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Hippurate functional scintiscans were obtained in 51 hypertensive patients and
in 15 controls. We investigated the influence that posture and exercise have on
hippurate kinetics in patients with hypertension. A posture- or exercise-induced

disturbance of renal hippurate transport was sought. All persons were examined
in prone and standing positions, as well as during exercise. When prone and upright
renograms were compared, 24% of the hypertensives demonstrated bilateral or-

thostatic renal dysfunction. Exercise caused the hippurate transport disturbance
to increase. Fifty-seven percent of all hypertensives developed evidence of

marked, bilateral, renal dysfunction during ergometrie stress, so that exercise ren-

ography was shown to be a more sensitive test of the presence of transient tubular
dysfunction in hypertension than the standing renogram. In normotensive controls
the hippurate functional scintigram failed to be influenced by posture and exercise.
The results suggest presence in hypertension of transient, posture- and exercise-

mediated alterations of renal cortical blood flow.
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Hippurate sequential scintigraphy was recently
used to identify bilateral orthostatic renal dysfunction
(BORD) in patients with hypertension (/). The abnor
mality causes a marked, bilateral disturbance of hip
purate transport in the upright position, resulting in
parenchyma! radionuclide retention, delayed tracer
appearance in the bladder, and an elevated third segment
of the renogram. The results were interpreted as pointing
to the existence of posture-dependent fluctuations of
renal cortical blood flow. The present study sought to
determine whether exercise may also trigger the vascular
reaction responsible for the newly identified perfusion
abnormality seen in some patients with hypertension.

METHODS

We report on 76 patients referred for hippurate scin
tigraphy because of hypertension. For inclusion in the
study, patients had to have a minimum systolic blood
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pressure of 150 mm Hg, or a diastolic value of 105 mm
Hg, at the time of presentation for scintigraphy. The
initial population included all patients meeting two re
quirements: referral for evaluation of hypertension, and
hypertensive at the time of presentation. Ten patients
could not be examined with exercise renography. Eight
of these had coronary artery disease. Five of the eight
had been treated for infarction, and three had recurring
angina pectoris. Two others were physically incapable,
following a cerebral stroke. Two more patients refused
to participate in the examination series. Thus 64 patients
were able to have the series of three examinations. Of
these, three had to be excluded from evaluation because
the sequence of examinations could not be evaluated.
Furthermore, ten patients who had participated in the
series of three examinations were excluded when eval
uation of results showed that the pulse rate at 10 min
after tracer injection was uninfluenced by exercise. These
patients had evidently not followed instructions, failing
to exercise adequately. Fifty-one hypertensives were thus
included in the final evaluation. We also examined 15
normotensive volunteers who served as controls.

All evaluated patients and controls were examined
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three times each. Each subject was studied in the prone
position, in the standing position, and in an upright
posture during ergometrie stress. An attempt was made
to obtain the sequence of examinations within one week.
This was not always possible, but was achieved in most
of the patients. To obtain adequate hydration, patients
were asked to drink 400 ml of fluid. Fluid intake pre
ceded the radiorenogram by about 30 min.

All patients received careful oral instructions about
the series of examinations. The renogram in the prone
position was begun within minutes after patient posi
tioning. The renogram in standing position was used to
identify BORD. Patients walked up to the camera, and
were scintigraphed. We did not examine patients in the
standing position by having them get up from the hori
zontal position immediately before the upright study.
The examination in standing position therefore identifies
a posture-dependent pattern of hippurate handling. The
exercise program was used to observe the influence of
exercise on hippurate kinetics. It was stressed that the
patient should remain comfortable during the test. The
work load was to be considered inadequate if it could be
continued indefinitely or too heavy if it resulted in ex
haustion. Patients sitting in front of the gamma camera
on a bicycle ergometer were asked to sit straight-backed
so that the kidney-to-camera distance was kept small.
Pulse and BP were noted before the exercise. Ergometrie
resistance was set at 60 W for women, 80 W for men,
after 60 rotations per minute were reached. After 1-2
min of exercise, the pulse-rate change in response to
exercise was noted. Renography was begun only after
the pulse rate increased at least 20 beats per minute.
Following radiotracer injection, the patients continued
with exercise, ergometrie resistance being adjusted ac
cording to the wishes of the patients. Pulse and BP were
monitored during interruptions of exercise at 10 min and
again at the end of the study. Pulse rate served as an
objective parameter of the effectiveness of exercise, and
as a test to identify eventual over-exertion. BP mea
surements were also made to identify potentially dan
gerous BP elevations in response to exercise.

Radionuclide renography was carried out after in
travenous injection of either 7 Â¿tCi1-131 hippurate or 6
p.C\ 1-123 hippurate per kg body weight. A 15-inch
gamma camera equipped with a general-purpose me
dium-energy parallel-hole collimator was used for all
studies, with a window setting at 25%, centered over the
photopeak of the tracer. One-minute scintiscans were
obtained, beginning with the injection, and at 1,2, 3,4,
7, 9, 14 and 19 min. To identify initial tracer appearance
in the bladder, which was identified on the sequential
scans, we extended the uninterrupted one-minute image
sequence past the fourth minute when required. The
examination was terminated after 20 min. At the end of
the study the patients were told to empty the bladder,
following which one last scintiscan was obtained. Data
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were stored on magnetic tape, and were analyzed by
minicomputer. Regions of interest (ROI) were placed
over each kidney to determine single-kidney function.
No attempt was made to exclude the renal pelvic system.
Background ROIs were placed around each kidney,
using a two-pixel width. Single-kidney hippurate uptake,
expressed as a percentage of the total uptake of both
kidneys, was determined. Uptake was taken to be pro
portional to the gradient of the renogram between 24 and
120 sec. The third curve segment of the renogram was
analyzed by inspection only. Results of prone, standing,
and exercise renography, and serial scintigrams, were
compared. The pulse rate was taken and BP measured
immediately preceding scintigraphy and after 10 and 20
min. Antihypertensive therapy was noted. We did not
document the individual drugs taken by the patients.

RESULTS

Fifty-one hypertensives and 15 normotensive controls
had prone, standing, and exercise renography. Twelve

(24%) of the 51 hypertensive patients demonstrated bi
lateral orthostatic renal dysfunction (BORD) (Table 1).
Renography in prone position was normal, or at least
failed to demonstrate bilaterally disturbed transrenai
hippurate transport. The examination in the standing
position identified bilateral parenchyma! hippurate
retension. The bladder appearance time was delayed,
with mean tracer appearance at 4.6 min. The same pa
tients demonstrated tracer excretion into the bladder at
3.5 min during the prone examination. All patients who
had BORD also had positive exercise renograms. Exer
cise caused bilateral renal dysfunction in 29 (57%) of the
patients with hypertension (Fig. 1). Mean tracer ap
pearance time in the bladder changed from 3.5 min in
the prone position, to 10.2 min during ergometrie stress
(Table 1). Twenty-two (43%) of the 51 hypertensives had
no evidence of posture- or exercise-mediated bilateral
change of transrenai hippurate transport. Note that eight
of these hypertensives did have dissimilar single-kidney
function, so that parenchymal or renovascular hyper
tension must be considered in these patients. Only 14

14-15 19-20

O 20Min

FIG. 1. Renograms and scintiscans from a 40-yr-old hypertensive patient examined in prone and standing positions, as well as during
exercise. Prone examination (top row) identified dissimilar single-kidney function: left kidney contributed 37%, right kidney 63% of total

function. Parenchymal hippurate transport was normal. Mippurate transit failed to change when patient was examined in standing position
(middle row). Exercise renogram (botton row) identified a bilateral disturbance of hippurate transport. Note the renogram's slightly flattened
second segment, delayed tracer excretion into bladder, and pronounced tracer retention in renal tissue, causing the renogram's excretory

segment to be elevated.
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FIG. 2. Renograms and sequential scintiscans of a 45-yr-old patient with hypertension of unknown origin. Examinations were obtained

in prone and standing positions, and during ergometrie stress. The prone renogram was regular. Note equal distribution of renal function,
bladder appearance during third minute, and regular contour of the renogram. Examination in standing position identified BORD. Hippurate
appeared in bladder during fifth minute, and renogram's third segment was slightly elevated due to parenchymal tracer retention. Exercise

caused a massive disturbance in renal handling of hippurate. Note flattened second segment and elevated third segment of renogram.
Sequential scans show tissue retention of tracer, and delayed hippurate excretion into bladder.

(27%) of 51 hypertensives had balanced renal function
and lacked evidence of posture- or exercise-induced
abnormal hippurate transport. In four patients the
transrenai hippurate kinetics were massively altered by
exercise, so that radiotracer excretion into the bladder
failed to occur during the 20 min of the examination,
which was terminated after 20 min. In one patient we
documented the first radioactivity in the bladder at three
minutes, during the examination in the supine position.
Exercise caused a massive functional disturbance, with
the first bladder activity visible at 40 min. This was 20
min after the termination of exercise!

We find it remarkable that 19 out of 29 patients
having positive exercise renograms had balanced
single-kidney function (Fig. 2). This means that the
calculated single-kidney function was between 45% and
55% for each kidney (Table 1).

We were unable to document a characteristic blood
pressure (BP) pattern in patients with positive exercise
renograms. A comparison of systolic BP values showed
that stress resulted in a BP elevation in eight, a fall in
eight, and no change in 13. Hypertensives with negative
exercise scintigrams had an exercise-induced elevation
of systolic values in ten cases and a fall in nine, while

three remained stable. We considered BP values stable
when systolic values were altered less than 10 mm Hg.

Fifteen normotensives participated as controls. None
demonstrated bilateral renal dysfunction as a result of
exercise (Fig. 3). BORD also failed to occur in this group
(Table 1).

DISCUSSION

Exercise renography appears to us to be a most ex
citing approach for the evaluation of patients with hy
pertension, since exercise was shown to be a potent
trigger of transient renal dysfunction. We believe the
procedure to be of interest for the following three rea
sons.

1. Exercise renography appears to be a powerful new
tool to study transient tubular dysfunction in the kidney,
a function response that has escaped previous detection.
Bilateral orthostatic renal dysfunction (BORD) was
described recently (7 ), and its identification resulted in
a search for other physiologic stimuli capable of re
vealing the tubular disturbance. The present study shows
that exercise is a powerful trigger of transient tubular
dysfunction. Note that we identified BORD in 24% of
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FIG. 3. Renograms and scintiscans of a normotensive 29-yr-old volunteer. Renography was not influenced by posture or exercise.

the patients, and were able to document exercise-induced
bilateral tubular dysfunction in 57% of the hypertensives
examined.

The presented renographic pattern must be inter
preted as pointing to variations of renal cortical blood
flow. We believe that a cortical vasomotor disturbance
is the mechanism responsible for transient tubular dys
function in hypertension. The sympathetic nervous
system and the renal system of autoregulation must be
considered as capable of initiating the vasomotor dis
turbance. Numerous reports have implicated an elevated
sympathetic nervous tone in the genesis of hypertension
(2-8). We are inclined, however, to emphasize the renal
system of autoregulation in explaining the observed
abnormality. Case et al. felt that constriction of renal
arterioles may result when these are hyperresponsive to
vasoconstrictor stimuli, or when endogenous vasodilator
mechanisms are deficient (7). The observation of pos
ture-dependent tubular dysfunction in renal transplants
with vascular stenosis and hypertension (9) indicates that
transient vascular spasm is not dependent upon the
sympathetic nervous sytem. Consider that the trans
plant's vascular system is not under direct sympathetic

control. Britton recently presented a most convincing
theoretical model in which he postulated the existence

of overcontraction of cortical nephron afferent arterioles
in essential hypertension (10). Britton's hypothesis lends

considerable suport to the interpretation of our find
ings.

2. We feel that initial results with exercise renography
suggest renal involvement in essential hypertension, and
our guess is that this condition is probably a form of
nephrogenic hypertension. This hypothesis is based on
the following: (a) We have a theoretical model, inde
pendently formulated by Britton, that helps explain the
results of our study (10). Our work was guided by a
working hypothesis similar to the one offered by Britton
(7). The identification of frequent bilateral tubular
dysfunction, triggered by work, appears to meet the ex
pectations of the formulated models, (b) A large number
of hypertensives show abnormal renograms. Note that
29 (57%) of our hypertensive patients had abnormal
exercise renograms, while another 8 (16%) without bi
lateral abnormality, had unilateral reduction of hippu-
rate uptake. Only 14 (27%) hypertensives had no reno
graphic evidence of tubular dysfunction. Renal hyper
tension, as currently defined, could not account for this
very high frequency of abnormal renograms in this pa
tient population, (c) We find many hypertensives with
balanced renal function. This too suggests that our
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population of exercise-positives includes hypertensives
traditionally not classified as being nephrogenic in or
igin.

3. Results of exercise renography may help to explain
the contradictory reports relating to the value of reno
graphy in the evaluation of hypertension. It now appears
that the physiological model used in the past was inad
equate for renogram interpretation in patients with hy
pertension. We have noted that renogram normalization
may lag far behind the exercise stimulus. Note that
posture, as well as unintended exercise (stairs, haste to
be punctual for the renal-function study) may influence
the outcome of renography in hypertension.
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March 5-6, 1983

Annual Spring Meeting
Pacific Northwest Chapter

Society of Nuclear Medicine
Westin Bayshore Hotel

Announcement

Vancouver, B.C.

The Pacific Northwest Chapter of the Society of Nuclear Medicine will hold its Annual Spring Meeting on March 5-6,
1983 at the Westin Bayshore Hotel in Vancouver, British Columbia.
Dr. Donald Lyster, Program Chairman, announces the following plans for the Pacific Northwest Chapter's Spring Meeting:

Role of Gallium-67 in Diffuse Lung Disease
Frederick S. Mishkin, M.D.

Clinical Applications of lndium-111 Labelled WBC,
Polymorphyf, Lymphocytes, Malignant White Cells

I. Ross McDougall, M.B., Ch.B., Ph.D.
Antibodies in Cancer Detection

Steven Larson, M.D./Donald Lyster, Ph.D.

A Technologist Program is being planned for Saturday afternoon. SPECT and NMR speakers to be announced.

We cordially invite you to submit scientific papers for presentation at the meeting. Please contact Dr. Donald Lyster, Van
couver General Hospital, 10th and Heather, Vancouver, B.C., Canada V5Z IM9. Tel:(604)875-4111, ext. 3471.

Commercial companies are invited to participate. Space will be available for table-top displays. Please contact the Pacific
Northwest Chapter Office.

AMA Category 1 credit for physicians will be available.

A Chapter General Business Meeting will be held on Saturday, March 5, 1983 at the scheduled lunch.

For further information and hotel and registration cards, please contact: Jean Parker, Executive Director, Pacific North
west Chapter, SNM, P.O. Box 40279, San Francisco, CA 94140. Tel:(415)647-0722or 647-1668.
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