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INTRODUCTION

Taki et al.1,2 reported that ACZ increases cerebral and
renal blood flow in rabbits by about 20–30%, indicating
that a dose of 12 mg/kg ACZ inhibits 20% of the carbonic
anhydrase activity in red blood cells. Hypercapnia in-
creases blood flow in tissues and organs, thus inducing

increases in organ blood flow in animals that have inhaled
CO2 gas.1,2 This gave rise to speculation that ACZ would
increase renal and cerebral blood flow in a similar manner
by inhibiting carbonic anhydrase activity resulting from
CO2 retention in the organs. An O-15 H2O PET study by
Hayashida et al.3 showed that 1,000 mg of ACZ injected
at sites of normal cerebral perfusion induces the maximal
vasoreactive response of a 41% increase in cerebral blood
flow after 10 min. We recently presented evidence show-
ing that ACZ dilates the microvascular system as well as
the renal arteries,4 suggesting that it acts directly on the
vascular system. Microangiopathy also has been demon-
strated in patients with nondiabetic nephropathies such as
hypertensive nephropathy.5,6
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The present study examines whether or not Tc-99m
MAG3 renography can differentiate the severity of renal
angiopathy in patients with Type 2 diabetes through the
depletion of renal vasoreactivity after an intravenous
injection of ACZ.

MATERIALS AND METHODS

Study population
All patients provided written informed consent to partici-
pate in the study using the format approved by the Human
Studies Committee at the National Cardiovascular Cen-
ter. We separated the participants into four groups as
follows: patients without hypertension or diabetes (nor-
mal group), patients with essential hypertension (hyper-
tensive group), patients with Type 2 diabetes and hyper-
tension (diabetes group) and 10 without hypertension or
diabetes who underwent a placebo test using distilled
water instead of ACZ (placebo group). The clinical char-
acteristics of the groups are shown in Table 1.

The clinical findings among all the four groups did not
significantly differ except for hemoglobin A1C (HbA1C),
fasting plasma glucose for the diabetes group compared
with the normal and hypertensive groups, and blood
pressure for the diabetes or hypertensive groups com-
pared with the normal group. The clinical characteristics
did not differ between the placebo and normal groups.
Essential hypertension was mild to moderate (diastolic
blood pressure <110 mmHg), and fulfilled the following
criteria for hypertensive nephropathy: microalbuminuria
to overt proteinuria, other end-organ evidence of long-

term hypertension such as left ventricular hypertrophy, a
family history of hypertension and normal renal function
at the time of the onset of essential hypertension, thus
excluding renal disease as the etiology of the hyperten-
sion.7,8 Type 2 diabetics fulfilled the criteria for diabetic
nephropathy, with patients having from microalbuminuria
(30–300 mg/24 h) to overt proteinuria (g/24 h).9 The four
groups had normal renal function or mild renal dysfunc-
tion. All patients in the hypertensive and diabetic groups
had been using antihypertensive medications such as
calcium channel blockers. The therapy for the diabetes
group was based on diet, sulfonylurea, and/or insulin.
Hydronephrosis and renal artery stenosis in the three
groups of patients were excluded by computed tomogra-
phy and by measuring the velocity of renal arterial blood
flow using color Doppler ultrasonography. The three
groups did not differ in terms of gender, age, or body mass
index.

Protocol for baseline and ACZ renography
We conjectured that the microcirculatory responses to
vasoactive agents decrease depending on the severity of
angiopathy in patients with diabetic or hypertensive ne-
phropathies. We conducted baseline and ACZ (Diamox,
Lederle, Ltd., Tokyo, Japan) renography using Tc-99m
mercaptoacetylgycylglycylglycine (MAG3) (Daiichi
Radioisotope Labs. Ltd., Tokyo, Japan) for 50 min. Pa-
tients were sequentially injected with 370 MBq Tc-99m
MAG3 in the following manner: 1) Thirty minutes after
drinking 300 ml of water, the patient was placed in the
supine position. 2) Counts in the syringe containing Tc-

Table 1   Compared with clinical characteristics of placebo, normal subjects, essential hypertension
and Type 2 diabetes with hypertension

Placebo Normal Hypertension Diabetes
group group group group p value* p value** p value***

(n = 10) (n = 10) (n = 10) (n= 10)

Age (years) 62 ± 9 63 ± 8 63 ± 13 62 ± 12 0.62 0.70 0.62
Gender (M/F) 8/2 6/4  8/2 7/3 0.75 0.82 0.82
Body mass index (kg/m2) 24.2 ± 3.7 24.6 ± 3.5 24.0 ± 4.0 24.9 ± 4.4 0.87 0.54 0.54
Habituation of cigarette (years) 20.2 ± 5.4 19.5 ± 4.2   24.8 ± 17.4   23.0 ± 21.8 0.03 0.74 0.74
Fasting plasma glucose (mg/ml) 86.2 ± 4.8 86.3 ± 5.6 88.8 ± 7.9 133.4 ± 39.5 0.24 <0.01 0.02
Hemoglobin A1C (%)   4.9 ± 0.3   5.1 ± 0.2   5.3 ± 0.3   6.0 ± 0.8 0.47 <0.01 <0.01
Serum creatinine (mg/dl)   1.2 ± 0.4   1.0 ± 0.6   1.2 ± 0.4   1.3 ± 0.4 0.55 0.57 0.57
Total cholesterol (mg/dl) 188.2 ± 23.1 182.4 ± 22.5 199.7 ± 38.5 178.9 ± 31.0 0.24 0.20 0.20
Triglyceride (mg/dl) 113.2 ± 43.8 112.4 ± 44.3 114.9 ± 45.6 118.6 ± 46.6 0.86 0.76 0.76
HDL cholesterol (mg/dl) 43.3 ± 5.7 44.3 ± 8.2 42.6 ± 9.3 37.6 ± 6.2 0.70 0.27 0.27
Systolic blood pressure (mmHg) 110.2 ± 11.6 108.0 ± 12.4   138.8 ± 16.1#  136.4 ± 12.2# 0.02 <0.01 0.71
Diastolic blood pressure (mmHg)   64.3 ± 10.0 62.7 ± 9.7     78.6 ± 11.3#   73.8 ± 2.8# <0.01 <0.01 0.21
Carotid IMT (mm)   0.8 ± 0.3   0.7 ± 0.2   0.7 ± 0.3   0.9 ± 0.2 0.44 0.16 0.16

Value expressed as mean ± SD (%). n: number of patients. #: taking antihypertensive medication
Carotid IMT: carotid intima-media thickness. HDL cholesterol: high density lipoprotein cholesterol.
Normal group: normal subjects. Hypertension group: essential hypertension. Diabetes group: Type 2 diabetes with hypertension.
p value*: Normal group versus Hypertension group.
p value**: Normal group versus Diabetes group.
p value***: Hypertension group versus Diabetes group.
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Fig. 1   Effects of placebo on renographic profiles (placebo
group).

99m MAG3 for baseline renography were measured for 5
sec at a distance of 30 cm above the collimator of the
digital gamma camera. 3) Baseline renography was per-
formed for 20 min after the injection of 185 MBq of Tc-
99m MAG3. 4) Residual counts in the syringe for baseline
renography were determined. 5) Tc-99m MAG3 in the
syringe for ACZ renography was counted as in step 2. 6)
Ten minutes after an injection of 1000 mg ACZ dissolved
in 10 ml distilled water, ACZ renography was performed
for 20 min as in step 3 except that recording was started 1
min before the injection of 185 MBq of Tc-99m MAG3.
7) Residual counts in the syringe for ACZ renography
were determined at 50 min. Renographic images were

recorded over a sampling period of 10 sec for 20 min in a
128 × 128 matrix. A digital gamma camera was equipped
with a high-resolution, parallel-hole collimator (Toshiba,
GCA901A/HG). Results were processed using commer-
cially available software (Toshiba, GCM5500UI) and
regions of interest were delineated in both renal cortices
as described.4,10 The effective renal plasma flow of renal
cortex (cERPF) in each kidney was measured using cam-
era-based clearance techniques and Tc-99m MAG3.4,10

Subtraction of the background from the renal activity
generated time-activity curves for baseline and ACZ Tc-
99m MAG3 renography from which quantitative pa-
rameters were derived. The parameters for quantitative
analysis included cERPF in each kidney. The value was
generated from the time activity curve of Tc-99m MAG3
in the kidney using net counts obtained by subtracting the
counts in the syringe before injection from those remain-
ing after injection.11–13

Assessment of vasoreactivity and reproducibility with
baseline and ACZ renography
We obtained the cERPF value from ACZ renograms. We
validated the vasoreactivity caused by ACZ in the 10
normal subjects, and its reproducibility using distilled
water in the placebo group of 10 subjects, by calculating
the percentage changes in ERPF between baseline and
ACZ Tc-99m MAG3 renography as ∆ERPF, using the
following formula:

∆ERPF =
cERPF at ACZ − cERPF at baseline

× 100
cERPF at baseline

Where “at baseline” is baseline renography and “ACZ” is
ACZ renography.

Statistical analysis
The statistical significance of cERPF and ∆ERPF among
the four groups was evaluated by two-way analysis of
variance (ANOVA) and two regression parameters were
compared using a t-test. Probability values below 0.05
were considered statistically significant.

RESULTS

Variation in placebo group
The cERPF values of baseline and distilled water of the
placebo group were 101 ± 11 and 104 ± 11 ml/min,
respectively. The cERPF values of the placebo did not
differ between the left and right kidneys. Variation in
∆ERPF in the placebo group was 3.2 ± 4.8% (Fig. 1).

Effects of ACZ in normal, hypertensive and diabetes
groups
Effects of ACZ in three groups are shown in Table 2 and
Figure 2. The cERPF in each kidney of baseline and ACZ
Tc-99m MAG3 renography and the ∆ERPF in the nor-
mal, hypertensive and diabetic groups were 89 ± 10 and

Table 2   Variation of Tmax and cERPF in each group before and
after acetazolamide (ACZ) 1,000 mg administration

Normal Hypertension Diabetes
group group group

p = 0.07***
ERPF (ml/min)

p = 0.16* p = 0.07**

Baseline  89 ± 10 89 ± 14 100 ± 23

ACZ 110 ± 11a 117 ± 22a 112 ± 23

Mean values ± SD. Significantly different from baseline values,
ap < 0.01.
*: Normal group versus Hypertension group
**: Normal group versus Diabetes group
***: Hypertension group versus Diabetes group
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110 ± 10 ml/min, 89 ± 14 and 117 ± 22 ml/min, 100 ± 23
and 112 ± 23 ml/min, respectively, and 24.5 ± 13.5%, 26.0
± 9.7% and 12.3 ± 11.1%, respectively (Fig. 3). The
cERPF values of the baseline did not differ significantly
among the three groups. However, the cERPF values
differed significantly between baseline and ACZ in the
normal and hypertensive groups (p < 0.01, respectively),
but those of the diabetic group did not differ between
baseline and ACZ.

DISCUSSION

The present study examines whether or not baseline and
ACZ Tc-99m MAG3 renography can assess renal blood
flow reserve. In this study, the difference in the cERPF
value in each kidney was significant between normal and
hypertensive groups whereas they did not change in the
diabetic group between before and after ACZ adminis-
tration. Bosch14 reported that the renal reserve was an
indicator of the workload per nephron and might be a
useful parameter to assess the progression of renal dis-
ease. Therefore, regions of interest were delineated in
both renal cortices. It is suggested that the ∆ERPF deter-
mined by baseline and ACZ renography is a useful param-
eter for assessing renal vasoreactivity in patients with
Type 2 diabetes. Taki et al.1,2 recently reported that ACZ
increases cerebral and renal blood flow in rabbits by about
20–30%, indicating that a dose of 12 mg/kg ACZ inhibits
20% of the carbonic anhydrase activity in red blood cells.
Their study indicated that the alterations in renal blood
flow, along with several vascular factors such as prosta-
cyclin, endothelin, and nitric oxide respond to ACZ,

Fig. 2   Effects of acetazolamide (ACZ) in normal, hypertensive and diabetic groups. Values of ERPF
significantly differ between baseline and ACZ in normal and hypertensive groups (p < 0.01, respec-
tively), but those of diabetic group do not differ between baseline and ACZ (p = 0.13).

Fig. 3   Comparison of ∆ERPF with baseline and ACZ renogra-
phy in normal, hypertensive and diabetic groups. Values of
∆ERPF in diabetic group are significantly less effective when
obtained by ACZ compared with normal and hypertensive
groups.

suggesting that the mechanism of ACZ-induced vasodila-
tation involves a cascade triggered by CO2 retention
similar to that induced by CO2 inhalation.1,2 They also
revealed using colored microspheres that ACZ induces
vasodilation in all vessels of the rabbit liver regardless of
size, as well as in small and medium kidney vessels.15

Several studies have examined the response to ACZ in
renal blood flow, but the results were controversial. For
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example, reports indicate that ACZ inhibits the absolute
rate of proximal reabsorption, causes a reduction in the
glomerular filtration rate and activates the tubular glo-
merular feedback mechanism resulting in afferent vaso-
constriction in healthy humans,16 in Type 1 diabetic
patients17–19 and in experimental models.20,21 We re-
cently applied ACZ to a patient with severe bilateral
renovascular disease. We surmised that baseline and ACZ
renography could evaluate the vasoreactivity of the renal
arteries, and thus could indicate the severity of renal angi-
opathy, since ACZ might dilate the renal arteries.4 There-
fore, we propose that ACZ increases the renal blood flow.

Renal blood flow is maintained at a constant level by
autoregulation, and the glomerular filtration rate is influ-
enced by renal blood flow and renal vascular resistance.22

However, Christensen et al.23 reported that autoregulation
of the glomerular filtration rate in patients with Type 2
diabetes and hypertension is often impaired. The present
study found that the difference in the cERPF value in each
kidney was significant between the normal and hyperten-
sive groups, but they did not change in the diabetic group
between before and after ACZ administration. The ∆ERPF
values were small in the diabetic group, because renal
vascular resistance due to atherosclerosis might be in-
creased compared with the normal and hypertension
groups, indicating poor autoregulation of the glomerular
filtration rate. This may explain why cERPF may be
explained a useful parameter for baseline and ACZ renog-
raphy in patients with Type 2 diabetics with hypertension.
In this study, systolic and diastolic blood pressure did not
change either before or after ACZ administration. Shimotsu
et al.24 also reported that ACZ does not affect blood
pressure. Thus, ACZ is probably safe in patients with
hypertension and Type 2 diabetes.

In addition, although previous results were obtained
from single examination at least 2 days apart, all param-
eters concerning baseline and ACZ renography were
generated from a single examination on the same day.
Moreover, the present study suggested that baseline and
ACZ renography can be completed within one day in
short a time, and that the method is simply. The cERPF in
each kidney determined using the gamma camera might
be difficult to reproduce in terms of an absolute value due
to kidney depth, position and attenuation. However, the
present study found that the renographic variation in
∆ERPF values between the baseline and the placebo did
not exceed 3.2%. Therefore, we concluded that the ∆ERPF
value may indicate renal vasoreactivity in our method.

CONCLUSIONS

The present study examined whether or not baseline and
ACZ Tc-99m MAG3 renography could assess renal blood
flow reserve. The ∆ERPF values of baseline and ACZ Tc-
99m MAG3 renography were significantly less changed
by ACZ in the diabetic than in the normal and hyperten-

sive groups. Therefore, we suggested that the ∆ERPF
value determined by baseline and ACZ Tc-99m MAG3
renography is a useful parameter for assessing renal
vasoreactivity in patients with Type 2 diabetes with hy-
pertension.
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