 patients, 

cure of hypertension was eventually obtained by means of 

removal of both native kidneys. Thus, no spontaneous reduction 

of the blood pressure was observed in 17 patients (8 of Group 

A and 9 of Group B), irrespective of the fact whether treat

ment had been surgical or medical (fig. 2). 

These data are presented in some detail, since marked 

differences in long term graft function were observed when 

those patients showing spontaneous improval were compared to 

those who did not. Of those latter patients 6/17 (35%) were 

back on hemodialysis at 5 years after transplantation, while 

the mean serum creatinin in those with a still functioning 

graft was 142.1 ~mo1/1. Of those patients with spontaneous 

improval of their hypertension, however, only 3/20 (15%) were 



197 

back on hemodialysis after 5 years, while the mean serum crea

tinin in those with a functioning graft was within the normal 

range (111.2 ~mol/l). 

Clearly, other factors than TRAS should be held responsible 

for the post-transplant hypertension in those patients of Group 

A who showed no favourable response to surgical therapy, and 

in many of the medically treated Group B. Some of these factors 

will be discussed below. 

Presenae of native kidneys 
It is beyond debate that the presence of native kidney(s) 

carrying the original renal disease may contribute to the 

occurrence of post-transplant hypertension (4,5,25,36,43,45). 

Its exact role, both quantitatively and qualitatively, remains 

to be determined (45,46). In the only report in which such a 

contribution of native kidneys could not be confirmed, 94% of 

the patients had been bilaterally nephrectomized prior to 

transplantation (1). A positive correlation between the pre

sence of native kidneys and both pre- and post-transplant 

hypertension has been found in another study (36). Here, 

however, the majority of nephrectomized patients received a 

graft from living related donors in contrast to the non-nephrec

tomized patients, which obscures an adequate comparison because 

of differences in the numbers of rejection episodes. Inconclu

sive data are available concerning the effect of pre-transplant 

nephrectomy on post-transplant hypertension in relation to renal 

graft function. A clear correlation between poor renal graft 

function and post-transplant hypertension in nephrectomized 

patients was observed in one study (4), whereas a slightly 

better renal graft function in nephrectomized patients was 

observed in another (43), in spite of the fact that both stu

dies reported a favourable effect of pre-transplant nephrectomy 

on post-transplant hypertension. As regards the diagnostic 

options to predict the eventual effectiveness of nephrectomy 

for reducing post-transplant hypertension, no more decisive 

data are available. Selective determinations of plasma renin 

activity have been advocated to assess an eventual hypersecretion 
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of renin by the native kidney(s) (9,27). Interpretation of 

such tests was difficult, however, since the absolute number 

of kidneys present influenced their outcome (27), and the 

predictive value of selective plasma renin activity determi

nations could not be demonstrated in several other studies 

(5,25,45). 

We have no experience with (selective) plasma renin activity 

determinations in selecting post-transplant hypertensive patient! 

for nephrectomy. That, even in the presence of TRAS, nephrectomy 

can be successful in decreasing elevated blood pressures in 

renal transplant recipients has been reported by others (5). 

We, however, observed a favourable effect of removal of both 

native kidneys in only 2 patients, in who previous surgical 

reconstruction of TRAS had not decreased the elevated blood 

pressure. 

In our series of 52 hypertensive patients with TRAS, pre

transplant bilateral nephrectomy had been performed in 28 

(54%). This did obviously not influence the clinical course 

of post-transplant hypertension, since the portion of ne

phrectomized patients was of comparable magnitude in the 

group of patients showing spontaneous improval of their hyper

tension (14/20) as compared to the group of patients in which 

such improval was not observed (8/17). 

The presence of the native kidney(s) can be of substantial 

value to many renal transplant recipients. Since tests for 

predicting the effect of nephrectomy on post-transplant hyper

tension with an appreciable amount of certainty are not avai

lable, and since data from the literature are inconclusive, 

we feel that removal of native kidneys for the treatment of 

post-transplant hypertension should not be liberally advocated. 

Chronic rejection 

Chronic rejection appears to be responsible for post-trans

plant hypertension in many patients (16,53), and is held res

ponsible for the close correlation between post-transplant 

hypertension and disturbed renal graft function by several 

authors (1,4,45,62). Since TRAS, too, can be associated with 
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both hypertension and a decrease in renal graft function, the 

differentiation between chronic rejection and TRAS is often 

very difficult. This applies especially to those patients in 

which elevated serum creatinin levels decrease after treat

ment of symptomatic TRAS with high dose steroids (32,52). Of 

course, the differentiation between TRAS and chronic rejection 

as the cause of post-transplant hypertension can be facilitated 

by histologic examination of renal biopsies. But since TRAS, 

as opposed to chronic rejection, has a relatively low incidence, 

a high index of suspicion is often lacking which, understandably, 

reduces the frequency with which biopsies are taken. 

That chronic rejection may well have contributed to the 

occurrence of hypertension in many of our TRAS-patients appears 

from our finding that, at 5 years after transplantation and 

in the presence of a functioning graft, the mean serum creatinin 

level in those patients having shown spontaneous improval of 

hypertension (irrespective of the mode of p~evious treatment) 

was normal (111.2 ~mol/1), whereas the mean serum creatinin 

in patients having shown no such improval was significantly 

worse (142.2 ~mol/1). 

Steroid therapy 

Although some older studies have suggested that prednisone 

(especially when given in high dosages after renal transplan

tation) may exert a hypertensive effect possibly by means of 

conversion to a mineralocorticoid (44,50), more recent studies 

failed to corroborate such observations (1,4,19,36,45). From 

our study, too, it appears unlikely that the usual maintenance 

dosage of steroids can be held responsible for the generation 

of post-transplant hypertension, since the blood pressure was 

observed to decrease with time in many of our patients being 

kept on the same dosage of steroids. 

Surgical treatment of 'transplant renovascular hypertension' 

Angiography, preferably using the Seldinger technique, is 

the keystone to the diagnosis of TRAS (2). Classification of 

a stenosis on the basis of its anatomic configuration as well 
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as its severity can be performed by means of angiograms only, 

preferably taken in different projections. Such classificatior. 

is important because results of surgical therapy are closely 

related to the type of the lesion. 

Different types of TRAS have been divided into two to five 

categories according to their anatomical configuration (6,13, 

17,47,55). For clinical purposes the division in two groups 

is the most convenient (13,17,55): 

Type aspect location etiology 

I angulation/kink anastomosis technical erro 

torsion/short before anastomosis atherosclerosi 

II segmental/longer beyond anastomosis immunologic ? 

smooth/tubular donor renal artery perfusion ? 

Type I stenosis is related to errors in surgical technique 

such as inaccurate suturing which can result in adventitial 

infolding, secundary platelet aggregation and thrombus forma

tion. Also angulation, kinking or torsion, especially after 

anastomosing the donor renal artery end-end to the internal 

iliac artery, can produce this type of stenosis. Occasionally 

proximal stenoses are caused by atherosclerotic lesions at 

the iliac bifurcation. Stenotic lesions can also be caused by 

vascular clamp trauma and subsequent distal embolization of 

thrombotic material, resulting in renal infarction, has been 

described (6,8,37). 

While type I stenosis is confined to the anastomosis or 

proximal to it, type II lesions may be located throughout 

the whole donor renal artery and its distal branches. After 

the first observation of this type of stenosis by Smellie, an 

immunologic origin has been suggested (53). A local rejection 

reaction in allografted arteries may damage the endothelium, 

and subsequent healing may result in stenosis because of fibro 

sis and intimal hyperplasia. But also spontaneous regression 

of such stenoses has been described in transplant patients 
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(2,3,13,18,58), as well as in non-transplant patients (18). 

Immunofluorescent studies, showing deposits of IgM and C 3 

in resected specimens, support an immunological etiology (17, 

55). Conceivably, both HLA AB matching and the number of 

rejection episodes might be related to these stenoses. However, 

we, like others (17), found mismatches nor rejection episodes 

conspiciously predominant among the patients with a type II 

stenosis. 

Segmental stenosis might also result from disproportionate 

growth between the renal artery and the renal parenchyma after 

transplantation of a pediatric kidney in an adult recipient 

(48). Finally, hypothermic pulsatile perfusion during preser

vation can damage the intima of the donor renal artery at the 

site of the tip of the cannula and beyond. Healing with fibrosis 

may cause TRAS located distally to the anastomosis (39,40,53, 

57). However, among our patients segmental stenoses were neither 

observed specifically in the renal arteries of pediatric donors 

nor in those of machine preserved kidneys. 

The percentage of renal artery reduction with which TRAS 

becomes of hemodynamic significance is unknown. Percentages 

varying from 50% (13,19,43,51) to 70% (47),75% and 80% (6,63) 

have been reported, but exact figures are often lacking. An 

additional lack in uniform criteria of hypertension makes it 

impossible to define the critical reduction in diameter for 

the generation of transplant renovascular hypertension. 

The main indication for surgical therapy of TRAS is post

transplant hypertension, after as many as possible other causes 

for hypertension have been excluded. In the literature 21 

series with 163 reconstructions have been reported (6,11,14,17, 

19,21,29,30,33,35,37,41,42,43,45,47,51,55,61,62,63). Cure or 

improvement of hypertension, sometimes with an additional 

improvement of renal function, was achieved in III (68%) patients. 

However, reconstruction can be hazardous, since in 32 patients 

(19.6%) the kidney graft had to be removed early.after operation 

because of thrombosis of the reconstructed renal artery. There

fore, medical therapy has been advocated by some as a safer 

mode of treatment (14). But this treatment, too, bears the 



202 

hazard of thrombosis of the stenotic artery (2,19,24), as we 

have also observed in one of our patients. After such an acute 

thrombosis previous hypertension can disappear (19), but this 

is not obligatory (15). Despite the lack of collateral circu

lation in transplanted kidneys, successful reintervention after 

acute thrombosis can be accomplished even after several hours 

of warm ischemia with at least a partial restoration of renal 

function (10,24,59). 

For reconstructive therapy a midline transperitoneal approacl 

to the renal artery is almost uniformly utilized (6,47). In the 

presence of a type I stenosis we favour, like other authors, 

resection of the stenotic segment with subsequent end-end re

anastomosis, or end-side anastomosis to the iliac artery. This 

can be done with a relatively low risk to the graft and little 

chance for residual stenosis. Results of surgical therapy of 

these stenoses are good since none of our patients operated 

on for type I stenosis lost the graft and only one patient had 

a recurrent stenosis which could be successfully repaired durin. 

a secundary operation. On the other hand, reconstructive the rap: 

for the segmental more diffuse type II lesion, can be very diff. 

cult. It is associated with a considerable risk of imperfect 

reconstruction resulting in thrombosis and loss of the graft, 

or recurrent stenosis encountered early after operation. Al

though venous patch plasties have been advised in this type of 

stenosis (6,17), most of the recurrencies seem to occur at the 

site of a venous patch due to progression of the disease (23) 

If extreme care is used in resecting all diseased or trauma

tized arterial tissue en in suturing only healthy artery (if 

necessary with interposition of autogenous vein or artery) the 

best results can be expected (23,21,33). Our own results sup

port these observations. Of 8 patients subjected to surgical 

repair of a type II stenosis, venous patch plasties were used 

in 4. Of these 4 patients, 2 lost their kidney graft because 

of renal artery thrombosis, and in 2 a residual stenosis was 

observed. 

Occasionally the stenosis seems to be caused by fibrous 

tissue compressing the renal artery from outside. Simple 
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dissection of the artery without vascular reconstruction can 

appear sufficient in some cases. Although success has been 

reported (6,30), this type of surgical repair is unreliable 

as it gives rise to many recurrencies (7,17,55). 

Recently, percutaneous transluminal dilatation has been 

advocated as an alternative to the surgical repair of TRAS 

(56). The initial results in 12 patients, most of them with a 

type II lesion, were very promising with only one (non fatal) 

complication (55). Although another recent study also provides 

evidence in favour of percutaneous trans luminal dilatation as 

the safe initial treatment for TRAS (63), failure resulting 

in loss of the allograft despite immediate surgical interven

tion has been reported, too (31). 

CONCLUDING REMARKS 

For the diagnosis of 'transplant renovascular hypertension', 

the demonstration of a causative relation between a renal artery 

stenosis and hypertension after transplantation is essential. 

This is conclusively demonstrated only by cure or improvement 

of hypertension following technically successful reconstruc

tion of the stenotic lesion. 

The selection of those hypertensive patients with TRAS who 

might benefit from surgical correction is difficult since the 

occurrence of 'transplant renovascular hypertension' is rare 

(1-5% ?) and its appearance is obscured by the presence of 

post-transplant hypertension in about half of all renal trans

plant recipients, while TRAS is present in at least 10% of all 

renal transplant recipients. 

Anatomic evaluation and classification by means of angio

graphy is indispensable. However, discrimination between lesions 

with and without hemodynamic significance is not always possible. 

Functional evaluation by means of renin determinations is neither 

decisive for the diagnosis, since potentially curable transplant 

renovascular hypertension can be present in the absence of ele

vated renin levels. 

Thus, diagnostic methods are not very reliable, probably 

because the mechanism causing transplant renovascular hypertensior 
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has not yet been clarified. In addition, many other, more 

common, causes of post-transplant hypertension with different 

mechanisms may coexist in the same patient. In more than half 

of our patients with TRAS, hypertension was caused or contri

buted to by rejection and occasionally by the presence of the 

patients native kidneys. Consequently, selection of patients 

for reconstruction should be based to a large extent on clini

cal data such as the severity of hypertension. 

The best results of surgical therapy are obtained with the 

type I stenosis. Thus, the presence of a type I lesion should 

facilitate the decision for performing surgical repair. 

Reconstruction of type II lesions is more difficult and 

surgical repair should be advised with reluctance since the 

risk of renal artery thrombosis or residual stenosis after 

reconstruction is substantial. 

If properly handled, TRAS need not interfere significantly 

with overall allograft survival. This appears from the actuarii 

graft survival of our 53 patients with TRAS (fig. 4). Results 

in these patients were favourable when compared with a group 

of 448 unselected cadaver transplants performed at Leiden 

during the same period of time. And when only the 51 cadaver 

transplants with TRAS were compared with 181 selected cadaver 

transplants (all having received one or more blood transfusionE 

and all with two or less HLA AB mismatches), grafts with TRAS 

did at least as well as those without TRAS. 
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TECHNICAL ASPECTS OF TRANS LUMINAL ANGIOPLASTY IN RENAL ARTERIES 

C.B.A.J. Puijlaert 

The success of trans luminal angioplasty of the iliac and 

femoral arteries has led to its use in other arteries, including 

the renal arteries. Since our first successful case in 1978 we 

have carried out 147 transluminal angioplastic procedures in 

renal arteries. Of 127 patients, 12 were treated bilaterally 

and in 10 the dilatation was repeated. The present account of 

the technique of dilatation is based on our own experience, 

but in accordance with nearly all other authors. 

PATIENT SELECTION, MANAGEMENT AND PREPARATION 

All patients are selected and treated in close cooperation 

with the Department of Nephrology. The indication for angio

plastic treatment is hypertension with angiographically demon

strated renal artery narrowing by more than 50%. Thus, patients 

are selected irrespective of age, renal vein renin ratio, plasma 

creatinine concentration, or results of renography. In all cases 

plasma creatinine, glomerular filtration rate, and electrolytes 

are measured and isotope renography performed. The ages of our 

patients have ranged from 25 to 67 years; both atheromatous and 

fibromuscular strictures have been treated. Indications and 

diagnostic procedures are discussed in the Chapter written by 

G.G. Geyskes. 

PRELIMINARY MANAGEMENT 

Patients are admitted 2-3 days before the procedure for 

baseline measurement of blood pressure (BP) taken with an 

automatic apparatus (Arteriosonde, Roche) and other parameters 

as indicated above. All patients are on 10% anticoagulation 
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with coumarin. Other authors recommend acetylsalicylic acid 

(500 mg twice daily) and dipyridamole (PersantineR 75 mg 4 

times daily), which give comparable results. On the day of 

the procedure patients are prepared in the routine manner for 

angiography. A 5% dextrose-saltinfusion is set up, blood is 

cross-matched. The procedure is only performed when a vascular 

surgeon and an operating room are available for an emergency 

intervention. Sedation and analgesia are given as for any 

other angiogram. 

HISTOPATHOLOGICAL BASIS FOR THE TREATMENT 

Several mechanisms have been suggested to actually effectua 

the dilatation. At the time, the general opinion is that the 

intima with the plaque is split and the wall is irreversibly 

stretched. The atheroma is pushed outward and according to 

some authors remodeled, flattened, compacted. Detritus and 

thrombotic material is squeezed out and can be the cause of 

emboli (Block 1980, Castaneda-Zuniga 1980, Fallon 1980, Wolf 

1981). Sometimes the dilatation goes so smoothly that the 

stenosis impresses as a thin web that is easily split. 

TECHNIQUE 

A bilateral approach is applied. Catheters are introduced 

into both iliac arteries. The catheter for dilatation is intro 

duced at the ipsilateral side, and a pigtail catheter for mid

stream (flush) angiography to assess the result radiographical 

is introduced at the contralateral side. 

Midstream angiography is the first step. 

It is performed at the outset to review the stenosis that 

can have progressed, and to provide a means for exact guidance 

Next, the pigtail catheter is withdrawn to the iliac artery 

where it remains available for control angiography. After the 

dilatation has been performed, another midstream control angio 

graphy is performed with the guide-wire in place, and, if 

necessary, a third control angiography is performed in the 

absence of the wire in order to assess the final result withou 

artifacts. 
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Catheters 

There are 2 main methods. Gruntzig uses a guiding catheter, 

that is placed before the stenosis in the renal artery to intro

duce a coaxial very small balloon catheter - as in coronary 

dilatation. The other method introduces the balloon catheter 

over a J-wire that is introduced in the renal artery via a 

cobra (or sidewinder, or other). We used this latter method 

in nearly all our patients, but we agree to the opinion that 

there are specific indications for the coaxial method. 

The balloon diameter is usually 4, 5 or 6 rom according to the 

estimated normal lumen. The balloon length 1,5 or 2 cm. At 

the time we use a 7F catheter, but earlier we used a 9F catheter. 

This latter one has more 'body' for being passed through the 

stenosis. 

Fluoroscopic contrast control 

All manipulations are carried out under fluoroscopic control 

with contrast injection around the J-wire using a 3-way stopcock 

(Ypsilon) (fig. 2). Injection is often very difficult but must 

be sufficient to localize the J-wire in a peripheral artery. 

A small syringe 1, 2 or 3 Luerlock is necessary to give enough 

power. The technique is best demonstrated in a schematic drawing 

(fig. 1, for legend see next page). 

Figure 1. 

(for legend see 
next page) 
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Fig. 1. Schematic drawing of procedure. 1 . Contralateral pig
tail in place for predilation midstream aortogram. 2a. Pigtail 
down; Cobra past stenosis. 2b. Alternative to 2a Sidewinder 
past stenosis. 3a. J-wire through Cobra or Sidewinder and 
anchored in peripheral branch. 3b. Alternative to 2a and 2b. 
Cobra or Sidewinder lies before stenosis and a child's J-wire 
is pushed past stenosis. 4 Catheter (Van Andel) over J-wire pa 
stEnosis and then adult J-wire in place of child's J-wire . 5 
Balloon over J-wire in stenosis . 6. Dilated balloon stretches 
stenosis, indentation disappears, wash-out test performed . 
7a. Balloon catheter withdrawn. J-wire stays in place. Pigtail 
up again for control midstream aortogram. Stenosis disappeared 
7b. If 7a is not absolutely clear, J-wire is withdrawn too; 
definitive assessment of success of dilatation by midstream 
aortogram. 

Fig. 2. shows the 3-way side-arm stopcock and the adaptor that 

permits flushing of the catheter with the J-wire in place. 

3 

t 

Fig . 2. The 3-way side-arm stopcock (Ypsilon). 
1. Adaptor to close off flow around guide-wire. 
2. Side-arm stopcock to inject contrast with: 
3. Small syringe to exert pressure with force. 
4. Adaptor balloon inflation with : 
5. Small syringe to inflate balloon. 
6. Large syringe to deflate balloon . 
7 . Balloon. Tip bent to direction of balloon adaptor. 
8 . J-wire. 
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Introduction of guide-wire through the stenosis (fig. 1: 2a to 4). 

A guide-wire must be introduced past the stenosis to guide 

finally the balloon catheter. The simplest way is to introduce 

this wire through a catheter that has passed the stenosis. This 

is the difficult part of the procedure. A Cobra or Sidewinder 

or other catheter is introduced into the femoral artery opposite 

to that used for the aortogram. An attempt is made to advance 

this catheter through the stenosis. This is nearly always possible 

with a Sidewinder or similar catheter which is essential when 

the renal arteries are sharply angled downward. We have not yet 

found an axillary approach necessary. The Sidewinder applies a 

greater force to the stricture. Whereas, so far, this has not 

led to complications in our experience, we always start with 

trying the simple Cobra first. 

If the catheter cannot be passed through the stenosis, one can 

try to introduce the J-guide through a Cobra catheter that stays 

before the stenosis (fig. 1-3b). If this fails, a smaller 

caliber guide (e.g. 0.021 inches) or a movable-core straight 

guide can be tried. This must be attempted with great care, 

since the tip can easily engage the wall and become intramurally 

positioned. Respiratory movement may help at this point of the 

procedure. 

Figure 3 (a,b) (for legend see next page) . 
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Fig. 3. Pat. G. m. 56 years 
Example of washout test and spasti< 
reaction to anchoring. 
A. Balloon with slight indentation 

inflated in stenosis: J-wire 
anchored in peripheral branch, 
that shows spasm. 

B. Contrast medium injected and 
arrested. See lesser flow in 
J-wire branch. 

C. Balloon deflated - contrastmedil 
washout, slower in J-wire brancl 

'Anchorage' of the J-guide (figs. 1-3a, 1-3b, 1-4 and fig. 3). 

Once the J-wire has passed the stenosis, it is advanced unti: 

it lodges in a peripheral branch. This requires great care as 

the J-bend stretches the vessel and may cause a spasm. Wall 

damage is possible if undue force is used. The recently intro

duced tight J-guide with small radius may be less traumatic 

in such cases. The movable core should be close to the tip of 

the guide. The introduction of this J-wire periferally gives 

rise to spastic reactions (without permanent sequelae). This 

spasm is probably the basic mechanism responsible for 'anchoragE 

Introduction of the ballooncatheter (fig. 1-5 and 1-6) . 

When the J-guide is anchored, the introducing catheter is 

carefully withdrawn and replaced by the ballooncatheter, the 

tip of which is first bent to a gentle curve (fig. 2). During 

this introduction the ballooncatheter tends to dislodge the 

J-wire, especially if the latter is inadequately anchored due 

to withdrawal of too much of the movable core. If the balloon

catheter will not pass the stenosis, a Van Andel catheter, 

which has a finely tapered tip, can be used as a dilatator. 

Balloon dilatation (fig. 1-5 and 1-6) . 

Once the ballooncatheter is appropriately positioned, contra~ 

is injected into the balloon and its inflation watched on the 



215 

fluoroscopic screen. A pressure of 4-6 atm is needed, but we 

have found visual control satisfactory. We use a 2mm syringe 

and test from time to time with a manometer, but not during the 

procedure. Since the balloon size is of primary importance 

while the pressure is only of secondary importance (if the 

balloon is too small even a very high pressure is useless), 

the pressure is adjusted to a level just sufficient for an 

appropriate expansion of the balloon. The use of a manometer 

during the procedure is cumbersome. A small syringe gives a 

high pressure , and a big one a lower pressure. Therefore, 

testing with a set is necessary and in case of changes of ma

terial even mandatory. The balloon is inflated for 10-15 seconds 

and then deflated. The deflated balloon is advanced a few milli

meters, inflated, deflated withdrawn a little and inflated 

again (etc. etc.). If necessary, the balloon catheter is exchanged 

for one of a larger diameter. 

Assessment of dilatation 

Although the final assessment is by midstream aortography, 

this is performed only when there is evidence of adequate 

dilatation. The following techniques are available for obtaining 

such preliminary evidence. 

Disappearance of the balloon indentation 

This may happen after only a few dilatations, but full disten

sion may take time and effort and can cause pain. The pain sub

sides after a number of careful distensions. When the indentation 

disappears, further assessment is undertaken. 

Washout of contrast 

Before dilatation a catheter often blocks the stenosis com

pletely and injected contrast remains within the renal arteries. 

After dilatation, a nice washout is a sign of success. One way 

to assess this is to inflate the balloon and inject contrast, 

which stays in the renal arteries; deflation produces an immediate 

washout (fig. 3). 

Xenon washout studies 

In a limited series (21) patients, xenon washout studies 

were carried out before and immediately after the dilatation 

procedure. Renal artery flow and the cortical fraction (fc) 
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show marked improvement in most cases (fig. 4). The results 

are currently being evaluated. In some complicated cases (a 

wedge infarction and temporary embolization) xenon washout 

studies indicated a reduced flow . At present each estimate 

takes 15 minutes, adding 30 minutes to the procedure. 

Fig. 4. m. 51 year BP 240/110. Angiogram (a+b) and Xenon 
renogram (c+d) before and after dilatation . The cortical 
flow rose acutely from 169 to 265. After 2 years the BP 
was still improved 170/95 . 
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Pressure measurements (aorta versus distal renal artery) 

represent another method for obtaining preliminary evidence 

of adequate dilatation. We have not used this method, however. 

The pigtail catheter may be used to measure the aortic pressul 
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Since the stenotic renal artery is partially closed off by 

the wire, pressure values before dilatation are of limited 

value. To remove, for this study only, the wire which was 

lodged with so much difficulty, carries the risk of failure 

of the dilatation procedure. But the postdilatation demonstra

tion of identical pressures in the aorta and distal renal 

artery may be interpreted as a sign of success. 

Definitive assessment of radiological result 

When these preliminary signs indicate sufficient dilatation 

the pigtail is again placed above the renal arteries and a 

midstream angiography is made. The J-wire is left in place, 

facilitating an eventual re-introduction of the balloon catheter. 

Often a larger balloon can be used if the midstream reveals 

insufficient dilatation, notwithstanding the good preliminary 

signs. When this midstream shows good result, the J-wire is 

withdrawn and a last midstream is performed, to show the final 

result without artifacts in the renal artery and the peripheral 

branches. 

Fig. 5 demonstrates a pre- and postdilatation midstream. Note 

the definitive situation on the left side without guide-wire 

and the semi-definitive situation on the right side where the 

guide-wire is still in place and pushes the renal artery in 

upward direction. 

Fig. 5c demonstrates the situation after 16 months: cleansing 

of the wall. This is an accidental photo. He make no late 

angiographic control as a routine. 
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Fig.5. Pat. female 62 years old. 
a. before Dotter 06-05-1980: bilateral severe stenosis BP 190; 
b. after Dotter: good visual result after one week: BP normal 
c. midstream 1~ y. later: 23-09-1981: bilateral good patency 

with slight residual stenosis: BP normal. 



RISKS AND COMPLICATIONS 

General 
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The usual risks associated with angiography are increased 

since many patients have atherosclerotic vessels, are hyper

tensive and are receiving anticoagulants. Moreover the proce

dure takes 2-3 hours and careful preparation including psycho

logical encouragement is required. Dehydration is avoided by 

the use of 5% dextrose infusion; thus, the intravenous line 

is available for transfusion if needed. Complications encoun

tered in the first 100 patients are shown in Table 1. 

Table 1. Complications observed in 100 patients (Boomsma,1982) 

1. Cholesterol emboli 

a. Mesenteric infarction 

b. Distal tibial 

2. Drop in bloodpressure (?) 

a. C.V.A. 

b. Myocardial infarction 

within 

1 week 

1 

1 

1 

2 

3. Renal parenchymal infarction 4 

4. Intramural (1 re-stenosis) 3 

5. Intima tear 6 

6. Puncture site bleeding 10 

7. Segmental stop (permanent 3) 6 

8. Creatinin rise> 25% (permanent 6) 16 

Distal embolization 

One sick patient in whom renal artery dilatation was under

taken as a last resort developed colonic bleeding; mesenteric 

occlusion was confirmed at autopsy. This was thought to be due 

to cholesterol embolization, probably due to the angiogram 

rather than to the dilatation. The renal artery dilatation was 

successful. Also another cholesterol embolization was seen, 

with less serious sequelae. 

Ruptured vessel with uncontrolled hemorrhage. 

We have prepared for managing this complication by arranging 
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that the vascular surgeon is prepared to intervene acutely, 

possibly by means of performing vascular reconstruction in an 

autotransplantation procedure. In another hospital a later 

bleeding caused a death; in another again the surgeon performe l 

a reimplantation 'a chaud'. 

Peripheral renal artery occlusion 

Six patients showed signs of peripheral occlusion, due eith 

to spasm, intimal injury, or embolization. In 3 the occlusion 

was permanent . In 1 of these a straightened J-wire had caused 

a perforation. (The most dangerous moment is when the J-wire 

leaves the catheter, before forming the J, especially if the 

renal artery curves upward and the tip of the catheter lies 

against the wall). The cause of the other occlusion was not 

clear. 

Fig. 6 shows a permanent occlusion. 

Figure 6. 

(for legend see 
next page) 
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Fig. 6. Pat. M. 57 years old BP 190/105 
A. Before Dotter: bilateral stenosis 
B. 2 weeks after dilatation of L.R.A. during dilatation of R.R.A. 

Midstream with J-wire in place. Bilateral dilatation of 
stenosis, but also occluded peripheral artery. L. with 
infarction. 

After 2 years: BP normal, renogram now normal, formerly 
retarded. 

Intraparenchymal contrast injection 

In 3 further cases a catheter was advanced too far beyond 

the J-guide. This caused local perforation and contrast medium 

was injected into the parenchyma; no permanent damage ensued. 

Intramural contrast injection 

In our second patient an intramural injection with a Gruntzig 

coaxial catheter led to a restenosis. In 2 intrarenal intramural 

injections no sequelae were seen. 

Complications at the puncture site 

Bleeding at the puncture site tends to be prolonged because 

of the large hole produced by the balloon and the anticoagulant 

therapy. We noticed that very slow withdrawal of the catheter 

that was originally done for the balloon, shortens the bleeding 

time. Quick withdrawal of catheters probably burns or polishes 

the intima. 

Changes in blood pressure 

A rapid fall in BP in a patient receiving high doses of 

antihypertensive medication can lead to severe hypotensive 

symptoms and requires careful postprocedural management. 

SUMMARY OF COMPLICATIONS 

In the first 100 patients mortality occurred in 3 patients, 

non-related to PTA itself. Major complications occurred in 4 

patients, and minor complications in 51. 

LEARNING THE PROCEDURE 

When compared to standard angiography, the number of technical 

manipulations required for performing trans luminal angioplasty 

of the renal arteries is much larger. This may explain that at 

our department as well as at other departments the risk of 
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complications encountered by each performer is greater during 

the first procedures while he is still lacking specific expe

rience. 

RESULTS 

The clinical results are of course the most important and 

will be presented in the Chapter written by G.G. Geyskes, but 

the radiological results guide the procedure. The correlation 

is not always a direct one, but some types of stenosis and 

dilatation can give more hope of success than the others. 

For instance, in atherosclerosis the result in non-ostial 

stenosis are much better than in the ostial aortic type (Sos 

1982). In fibromuscular dysplasia the results are often strikir 

but in the 'rosary' type the external contour stays irregular, 

even if the lumen is wide. 

The visual results in literature are shown in Table 2. 

Table 2. Direct technical, visual results in literature. 

Zeitler (1978) 

Ri ch te r e. a . ( 1 9 79 ) 
(collaborate study) 

Schwarten (1980) 

Martin (1981) 

Tegtmeyer (1981) 

Puijlaert (1981) 

Sos e.a. (1982) 

90% 

90% 

93% 

83% 

90% 

80% - 90% 

Arteriosclerosis 70% 

Fibrodysplasia 91% 



Our visual results are in the same order: 

Table 3. Direct technical results, University Hospital -
Utrecht, 1-8-1982 

Number of patients 127 

Number of dilatations 147 

Direct good visual result 126 
(after repeated dilatation 8) 

Insufficient dilatation 8 

No entry 8 

Other direct failure 5 
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A synopsis of the clinical results in the radiological litera

ture is given in Table 4. Details are discussed in the Chapter 

written by G.G. Geyskes. 

Table 4. Global clinical results in the literature (in %) . 

Schwarten (1980) 
lateralized 
non lateralized 
renal failure 

Martin (1981) 

Tegtmeyer (1981) 

Arteriosclerosis 
Fibrodysplasia 

92% 
95% 
65% 
25% 

66% 
83% 

75% 

Puylaert (1981) Arteriosclerosis 52% 

Paolini (1982) 

Sos (1982) 

Fibrodysplasia 95% 

Arteriosclerosis 
Unilateral 
Bilateral 
Fibrodysplasia 

75% 

53% 
75% 
21% 
82% 

cured 

44% 

22% 
83% 

35% 

48% 

44% 

40% 
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FOLLOW UP STUDY OF 70 PATIENTS WITH RENAL ARTERY STENOSIS 

TREATED BY PERCUTANEOUS TRANSLUMINAL DILATATION 

G.G. Geyskes 

INTRODUCTION 

Many physicians are reluctant to advise renovascular surgery to their adult 

hypertensive patients with renal artery stenosis. The reasons for this are obvious. 

Antihypertensive therapy in itself is a profylactic treatment and benefit is dif

ficult to assess. Not all successfully operated patients have an antihypertensive 

response and there is an immediate risk of morbidity and mortality due to the 

operation. 

Many years after the successful development of intraluminal catheter dilatation 

of periferal vascular disease by Dotter & Judkins 1 in 1964 dilatation of renal 

artery stenosis has been reported by Grlintzig et al2 in 1978, using a modified 

technique with an inflatable ballooncatheter. After this first report many other 

successful ballooncatheter dilatations of renal artery stenosis have been published 

as well in patients with atheromatous as fibromuscullar lesions, but is it always 

so succesfull? We report here our results of all 70 patients with hypertension 

and renal artery stenosis, not selected on clinical or laboratory criteria, treated 

with this technique in our institution in the period April 1978 until April 1981. 

PATIENT SELECTION AND METHODS 

In the period April 1978 until April 1981 all patients with an estimated 50% 

or more renal artery stenosis at arteriography were treated with percutanious 

transluminal angioplasy (PTA). The patients were selected on arteriographic crite

ria only, irrespective clinical or laboratory criteria used for selection of candi

dates for surgery as age, overall renal function, split renal vein renin ratios or 

asymmetrical secretion at IVP or at l31I-hippurate renography. No patients with 

an estimated >50% renal artery stenosis at arteriography has been rejected for 

PT A in that period. Indications for performing a renal arteriography are beyond 

our scope because about half of the patients have been referred to from other 

hospital were the arteriography was done, but all patients did have hypertension 

that was difficult to manage with antihypertensive medication. Pediatric patients 
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have not been treated, the age range of our patients was 23-70 years. At arterio

graphic criteria 21 patients had fibromuscular dysplasia, 49 atheromatous lesions. 

Evaluation before PTA 

Besides the routine clinical and laboratory evaluation the following studies 

were done before PTA. 

PRA in both renal veins and vena cava proximal from the renal veins (during 

continuations of the antihypertensive rnedication, only interrupted on the day 

of the investigation before the blood was taken, but always after at least three 

days low sodiurn «50 rnmol/24hr) diet. PRA was determined with a rnodification 

of the Haber method3. 

R h " hi" f 131 1 d" h" I "" h enograp y Wit computer ana YSls 0 0 me- Ippurate rena scmtlgrap y. 

The supine blood pressure before PTA was calculated as an average of six 

determinations, two groups of three blood pressure measurements with the Arterio

sonde Roche, with one minute interval after three rninutes lying on two different 

days, during continuation of the eventual antihypertensive rnedication. This was 

done at the clinic and on the first day of hospital admission with the exception 

of those patients who were already adrninistered at the hospital when the 

diagnosis renal artery stenosis was made. In those patients the average supine 

blood pressure was calculated from six separate supine measurements on two 

days, taken by nurses on the ward. 

Patients received anticoagulant therapy with cournarine. When prolongation 

of the prothrornbinc tirne is less than twice on the day before the PTA, dipy

ridanol 75 rng t.i.d. and acetyl-salicylic acid 80 rng is given on the day of the 

PT A. The antihypertensive rnedication is discontinued the evening before PTA. 

T echnigue of PTA 

Initially a midstrearn aortograrn is rnade. The pigtail is withdrawn to the iliac 

artery. A GrUntzig fernural balloon catheter, diarneter 4.5 to 6.0 rnrn according 

to the estirnated lumen, length 1.5 or 2 crn is placed in the stenosis and the balloon 

is inflated several tirnes, between inflations the balloon is replaced a few rnil

Iirnetres. When the indentation of the stenosis disappears and there is a good 

washout of contrast during deflation the balloon is withdrawn (a J-wire remains 

in position) and a control aortagrarn or selective arteriogram is rnade. In case 

of insufficient result the dilatation is repeated. We have not used pressure gra

dients, but rely on fluoroscopic control. More detailed inforrnation on our tech

nique and the anatornical results has been published elsewhere 4. 

After PTA 

Antihypertensive rnedication is restarted if necessary. Sorne patients need 
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i.v. fluid because of hypotensive periods. After mobilisation patients are dischar

ged 2-4 days after the PTA and are seen one week thereafter at the clinic. At 

that time antihypertensive medication is adapted dependent on their blood pres

sure control, but care is taken that they never receive more drugs or higher 

dosages of the drugs as they received before the dilatation. The following visit 

to the clinic is 6 weeks after PTA, at that time the study of blood pressure, 

renography, and serum creatinine were repeated as before PTA. In case of no 

result of the PTA on the blood pressure the observation was finished and 

patients were given appropriate antihypertensive medication. In all other cases 

(cure or improvement of the blood pressure) the observation was continued till 

the end of this study (May 1982, length of observation period 1-4 years). During 

this observation period care was taken that their medication was unchanged, 

eventually at a lower dose or discontinued, but never increased in dosage or 

changed to other drugs to be sure that the decrease of the blood pressure was 

caused by the PTA only, not by an improvement of antihypertensive drug regime. 

All patients were continued on oral anticoagulated therapy during an arbitrary 

chosen period of 6 months after PTA. 

Criteria for changes in blood pressure 

Patients are divided into three groups according to their change of the blood 

pressure due to the PTA. The criteria are derived from the USA cooperative 

study of renovascular hypertension5: cured = diastolic blood pressure < 90 mmHg 

with a decrease of > 10 mm Hg. Improved = diastolic blood pressure> 90 rnrnHg 

but < 120 mmHg with a decrease of > 15%. All patients whose blood pressure 

changes did not fulfill both criteria are classified as no result. 

In their study Maxwell et al.5 measured the blood pressure always without 

antihypertensive medication. In our group of cured patients, all patients were 

also off medicati'on after PTA and thus fulfilled Maxwell's criteria. But when 

to decide no result or improvement of the blood pressure after PTA we modi-

fied the criterium> 15% decrease of the diastolic blood pressure for improve-

ment, because some patients did not have a 15% decrease of their blood pressure, 

but did have less medication. We therefore considered discontinuation of a diuretic, 

betablocker, vasodilator or sympatholytic drug regime equivalent with a 5% decrease 

of the blood pressure and added this percentage to the percentage of real 

pressure change. For improvement of blood pressure the criterium diastolic blood 

pressure> 90 and < 120 mmHg was maintained. 
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TABLE 1. Effect of PTA on the blood pressure of all patients and patients 
divided in subgroups according to the localisation or type of their lesion(s). 

number 

* All patients 65 

Unilateral RAS 46 

Bilateral RAS 
** one side PTA 6 

both side PTA 9 

Single kidney with RAS 2 

Segmental artery 
stenosis 2 

Fibromuscular 21 

Atheromatous 44 

blood pressure after PTA percentage 

no change improved cured cured and 
improved 

22 

15 

1 
4 

2 

2 

21 

29 

17 

5 
5 

o 

o 
10 

19 

14 

14 

o 
o 

o 

o 
10 

4 

66 

67 

66 

95 

52 

* 5 of the total of 70 patients were excluded from this analysis: patient died 
shortly after PTA because of cholesterol emboli; 2 patients had PTA of a 
stenosis in their best kidney, the other small kidney had an occluded artery 
and a high renine production, both patients were normotensive (cured) after 
nephrectomy of their small kidney; 2 other patients had glomerulonephritis 
with a creatinine clearance < 20 ml/min, PTA had no effect on their blood 
pressure. 

** these patients had a stenosis, but <50% in the artery of the contralateral 
kidney that was not dilated 

TABLE 2. Effect of PTA on the blood pressure of the group patients with 
atheromatous lesion(s), grouped according to age or overall renal function. 

number 

* All patients 44 

age <55 years 20 

>55 years 24 

serum creatinine 
<I20 flmol/L 20 

> 120 flmol/L 24 

age <55 years and 
[creat] < 120 flmol/L 12 

age> 55 years and 
[creat] > 120 flmol/L 16 

blood pressure after PTA percentage 

no change iniproved 

21 19 

10 9 

11 10 

10 8 

II II 

7 5 

8 7 

cured· 

4 

3 

2 

2 

0 

cured and 
improved 

52 

50 

54 

50 

54 

42 

50 

*Of these 44 patients the localisation of the stenosis was: unilateral 29, 
bila teral 12, single kidney 2 and segmental 1. 
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RESULTS 

Effect of PTA on the blood eressur~jn different eatient groups 

The effect of the PTA on the blood pressure at the end of the observation 

period is given in table I and 2. In this analysis 5 out of 70 patients were ex

cluded for several reasons: one died three days after the PTA from colonic 

bleeding due to extensive cholesterol emboli (see complications). Two patients 

underwent a PTA of a renal artery stenosis of their best kidney, the other srnall 

kidney had an occluded artery and a high renin production. Their blood pressure 

was elevated because of the small kidney, dernonstrated by the fact that both 

patients became normotensive after nefrectorny of the small kidney. Therefore 

the effect of the PTA on their blood pressure could not be assessed. Two other 

patients had biopsy proven glornerulonefritis with a creatinine clearance less 

then 20 ml/min, the PTA had no obvious effect on their blood pressure but the 

hypertension after the anatomical successfull PTA could be dependent on their 

renal parenchymal disease. In conclusion these five patients were excluded be

cause their blood pressure after PTA could not be assessed (the deceased 

patient) or could be attributed to another still operative hypertensive pathophy

siology. 

Complete cure of the hypertension was found only in patients with an uni

lateral lesion and predominantly in patients with a fibromuscular etiology of the 

stenosis (10 of the 21 patients with fibromuscular dysplasia). Differences in dis

tribution of the nurnber of patients with no change, improvement or cure of their 

blood pressure after PTA, when analysed for the patients with unilateral with 

regard to bilateral stenosis with the chi square test yielded no statistical sig

nificant difference in no change or improvement, but a significant difference 

in cured patients: 14- in the unilateral, 0 in the bilateral group (x 2 = 6.82, Y = 2, 

p<0.033, n = 61). The same analysis of the group patients with fibromuscular dys

plasia in regard to atheromatous lesions yielded a signifant difference in the 

distribution of patients in the groups no change improvernent or cure of the blood 

pressure that could attributed predominantly by trend (x 2 = 17.61, 3=2, p<0.00015, 

n = 65). In other words, in the group patients with fibromuscular lesions more 

cure and less no change of the biood pressure then in the group with atheromatous 

lesions. 

In the group of 21 patients with fibromuscular lesions 17 had an unilateral 

stenosis of which cure was obtained in 10 patients, while in the group of 44-

patients with atheromatous lesions 29 had an unilateral stenosis of which only 

4- had a cure of the blood pressure. Therefore the cure rate seerned to be rnore 
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dependent on the type of the lesion then on uni- or bilateral localisation. As 

shown in table 2 age and overall renal function did not influence the effect of 

PT A on the blood pressure in the group patients whith atheromatous stenosis: 

The percentage cure and improvement of all patients was even higher in the 

group of 16 patients with an age of >55 years and a serum creatinine concen

tration of > 120 rnicrornol/L then in the group of 12 with an age of <55 years 

and a normal serum creatinine concentration of <120 micromol/L: 50% and 42% 

respectively. Better results in younger patients with normal renal function found 

at first sight overviewing all patient disappeared again when the patients were 

divided according to their type of arterial stenosis. During the days in hospital 

directly after PTA the blood pressure was variable, decreased in most patients, 

but this did not predict the ultimate course of the hypertension. 

Renal venous PRA quotient 

In 37 of the 46 patients with unilateral RAS the renal venous PRA was deter

rnined. These quotients of patients with cure, improvement or no result of the 

blood pressure are given in figure 1. Of the 37 patients (with arteriographic prove 

renal artery stenosis of more then 50%) this quotient was> 1.0 in 32 patients 

(= 87%). When the quotient was >2.0, 9 patients had improvement or cure and 

2 no change of the blood pressure; when the quotient was < 1.0; one patient was 

cured, one irnproved and three showed no change of the blood pressure. While 

there is a slight, but not statistical significant, difference in the distribution 

of patients with cure and irnprovement as to no change of the blood pressure 

in the outer margins of this quotient, determination of the renal venous PRA 

quotient had only very limited predictive value on the effect of PTA on the 

blood pressure in this group of patients (fig. I). 

Renographr 

In 32 of the 46 patients with unilateral renal artery stenosis comparable reno

grams before and six weeks after PTA were obtained. Two characteristics of 

the renography were analysed: the difference in time to peak of the affected 

- contra- lateral kidney in minutes and the relative hippuran uptake of the 

affected/the total uptake in percentages. As shown in figure 2 and 3 these 

parameters were predominantly (but not always) abnormal on the renogram before 

PT A. However, the data shown the groups patients with cure or improvement 

and with no result are overlapping in such extent that no prediction of the out

come of the PRA on the blood pressure can be derived in the individual patient. 

After PTA the difference in time to peak became shorter in 20 of the 32 

patients. This shortening of the difference in time to peak after PTA did correspo 
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PRA QuOtient stenOSQ:d 
contralateral 

I 
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FIGURE 1. Predictive value of the renal ve nous renin ratio on the blood pressure 
response to PTA in 36 patients with unilateral renal artery stenosis. 

Time to peak sten-cont r. 

6 -I numbe r of 
pat ients 
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J 
31 
21 
,I 

I 

no~ma l 

4PO 5.00 

~cured 
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FIGURE 2 and 3. Renography before PTA in 32 patients with unilateral RAS: 
predictive value of time to peak stenosed minus contralateral kidney (figure 2) 
and relative hippuran uptake in the first 2 minutes stenosed/total kidney. 

minutes 
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FIGURE 3. (for legend se e figure 2). 
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significantly with the improvement of the blood pressure (p<O.05): 17 of the 23 

patients with cure or improvement of the blood pressure had a shortening of 

the difference in time to peak as to 3 of the 9 patient with no result of the 

PRA on their blood pressure. The relative hippuran uptake increased in 24 of 

the 32 patients after PRA, but this increase did not c orrespond with the result 

of the PTA on the blood pressure: it increased in 16 of the 23 patients with 

cure or improvement and in 8 of the 9 patients with no result. 

A shortening in the difference of time to peak and an increase of the relative 

hippuran uptake are both indicators of an improveme nt of the renal blood flow 

in the affected kidney after PTA. As can be seen from these data renography 

frequently shows a decrease of the blood flow of the stenosed kidney and an 

improvement of the renal blood flow after PTA, but renography in this group 

of patients is a poor predictor of the ultimate blood pressure response. 

Complications of the procedure 

In all 70 patients the balloon could be placed in the stenosis and at arterio

graphy immediately after sometimes several inflations a dilatation of the stenosis 

was seen in all patients, although some irregularity of the arterial wall always 

remained visible. In 5 patients a subintimal contrast injection and in 2 patients 
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extravasation of contrast in the kidney was seen. Ten patients had disappearance 

of contrast flow in a segmental artery with a visible infarct on a renal scinti

graphy three days after the PTA in one of them. With the exception of this last 

patient these complications did not influence the kidney function or the blood 

pressure response after the PTA, no renal infarcts could be detected at control 

renal scintigraphy in the other 9 patients with segmental artery disappearance, 

probably due to spasm. The patient with the infarct had no change of his blood 

pressure, his plasma creatinine did not Change. Inguinal hematoma's, although 

temporarely bothersome for many patients, disappeared without definitive lesions. 

Other complications are those frequently seen after renal arteriography such 

as back pain, vomiting and a slight increase of serum creatinine concentration 

that lasted only three days after the PTA. 

Two patients had a more severe complication: microcholesterol emboli. Both 

patients developed an ischemic skin discoloration with intact periferal pulsations. 

Their kidney function deteriorated and the blood pressure increased temporarely. 

One of them, a man of years died suddenly in severe shock, at postmortem 

massive blood loss in a necrotic colon was found; microcholesterol emboli of old 

and recent origin were seen in both kidneys and in all tissues of the lower half 

of his body. All the large arteries showed a severe atheromatosis, and there was 

a dissecting aneurysm of the abdominal aorta that was already seen at the arterio

graphy. The other patient, a man of years, survived but the decrease of his kidney 

function became definitive. A skin biopsy from one of his legs showed micro

cholesterol emboli. He developed many painfull ulcerations on both legs that 

healed very slowly the following months. On one side, but the other leg had to 

be amputated two months after PTA. 

DISCUSSION 

While Zeitler and MUller6 in 1971 were the first to report catheter dilitation 

of a renal artery, general interest in this field was initiated by the paper of 

Gruntzig et al. in 19782• Describing a successful dilitation of an atheromatous 

renal artery stenosis with the inflatable balloon catheter of fixed diameter as 

developed by the authors. Many case reports of successful dilatation in 

patients with renal artery stenosis of different origin appeared in the literature: 

fibromuscular dysplasia 7, stenosis in the artery of transplant recIPlants8 and 

splenorenal shunt anastomosis9• Follow up studies of small groups of patients 

were reported in 1979, larger groups are reported during the following years: 

Tegtmayer 10 treated 38 patients (50 stenosed arteries). The hypertension was 
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cured in 16, improved in 18 and no result was seen in 4. Angiography done 3 months 

after the first PTA reocurrence of the stenosis was seen in 22%. This was redilated 

with an immediate anatomical success rate of 48%. The overall percentage of cured 

and improvement of blood pressure being 90%. The defenition of improvement of blooe 

pressure in this study is not well defined: greater ease in controlling the blood pressl 

with antihypertensive medication. This probably could influence the high percentage 

of good results. Grim et al ll reported 26 patients with renal vascular hypertension 

(selected on significant renal vein renin quotient) treated with PTA. Of ten patients 

with fibromuscular dysplasia seven were cured, two improved and one needed nephrec 

tomy because of a thrombosed renal artery. In 16 patients with atheromatous lesions 

repeated angiography done in 12 patient showed reoccurence of stenosis in 11 

patients and a segmental part in one patient. In this group only one patient was cure, 

in the other patients blood pressure was well controlled with antihypertensive medi

cation after repeated dilatation in 8 patients. The percentages of benefit thus being 

90% in the fibromuscular and 65% in the atheromatous group. Their results confirmed 

the efficacy of PTA in the treatment of fibromuscular renal vascular renal hyperten

sion, but the authors concluded that the utility of the procedure in atheromatous 

disease remains to be established. In their and in our studies results are obvious bettE 

in patients with fibromuscular dysplasia when compared with atheromatous lesions. 

When patients are cured it can be concluded that a sufficient anatomical and func

tional repair has been achieved. When no result or only improvement of the blood 

pressure is obtained, the question remains whether of the PTA did not increased 

the diameter of the artery enough to allow a normal blood flow to the kidney 

or wether the PTA has been successful but the hypertension has been caused 

by another pathophysiology after and even before the PTA. We have not exten

sively investigated this interesting problem. When the ateriography directly after 

PT A shows sufficient improvement (a stenosis of less than 50%) and the reno

graphy six weeks after PTA did not show a significant delay in the time to peak, 

eventual an improvement of the difference in time to peak when compared with 

the renography before PTA, we decided that PTA had improved the blood flow 

to the kidney and that the remaining hypertension probably had another origin. 

But of course it can be different in some patients. Recently we have started 

to investigate patients of this study with digital venous imaging, a technique 

that is very promising as a control of PTA because a relative good image of 

the renal arteries can be obtained after intravenous contrast injection. Although 

its exact reliability has to be proven yet, we did not find more than 50% stenosis 

in twelve patients investigated so far. In the period of observation we have not 
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seen any cured patient with reoccurence of hypertension, nor have had to change 

patients with initial improvement of the blood pressure to the group of no result 

later during follow up. This differs from the experience of Tegtmayer and Grim 1 0,11 

who did find reoccurence of the stenosis in a considerabel amount of patients, 

especially in their atheromatous group. However, their criteria for reoccurence 

were not always on reoccurance of hypertension, but also on angiographic grounds 

sustained by repeated pressure gradient measurements during control angiography. 

The absence of recidives of hypertension in our series could probably be due 

to prolonged (six months) post PTA anticoagulant therapy because of the well 

known role of thrombosis on a damaged intima in the initiating of atheromatous 

lesions. 

Improvement of renal function was seen only in the two patients with single 

kidneys, their serum creatinine before and after PTA were 255/140 and 230/160 

Ilmol/L respectively. In some other patients serum creatinine came slightly lower 

after PTA but this could be attributed also by discontinuation of antihyperten

sive medication, especially diuretics. 

The disappointing predictive value of the renal vein renin quotient on the 

success rate of PTA on hypertension did depent mainly on relative high number 

of patients with low renin ratio who's hypertension still did improve or even 

cure (false negative test results). This could easely be thought to be caused by 

inappropriate conditions during the collection of renal venous blood, but Marks 12 

and LUscher 13 did have the same experience in patients who underwent renal 

vascular surgery. Although more patients will respond to correction of the renal 

blood flow when the renin quotient is high, it seems not justified to withhold 

the procedure from patients with a low renal vein renin quotient in view of the 

low morbidity of PTA. The same holds for findings at renography and other 

criteria as age or overall renal function that we· analysed as well separately 

as in several combinations, the only predictive criterium that emerged very clearly 

was the type of the lesions: an important better result in patients with fibromus

cular lesions and a higher cure rate in unilateral stenosis. Most probably the group 

of patients with atheromatous renal artery stenosis contains a considerable amount 

of patients with essential hypertension and/or do have more arterioler affection 

in the contralateral kidney. However, the role of the latter is to some extend 

contradicted by the fact that no differences have been found in our group with 

atheromatous lesions between the two groups with normal and abnormal overall 

renal function. The results of this study encourage the use of PTA in all patients 

with hypertension and renal artery stenosis with the exception of patients with 
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severe atheromatous disease of the aorta, in whom the ± 50 % change of improve. 

ment of the blood pressure should be balanced against the risk of cholestrol 

emboli caused by the catheterisation. 
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TREATlIENT OF RENAL VASCULAR HYPERTENSION: A COMPARISON OF PATIENTS 
TREATED BY SURGERY OR BY PERCUTANEOUS TRANSLUlUNAL ANGIOPLASTY. 

C.E. Grim, H.Y. Yune, J.P. Donahue, M.H. Weinberger, R. Dilly and 
E.C. Klatte. 

This report is an analysis of our experience with percutaneous 

transluminal angioplasty (PTA) of renal artery stenosis associated 

with hypertension and an abnormal renal vein renin ratio. In order 

to provide a suitable database for comparison we have reviewed our 

experience with surgical management of this disease during the last 

ten years (1). 

Patient Selection. All patients had persistent hypertension with 

a diastolic blood pressure greater than 100 mm Hg and a renal vein 

renin ratio greater than 1.5/1 (involved/uninvolved or least in

volved). Renal vein renin measurements were nearly always made 

following a 24 hour period of sodium and volume depletion using 

Lasix (40 mg po at 10:00, 14:00 and 20:00 hours) on the day before 

the renal vein renin sampling. On this same day fluid intake was 

limited to 25 ml/kg body weight and sodium intake was limited to 

10 mEq (2). 

Patients were classified as having atherosclerotic renal artery 

disease if the lesion(s) occurred within the first cm of the renal 

artery orifice and was associated with visible atherosclerotic 

disease of the abdominal aorta. The lesion(s) were classified as 

due to fibrodysplastic disease if they did not meet the criteria 

for atherosclerotic disease and had the typical appearance of a 

fibrodysplastic lesion. 

A patients was defined as cured if the blood pressure was equal 

to or less than 90 mm Hg at the time of follow-up in the absence 

of antihypertensive therapy. The majority of the surgical patients 

have been followed for at least 4 years (mean 4.3, range 1-8 years) 

after the original surgical procedure. Those treated by PTA have 

been followed for 2 years (range 4-48 months). A patient was de

fined as improved if the blood pressure was usually less than 100 
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mm Hg with or without treatment. A patient was defined as failed 

if, after treatment, no change in the need for antihypertensive 

therapy was noted at yearly intervals. 

RESULTS 

Atherosclerotic disease (see Table 1). A total of 44 patients 

were treated by surgery and 25 by PTA. Only 5 (11%) were cured at 

four years with surgery and only 1 (4%) has been cured by PTA at 

two years. In contrast 34 (77%) and 9 (36%) were improved by sur

gery or PTA respectively. Following surgery 3 patients were classi

fied as failures. One patient had a documented thrombosis and 2 

developed severe progression on the contralateral side in 6 months. 

An additional 5 patients developed a graft thrombosis but were im

proved following nephrectomy of the bypassed kidney. Two patients 

died during follow-up (one died of a myocardial infarction and 

one committed suicide). Of the total 15 patients who had a nephrec

tomy, 10 were done at the time of original surgery. PTA resulted 

in an improved classification in 9 (36%) of the patients. Two 

patients have developed a thrombosis of the dilated renal artery 

after PTA (1 year and 2 years). When the cure and improved classi

fication were combined those patients who had surgery were more 

likely to benefit from treatment than those who had PTA (P < .05). 

TABLE 1. 

First 4 year results in all types of atherosclerotic renal 
artery disease. 

n 

Surgery 44 

Dilation 25 

Cure 

5 (11%) 

1 (4%) 

Improved 

34 (77%) 

9 (36%) 

Fail 

3 (7%) 

15 (60%) 

* All deaths in patients with single kidney 

Nephrectomy 

14 (32%) 

5 (20%) 

Deaths 

2 (4.5%) 

5*(20%) 
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Fibromuscular disease (see Table 2). A total of 40 patients 

had operative management of their disease and another 17 were 

treated by PTA. With surgery 18 (40%) were cured and 18 (40%) 

were improved. These results are significantly different from 

those treated by PTA (8 cured (47%) and 6 (35%) improved). A 

total of 15 patients (30%) treated by surgery required a nephrec

tomy as a primary procedure or after renal artery graft thrombos: 

(n = 7). All renal artery thromboses occurred during the first 

year. Two patients have died in the surgical group, one from 

an arrhythmia 2 weeks after surgery and one of carcinoma of the 

ovary 10 months after renal artery bypass surgery. The three 

patients who have failed after PTA are interesting. One was docu' 

mented as having a recurrence and was dilated a second time but 

continued to have hypertension. The second patient has persisten 

distal disease seen on follow-up study that could not be reached 

by a PTA catheter. The third patient developed a renal infarct 

in the segment branch dilated and continues to be hypertensive. 

TABLE 2. 

First 4 year results in all types of fibromuscular disease 

Surgery 

Dilation 

DISCUSSION 

n 

40 

17 

Cure 

18 (40%) 

8 (47%) 

Improved 

18 (40%) 

6 (35%) 

Fail Nephrectomy Death 

4 (10%) 

3 (18%) 

15 (38%) 

1 (6%) 

2 (5% 

o (0% 

We have previously reported (3) the contrasting response to 

PTA of renal artery stenosis due to atherosclerosis to that due 

to fibrodysplastic disease(s). Others have noted similar contras 

ting cure rates following surgical treatment (4). While we were 

(and still are) discouraged by our long term cure rate following 

PTA of atherosclerotic renal artery stenosis causing hypertensio 

the current results suggest that even with surgical treatment th 

chance of curing the hypertension for 2 or more years is small. 

In the patients with atherosclerotic disease our response to PTA 
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may be biased in that the majority of our patients had athero

sclerotic disease that involves the aortic wall and since Cicuto 

has reported that no patient has a successful long term response 

to PTA whose lesion involved the aortic wall (5). The only patient 

who has been cured at 2 years had a lesion that did not involve 

the renal orifice. In view of these results we believe that pa

tients who have lesion involving the aorta should not be treated 

with PTA but should be managed by medical therapy. Patients who 

cannot be controlled or who demonstrate decreasing kidney size 

should be considered for surgical therapy. 

Our results in fibrodysplastic disease are more encouraging. 

It appears that PTA may be as likely as surgery to result in cure 

or improvement in blood pressure control. Since PTA has only rarely 

resulted in renal artery thrombosis, surgical treatment may still 

be undertaken if PTA fails. We favor an attempt at PTA before sur

gical therapy is considered. However, renal artery bypass has been 

shown to be a long-lasting procedure in most patients and success 

of at least 20 years has been reported. The long term success with 

PTA in renal artery stenosis must await continued follow-up. Be

cause of the diversity of lesions that can occur in the fibrodys

plastic diseases a multicenter registry of the results of PTA in 

these patients will be required before reliable predictions of 

response to PTA can be made. 

SUMMARY 

The blood pressure response to surgery or percutaneous trans

luminal angioplasty (PTA) was determined an average of two years 

after treatment. In atherosclerotic disease, 39 of 44 patients 

benefited from surgery but only 10 of 25 patients treated with 

PTA benefited. In fibrodysplastic disease both treatments were 

likely to improve the blood pressure. However, surgery resulted 

in a 38% rate of loss of the operated kidney. The response to 

PTA or surgery is strongly influenced by the etiology of the lesion 

being treated. 
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RENOVASCULAR HYPERTENSION: THE MEDICAL POINT OF VIEW. 

C.E. Grim 

In summarizing the major points of this symposium on renal 

vascular hypertension, I will concentrate on screening tests, 

tests to determine if a lesion is causing the hypertension and 

a discussion comparing medical therapy to surgical therapy and 

percutaneous trans luminal angioplasty (PTA). 

Screening tests for renovascular hypertension include demo

graphic characteristics, physical examination findings, bio

chemical and pharmacologic testing and radiographic procedures. 

Drs. Maxwell, Overbosch and Hillman presented detailed reviews 

of all of the available tests that can be done. From the plethora 

of tests available the clinician must decide upon a strategy that 

best fits his (her) practice. The goal of such a strategy should 

be to minimize risk and cost to the patients and still identify 

the majority of those patients who will benefit from knowing that 

the cause of their hypertension is renal artery stenosis. The 

patient can benefit from this knowledge if it leads to more spe

cific and satisfactory antihypertensive medical therapy with con

verting enzyme inhibitors. Furthermore, when the clinician knows 

that renal artery ,stenosis is causing the patients' hypertension 

it is important to closely monitor such patients to detect pro

gression of the renal artery stenosis that may mandate surgical 

intervention or PTA to prevent further loss of kidney function. 

Finally, the patient may benefit by having his hypertension cured 

These studies were supported in part by grants from the u.S. 

Public Health Service (HL 14159). Specialized Center of Research 

(SCOR) in Hypertension (RR 00750), General Clinical Research Center 
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by corrective surgery or PTA. 

All authors at this symposium agreed that the "gold standard" 

for the anatomical diagnosis of RVH is a high quality transarte

rial aortogram with lateral views to. visualize the astia af the 

renal arteries and bilateral selective studies to. identify seg

mental renal artery lesians. Hawever, since it is abviausly nat 

po.ssible to. perfarm renal arteriagraphy an every hypertensive 

patient, a strategy that minimizes the number af patients who. 

undergo. renal arteriagraphy shauld be develaped which also. maxi

mizes the number af patients in wham renal artery stenasis is 

diagnased. Such a strategy that we have faund applicable to. the 

autpatient evaluatian af patients far secandary farms af hyper

tension is aut lined in Figures 1 and 2. This algarithm includes 

much af the infarmatian presented at the sympasium and is also. 

based an data abtained in aver 1,000 patients studied at the 

Indiana Hypertensian Research Center (1-4). In renavascular 

hypertensian this algarithm shauld identify appraximately 90% 

af renavascular hypertensive patients and shauld have a false 

pasitive rate af anly 10% (See Table 1). This strategy allaws 

the clinician to. select the patients mast likely to. have RVH 

fram the ather majar causes af secandary hypertensian, i.e. 

estragen ar birth cantral pills, caarctatian af the aarta, 

pheachromacytama and primary aldasteranism. It can be applied 

to any hypertensive patient who. needs therapy and who. has a 

narmal blaad urea nitragen, creatinine clearance and urinalysis. 

See Figure 1. 

Block 1: Every hypertensive female shauld be asked abaut aral 

contraceptive pill (BCP) ar estrogen ingestian since these can 

cause mild, maderate or severe hypertensian. If present (Block 2) 

these medicatians shauld be stopped far 3 manths and the blaod 

pressure observed. If it decreases to. normal ar decreases signi

ficantly by three months the diagnasis af BCP ar estragen hyper

tension can be assumed (BZock 3). If it daes nat decrease at all 

during this time further study as to. the cause af hypertensian 

may be needed. 

BZock 4. If a radial-femaral pulse lag is felt ar if the 

blaad pressure is lawer in the legs than in the arms then the 
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patient must be evaluated for aortic coarctation (Block 5). 

Block 6: It is our feeling that every hypertensive subject 

who requires pharmacological therapy should have a definitive 

test to exclude the possibility of a pheochromocytoma. This can 

be achieved by determining the amount of norephinephrine and 

epinephrine excreted in the urine formed from bedtime until the 

patient arises in the morning (4). Our group has termed this 

overnight urine the "sleep" urine collection. If this is abnor

mal the patient should be evaluated further for a pheochromo

cytoma (Block 7). 

Block 8: The epigastric systolic- diastolic bruit is importar 

in directing further evaluation (3). A patient with this findins 

should go directly to renal angiography (Block 9) since this 

physical examination finding has a true positive rate (sensitivi 

of 40% and a false positive rate of only 1%. 

At Block 10: This algorithm next utilizes the level of peri

pheral plasma renin activity in those patients without a systoli 

diastolic epigastric bruit (S-D bruit) to guide the direction of 

further evaluation. All drugs should have been stopped for at 

least 2 weeks. The path of further investigation depends on the 

PRA level. CAUTION: The absolute values for PRA will vary from 

laboratory to laboratory and the specific numerical values given 

in this algorithm may not apply to a different laboratory. There 

are 4 paths depicted in Figure 2. The PRA obtained at this stagE 

of the evaluation allows the classification of the patient into 

one of 4 categories. In our experience 82% (18/22) of patients 

with renovascular hypertension (who do not have a systolic-dias

tolic epigastric bruit) will have a PRA in the high-normal PRA 

or high PRA range. Therefore efforts to identify patients with 

renovascular hypertension should be concentrated on patients in 

this range of renin values. The specific approach to each renin 

level category is discussed separately. 

See Figure 2. 

Block 11: If the PRA is low (less than 2 ng AI/ml/3hr) a 

plasma aldosterone (PA) level should be evaluated (2 hour uprigh 

off antihypertensive therapy). Block 12: If PA is greater than 

11 ng/l00 ml, and the ratio of PA to PRA in this blood sample 
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is greater than 14, then the diagnosis of primary aldosteronism 

should be pursued (Block 13 and 14). Since only 10% of patients 

having renal vascular hypertension without a S-D bruit (2 of 22) 

will have a low PRA, renal angiography should be delayed in these 

patients until after primary aldosteronism has been exluded and 

the patient is found to be resistant to medical therapy (Block 16). 

The next major renin group is illustrated in Block 15: These 

patients have a low-normal PRA. In our experience the probability 

of RVH is relatively low in this group (only 2 of 22 proven RVH 

cases without a S-D bruit) and thus these patients do not need 

any further investigation unless they have been found to be 

resistant to drug therapy (Block 16). 

Block 17: Patients with a high-normal PRA should next undergo 

hypertensive intravenous pyelography (Block 18). In our experience 

9 of 10 patients with this renin level who had renovascular hyper

tension but did not have an S-D bruit had an abnormal IVP. 

Those patients who have a high PRA (Block 19) should undergo 

renal arteriography since they are prime suspects for RVH or 

renin secreting tumors. A high PRA is defined as a level greater 

than 95% of hypertensive patients without renal artery stenosis {1~ 

Block 20: If renal arteriography is normal, but the patient had 

a high PRA classification, renal vein renins should still be done 

in order to diagnose or exclude a renin secreting tumor which 

may not be visible on arteriography. If the renal arteriogram 

shows renal artery stenosis then the renal vein renin samples 

should be obtained to determine if one is dealing with an "endo

crine kidney". As reviewed by Dr. Brown, abundant evidence in 

animal models and in man demonstrates that renal artery stenosis 

causing hypertension is mediated by the renin-angiotensin system. 

Most presentors felt the most reliable predictor of the response 

of blood pressure to surgery or balloon dilatation was to demon

strate that the stenotic kidney was secreting more renin than 

the normal kidney. Obtaining the renal arteriogram before the 

renal vein renin samples is quite important since some patients 

have a segmental location of the stenosis and the renal vein 

renin concentration may be elevated only in blood draining this 

segment of the kidney. Armed with knowledge of a segmental 
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location of the stenosis the radiologist can make special effc 

to obtain blood from this area(s) of the kidney. Several methc 

to stimulate renal renin'production by sodium depletion or the 

administration of converting enzyme inhibitors were discussed. 

The concensus was that some technique of stimulation is mandat 

to minimize false negative renal vein renin studies. 

When the results from Block 20 are available several outcon 

are possible. Block 21: Both studies may be normal and drug 

therapy should be undertaken. Block 22: The renal arteriogram 

may be normal but the renal vein renin may be elevated on one 

side. This should lead one to suspect a renin secreting tumor 

of the kidney. Block 23: If the renal arteriogram is abnormal 

and the renal vein renin is normal several possibilities must 

be considered: (1) The renal artery stenosis is not causing tt 

hypertension; (2) The patient was not properly prepared by bei 

off of beta-blocking or other renin-suppressing drugs; (3) The 

patient was not satisfactorily prepared to stimulate renal rer 

production. We prefer sodium depletion with furosemide (Lasix) 

and sampling in the recumbent and 45 upright tilt position, 

since in our experience, 34% of patients with proven renovasc~ 

hypertension will not have abnormal renal vein renin results 

(even after Lasix stimulation) unless the samples are also ob

tained after a 45 degree head up tilt for 20 minutes. Failure 

to adhere to these points may result in a false negative rena] 

vein test (5). 

Block 24: When renal artery stenosis is associated with abr 

mal renal vein renin studies then the patient is highly likel~ 

to respond to either renal artery bypass surgery or to percutc 

neous trans luminal dilatation (5) 

Considerable discussion at the conference was given to the 

importance of renal vein renin studies. Although all investigc 

tors agreed that when an abnormal renal vein renin result is 

obtained the patient has renovascular hypertension, the courSE 

that should be taken when a significant renal vein result is 

not present was debated. Several investigators suggested that 

renal arteriography alone may be a reasonable predictor of 

"significance" and therapy can be planned on this basis. 
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However, the National Cooperative Study (6) clearly demonstrated 

that surgical response cannot be predicted from either the IVP 

or renal arteriography. Furthermore, since 20% of normotensive 

patients undergoing arteriographic studies for vascular disease 

of the lower extremities may have a renal artery stenosis asso

ciated with poststenotic dilatation (5), at least as many hyper

tensive patients could be expected to have "incidental" renal 

artery stenosis not related to their hypertension. The advent 

of PTA has led some to suggest that the blood pressure response 

to dilatation may be a useful predictor of subsequent surgical 

response. If PTA corrects the stenosis and if blood pressure 

decreases then this establishes the diagnosis. However, until 

the long term effects and risks of PTA are better understood 

this seems premature as a predictor test and needs to be care

fully evaluated. 

The diagnosis of renal artery stenosis will likely be greatly 

simplified by the technique of digital subtraction intravenous 

angiography (DSIA) as discussed by Dr. Hillman. However, this 

technique is relatively expensive compared to the cost of liste

ning for a ~-D bruit, measuring a peripheral plasma renin level 

and performing an IVP. Since these three procedures are widely 

available and have a combined sensitivity of 91% and a specificity 

of nearly 92% (See Table I) it is unlikely that DSIA will prove 

to be better than these tests. Although current equipment does 

not adequately visualize branch lesions, improvements can be 

expected. Additionally it appears to be possible to measure 

renal artery blood flow using this technique which may provide 

another method to identify a "significant" renal artery stenosis. 

A real concern is that the wide application of this technique 

will lead to the identification of many patients with coincidental 

renal artery stenosis not causing hypertension. Since these 

patients probably greatly outnumber those with significant lesion~ 

many patients will be involved in unnecessary diagnostic and the

rapeutic procedures without benefit and, indeed, at some risk. 

Finally even if the DSIA is normal, renal artery stenosis may 

still exist. We believe standard renal angiography is indicated 

in the patient with severe hypertension even if the DSIA is normal. 
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Dr. Birkenhager emphasized that the medical treatment of 

renovascular hypertension in most cases probably does not diffe 

from the treatment of essential hypertension and that the so 

called Stepped Care Approach is a reasonable way to attempt 

to manage these patients. However, as he and Dr. Wenting em

phasized, care must be taken in these patients to avoid de

creasing renal function as the blood pressure comes under 

control. Indeed, a decline in renal function may well be an 

indication for surgery or PTA. The medical therapy of the 

hypertension due to renal artery stenosis has undergone a 

dramatic change with the availability of the potent vasodilator 

minoxidil (8) and the converting enzyme inhibitor captopril 

as discussed by Dr. vlenting. These powerful agents now allow 

the control of blood pressure in most hypertensive patients 

with RVH who fail to respond to conventional agents. However, 

there are no published studies of a randomized clinical trial 

comparing medical therapy to either surgery or PTA. Thus, 

existent studies may be biased or may not reflect currently 

available antihypertensive drugs. 

The largest and oldest study comparing surgical to medical 

therapy in patients with hypertension and renal artery stenosis 

is from the Mayo Clinic (9). Excluding older (over 60 yrs.) or 

complicated patients they found that medical therapy was succes 

ful in controlling hypertension in about 50% of 214 patients 

(standing diastolic pressure of less than 100 mg Hg). Those 

not so controlled underwent surgery. At an average follow-up 

of 9 years the surgical group had a blood pressure 10 mm Hg 

lower than the'medically treated group. Death had occurred in 

only 16% of the surgical group, but 40% of the medically treate 

group had died. The authors concluded that patients with renal 

artery stenosis have a greater chance of long-term survival wit 

surgical therapy than with medical therapy even if blood pressu 

is well controlled. 

The Baylor group's (10) long-term follow-up (81 months) of 

478 patients undergoing reconstructive surgery for renovascular 

disease has recently been reported. The criteria for recommendi 

operation was "poorly controlled hypertension with maximal medi 
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therapy". Fibrodysplasia patients (FMH) had a 5 year survival 

of 97% and a ten year survival of 91%. In contrast atheros~le

rotic patients had a survival of 75% and 51% at 5 and 10 years. 

Overall 149 patients died (40% myocardial infarction, 19% stroke 

and 9% carcinoma). Only 10 of the deaths (2%) were due to uremia. 

Normal blood pressure (with or without medical therapy) was 

substained in only 43% of the patients with fibrodysplastic 

disease, and 36% with atherosclerosis. Most discouraging was 

the fact that 33% of the patients with FMH continued to have 

a blood pressure of at least 160/100 at follow-up as did 35% 

of the atherosclerotic patients. Long-term survival was signi

cantly impaired as age increased, if the patient was a male, 

or if the lesion was due to atherosclerotic disease. Patients 

with FMH (only 6% of whom were male) had an excellent long-term 

survival that was independent of whether blood pressure was 

affected by surgery. The authors believe that in FMH, unless 

the blood pressure is severe and cannot be controlled by medi

cal means or renal function is decreased, little is to be gained 

by surgical therapy. Amongst the atherosclerotic patients, those 

who achieved blood pressure control after surgery fared better 

than those who did not. The authors suggest that the search for 

renovascular hypertension should be reserved for hypertensive 

males less than 50 years of age with drug-resistant hypertension 

who gave the greatest likelihood of having their life prolonged 

by renal artery surgery. The survival curves published in this 

article can serve as a standard against which other modes of 

therapy or other group's experiences can be compared to renal 

artery reconstruction results or PTA. 

Whelton et al. (11), at Johns Hopkins, have recently compared 

their non-randomized study of surgical and medical therapy re

sults in 28 patients with RVH. No patient on medical therapy 

had a decrease in renal function. The surgical group had only 

a 40% cure rate at 1 year. None were in patients with athero

sclerosis. All fibrodysplasia patients operated upon were cured 

at one year and 6 of these 7 maintained their cure at 3 years. 

They conclude that medical therapy is as effective as surgical 

treatment in patients with atherosclerotic disease. 
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The natural history of medically treated patients with RVH 

due to atherosclerotic renal artery disease has recently been 

clarified by Dean et al. (12) at Vanderbilt University. This 

study randomly allocated 41 patients (age 40-65) with athero

sclerotic renal artery disease to medical therapy. The average 

initial serum creatinine was 1.3 (0.6-2.6) mg%. They elected 

operative intervention if the patient: failed medical therapy, 

had a decrease in renal length of at least 10% on IVP, a 2-fo1 

increase in serum creatinine or a 50% decrease in GFR (measure 

by isotopic techniques) from control measurements. The average 

follow-up period was 44 months. During this time 4 patients 

(12%) progressed to total renal artery occlusion. An additionc 

six patients (17%) developed progressive disease in the previc 

ly less-involved or normal renal artery. A reduction in renal 

length on IVP of 10% was noted in 14 patients (37%). During 

medical therapy serum creatinine rose by 50% or more in 10 

patients (23%). Surgical intervention was performed in 17 pa

tients (41%) over a 3 year period. It is of great interest the 

88% of these patients had acceptable blood pressure control 

prior to the decline in renal function that required surgical 

intervention. Thus medically treated patients with RVH should 

be followed by routine IVP, (perhaps yearly) to determine if 

change in renal size has occurred since creatinine clearance 

or glomerular filtration rate was a less sensitive index of 

decreasing renal mass in the study. The majority of patients 

(59%) demonstrated no progression over the 44 month average 

follow-up and had adequate blood pressure control. 

In a recent symposium on Angiotensin-Converting Enzyme 

Inhibition 100 cases of renovascular hypertension were treate( 

with captopril (with or without) diuretics and beta-blocking 

agents by 6 different groups (13-18) with excellent blood 

pressure control. These preliminary studies suggest that the 

drug treatment of renovascular hypertension may be greatly 

enhanced by the use of captopril alone although 25% also re

quired propranolol. Major side effects noted in these studies 

included decrease in creatinine clearance and increase in ser' 

potassium which require careful follow-up of these dose-
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dependent effects. Drs. Schalekamp, Wenting and Brown have 

expanded on these studies elsewhere in this publication. 

The application of percutaneous trans luminal angioplasty 

(PTA) to the treatment of renal artery stenosis is probably 

the most significant advance in this disease since the measure

ment of renal vein renin. This technique has lead to an explosion 

of interest in renovascular hypertension as well as a more inten

sive search for such patients. Dr. Geyskes reviewed their large 

experience with PTA selecting patients solely on arteriographic 

criteria. Only 14% were cured, and 34% ·failed. Our own results 

are reported in detail in this symposium. We choose to treat 

only patients with abnormal renal vein renin results. Our over

all cure rate was 21% and our failure rate was 43%. However, 

in FMH our cure rate was 47% and our failure rate 18%. It now 

seems clear that the group of patients most likely to benefit 

from PTA are those with FMH while those with AS will respond 

less satisfactorily. Cicuto et al. (19) have suggested that 

the problem with most atherosclerotic lesions is that they 

involve the renal artery ostia at the aortic wall as well as 

the renal artery. Thus the atherosclerotic lesion may project 

from the aorta wall into the orifice of the renal artery. 

Although the dilating ballon will almost always be able to 

dilate the orifice and/or push the projecting plaque out of 

the way, as soon as the ballon deflates it seems that the 

elastic property of the aortic wall will gradually return the 

dilated area to its original shape. Indeed, in these lesions 

the chance of success is so low that several groups have 

stopped dilating these lesions. This poor response to PTA is 

most disappointing since these patients are also those who 

are at the greatest risk for surgical repair and those in 

whom the chances of improvement with surgery are less. On the 

other hand it appears that in FMH PTA will become the treat-

ment of choice. 

It is clear that current medical therapy needs to be compared 

in a systematic fashion to PTA and/or renal artery surgery. This 

can best be done by a large scale randomized clinical trial. 

Since no single institution sees enough patients for such a 
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study independently, this will require a cooperative venture. 

Until such a trial has been done the best recommendation for 

patients is not known. Until such a trial can be undertaken 

a cooperative registry of patients could also provide valuable 

information. Based on current information, the following seems 

to be a reasonable approach to the management of patients with 

renal artery stenosis causing hypertension. A systematic trial 

of drug therapy should first be attempted and should include 

a careful trial of captopril with diuretic and/or beta-blocker 

added. If drug therapy does not consistently lower the diastol 

pressure to less than 90 mm Hg, if side effects are intolerac 

if a decline in renal function is documented, or if renal size 

decreases by 10% on IVP, those patients with FMH and an abnorrr 

renal vein renin study should undergo an attempt at PTA. If th 

fails then surgery should be undertaken. In patients with an 

atherosclerotic lesion that does not involve the aortic orific 

of the renal artery, PTA should also be attempted before surge 

Those patients with an atherosclerotic lesion that involves th 

aortic orifice should undergo surgical treatment. A plea is rna 

to medical, surgical and radiologic investigators to establish 

a cooperative effort in order to obtain reliable long-term dat 

on patients with renovascular hypertension treated by either 

modality so that the choice of therapy in future patients can 

be based on a solid foundation of the risk and benefit experie 

of these therapies. 
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RENOVASCULAR HYPERTENSION: THE SURGICAL POINT OF VIEW 

J.C. Stanley 

Renovascular hypertension is the most common form of surgi

cally correctable hypertension. Beneficial responses to 

operative therapy for renovascular hypertension are a direct 

reflection of accurate identification of surgical candidates 

and proper execution of an appropriate reconstructive proce

dure. In the United States, an early attempt to define the 

role of surgical therapy was initiated nearly two decades ago 

by a group of medical centers in the Cooperative Study of 

Renovascular Hypertension. 

Cooperative Study results tempered the enthusiasm for reno

vascular reconstructive surgery(5,6). Surgical procedures 

were performed 577 times in 502 Study patients. Primary 

operations included vascular reconstructions on 315 occasions, 

nephrectomy in 168, partial nephrectomy in 10, and reconstruc

tion with contralateral nephrectomy in nine patients. Overall 

results were categorized as 51% cured, 15% improved, and 34% 

failures., This survey documented an unacceptably high overall 

operative mortality of 5.9%, being 3.4% and 9.3% among patients 

with fibrodysplastic and arteriosclerotic disease, respectively. 

Comparison of more contemporary surgical experiences in treating 

2,300 patients with renovascular hypertension (Table 1) reveals 

a better outcome than reported in the Cooperative Study. The 

postoperative results, with one exception, are remarkably 

similar. Overall operative mortality has diminished, to less 

than 0.5% in patients not undergoing simultaneous aortic 

reconstructive surgery(3,18-20). 
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Table 1. OVERALL OUTCOM.E OF SURGICAL TREATMENT 
RENOVASCULAR HYPERTENSION 

SERIES GREATER THAN 200 PATIENTS 

Medical Center 

University Hospital 
Wilhelmina Gasthuis 
The Netherlands (28) 

University of California 
Los Angeles b 
USA 

1958-1977 (8) 

Number Postoperative Statusa 

of 
Cases Cured Improved Failure 

551 60% 24% 16% 

503 64% 23% 13% 

Baylor College of Medicine 489 
USA 

36% 29% 35% 

1959-1979 (10) 

University of Michigan 
USA 
1961-1980 (20) 

Cleveland Clinic c 
USA 
1962-1978 (13-16, 26) 

University of Rome d 
University of L'Aguila 
Italy 
1960-1977 (22) 

a 

313 

225 

219 

47% 42% 11% 

50% 34% 16% 

53% 28% 19% 

Operative 
Mortality 

Unstated 

2.1% 

1. 8% 

1. 9% 

3.1% 

3 ')~ 
• ~ 0 

Criteria for blood pressure response defined in cited works. 
Operative mortality included in Failure category. 

bIncludes 230 partial or total nephrectomies; mortality from 
most recent 142 cases. 

CData from nonconsecutive works, not reflecting entire 
Cleveland Clinic experience. 

d 
Early results; includes 61 nephrectomies. 

Differences in overall outcomes are often a reflection of 

the disease entity most commonly responsible for the 

secondary hypertension. Series having a greater portion 

of patients with fibrodysplastic or focal arteriosclerotic 

disease than generalized arteriosclerotic disease, ten~ to 

have better results. 
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Table 2. PEDIATRIC RENOVASCULAR HYPERTENSION 

Number Postoperative Status 
a 

of Operative 
Medical Center Patients Cured Improved Failure Mortality 

University of Michigan 40 b 85% 12.5% 2.5% 0% 
USA 
1963-1980 (19) 

Cleveland Clinic 27 62% 19% 19% 4% 
USA 
1955-1977 (1,15) 

University of California 26 88% 8% 4% 4% 
Los Angeles 
USA 
1967-1977 (21) 

Vanderbilt University C 21 68% 24% 8% 0% 
USA 
1962-1977 (11) 

University of California 14 92% 8% 0% 7% 
San Francisco 
USA 
1960-1974 (24 ) 

aCriteria for blood pressure response in survivors defined in 
cited works. 

b 
Includes 6 cases from University of Texas-Southwestern, USA. 

cIncludes 4 cases treated by Nephrectomy for parenchymal disease. 

Pediatric-aged patients are more likely to be cured after 

surgical restoration of normal renal blood flow or nephr

ectomy (Table 2). The durability of their vascular recon

structive procedures is greater with use of autologous 

arterial grafts(12,24,25), than when revascularizations 

utilize vein conduits (19) • The incidence of primary 

nephrectomy in this group of patients has been reported to 

range from 5%(19) to more than 40%(1,5,21). 
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Sustained elevation of arterial blood pressure as a conse

quence of renal artery fibrodysplasia (Table 3) is more apt 

to be ameliorated by operation, when compared to hypertension 

associated with arteriosclerotic disease (Table 4). In part 

this reflects the fact that dysplastic disease tends to 

affect women, being recognized usually during their fourth 

decade of life. This population of patients is less likely 

to have coexisting essential hypertension than arteriosclero

tic renovascular hypertensives, who are more often men in 

their sixth decade. Thus hypertension in the dysplastic sub

group is more often entirely related to renal arterial disease 

and therefore more responsive to surgical therapy. 

Although arteriosclerotic renovascular hypertension has been 

addressed as a homogenous clinical entity, there is evidence 

that at least two subgroups of patients with these lesions 

exist: those with focal renal artery disease whose only 

manifestation of their disease is secondary hypertension, 

and those with clinically overt extrarenal arteriosclerosis. 

The surgical outcome in these groups differ markedly. 

A major issue, inadequately addressed in much of the surgical 

literature, relates to the effect of reconstructive vascular 

surgery on renal function. This subject will become increas

ingly important in the next decade as better drugs for con-

trol of renovascular hypertension become available. It is 

generally accepted that restoration of blood flow to the 

profoundly ischemic and marginally functional kidney will 

improve its ability to clear waste products. Improvement is 

often minimal. Most surgeons do not view renovascular 

surgery as a means to benefit the azotemic patient with renal 

artery stenotic disease. Improved renal function may repre-

sent more normotensive postoperative blood pressures, entirely 

unrelated to increases in renal blood flow(29) . 



Table 3. ARTERIAL FIBRODYSPLASTIC ADULT 
RENOVASCULAR HYPERTENSION 

SERIES GREATER THAN 40 PATIENTS 

Number Postoperative Statusa 
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of Operative 
1·1e<iical Center Patients Cured Improved Failure Mortality 

University of Michigan 
USA 
1961-1980 (20) 

144 

Baylor College of Medicine 113 
USA 
1959-1979 (lO)b 

Cleveland Clinic c 

USA 
1962-1977 (14-16,26) 

University of California 
San Franciscod 

USA 
1964-1980 (25) 

Mayo Clinic 
USA 
1968-1975 (7) 

Vanderbilt Universitye 
USA 
1962-1972 (4) 

University of Lund 
Sweden 
1971-1977 (2) 

a 

92 

77 

63 

44 

40 

55% 

43% 

58% 

66% 

66% 

72% 

66% 

39 % 6% 0% 

24% 33% 0% 

31% 11% Unstated 

32% 1. 3% 0% 

24% 10% Unstated 

24% 4% 2.3% 

24% 10% 0% 

Criteria for blood pressure response in survivors defined in 
cited works. 

b NO deaths in 100 reconstructions for renal disease alone, 
data on 13 cases with associated arteriosclerosis 
unavailable. 

C Data from nonconsecutive works, not reflecting, entire 
Cleveland Clinic experience. 

dAll cases treated ~ith arterial autografts. 

eIncludes pediatric patients. 
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Table 4. ARTERIOSCLEROTIC ADULT 
RENOVASCULAR HYPERTENSION 

SERIES GREA.TER THAN 50 PATIENTS 

. a 
Number Postoperatlve Status 

of Operative 
Medical Center Patients Cured Improved Failure Mortality 

Baylor College of Medicine 360 
USA 
1959-1979 (10) 

University of Michigan 
USA 
1961-1980 (20) 

University of California 
San Francisco 
USA 
1963-1974 (23) 

Cleveland Clinic 
USA 
1974-1980 (16) 

University of Lund 
Sweden 
1971-1977 (2) 

Hospital Aigue10ngue 
France 
1965-1976 (27) 

Vanderbilt University 
USA 
1962-1972 (4) 

Indiana University 
USA 
1973-1978 (9) 

135 

84 

78 

66 

65 

63 

52 

34% 31% 35% 

29% 52% 19% 

39% 23% 38% 

40% 51% 9% 

49% 24% 27% 

45% 40% 15% 

50% 45% 5% 

31% 61% 8% 

aCriteria for blood pressure response in survivors defined 
in cited works. 

2.5% 

4.4% 

2.4% 

2% 

0.9% 

1.1% 

9% 

5.8% 



Table 5. SURGICAL TREATMENT OF RENOVASCULAR HYPERTENSION 
RESULTS IN SPECIFIC PATIENT SUBGROUPS a 

UNIVERSITY OF MICHIGAN EXPERIENCE 1961-1980 

Number Postoperative Status 

265 

of Operative 
Mortalityb Subgroup Patients Cured Improved Failure 

Fibrodysplasia, 34 85% 12% 3% 0% 
Pediatric 

Fibrodysplasia, 144 55% 39% 6% 0% 
Adult 

Arteriosclerosis, 64 33% 58% 9% 0% 
Focal Renal Artery Disease 

Arteriosclerosis, 71 25% 47% 28% 8. 5%c 
Overt Generalized Disease 

a 
Represents 405 operations (346 Primary, 59 Secondary) 
including initial nephrectomy in 17 patients. 

b. .. 
Operatlve mortallty lncludes death within 30 days of 
procedure. 

cFour of six deaths occurred in patients undergoing 
concomitant aortic reconstructive surgery. 

Benefits of surgical treatment in renovascular hypertension are 

best established by reviewing results from an individual insti-

tution within specific subgroups (Table 5). Renovascular hyper-

tension is best not considered a single disease entity, but 

rather is a heterogeneous group of diseases ,with a functional 

outcome of secondary hypertension. At the University of Bichigan 

patients were classified into four distinct groups: (1) pediatric 

patients ranging up to 17 years in age; (2) adults with fibro

plastic disease and (3) adults having atherosclerotic renal 

artery lesions without or (4) with clinically overt extrarenal 

atherosclerotic cardiovascular disease. Patients in the last 

group included individuals with extracranial cerebrovascular 

disease, coronary artery disease, symptomatic peripheral 

arterial occlusive disease, and aneurysmal disease of the 

abdominal aorta or its branches. 
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Responses were categorized by rigidly defined criteria. 

Patients were cured if their blood pressures were 150/90 rnmHg 

or less for a minimum of 6 months, during which time no anti

hypertensive drugs were administered. Lower pressures were 

used in evaluating pediatric cases. Patients were considered 

improved if normotensive on drug therapy, or if diastolic 

pressures ranged between 90 and 110 rnmHg but were at least 

15% lower than preoperatively. No patients in this category 

were on angiotensin I converting enzyme inhibitors. If 

diastolic blood pressures were greater than 90 mmHg but less 

than 15% lower than preoperative levels, patients were classi

fied failures. Similarly, any patient with diastolic blood 

pressures greater than 110 rnmHg was considered a failure. 

All patients subjected to surgical intervention at the Uni

versity of Michigan were hypertensive at the time of operation, 

representing failures of medical management. Benefits of 

surgical treatment were most apparent in the pediatric and 

adult fibrodysplastic categories, where 97% and 94% of the 

patients were cured or improved, respectively. Responses 

were also quite satisfactory in adults with focal athero

sclerotic disease, where 91% were cured or improved. Among 

adults with clinically overt generalized atherosclerosis only 

72% had a salutory response to operation, and only 25% were 

cured. Those renovascular hypertensives with overt, generalizE 

atherosclerosis, have been offered surgical therapy only when 

they are nonresponsive or intolerant to medical therapy or 

have documented deterioration of renal function associated 

with progressive renovascular disease. 

Alternatives to the surgical treatment of renal artery stenotic 

disease with secondary hypertension, such as therapy with 

angiotensin I converting enzyme inhibitors or percutaneous 

trans luminal angioplasty, must be judged in light of excellent 

operative results currently possible. In properly selected 

patients with renovascular hypertension, the optimal therapy 

continues to be operative revascularization. 
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