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Angiotensin-converting enzyme inhibition by captopril decreases
renal 131l-o-iodohippurate sodium or iothalamate extraction in

patients with renal artery stenosis (RAS). This study investigated
the effect of captopril on another renal radiopharmaceutical,
99mTc-mercaptoacetyltriglycine (MAG3), in particular its plasma

clearance. Methods: Three groups of patients were studied.
Group I contained 22 patients with hypertension but a low
likelihood of RAS according to negative captopril renography
results, confirmed by angiography in 5. Group II contained 22
hypertensive patients with RAS documented by angiography and
positive captopril and plasma renin response. Group III contained
10 patients after successful percutaneous transluminal renal
angioplasty (PTRA) with negative captopril renography results.
The 60-min, single-sample technique was used for measurement

of the plasma clearance of MAG3 during baseline and captopril
renography. Results: In 18 of 22 group I patients, clearance
increased (P < 0.01) during captopril renography compared with
baseline conditions, whereas in 18 of 22 group II patients,
clearance decreased (P < 0.01). In group III patients, clearance
was not significantly altered. The clearance decrease in group II
did not correlate with the blood pressure decrease or plasma
renin activity increase during captopril renography. Conclusion:
Renal function assessed by MAG3 plasma clearance decreases
in hypertensive patients with RAS but increases in patients
without RAS. MAG3 clearance measurements during baseline
and captopril renography can thus serve as additional diagnostic
information when investigating patients with hypertension for the
possibility of an RAS.
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Lngiotensin-converting enzyme (ACE) inhibition by
captopril has been shown to decrease renal 13ll-o-iodohippu-

rate sodium or iothalamate extraction in humans and dogs
with renal artery stenosis (RAS) (1,2). Reports of similar
decreases in clearances are, however, limited and inconclu
sive. After captopril ingestion, the effective renal plasma
flow as measured by I31l-o-iodohippurate sodium clearance
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decreased in transplanted kidneys with RAS but increased in
transplanted control kidneys without RAS (3). In patients
with native kidneys and RAS, no significant changes in
global l3'I-0-iodohippurate sodium clearance were observed

after captopril (4), whereas patients with essential hyperten
sion or healthy volunteers showed a slight increase in
131I-o-iodohippurate sodium clearance (4,5). Also, the con

sensus report on ACE inhibitor renography (4,6) states that
"no major changes occur in clearances of hippuran or

mercaptoacetyltriglycine (MAG3) during ACE inhibition in
patients with mild to moderate renal arterial stenosis."

Because we routinely perform captopril renography with
MAG3 in patients referred for diagnosis of the cause of their
hypertension, this study was designed to further investigate
MAG3 clearance changes and to find out whether MAG3
clearance measurements during ACE inhibition can add
diagnostic information to routine captopril renography results.

MATERIALS AND METHODS

Patients
Three groups of patients were studied. Group I (no RAS)

consisted of 22 consecutive patients (14 men, 8 women; age range,
24-82 y) referred for renography because of hypertension (> 145/85

mm Hg). They underwent both baseline renography and captopril
renography and showed a low probability of RAS, judging from the
negative captopril renography findings (4,6), which were con
firmed by normal renal angiography findings in 5 patients.

Group II (RAS) consisted of 22 consecutive patients (13 men, 9
women; age range, 28-82 y) referred for renography because of

hypertension (> 145/85 mm Hg). They underwent both baseline
renography and captopril renography and had RAS as documented
by positive angiography findings, i.e., more than a 50% reduction
in the luminal diameter of the renal artery. Twenty-one patients had

a high probability of RAS, judging from positive captopril
renography findings (4,6). One patient was referred for angiogra
phy because of positive plasma renin findings, according to the
method of MÃ¼lleret al. (7), but the results of captopril renography
were negative. Four of the patients had fibromuscular hyperplasia
of the renal artery.

Group III consisted of 10 consecutive patients (4 men, 6 women;
age range, 28-65 y), 3 of whom had fibromuscular hyperplasia. The

patients in group III were examined 4 wk after percutaneous
transluminal renal angioplasty (PTRA). Seven were from group II,
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but 3 lacked the baseline studies required for inclusion in that group
and, thus, proceeded directly to PTRA. All in this group underwent
both baseline and captopril renography after PTRA, and the
hypertension of all was cured or improved (diastolic blood pres
sure ^ 90 mm Hg, diastolic blood pressure s 95 mm Hg with 50%
decrease in antihypertensive medication, or 20-mm Hg systolic

blood pressure decrease with no change in antihypertensive
medication). The captopril renography findings were negative in
these patients.

Protocol
ACE inhibitors, diuretics, and ÃŸ-blockerswere withheld for 4 d

before the study. The patients were hydrated with 0.5-1 L water

(about 10 mL/kg body weight) during the hour before renography.
While the patients were sitting, blood pressure was monitored
before and during the 60 min after ingestion of 50 mg captopril and
60 min after injection of MAG3, i.e., 120 min after ingestion of
captopril. Plasma renin activity (PRA) was measured with a
commercial 125Iradioimmunoassay kit (RIANEN Angiotensin I;

DuPont Scandinavia AB, Stockholm, Sweden) before and 60 min
after captopril ingestion, with the patients sitting. PRA results were
assessed according to MÃ¼lleret al. (7), and criteria for a positive
test result were those of MÃ¼lleret al. (PRA > 12 ng/mL/h, absolute
increase in PRA over baseline 2. 10 ng/mL/h, and percentage
increase in PRA > 150% if baseline PRA > 3 ng/mL/h or > 400%

if baseline PRA < 3 ng/mL/h).
Renography with 1 MBq MAG3 (Mallinckrodt Medical, Petten,

The Netherlands) per kilogram of body weight was performed with
the patient supine after bladder emptying, i.e., approximately 65
min after the captopril ingestion. Baseline studies without captopril
were performed on a separate day using the same MAG3 dose, and
MAG3 single-sample plasma clearance was measured during both
baseline and captopril renography according to MÃ¼ller-Suuret al.

(8) on the basis of a plasma sample 44 or 60 min after injection of
MAG3. In some patients without clinical signs of renal insuffi
ciency (8 patients in group I, 4 in group II, and 2 in group III, all
with baseline MAG3 clearance values > 200 mL/min/1.73 m2), a

1-d protocol was used in which 0.5 MBq/kg of body weight was
given at baseline and followed by 1.5-2 MBq per kilogram of body

weight during captopril renography approximately 5 h later. An
extra blood sample was taken immediately before the second
MAG3 injection to measure how much activity remained in the
plasma from the first MAG3 injection.

Statistical Analysis
The significance of the difference between clearance at baseline

and after captopril ingestion in each patient was analyzed using the
Student t test for paired samples. P < 0.05 (2-tailed) was

considered to be significant.

RESULTS

The individual data within each patient group are shown
in Figure 1. The mean values Â±SEMs of clearance at
baseline and during captopril renography were 221 Â±23 and
239 Â±25 mL/min/1.73 m2, respectively, in group I and

showed an approximately 8% increase (P < 0.01) during
ACE inhibition. In group II, the corresponding values were
233 Â±20 and 186 Â±16 mL/min/1.73 m2, or a decrease of

approximately 20% (P < 0.01). In 4 of the 22 patients, a
slight increase in clearance was observed; these 4 had
atheromatous disease but no fibrodysplasia. In group III, a
slight increase in clearance was observed in 8 patients and a
slight decrease in 2. The mean values were not significantly

FIGURE 1. Individual data on MAG3
plasma clearance during baseline and cap
topril renography (Capto) in patients with
low likelihood of RAS (group I), in patients
with documented stenosis (group II). and in
patients after successful angioplasty (group
III). P < 0.01 indicates significant in
crease in group I and significant decrease in
group II.
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different (256 Â± 22 and 267 Â± 24 mL/min/1.73 m2,

respectively). The blood pressure decrease and the plasma
renin increase in group II are shown in relation to the MAG3
clearance changes (x-axis) in Figures 2A and B, respec

tively. No significant linear correlation existed between
these parameters.

Figures 3 and 4 show scintigrams, renograms, clearance,
and blood pressure of 1 representative patient with fibromus-

cular hyperplasia of the left renal artery before and after
angioplasty (PTRA). A positive captopril renography re
sponse and decrease in the MAG3 clearance consistent with
left RAS is shown in Figures 3A and B. Normalization of the
renogram of the affected left kidney at baseline and after
captopril ingestion, absence of the clearance decrease during

captopril renography, and normal blood pressure were
observed after successful PTRA (Figs. 4A and B).

DISCUSSION

Our observation of a slight increase in MAG3 clearance
during ACE inhibition in patients with a low probability of
RAS (group I), as in those with essential hypertension, or in
some patients after successful PTRA (group III) is consistent
with earlier findings for 131I-o-iodohippurate sodium clear

ance measurements (3-5). These clearance increases are
likely a consequence of the expected captopril-induced

vasodilatation, presumably without any change in the tubu
lar extraction fraction of MAG3. The decrease in MAG3
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FIGURE 2. Individualdata on patients in
group II (RAS). Change in MAG clearance
during ACE inhibition did not correlate with
decrease in systolic blood pressure (A) or
increase in PRA(B).
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FIGURE 3. (A) Renal scintigraphyat base
line and after captopril ingestion (Capto) in
woman with fibromuscular hyperplasia of
left renal artery. (B) In corresponding reno-
grams, clearance (CMAG3)and blood pres
sure (BP) values show typical response,
with retention of tracer in left kidney and
decrease in both MAG3 clearance and BP
after captopril. L (%) and R (%) = separate
left and right renal function.
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clearance in patients with RAS has not, to our knowledge,
been previously reported but is in accordance with the
decrease in 131I-o-iodohippurate sodium plasma clearance,

expressed as effective renal plasma flow, obtained in trans
planted kidneys (3). A possible mechanism for this observed
decrease may be an impaired tubular extraction fraction for
MAG3. Such a decrease in extraction fraction has been
documented for 131I-o-iodohippurate sodium (7,2,9,70), and
because both 13ll-o-iodohippurate sodium and MAG3 have

similar tubular handling (77), this explanation may also hold
for MAG3. The parenchymal retention of MAG3 (Fig. 3A)
that can be seen on scintigraphic images during captopril
renography may be a consequence of decreased excretion
and, thus, decreased renal extraction because of saturated
uptake in the tubular cells and lowered transluminal MAG3
transport. The decreased net excretion of MAG3 is both
visually seen and quantitatively measured as a decrease in
plasma clearance (Fig. 3).

The observation of an increase in MAG3 clearance during
captopril renography in 18 of 22 patients without RAS as
opposed to a decrease in 18 of 22 patients with RAS may be
useful for diagnosing a hemodynamically significant RAS
and for suggesting restenosis if hypertension recurs after
technically successful PTRA. A consistent observation in
patients with a low probability of RAS, as determined by
captopril renography findings, was no decrease in clearance
after successful PTRA. Most group III patients instead
showed an increase (Fig. 1). The mean values of clearances
were, however, not significantly different (P = 0.103).

A limitation of our study is that we cannot calculate the
specificity of clearance changes because few group I patients
were examined angiographically. Thus, we do not know the
number of false-negative results in this group. However, the

specificity of the captopril renography and PRA analyses
used in this study are high (72,73), and we do not routinely
arteriographically examine patients with a low probability of
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FIGURE 4. (A) Renalscintigraphyat base-
line and after captopril (Capto) in same
patient as in Figure 3 after successful percu
taneous angioplasty of left renal artery. (B)
In corresponding renograms, clearance
(CMAG3)and blood pressure (BP) values
show normalization. L (%) and R (%) =
separate left and right renal function.

RAS. This diagnostic approach has been recommended
(4,6), has acceptable cost-effectiveness (13), and is accepted

by our clinicians. Another limitation may be the measure
ment of 2 single-sample clearances on the same day, as was

done for some of our patients. All of those patients had
clearance values greater than 200 mL/min/1.73 m2, and the

second clearance measurement was obtained approximately
5 h after the first. Plasma WmTcactivity before the second

injection was approximately 0.5% of that 60 min after the
second injection and, thus, negligible. In patients with low
clearance and prolonged retention of MAG3 in the plasma,
however, the 1-d protocol for clearance determination

should not be used.
The decreased MAG3 clearance that we found during

ACE inhibition may indicate decreased renal function. Such
a risk of impaired renal function during ACE inhibition has
also been found from measurements of glomerular filtration
rate and effective renal plasma flow in RAS patients (1,3,14)

and of tubular extraction fraction in dogs (1,2,9,10). Our
data, based on MAG3 clearance measurements, give further
evidence of this risk of impaired extraction of tubular
secreted agents during ACE inhibition in RAS patients.
MAG3 plasma clearance can easily be determined using a
single plasma sample (8,15), with or without concomitant
renography, with an acceptable (8.5%) coefficient of varia
tion (15).

CONCLUSION

An increase or no change in MAG3 clearance after
captopril ingestion may indicate the absence of hemodynami-

cally significant RAS in hypertensive patients (e.g., groups I
and III), whereas a decrease favors RAS. Thus, measure
ment of MAG3 clearance during baseline and captopril
renography may add diagnostic information. An increase in
MAG3 clearance in patients without RAS, on the other
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hand, argues against the risk of renal impairment during
ACE inhibitor therapy. Studies of larger groups of patients
are needed to analyze whether the sensitivity and specificity
of captopril renography can be optimized using clearance
measurements.
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