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We studied 11 hypertensive patients by a radionuclide technique using Gates’ method with
[®*"Tc]DTPA to investigate the acute effects of captopril on glomerular filtration rate (GFR).
Five patients had hypertension with unilateral renal artery stenosis (RAS) angiographically
documented and six patients had essential hypertension (EH). Total and split GFR were
determined under control conditions and after oral administration of captopril (50 mg). In the
patients with RAS, captopril induced a significant decrease of GFR in the stenotic kidneys
(from 42.4 + 4 to 29.6 + 3 mi/min, p < 0.01), while no changes were observed in the
nonstenotic kidneys (from 61.2 + 3 to 61.6 + 5 mi/min, NS). Total GFR was 103.6 + 5 ml/
min under control conditions and decreased to 91.8 + 6 mi/min after captopril (p < 0.05). No
significant changes of GFR were detected after captopril administration in patients with EH. In
a separate group of ten patients with EH, good correlation between 24-hr creatinine clearance
and fractional uptake of [®*"Tc]DTPA was obtained. Good reproducibility of this radionuclide
technique was also shown. This study demonstrates that the computed radionuclide GFR
determination coupled with the captopril test allows one to unmask angiotensin ll-dependent
renal function and hemodynamic changes. This technique can be useful in clinical practice for

identifying patients with renovascular hypertension.
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]:)etection of correctable renal artery stenosis (RAS)
in hypertensive patients has received renewed interest
given the recent advances in surgical and percutaneous
angioplasty techniques (/,2). Numerous tests have been
suggested to detect renovascular hypertension, but
many have a limited sensitivity or specificity (3-10).
Reversible renal failure or a deterioration in renal
function associated with angiotensin-converting en-
zyme (ACE) inhibition, induced by captopril treatment,
is known to occur in patients with bilateral RAS or
arterial stenosis in a solitary or transplanted kidney (11,
12). Recent studies have shown that captopril also may
decrease the glomerular filtration rate (GFR) of the
kidney affected by RAS in the presence of an intact
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contralateral kidney. This effect is usually not apparent
clinically because of the compensatory function of the
other kidney, but can be revealed by radionuclide meth-
ods (13-15). Gates (16,17) described a simple tech-
nique based upon determining the empiric correlation
between the renogram and GFR as measured by creat-
inine clearance. Once such a relationship is established,
it can be used prospectively to estimate GFR from the
renogram. The basic renogram parameter used by Gates
was the sum of the counts during a specific time period,
i.e., the area under the renogram curve. This method
allows determination of GFR for each kidney and de-
rives values for global renal function without blood or
urine sampling (16-18).

The aim of the present study was to evaluate the
effects of ACE inhibition on the renal function of
individual kidneys, assessed by this rapid and nonin-
vasive radionuclide technique, in patients with essential
hypertension (EH) and in patients with hypertension
with angiographically documented RAS.
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MATERIALS AND METHODS

Subjects

This study was carried out in 11 hypertensive patients
divided into two groups: Group 1 included five patients with
hypertension with unilateral RAS (three female and two male,
mean age 43 + 6 yr); Group 2 included six patients with EH
(two female and four male, mean age 42 + 3 yr). Renal
arteriography was performed prior to the radionuclide study
in all patients. Unilateral RAS (60-90% narrowing of the
main branch) was demonstrated on arteriograms in the five
patients of Group 1. Patients with very severe RAS (>90%)
were not included in the study. In the six patients of group 2,
arteriography showed normal renal arteries.

All patients were fully informed about the procedure and
the aims of the study, and consent was obtained from each of
them.

Blood pressure (BP) was measured three times, at least
1 wk apart, with the patients in the supine position after 5
min of rest in a darkened room, with a mercury sphygmo-
manometer as recommended by the American Heart Associ-
ation (19). All patients presented BP values >160/90 mmHg
and were hospitalized for at least 4 wk while the diagnosis of
RAS or EH was made. Other secondary forms of hypertension
were ruled out on the basis of history, physical examination,
and routine screening tests. None of the patients had taken
any medication for at least 2 wk preceding the study, and
none received medication during the period of the study. In
the 2 wk preceding the study, as well as during the study, each
patient consumed a daily isocaloric diet (30 cal/kg), containing
160 mEq sodium and 70 mEq potassium. All patients had
normal serum creatinine levels at the time of scintigraphic
evaluation. Fundoscopic examination, electrocardiography,
chest roentgenography, and echocardiography were used to
diagnose each patient’s hypertension as either stage I or Il
according to the World Health Organization Classification.

Renal Scintigraphy

The computed radionuclide GFR of individual kidneys was
assessed 2-3 min after a single i.v. injection of 3 mCi (111
MBq) of technetium-99m diethylene-triaminepentaacetic acid
([®™Tc]DTPA) using the method described by Gates (16,17).
The injected dose was measured by counting the syringe with
a gamma camera (GE, Starport) using standardized geometry
(at 30 cm). Renal scintigraphy was performed with the same
gamma camera equipped with a low-energy, parallel hole
collimator. The patients were positioned upright before the
gamma camera. Data acquisition was initiated at the moment
of injection and recorded in computer memory every 15 sec
for 6 min. At the end of the study, each kidney was outlined
by a region of interest. To calculate GFR, the fractional uptake
was first determined by the computer then related to the
clearance values (16,17): fractional uptake ([**"Tc]DTPA) 2-
3 min:

kidney counts — background x
e“lly

100,

counts of injected dose
where y is the renal depth calculating according to Tonnesen

et al. (20): left kidney depth = 13.2 (height/weight) + 0.7,
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right kidney depth = 13.3 (height/weight) + 0.7, and u is the
attenuation coefficient for **™Tc in tissue equivalent (u =
0.153). Fractional uptake was related to clearance value by
the following empiric regression equation (17):

GFR = fractional uptake ([**"Tc]DTPA)
X 9.81270 — 6.82519.

Study Protocol

All patients of Group 1 (RAS) and Group 2 (EH) had a
baseline and a postcaptopril computed radionuclide GFR
study. The two studies were performed 24 hr apart, and the
second was started 1 hr after a single dose of 50 mg captopril.
All patients were seated for at least 30 min before captopril
was administered. To facilitate absorption, the captopril tablet
was crushed and dissolved in 10 ml of water immediately
prior to administration. BP and heart rate (HR) were moni-
tored every 10 min and again 1 hr after study completion.

In order to assess the accuracy of the technique, we per-
formed an ancillary study in ten patients with EH (Group 3:
eight female and two male, mean age 48 + 4 yr). These
patients were asked to follow the same guidelines pertaining
to diet and drug intake as those in the other two groups. In all
patients, the GFR was determined by both the radionuclide
method and a conventional 24-hr creatinine clearance, as
previously described (27). Finally, the reproducibility of the
radionuclide computed GFR was determined by performing
paired renograms in the same ten patients with EH 24 hr
apart. These patients had stable renal function as judged by
creatinine clearance.

Statistical Analysis

Statistical comparisons were by Student’s t-test, either
paired or unpaired; a p value < 0.05 was required for signifi-
cance. Data are expressed as mean + s.e.m. Linear regression
analysis was performed to determine the correlation between
the computed GFR data and the 24-hr creatinine clearance,
and between data obtained from the paired computed GFR
studies performed under control conditions in the patients of
Group 3.

RESULTS

In Table 1 are shown the baseline hemodynamic and
humoral measurements recorded in the study popula-
tion.

Captopril Test

Systolic and diastolic BP were significantly reduced
after captopril in both Groups 1 and 2, while HR did
not change (Table 2). In patients with hypertension
with unilateral RAS (Group 1), GFR for the stenotic
kidneys was 42.4 + 4 ml/min and was significantly less
than that of the nonstenotic kidneys 61.2 + 3 ml/min
(p < 0.01). Although the latter value did not change
significantly after captopril administration (61.6 + 5
ml/min, NS compared with the pretreatment level), the
GFR of the RAS group decreased further to 29.6 + 3
ml/min (p < 0.01, compared with pretreatment level)
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TABLE 1
Hemodynamic and Humoral Measurements Recorded in Control Conditions in the Three Groups of Patients Studied

Group 1 Group 2 Group 3

(n=25) (n=26) (n=10)
Systolic BP (mmHg) 168+ 5 163+3 170+ 6
Diastolic BP (mmHg) 1075 98+3 102+3
Heart Rate (bpm) 74+ 3 77+4 76+ 3
GFR (ml/min) 1036 +5 1008+ 6 975+ 8
BUN (mg/dl) 15+3 16+2 16+ 3
Creatinine (mg/di) 11+£01 1.02 + 0.02 1.1 £ 0.06
Serum Na* (mEq/l) 141 £ 2 142+ 2 142 £ 2
Serum K* (mEq/l) 4102 43+0.2 4102
PRA (ng/mi/hr) 48+1.9 1.3+1.1 1.2+09
ALDO (ng/dl) 69+26 73142 74+42

BP = Blood pressure; GFR = Glomerular filtration rate; BUN = Blood urea nitrogen; PRA = Plasma renin activity; ALDO = Plasma

aldosterone concentration.

(Fig. 1). Total GFR in control conditions was 103.6 +
5 ml/min and decreased to 91.8 + 6 ml/min after
captopril (p < 0.05) (Table 2 and Fig. 1). The data for
split renal function for individual patients of Group 1
before and after captopril are shown in Figure 2.

Figure 3 shows the effects of captopril on the total
and split GFR for the patients with EH (Group 2).
These parameters did not change significantly after
captopril administration. In particular, the GFR of the
left kidneys was 49.5 £ 5 ml/min in control conditions
and 52.0 = 5 ml/min after treatment; the baseline GFR
for the right kidneys was 51.1 + 4 ml/min and during
ACE inhibition was 54.8 = 4 ml/min. Total GFR was
100.8 £ 6 ml/min in control conditions and 106.8 = 5
ml/min after captopril administration (Table 2 and Fig.
3).

Ancillary Study

A good correlation was observed between creatinine
clearance and GFR calculated by Gates’ formula in ten
patients with EH (Group 3) (r=0.913, p<0.001,y =
11.2 £ 0.879 X, s.e.e. = 10.4) for global renal function
(Fig. 4). The mean creatinine clearance was 97.2 + 8
ml/min, the mean radionuclide GFR was 96.7 = 8 ml/

min. No statistically significant difference was observed
between creatinine clearance and radionuclide GFR
determination. Finally, the reproducibility of computed
GFR, determined by performing paired renograms in
the same group of ten patients with EH (Group 3), was
excellent (r = 0.930, p < 0.001, y = 24.1 + 0.779, s.e.e.
= 8.5) (Fig. 5). The mean GFR 1| was 97.5 + 8 ml/min,
the mean GFR 2 was 99.7 £ 7 ml/min. No significant
difference was observed between GFR 1 and GFR 2.

DISCUSSION

Although several authors (/3-15,22-25) have re-
ported the application of noninvasive radionuclide
studies of the kidney with ACE inhibition in hyperten-
sive patients with RAS, the acute effects of captopril
administration on GFR assessed by Gates’ technique
have never been studied in humans. However, this
technique for the determination of global and split renal
GFR has been successfully used by Kopecky et al. (26)
and McAfee et al. (27) in models of experimental
hypertension. Gates and other authors validated this
technique with creatinine and inulin clearance meas-

TABLE 2
Effects of Captopril on Systolic and Diastolic Blood Pressure, Heart Rate, and Glomerular Filtration Rate in Patients
with Hypertension with Unilateral RAS (Group 1) and in Patients with EH (Group 2)

SBP DBP HR GFR
Control Captopril Control Captopril Control Captopril Control Captopril
Group 1 168+ 5 149 = 5t 107+ 5 88 + 4! 74+ 3 75+4 1036+ 5 918+ 6
(n=25)
Group 2 163+ 3 150 + 3t 98+3 89+ 3 77+4 76+ 4 1008+ 6 10685
(n=6)

RAS = Renal artery stenosis; EH = Essential hypertension; SBP = Systolic blood pressure (mmHg); DBP = Diastolic blood pressure
(mmHg); HR = Heart rate (bpm); GFR = Glomerular filtration rate (mi/min). " indicates p < 0.05 and ! indicates p < 0.01, compared

with the pretreatment values.
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FIGURE 1

Effects of captopril on total and split GFR in five patients
with hypertension with unilateral RAS. Each bar represents
mean = se. * and ** Indicate p < 0.05 and p < 0.01
compared with the pretreatment values. (O) control;
(C=—1) captopril.

TOTAL

urements for global (/6,/7) and split (/8) renal func-
tion. A positive correlation between global GFR meas-
ured by radionuclide methods and fractional uptake of
[**™Tc]DTPA by the kidneys already has been demon-
strated by previous studies (27,28). The results obtained
in our ancillary study, performed in ten patients with
EH and preserved renal function (Group 3), show a
significant relationship between the 24-hr creatinine
clearance and computed radionuclide GFR determi-
nation. The reproducibility of the method is excellent
as shown by comparing the results of repeated studies
on the same group of patients performed 24 hr apart
under control conditions. The good accuracy and re-
producibility of the computed radionuclide GFR deter-
mination render this technique of renal function meas-
urement extremely useful in clinical practice.

Several factors can interfere with the fractional up-
take determination and calculation of GFR. Recently,

w.
—_—
=————
'%*\

\l

£
5'Eo v v v v
A B A B
STENOTIC NONSTENOTIC

FIGURE 2

Individual data of split GFR in the stenotic and nonstenotic
kidneys of five patients with hypertension with unilateral
RAS before (A) and after captopril (B). * Indicates p < 0.01
compared with the pretreatment values.
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FIGURE 3

Effects of captopril on total and split GFR in six patients
with EH. Each bar represents mean + s.e. (OJ) control;
(C—_1) captopril.

Ginjaume et al. (29) found no correlation between
global GFR measured by the one injection-two blood
samples technique of Brochner-Mortensen (30) and
[®™Tc]DTPA fractional uptake, concluding that the
Gates’ method for GFR determination was unreliable.
For these authors, kidney depth, calculated by Tonne-
sen’s formula (20), is the major source of error. By
contrast, Chachati et al. (/8) demonstrated a good
correlation between inulin clearance and the fractional
uptake of [®™Tc]DTPA, whether kidney depth was
calculated by Tonnesen’s formula or measured by scin-
tigraphic lateral views. Tonnesen’s method of estimat-
ing renal depth from a patient’s height and weight has
been used successfully by Schlegel et al. (31,32) for
many years determining effective renal plasma flow and
GFR, and, as used in the study that Gates originally
reported (16), was shown to improve the accuracy.
The intravascular and extracellular fluid volume and
cardiac output are other factors which affect the 2-

Actug' (24 -nr Creatinine C'earance) vs

Computed (Tc 99m—D"PA) GFR

Computed GFR (ml/min)

Actual GFR (mi/min)

FIGURE 4

Relationship between 24-hr creatinine clearance and
[*®*"Tc]DTPA GFR in ten patients with EH (r = 0.913, p <
0.001).
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The reproducibility of radionuclide computed GFR was
determined by performing paired renograms in ten patients
with EH 24 hr apart in control conditions. GFR 1 = First
measurement; GFR 2 = Second measurement (r = 0.930,
p < 0.001).

3 min kidney accumulation of the injected radionuclide
and its clearance. The hypertensive patients we studied
had no clinical evidence of any increase in the intravas-
cular or extracellular fluid volume and were not in
heart failure. In addition, as recently suggested by Gates
(33), too large a dose of radionuclide, which results in
an inaccurate preinjection syringe count determination
or an inaccurate transmission of syringe count infor-
mation from camera to computer, also represents po-
tential sources of error. These factors played little role
in our study, but should be kept in mind when the
situation arises.

We used 50 mg captopril because previous studies
(34,35) demonstrated that some patients with proved
renovascular disease failed to exhibit any blood pressure
response with the 25 mg captopril test. This may be
explained by the fact that with the lower dose an
incomplete blockade of renin-angiotensin system may
be overcome by the vigorous renin response that is
characteristic of renovascular disease. In contrast, the
50 mg dose is constantly sufficient to induce a sustained
blockade of ACE (34).

Our experience in using the Gates’ method coupled
with the captopril test in hypertensive patients indicates
that it is safe and without unpleasant side effects and,
therefore, is applicable for outpatient evaluation. This
radionuclide technique as described herein may repre-
sent a useful approach for identifying patients with
renovascular disease from a general population of pa-
tients with uncomplicated hypertension.

Our results observed in patients of Group 1 demon-
strate that a single oral dose of captopril reduces GFR
in the stenotic kidneys of patients with hypertension
and unilateral RAS. However, in the contralateral un-
affected kidney GFR was unaltered. As a consequence,
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there was a slight but statistically significant decrease in
global GFR following ACE inhibition by captopril. The
hemodynamic changes in the nonstenotic kidneys were
similar to those seen in the group of patients with EH.

The decrease of GFR obtained after captopril admin-
istration seems to be related to ACE inhibition-induced
deterioration of GFR of the stenotic kidney (15,22,23).
These findings are consistent with the hypothesis that
GFR and intrarenal resistance of the stenotic kidney
are mediated by angiotensin II-dependent efferent ar-
teriolar constriction, and suggest that ACE inhibition
may accentuate angiotensin II-dependent renal hemo-
dynamic and functional changes of RAS. The observa-
tion made in this study confirms previous reports in
both experimental and human models by several inves-
tigators (15,22-27) that ACE inhibition with captopril
is capable of altering renal function assessed by radio-
nuclide studies thus improving the diagnostic accuracy
of these studies in the evaluation of patients with sus-
pected renovascular hypertension. However, an esti-
mation of the sensitivity of captopril renography is
affected by several problems related to the diagnostic
recognition of this disease (36). Further experience is
needed to assess the sensitivity of the technique, partic-
ularly in patients with different degrees of RAS, with
bilateral arterial disease, and with impaired renal func-
tion.

In conclusion, on the basis of our results, we suggest
that the determination of the fractional uptake of
[®™Tc]DTPA between 2-3 min performed in control
conditions and 1 hr after oral captopril administration
allows one to unmask angiotensin II-dependent renal
function and hemodynamic changes. This test offers
promise in identifying patients with hypertension sec-
ondary to RAS. This method can be useful in clinical
practice, and may be suitable for the screening of pa-
tients with renovascular hypertension. Increasing the
number of patients tested in a prospective study using
the same criteria would help to define the sensitivity
and the specificity more precisely.
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