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Background: Noninvasive cost-effective screening of hypertensive patients for renovascular hypertension is a 
desirable approach to a rare disorder. Currently many patients are screened with angiography, which is both 
invasive and expensive. 

Methods: A MEDLINE search from 1985 through July 1994 using the key words "renovascular 
hypertension," "noninvasive,'" "screening" generated 16 references. We reviewed these references, as well as 
several additional references, in an effort to find a reliable noninvasive screening test for renovascular 
hypertension. 

Results find Conclusions: To date, the most reliable noninvasive screening test for renovascular 
hypertension is captopril renography. Results of captopril renography allow the physician to diagnose 
renovascular hypertension with an accuracy of greater than 90 percent. Cost-effectiveness requires 
appropriate selection of high-risk hypertensive patients for subsequent investigation with captopril 
renography. Hypertensive patients who have fibromuscular dysplasia, which is most commonly found in young 
white women, have the best treatment outcomes. (J Am Board Fam Pract 1995; 8:295-9.) 

Renovascular hypertension (which occurs in 
about 1 percent of the hypertensive population) is 
the most common cause of curable hyperten
sion. I Atherosclerosis accounts for nearly two
thirds of renal artery ~tenosis, fibromuscular dys
plasia accounts for approximately one-third, and 
a small fraction can be attributed to various forms 
of vasculitis and other rare causes.2 Although es
sential hypertension is more common in African
Americans than whites, African-Americans 
should also be examined for renovascular hyper
tension, because recent studies indicate that both 
African-Americans and whites have an equal oc
currence of curable renovascular hypertension, 
and an equally aggressive diagnostic approach is 
warranted.3 Overall, healthy young hypertensive 
women who have renovascular hypertension as a 
result of fibromuscular dysplasia are those most 
likely to benefit from early detection, as they have 
the best treatment outcomes.4 

Because renovascular hypertension can be 
cured, routine screening of all hypertensive pa
tients would be ideal. Unfortunately a sensitive 
and inexpensive screening test does not currently 
exist. Instead, when renal artery stenosis is sur-
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mised to be a cause of hypertension, patients 
are often screened with angiography. This rela
tively simple and straightforward procedure is 
the most sensitive screening test, because it can 
detect renal artery stenosis sufficient to cause 
renovascular hypertension. Additionally an angio
gram provides surgical information and access for 
revascularization if it is required. The drawbacks 
are that angiography lacks specificity, and it is 
expensive, invasive, and occasionally causes com
plications. Even after selecting the most likely 
candidates, only about 30 percent of patients 
undergoing renal angiography will have suffi
ciently advanced renal artery stenosis to suggest a 
renovascular cause for their hypertension; there
fore, alternative approaches to screening have 
been sought. 

Methods 
A MEDLINE search from 1985 through July 
1994 using the key words "renovascular hyper
tension," "noninvasive," "screening" generated 
16 references describing alternative methods of 
screening for renovascular hypertension; addi
tionally, several other references were consulted. 

Results 
After a comparison of the sensitivities and speci
ficities of the tests, as well as their availability, 
captopril renography emerged as the most reli
able noninvasive method.s Captopril renography 
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has an accuracy of greater than 90 percent.(, 
Screening- hypertensive patients for renovascular 
hypertension with captopril renography also of
fers a less costly alternative to angiography. At our 
institution the total cost of captopril renography, 
including hospital, technical, and profession,ll 
fees, is $397 compared with $2138 (average cost) 
for selective angiography of the renal arteries. Pa
tients with a screening captopril renogram that 
suggests a stenotic renal artery should be referred 
to angiography for confirmation and for repair, if 
indicated. 

Physiology 
A kidney that has a severely stenotic artery re
leases high levels of renin. Renin cleaves off a 
peptide from plasma angiotensinogen, and the re
sulting product is angiotensin I. In the lung an
giotensin I is enzymatically converted to angio
tensin II. Angiotensin II is a potent systemic 
vasoconstrictor that also increases renal efferent 
arterial tone, resulting in increased glomerular 
capillary hydraulic pressure. This pressure main
tains the glomerular filtration rate. Angiotensin II 
also elevates the systemic blood pressure. The el
evated systemic blood pressure improves circula
tion to the stenotic kidney to the detriment of end 
organs, notably the heart, brain, and contralateral 
kidney (unless it is also has a stenotic arterial 
supply). In addition, angiotensin II stimulates 
aldosterone, resulting in hyperaldosteronism, 
which then causes sodium and water retention. 
Early in the course of renovascular hypertension, 
this retention is countered by the contralateral 
kidney, which undergoes a pressure-driven di
uresis of the excess sodium and water.2 

It is advantageous to detect renovascular hy
pertension at an early stage because the underly
ing renal stenosis can progress to renal ischemia 
and renal insufficiency. The contralateral normal 
kidney might later develop nephrosclerosis in re
sponse to continued hypertension. With develop
ment of nephrosclerosis, the contralateral kidney 
cannot compensate for the hyperaldosteronism, 
and worsening hypertension results. 

Investigatory Methods and Limitations 
In patients with the late sequelae of renovascular 
hypertension, the prognosis for cure becomes 
poor, as does the diagnostic accuracy of all the 
current screening tests. Also, once nephrosclero-
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sis has developed in the normal kidney, it alone 
can perpetuate hypertension. 

Angiography 
Although screening renal angiography detects 
anatomically advanced stenoses (greater than 50 
percent), it does not ensure an ironclad diagnosis 
of renovascular hypertension caused by renal ar
tery stenosis. In fact, some patients without a his
tory of hypertension have had extensive renal ar
tery stenosis at autopsy; therefore, even patients 
with marked renal artery stenosis might not nec
essarily have a physiological stenosis, i.e., one that 
causes renovascular hypertension. As evidence, 
approximately 20 percent of patients with an ana
tomically advanced renal artery stenosis are not 
helped despite successful revascularization.-+ Pre
sumably such patients have a concomitant disor
der, i.e., essential hypertension or intrinsic renal 
disease, that falsely implicates renal artery stenosis 
as a cause of hypertension. The lack of specificity 
of the angiogram to implicate renal artery stenosis 
as a cause of renovascular hypertension leads to 
complementary renal vein sampling for differen
tial plasma renins from kidneys with renal artery 
stenosis. Physicians use these studies to attempt to 
diagnose renovascular hypertension and to estab
lish a relation between renal artery stenosis and 
the patient's hypertension, as well as to determine 
which patients would be helped by revasculariza
don or angioplasty. Unfortunately, the renal vein 
renin studies have not increased the specificity for 
determining renovascular hypertension, and use 
of this aspect of evaluation has declined.7 

Captoprll Renography 
Angiotensin II maintains the glomerular filtration 
rate in the kidney with a stenotic artery, and the 
goal of captopril renography is to eliminate tem
porarily this compensatory mechanism. Hyper
tensive patients who have renal artery stenosis 
will have a diminished glomerular filtration rate, 
delayed renal flow of the radiotracer as seen in the 
renogram, and delayed clearance of activity from 
the affected kidney as depicted in the time-activ
ity curves. Because renal artery stenosis is highly 
indicative of renovascular hypertension in hyper
tensive patients, patients with positive test results 
are referred for angiography. 

Certain conditions make diagnosing renovas
cular hypertension by captopril renography diffi-
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cult, such as, (1) stenosis of only one of the many 
arteries supplying a single kidney, (2) bilateral ste
noses (hyperaldosteronism might have developed 
into the predominant cause of their elevated pres
sure), (3) intrinsic renal disease including hyper
tension-induced nephrosclerosis, and (4) renal in
sufficiency with severe azotemia. These factors 
confound the ability of captopril renography and 
other physiological tests to predict renal artery 
stenosis. 

Interestingly, patients with the later sequelae of 
renovascular hypertension have such a poor prog
nosis for cure despite successful revascularization 
that advocates of captopril renography claim it 
might be the best test for detecting curable reno
vascular hypertension despite its lower sensitivity 
when compared with angiography. Such conclu
sions are premature, and further study is needed 
to address this issue. 

Clinical Screening 
Regardless of which screening method is selected, 
neither is inexpensive; therefore, careful patient 
selection is important for cost-effectiveness.8 Un
fortunately, there is no established probability of 
renovascular hypertension in a hypertensive pa
tient with a given set of risk factors. Svetkey, et al. 9 

have documented the strong association of an ab
dominal bruit and refractory hypertension with 
renal artery stenosis; however, too few patients 
have been studied using any consistent clinical 
screening method to establish prospectively a 
weighting of risk factors. Clinically distinctive 
features found only with renovascular hyperten
sion and not with essential hypertension do not 
exist. Consequently, diagnostic testing is adju
vantly used in conjunction with clinical screening. 
The predictive value and utility of any diagnostic 
test is better when the prevalence of the disease is 
high. Given the rarity of renovascular hyperten
sion, the Captopril Renogram Consensus Confer
ence created The Working Party Group for Patient 
Selection and Preparation, which met and recom
mended selection of patients with (though not neces
sarily limited to) the following characteristics 10: 

1. Well-documented, recent-onset hyperten
sion, especially if the diastolic blood pressure 
is greater than 104 mmHg 

2. Known long-standing and well-controlled 
hypertension that becomes refractory to an 

existing regimen with no other explanation 
for resistance to treatment 

3. Clinical evidence of generalized vascular dis
ease, i.e., peripheral vascular disease, cer
ebrovascular disease, aortic occlusive disease, 
abdominal aortic aneurysms, coronary artery 
disease, and severe hypertension 

4. Hypertension and abdominal bruits, regard
less of the time in the cardiac cycle in which 
the bruit is heard 

5. Hypertension and an elevated serum creati
nine when no ca'use can be found to explain 
the renal dysfunction 

6. Moderate to severe hypertension, i.e., dia
stolic blood pressure greater than 104 mmHg, 
that develops when the patient is younger 
than 25 years, especially if the patient is white 
and not obese 

7. Hypertension that is refractory to an ade
quate three-drug antihypertensive regimen, 
and no other cause can be found 

8. Hypertension with new or worsening renal 
failure when treated with angiotensin-con
verting enzyme inhibitors 

Regardless of the investigative method chosen, 
selecting high-risk hypertensive patients for fur
ther testing improves the utility of the test, as well 
as its cost-effectiveness.9 Deciding which patient 
is at high risk for renovascular hypertension de
pends upon the clinical criteria used. 

Because captopril renography is not 100 per
cent sensitive in detecting renovascular hyper
tension, it should not be undertaken in cases 
where the clinician will be suspicious of a negative 
result, e.g., when restenosis is suspected in a pa
tient with an earlier angioplasty and recurrent 
hypertension. These patients should proceed 
directly to angiography. 

Details of Captopril Renography 
Mter patient selection the patient should discon
tinue any medications that diminish the sensitiv
ity of captopril renography. Drugs commonly 
known to interfere - diuretics, which can cause 
volume loss; ~-blockers, which block renin re
lease; and, of course, angiotensin-converting en
zyme (ACE) inhibitors - should be withheld for 
2 days before captopril renography. If a patient is 
already receiving an ACE inhibitor and the clini
cian is reluctant to interrupt therapy, the patient 
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can skip the base-line study and undergo the chal
lenge part ofthe study first. I f the challenge study 
results are normal, a base-line study is not neces
sary; if they are abnormal, however, ,1 base-line 
study or angiography is advised. [f possible, preg
nant patients should be excluded from study until 
,lfrer delivery. 

The patient should be well hydrated before the 
study either by drinking 24 oz of water or hy re
ceiving a 500-mL bolus (adult dose) of normal sa
line solution intravenously. Captopril renography 
uses a renal radiotracer that perfuses the kidneys. 
'Iechnetium 'Ie 99m DTPA and Tc 99111 mertia
tide (Ie 99m MAG,) are the most commonly 
lIsed agents. ~lc 99m DTPA is exclusively filtered 
through the glornulerus and 'Ie 99m MAGI is 
both filtered and secreted. Although 1(; 99m 
DTPA would appear to have a theoretical advan
tage because it is most like a glomerular filtration 
agent, studies have shown Tc 99m MAGI to have 
slightly better interpretability because more of it 
actually enters the kidneys, thus improving visuali
zation and count statistics. I I 

The first part of the study establishes a base
line renogram for both kidneys. After intrave
nous injection of the radiotracer, dynamic and 
sequential images of the kidneys are ohtained by 
a gamma camera for 20 minutes. Time-activity 
curves arc generated, which depict passage of 
the tracer though the kidneys. A stenotic kidney 
that compensates with renin-produced hyper
tension might well appear normal in the base
line study. 

The second part, or challenge part, of the study 
entails administering an oral dose of 50 mg of 
captopril (adult dose) then waiting for 1 hour and 
reinjecting more radiotracer. This challenge is 
designed to unmask the kidney with the renal ar
tery stenosis dependant upon angiotensin II to 
maintain glomerular filtration. In patients already 
taking an ACE inhibitor, the challenge portion of 
the test can be done first. A delayed transit time 
with diminished excretion of the radiotracer is 
considered a positive test. 

Discussion 
Considering the rarity of renovascular hyperten
sion, some clinicians might believe that empiric 
medical management of hypertension would be 
the better option in view of the cost and difficulty 
in definitively investigating a patient for this con-
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dition. Indeed, for a subset of patients (20 per
cent) who would not have received benefit from 
angioplasty or revascularization, medical man
agement would he the best option. For most pa
tients with renovascular hypertension, however, a 
medical option would entail the deleterious con
sequences of renal ischemia, diminished renal 
function, and lifelong aggressive antihypertensive 
therapy. Angioplasty and arterial stents are mak
ing open revascularization procedures less com
mon, and complications with angioplasty are in
frequent. Most importantly, patients treated 
medically have diminished life spans compared 
with surgically corrected patients. 12 

Nevertheless, clinicians are understandahly re
luctant to order an expensive, invasive screening 
procedure of low yield despite the success of re
novascular hypertension treatment; alternately, 
waiting until more convincing clues, such as renal 
insufficiency, have developed would diminish the 
chance for detection and cure. A noninvasive mo
dality is therefore worthy of consideration for 
early screening for renovascular hypertension. 
Captopril renography used in conjunction with 
appropriate clinical screening provides such a 
noninvasive cost-effective approach to investigat
ing high-risk hypertensive patients for renovascu
lar hypertension. The mean sensitivity and speci
ficity derived from several studies are 92 percent 
and 94 percent, respectively. II 

Other noninvasive methods to screen for reno
vascular hypertension include Doppler sonogra
phy, which is also highly sensitive and specific in 
detecting renal artery stenosis in the hands of ex
perienced operators. Doppler sonography for de
tection of renal artery stenosis is not widely prac
ticed, however, even in large medical centers. 
Overall technical failure rate is high, because 
bowel gas, patient movement, and difficulty in 
visualizing the entire renal artery greatly reduce 
its accuracy. Magnetic resonance angiography is 
being attempted to diagnose renal artery stenosis 
but is still in the research stage. 

Captopril-stimulated plasma renin analysis is 
also another noninvasive screening test for renovas
cular hypertension in which oral captopril is used to 

stimulate plasma renin release by stenotic kidneys. 
Base-line plasma renin levels are compared with 
plasma renin levels following captopril administra
tion. Although inexpensive, this test requires pa
tients he free of antihypertensive medications for 

 on 2 June 2025 by guest. P
rotected by copyright.

http://w
w

w
.jabfm

.org/
J A

m
 B

oard F
am

 P
ract: first published as 10.3122/jabfm

.8.4.295 on 1 July 1995. D
ow

nloaded from
 

http://www.jabfm.org/


3 weeks before testing and has a low sensitivity and 
specificity, 76 percent and 82 percent, respectively.s 

In selecting captopril renography instead of an
giography to screen patients at high risk for ren
ovascular hypertension, the clinicians at our insti
tution accept a screening modality that is 92 
percent sensitive for renovascular hypertension, 
that is noninvasive, and that costs $397 (technical 
and professional fees included). Alternately, angi
ographyensures 100 percent sensitivity for detec
tion of a renal artery stenosis that might be the 
cause of the patient's hypertension, but it is inva
sive, and the contrast medium can be nephrotoxic. 
Selective angiography of the renal arteries, includ
ing professional, technical, and miscellaneous fees, 
costs approximately $2138 at our facility. Based on 
costs at our institution and assuming that 30 per
cent of clinically screened patients will have a posi
tive captopril renogram and will require angiogra
phy to confirm the diagnosis, a cost analysis can be 
calculated for screening 100 patients with captopril 
renography compared with angiography only: 

1. Cost of screening with angiography only -
$213,800. 

2. Cost of screening with captopril renography 
followed by angiography in 30 percent of 
cases - $39,700 + $65,490 = $105,190. (These 
assumptions do not take into account the ap
proximately 8 percent of patients who have 
renovascular hypertension that will not be 
detected with captopril renography.) 

3. Net cost savings $213,800 less $105,190= 
$108,861 per 100 patients screened or $1088 
per patient screened. 

In summary, for patients or clinicians who de
sire a noninvasive and more cost-effective screen
ing method than angiography for detection of 
renovascular hypertension, captopril renography 
is an excellent alternative. 

References 
I. Oparils S. Arterial hypertension. In: Wyngaarden 

JB, Smith LH Jr, Bennett JC editors. Cecil text
book of medicine. 19th cd. W.B. Saunders, 
1992:266-7. 

2. Thiele BL, Rees CR. Renovascular hypertension. In: 
Strandness DE Jr, Van Breda A. Vascular diseases 
and surgical interventional therapy. Edinburgh: 
Churchill Livingstone, 1994:671-743. 

3. Svetkey LP, Kadir S, Dunnick NR, Smith SR, Dun
ham CB, Lambert M, et al. Similar prevalence of 
renovascular hypertension in selected blacks and 
whites. Hypertension 1991; 17:678-83. 

4. Ramsay LE, Waller Pc. Blood pressure response to 
percutaneous transluminal angiogplasty for renovas
cular hypertension: an overview of published series. 
BMJ 1990; 300:569-72. 

5. Elliott \V], Martin WB, Murphy MB. Comparison 
of two noninvasive screening tests for renovascular 
hypertension. Arch Intern Med 1993; 153:755-64. 

6. Chen CC, Hoffer PB, Vahjen G, Gottschalk A, 
Koster K, Zubal IG, et al. Patients at high risk for re
nal artery stenosis: a simple method of renal scinti
graphic analysis with Tc 99m DTPA and captopril. 
Radiology 1990; 176:365-70. 

7. Martin LG, Cork RD, Wells JO. Renal vein renin 
analysis: limitations of its use in predicting benefit 
from percutaneous angioplasty. Cardiovasc Intervent 
Radio11993; 16(2):76-80. 

8. Blaufox ML, Middleton ML, Bongiovanni JA. The 
efficacy of screening for renovascular hypertension. 
Abstract presented at the Society of Nuclear Medi
cine 41st annual meeting in Orlando, Florida, 1994. 
J Nucl Med 1994; 35:265P. . 

9. Svetkey LP, Helms MJ, Dunnick NR, Klotman 
PE. Clinical characteristics useful in screening 
for renovascular disease. South Med J 1990; 83: 
743-7. 

10. Black HR, Bourgoignie JJ, Pickering T, Svetkey L, 
Saddler MC, Setaro JF, et al. Captopril renography 
in the diagnosis of renovascular disease. Am] Hyper
tens 1991; 4(12 pt2):7115-55. 

11. Sarkar SD. Captopril renography. Pocket Lecture 
Series. Reston, VA: The Society of Nuclear Medi
cine, 1994. 

12. Rimmer JM, Gennari FJ. Atherosclerotic renovascu
lar disease and progressive renal failure. Ann Intern 
Med 1993; 118:712-9. 

Renovascular Hypertension 299 

 on 2 June 2025 by guest. P
rotected by copyright.

http://w
w

w
.jabfm

.org/
J A

m
 B

oard F
am

 P
ract: first published as 10.3122/jabfm

.8.4.295 on 1 July 1995. D
ow

nloaded from
 

http://www.jabfm.org/

