
mques have been proposed to identify patients affected by
renovascular hypertension (RVH) (7) who would benefit
from renal artery revascularization. To date, however,
none of these techniques has achieved widespread clinical
acceptance (8-10).

Several groups have reported the enhanced diagnostic
accuracy of renal scintigraphic studies after captopril ad
ministration in the identification of hypertension secon
daiy to RAS (11â€”17).

The purpose of the present study was to evaluate treat
ment results in patients undergoing renal artery revascu
larization by means of surgical repair or percutaneous
transluminal renal angioplasty (PTRA), with the aim of
assessing predictivity of pre-intervention captopril-renal
scintigraphy (CRS) for blood pressure control.

MATERIALS AND METhODS

Patient Population
The study recruitedpatients submitted for renal artery revas

cularization on the basis of clinical and angiographic criteria.
After the exclusionof patients with incomplete clinical, angio
graphic and scintigraphic assessment before and after interven
tion, the study initially included 84 patients.

Because our goal was to compare blood pressure response after
revascularization with preintervention scintigraphic results, pa
tients were considered unclassifiable and therefore excluded in
the followingcases: (a) normotensivesrevascularizedwith the
aim of improving an already deteriorated renal function; (b)

technical failure ofthe intervention (i.e., residual stenosis >50%);

(c) early recurrence of stenotic disease (within 1 mo); and (d)
postoperative death. Patients with late stenosis recurrence were
retained for study providing their blood pressure values had been
assessed at 6 mo.

Ofthe 84 patients initially evaluated, 51 proved eligible for the
final study sample (Table 1). Renal artery revascularization was
performed by means of renal angioplastyin 24 patients, while
the 27 remainingpatientsweresubmitted for surgicalrepair.

Pre-revascularization angiography documented a >50% RAS
in all patients, except one in whom renal angioplasty was carried
out in an artery with a diameter reduction of 30%.The etiology
of RAS (Table 1) wasassessedon the basisof arteriographic
findings. Revascularization results were assessed by postinterven
tion angiograms.

Renal impairment was found in 14 patients. Ten of whom

This study evaluates the prognostic value of captopnl renal
scintigraphy in hypertensive patients undergoing renal artery
revascularization. Preoperative studies of 51 patients were
correlated with blood pressure results at 6- and 12-mo follow
up.Captopnl-renaiscintigraphywascarriedout 1 hr afteroral
administration of 50 mg of captopril, using either 220 MBq of

@Tc-DTPAor 74 MBq of @Tc-MAG3,followed by a baseline
study in case of abnormal results. Evidence of amelioration
or normalization in relation to captopril study was considered
predictive of blood pressure control following treatment.
Blood pressure response was favorable in 37 patients, but
failed to show any improvement in 14. The scintigraphic test
was positive in 33 patients (15 cured, 17 improved, 1 failed)
and negative in 18 (3 cured, 2 improved, 13 failed). Sensitivity
and Specfficityfor renovascular hypertension was 86.5% and
93%, respectively. For blood pressure cure and improvement,
the test had positive and negative predictive values of 97%
and72%,respectively.A positivepreoperativecaptoprilrenal
scantigraphicresuft is a strong predictor of hypertension cur
ability by renal artery revascularization.
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urgical repair or transluminal angioplasty of renal ar
teries has long been effectively used to treat secondary
forms of hypertension due to renal artery stenosis (RAS)

(1,2).
It has been shown, however, that RAS is not necessarily

related to high blood pressure, since renal artery obstruc
tive disease has been found at autopsy in a high percentage
of normotensives (3) and is present in almost as many
normotensive as hypertensive patients (4). Moreover, in a
consistent number of patients, it has been found that
treatment of stenosis does not lead to blood pressure
control (5,6).

Nevertheless, RAS is the most frequent remediable
cause of hypertension, and a number of different tech
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PTRA SR Total

Note:PTRA= percutaneoustransluminalrenalangioplastyand
SR= surgicalrepair.

(20%)hadplasmacreatininelevelsbetween132and264 @tmol/
liter and 4 (8%) with levels >264 zmol/liter.

Scintigraphic Studies
All patients, who fasted overnight and were well hydrated with

nochangein theirantihypertensivetherapy,underwentscinti
graphic assessment within the 4 wk before revascularization.
Captopril renal scintigraphy was carried out 1 hr after oral
administration of 50 mg of captopril with either 220 MBq of

99mTc@ethylene@amifl@pefl@cetic acid (DTPA) (38 patients)
or 74 MBq of @Tc-mereapto-acetyl-thglycine(MAG3)(13 pa
tients).

Details on acquisition and data processing are reported else
where (18,19). The following parameters were calculated from
renographic curves of both captopril and baseline studies: split
renal function; time to peak activit@ parenchymal transit time.
Renogram shape, kidney size and relative tracer uptake were also
visually analyzed.

When no abnormalities were found in the provocative study.
RVH was ruled out; otherwise patients were submitted for a
conventional renal scan.

Criteria for predicting clinical success after revascularization
were:(a) improvementin split renal functionofat least5% from
the affectedside (baselineversuscaptopril scan);(b) decreaseof
time to peak activity of at least 300 see; and (c) reduction of
parenchymal transit time ofat least 20%. When these conditions
werenot satisfied,RVH wasruledout and poor clinicalresponse
predicted. A diagnostic flow-chart is shown in Figure 1.

Statistical Analysis
For RVH diagnosis,sensitivitywas definedas the proportion

of positiveresults in patients showingblood pressure cure/im
provement after revascularization(TP/TP+FN); specificitywas
definedas the proportion of negativeresultsin patients showing
noamelioration(TN/TN+FP).

The positive predictive value was the probability of blood
pressure cure or improvement following treatment in patients
with positiveCR5. Conversely,a negativepredictivevalue was
the probabilityofcinical failurein patientswith negativecapto
pril renography (20). Statistical significance was evaluated by
paired Student's t-test.

PTRA(n=24)Preoperatory6

mo 12moStatisticalsignificance*SBP

DBP
NAdrugs
Creat177

Â±27
104Â±11
1.9 Â±0.8
126Â±50153

Â±20 156Â±23
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119Â±57 118Â±46p

< 0.01
p < 0.05
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Note:allvaluesexpressedas meanÂ±standarddeviation.
PTRA= percutaneoustransluminalrenalangioplasty;SR = sur

gicalrepair;SBP= systolicbloodpressure;DBP= diastolicblood
pressure;NA drugs = numberof assumedantihypertensivedrugs;
Creat = creatininemiain @anol/liter.

* Preoperatory vs. 1 2 mo.

TABLE I
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FIGURE 1. Diagnosisof renovascularhypertension(RVH)on
the basisof presenceor absenceof captopril-inducedworsening
(ClW@and CIW, respectively).

RESULTS

Clinical Results
Average blood pressure values, serum creatinine and

number of antihypertensive drugs for the 51 patients,
assessed at 6 and 12-mo follow-up, are reported in Table
2.

Clinical outcome was evaluated on the basis of blood
pressure response to revascularization. In light of studies
reporting a relatively high frequency of restenosis in ath
erosclerotic patients (7,21) and nonsignificant differences
between 6- and 12-mo evaluations (22,23), patients were

TABLE2
Clinical Results (51 Patients)

SBP176Â±22151Â±20154Â±26pezO.01DBP104
Â±991 Â±992 Â±11p <0.01NA

drugs2.0 Â±0.81 .6Â±0.71 .5Â±0.7p <0.05Creat167Â±108145Â±118152Â±120p=ns
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Cured Improved FaIled

classified as benefiting or not benefiting from treatment
on the basis of clinical assessment at 6 mo.

By applying the Cooperative Study on Renovascular
Hypertension criteria (24), clinical results were therefore
classified as: (a) cured, when average diastolic blood pres
sure was 90 mmHg or less and at least 10 mmHg lower
than preoperative levels; (b) improved, in the event of a
15% decrease in average diastolic blood pressure and dia
stolic blood pressure >90 mmHg but <1 10 mmHg; (c)
failed, a <15% decrease in average diastolic blood pressure
and diastolic blood pressure >90 mmHg or diastolic blood
pressure >1 10 mmHg.

Blood pressure was recorded with the patients supine,
after calculating the mean of values obtained at least three
times on different days. Eighteen patients were classified
as cured, 19 improved and 14 failed. Table 3 summarizes
blood pressure response to revascularization.

Patients benefiting from treatment had a preinterven
tion diastolic blood pressure of 173 Â±23 mmHg (mean Â±
s.d.), systolic blood pressure of 104 Â±10and creatininemia
of 119 Â±49 @mol/liter.The mean number of assumed
antihypertensive drugs was 1.9 Â±0.7.

Patients failing to respond to treatment had a preinter
vention diastolic blood pressure of 178 Â±30 mmHg,
systolic blood pressure of 103 Â±11 and creatininemia of
175 Â±1 10 @molfliter. The number ofassumed antihyper
tensive drugs was 2.0 Â±0.8. These differences between the
two subgroups were not statistically significant except in
the case ofcreatininemia (p < 0.05).

Of the 10 patients with fibromuscular dysplasia, 9 re
sponded positively and only 1 failed to show any benefit;
in the atherosclerotic group, 9 were cured, 19 improved
and 13 showed no benefit.

Scintigraphic Results
Onthewhole,scintigraphicstudieswerepositivein 33

cases and negative in 18. Test positivity, suggesting renin
angiotensin system activation and a potential benefit from

treatment, occurred in 15/18 cured, in 17/19 improved
and in only 1/14 failed patients (Fig. 2).

For patients benefiting from revascularization (cure +
improvement), the captopril renography positive predic
tive value was 97%. The negative predictive value (absence
ofblood pressure control) was 72%.

By considering renovascular hypertensives as those pa
tients in whom renal artery surgery or renal angioplasty
led to amelioration ofblood pressure, sensitivity and spec

TABLE3
BloodPressureOutcome

â€˜IS 17

n - 15

nS I

â€” â€” I I

CURED IMPROVED FAILED

CRSposItIve(CIW+)

n â€”13

I I 1@21_____
CURED IMPROVED FAILED

CRSnegative(CIW- or NP)

FIGURE2. Subdivisionof clinicalresultsfor cure,improve
ment or failure (see text for definitions) according to presence
(ClW@)or absence (CIW) of captoptil-inducedworsening(CIW).

ificity of CR5 in detecting RVH was 86.5% and 93%,
respectively.

DISCUSSION

Hypertension and RAS are two distinct conditions from
both a physiopathologic and diagnostic point of view.
Indeed, unlike RAS, which is identified by techniques
based on morphological assessment of renal artery anat
omy, such as angiography (25,26) and echo-Doppler flow
metry (27), RVH is a retrospective diagnosis. It can be
inferred only from results of functional studies capable of
detecting or unmasking renin activation due to RAS.

Tests such as renal vein renin ratio and captopril stim
ulation have proved, however, to be insufficiently accurate
(8-10,28,29) in the detection ofpatients affected by RVH.

Promising results using revascularization techniques,
especially renal angioplasty, have led to their widespread
use on larger groups of patients. Indeed, in many centers,
hypertensives with RAS >50% are submitted for renal
artery revascularization, a procedure which is not risk-free
and which may cause complications in at least 10% of
treated patients (5,30). Furthermore, studies dealing with
long-term follow-up report lO%â€”40%ofpatients in whom
treatment failed to show any beneficial effect on blood
pressure (5,6,30).

Patients undergoing renal revascularization could there
fore benefit from a noninvasive test that can predict their
blood pressure response.

Since the main mechanism involved in RVH is activa
tion ofthe renin-angiotensin cascade, it might be assumed
that a test capable of unmasking renin activation could
reliably predict clinical outcome following treatment.

Captopril-renal scintigraphy may potentially be re
garded as a test ofthis kind, although its role has not been
fully defined. In many studies, it has been employed for
RAS identification (11,12,18,19,31), while in others it has

PTRA 7 (29.2%) 9 (37.5%) 8(33.3%)
SR 11 (40.7%) 10 (37.0%) 6 (22.2%)

Note: PTRA = percutaneous transluminal renal angioplasty and
SR= surgicalrepair.
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been used to detect RVH, albeit in small groups of patients
(13â€”17).

In the present study, renal angioplasty and surgical
repair effects on blood pressure in a relatively large popu
lation were correlated to captopril-induced scintigraphic
abnormalities in preintervention studies.

Renal angioplasty and surgery results in our study com
pare well with other reports (5,6) with regards to clinical
outcome (29% cured, 37% improved, 33% failed for renal
angioplasty and 41% cured, 38% improved and 22% failed
for surgery).

Thus, in comparison with literature data, there are no
differences in our results that could adversely affect our
conclusions regarding the use of CR5.

We found a high correspondence between scintigraphic
diagnosis and pressure control. In 45/5 1 patients (88%),
captopnl renography correctly predicted blood pressure
outcome. In particular, cure or improvement in hyperten
sion was achieved in 32/33 patients whose preintervention
CR5detectedsignsofrenin-angiotensinsystemactivation
(97% positive predictive value). The only case of clinical
failure in the presence of positive captopril renography
occurred in a patient with already compromised renal
function (serum creatinine = 546 @mol/liter,the highest
value in the population studied). The inefficacy of revas
cularization in patients affected by severe renal impair
ment has already been documented (32).

Negative CRS, on the other hand, was less accurate in
predicting blood pressure results: 5/18 patients with neg
ative CR5 benefited from intervention (3 cured; 2 im
proved), for a negative predictive value of 72%. In this
respect, one of the cured patients presented with multiple
renal arteries, one of which was affected by stenosis and
subsequently dilated. The parametric images, reported
elsewhere as effective in detecting segmentary perfusion
abnormalities(19), failed in this case to identify the patient
in question. Furthermore, it is worth noting that in the
remaining two cured patients, the lesion etiology was
fibromuscular dysplasia, which has a very high cure rate

(5,6).
As regards RAS severity, stenoses reduced vessel diam

eter by >50% in all patients, with the one remarkable
exception of a 30% stenosis presenting clinical features of
possible renovascular origin. This patient, who had a
strongly positive CR5, underwent renal angioplasty and
completely recovered. This patient confirms that stenosis
severity is not necessarily related to its hemodynamic
significance, which can be effectively detected by captopril
renography.

The present study reports a lower sensitivity for RAS
detection (33/51, 65%) than our earlier works (18,19).
This may be accounted for by the population profile, which
includesall thosesubjectsfrom thetwo precedingreports
who had subsequently undergone renal angioplasty or
surgical repair, except those faffingunder exclusion criteria
previously reported. For fortuitous reasons, all cases rated

as false-negatives in those studies are represented here,
thus artificially increasing the relative incidence of nonre
sponders to captopril administration.

Since they failed to show any improvement after treat
ment, these nonresponders were classified here as true
negatives for prediction of cure/improvement of blood
pressure. This finding confirms the technique's high spec
ificity for unmasking renin-angiotensin activation.

In conclusion, our study demonstrates that CR5 is a
strong predictor of blood pressure control in patients sus
pected ofhaving RVH. While the predictivity ofa negative
test is fairly accurate (although further investigation is
required), a positive CR5 almost certainly predicts blood
pressure cure or improvement. This is particularly relevant
for clinical decision-making in patients at high surgical
risk.
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