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Abstract—Renal vascular resistance is an important feature of kidney function and disease. To maintain
adequate blood flow, renal vascular resistance varies in response to changes in systemic pressure. Vascular
resistance is largely determined by arteriolar diameter, which is regulated by local and systemic factors.
We used quantitative ultrasound techniques to follow renal vascular changes in anesthetized dogs during
local intraarterial infusion of a potent vasoconstrictor, endothelin-1 (ET-1). Average arteriolar diameters
were estimated by analyzing echo-signal spectra (5-15 MHz) obtained from renal cortex in vivo before,
during, and after ET-1 infusion. At calculated arterial concentrations of 0.01 nM, 0.1 nM, and 1.0 nM, ET-
1 reduced the average arteriolar diameter of 38 = 2 um by 2%, 63%, and 91%, respectively, without
producing a significant change in systemic blood pressure. Changes in scatterer size were consistent with
the observed changes in renal hemodynamics detected using Doppler techniques. In addition, acoustic
attenuation was found to increase with ET-1 concentration. These data suggest that quantitative ultrasound
methods are sensitive to changes in renal arteriolar diameter, and may be a new noninvasive method for
continuously monitoring changes in vascular resistance.
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INTRODUCTION

The active role of vascular endothelial cells in the
regulation of vascular resistance throughout the body
is just emerging (Kon et al. 1991; Simonson 1993).
Under normal physiological conditions, endothelial
cells respond to changes in the mechanical and chemi-
cal environments of blood vessels by altering the rate
of formation of several factors. Adequate tissue perfu-
sion depends to a large extent on a balance between
the release of vasodilating and vasoconstricting factors
from the endothelium. For example, nitric oxide and
prostacyclin are important endothelium-derived re-
laxing factors that have been recently identified. These
short-acting vasodilators work together with endo-
thelin-1 (ET-1), a long-acting and potent vasoconstric-
tor, to regulate perfusion by stimulating vascular
smooth muscle and through other mechanisms (Kon
et al. 1991). Of all tissues, the highest concentration

Address correspondence to: Michael F. Insana, Department of
Radiology, University of Kansas Medical Center, 3901 Rainbow
Boulevard, Kansas City, KS 66160-7234, USA.

1143

(Kitamura et al. 1989) and greatest sensitivity to the
effects of ET-1 (Pernow et al. 1988) are found in
the kidney. The role of ET-1 in pathophysiological
conditions is currently the subject of intense interna-
tional research activity. For example, evidence sug-
gests that ET-1 is a critical factor in the development
of several renal disorders, such as acute renal failure
(Tomita et al. 1989) and cyclosporine-mediated renal
toxicity (Kon et al. 1990). There are currently no reli-
able, noninvasive techniques for detecting the gradual
and progressive reduction in renal blood flow that oc-
curs prior to irreversible injury.

Our previous experience suggests that quantitative
ultrasound may provide such a technique. We found
that acoustically-derived estimates of the average scat-
terer size (5.0—15.0 MHz) were able to follow changes
in the diameter of renal arterioles caused by modifica-
tions in renal arterial pressure (Insana et al. 1992).
The current study was designed to determine the sensi-
tivity of scatterer size estimates for detecting changes
in arteriolar diameter during continuous intrarenal in-
fusions of ET-1. The study also included color-flow
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imaging and pulsed-Doppler data to independently
monitor the effects of ET-1 on renal hemodynamics.

MATERIALS AND METHODS

Seven male mongrel dogs weighing between 22
and 31 kg were studied immediately following an unre-
lated experiment (Wood et al. 1994). Anesthesia was
induced by an intravenous (IV ) injection of a-chloral-
ose (120 mg kg ') and maintained by a continuous
infusion of a-chloralose at a rate of 40 mg kg ' h™'.
The dogs were intubated and ventilated with room air,
and the body temperature was maintained at 35-37°C
using a homeothermic blanket system. The femoral
artery was cannulated for measurement of systemic
arterial pressure, and the femoral veins were cannu-
lated to introduce fluids. Animals remained well hy-
drated by continuous IV infusion of lactated Ringer’s
solution. The left kidney was exposed transabdomi-
nally through a midline incision. A latex transducer
cover filled with saline was placed directly on the kid-
ney surface to acoustically couple the transducers. The
left ureter was cannulated for timed urine collections,
and the left renal artery was cannulated with a 24-
gauge X 3-in (19 mm) Surflo™ catheter ( Terumo Med-
ical Corp., Elkton, MD, USA). In preliminary experi-
ments, our inability to successfully use metal catheters
in the renal artery made the flexibility of the teflon
catheter essential. The arterial cannula was then con-
nected to PE-50 tubing and immediately infused with
phosphate buffered saline (PBS, pH 7.4) containing
0.2% bovine serum albumin (BSA) to prevent clotting
of the catheter.

ET-1 infusate preparation

Intrarenal infusions of ET-1 (human, porcine en-
dothelin-1; American Peptide Company, Sunnyvale,
CA, USA) were used at three different concentrations
in each animal. Endothelin was dissolved into the vehi-
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cle (PBS-BSA), and infusate concentrations were de-
termined using

Blood Conc X Blood Flow
Infusate Rate ’

Infusate Conc =

The infusate rate was fixed at 0.1 ml/min throughout
the experiment. Based on the results of Ito et al.
(1991), we chose to investigate three calculated biood
concentrations, 0.01 nM, 0.1 nM, and 1.0 nM, that
span the range of arteriolar sensitivity to ET-1. Note
that the molecular weight of ET-1 is 2491.8 AMU, so
that a concentration of 1.0 nM equals 2.49 ng ET-1
per ml of vehicle. Assuming a renal blood flow of 3.8
ml ggh., min ' (Nizet et al. 1967) and a kidney
weight of 70 g, the three infusate concentrations were
calculated to be 0.0662 pg/ml (0.01 nM), 0.662 ug/
ml (0.10 nM), and 6.62 yg/ml (1.00 nM). Using a
similar experimental design and approximately 0.1 nM
ET-1 blood concentration, Miura et al. (1991) found
that vasoconstriction begins after 5 min of infusion.
At the end of our experiments, the left kidney was
weighed and the actual ET-1 blood concentrations for
that experiment were calculated. These data are sum-
marized in Table 1.

Scatterer size estimates

A single element ultrasonic transducer, operated
in pulse-echo mode, was positioned in the saline-filled
transducer cover. Broadband echo signals were time
gated to record data only from the renal cortex in the
manner reported previously [(Insana et al. 1992), Fig.
1]. A 10 MHz, spherically focused, 19-mm diameter,
circular transducer (f-number ~2.8 and depth of field
~8.7 mm) was used. Ten echo waveforms were re-
corded for each acoustic measurement reported, where
the lateral translation distance between waveform re-
cordings was approximately one beam width, i.e., 1 mm

Table 1. Renal arterial ET-1 blood concentrations for the seven studies.

ET-1 blood conc. (nM)

Experiment Body weight Left kidney weight
number (kg) (g) Low Medium High
1 26.6 70.0 0.0100 0.100 1.00
2 26.2 79.5 0.0088 0.088 0.88
3 22.0 75.5 0.0093 0.093 0.93
6 27.5 83.0 0.0084 0.084 0.84
7 23.6 108.5 0.0064 0.064 0.64
9 31.0 98.0 0.0071 0.071 071
10 31.0 82.0 0.0085 0.085 0.85
Ave * SE 268 * 34 85.2 + 134 0.0084 * 0.0012 0.084 x 0.012 0.84 = 0.12

Although the same infusate concentration was used for each experiment, the actual computed blood concentrations varied
with kidney weight as indicated. Ave = average; Conc. = concentration; ET-1 = endothelin-1.
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Fig. 1. Data acquired in one of three experiments in the
main group (dog 6) to illustrate the effects of exogenous
endothelin-1 (ET-1) in a dog kidney. The attenuation slope
a, and the average scatterer size D were measured from
echo-waveform data sets acquired every 3 min. Urine output
was measured every 5 min. Following a control period (C),
three concentrations of ET-1 were infused: I = 0.01 nM, II
= 0.1 oM, and II = 1.0 nM. The final 120 min were the
recovery (R) period. Solid lines on the «, plot are the values
used to estimate scatterer size values.

at the radius of curvature. Radiofrequency signals were
digitized at (nominally) 8 bits and at a rate of 5 X 10’
samples per second, under the control of a personal
computer. The transducer was positioned so that the
renal cortex was placed near the radius of curvature of
the transducer, and the beam axis was parallel to the
predominant nephron orientation. Each 10 us waveform
segment analyzed was multipled by a Hanning window
function. Power spectral density functions were com-
puted for the windowed waveform segments in a data
set via a fast-Fourier transform (FFT') algorithm to find
an average. Although data acquisition was synchronized
to breathing, occasionally the cortical region of interest
migrated axially over many breaths. To compensate,
each waveform was visually inspected and the position
of the range gate was adjusted before processing to
avoid including any noncortical tissues. The 10 us gate
corresponded to ~7.9 mm of tissue, and the thickness
of the cortex was usually 10 mm to 12 mm ensuring
a reasonably homogeneous sample volume. Specular
scattering from arcuate arteries and veins allowed us to
identify the corticomedullary junction. Digitized data
were transferred after the experiment to a workstation
for off-line analysis.

The average spectrum for a data set was used to
estimate backscatter coefficients versus frequency
from which the average scatterer sizes (D) were com-
puted. The diameter of cortical arterioles is directly
related to the shape of the backscatter coefficient ver-
sus frequency curve between 5 and 15 MHz (Insana et
al. 1992). The integrated backscatter coefficient (IBC)
was calculated by averaging backscatter coefficients
over the same frequency range. Procedures for measur-
ing and interpreting acoustic properties from echo
spectra were described previously (Insana and Hall
1990; Insana et al. 1994).

Statistical analyses

Mean values *+1 standard error (SE) are reported
unless otherwise indicated. A two-sided, paired r-test
was used to test the significance of changes in scatterer
size between each test period and the control (Snedecor
and Cochran 1989). Differences were considered sta-
tistically significant at p = 0.05. The Shapiro-Francia
statistic (Shapiro and Francia 1972) indicated that it
was reasonable to assume the scatterer size estimates
for a given time period and experiment were normally
distributed. Exceptions occurred in time periods where
the minimum D value of 1 ym was common. Given
the sample means and variances of the resuits, and
specifying that type I and type II errors could be no
greater than 5%, we estimated that three animal experi-
ments provided sufficient statistical power [Eq. 2 in
Insana et al. (1992)].
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Fig. 2. Data acquired in another experiment (dog 2) where
the diuretic mannitol was infused systemically. Otherwise,
conditions were the same as those of the main group.

Attenuation estimates

Results in the next section show that the renal
cortex increases its attenuation of sound as ET-1 was
infused. Accurate estimation of scatterer sizes requires
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precise knowledge of attenuation along the beam path
(Insana et al. 1994). Therefore, to accurately monitor
changes in D. it was necessary to estimate cortical
attenuation throughout the time course of the experi-
ments. A spectral difference technique recently de-
scribed by Wilson et al. (1994) was selected for this
purpose [ method ¢ in Wilson et al. (1994)].

Each echo-signal data set was analyzed to esti-
mate attenuation as follows. The first 1.28 us (64
points) of each waveform were multiplied by a 64-
point (Hanning) window function. The power spectra
of the windowed segments were computed, and the
amplitudes of the average spectrum were converted to
decibels. Next, the 1.28 us window function was de-
layed by 0.64 us (50% overlap) and the average spec-
trum in decibels was again computed. The process was
repeated until 13 average echo spectra, corresponding
to 13 equally-spaced depths in the tissue, were ob-
tained. At each frequency in the bandwidth, the slope
of the spectral amplitude (decibel) versus depth ( centi-
meters) was computed to find the attenuation coeffi-
cient a (dB/cm) at that frequency. A plot of a(f) was
obtained for each data set.

The small amount of data available in the data
sets could not yield precise attenuation estimates. Con-
sequently, attenuation was modeled as a linear function
of frequency, and the slope of the attenuation coeffi-
cient versus frequency curve, «,, was used in the scat-
terer size estimation.

The method was tested by comparing results ob-
tained by this spectral difference method with those
from a standard narrow-band through-transmission
method (Madsen et al. 1982). The attenuation coeffi-
cient for a graphite-in-agar test sample (¢ = 1541 m/
s) measured with the through-transmission method
was best described by the equation a(f) = 0.34 f ',
r = 0.999 for the range 2 MHz <= f = 13 MHz.
Assuming a linear frequency dependence for the same
echo data, ie., a(f) = a,f, we found a, = 0.69 and
r = 0.995. Using the spectral difference method to
estimate attenuation from the phantom, we found «
= 0.65 and r = 0.972 for the range 8 MHz = [ =
14.5 MHz. The spectral difference method yielded un-
biased a, estimates but the standard error of the mean
(ap = 0.65 = 0.10) was approximately ten times that
of the through-transmission method (a, = 0.69 *
0.01). We also searched for a systematic variation in
attenuation slope with distance from the transducer.
The effect on a, estimates was found to be within the
uncertainty of the spectral difference method for our
experimental conditions, and was therefore ignored.

Doppler measurements
Doppler measurements were obtained in two addi-
tional animal studies under the same experimental con-
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Fig. 3. Summary of results from the main group (®) and
the mannitol experiment (O) showing the effects of exoge-
nous ET-1 on scatterer size estimates (D) measured in renal
cortex. The means + 1 SE of all the D data within a period
and for all animals are plotted. C indicates the mean from
the control period; I, II, and III represent the three ET-1
infusate concentrations of 0.01 nM, 0.1 nM, and 1.0 nM,
respectively; and R indicates the average value from the
plateau during the recovery period. *p = 0.05 compared to
the control values.

ditions as other acoustic measurements. An Acuson
128 XP/10 ultrasound scanner (Acuson, Mountain
View, CA, USA) and multifrequency L5 probe were
used, although the multifrequency feature of the probe
was not active. The tip of the 5 MHz linear array
was placed in a saline-filled transducer cover that was
coupled directly to the surface of the left kidney. Once
a region of interest in the long-axis plane of the kidney
was selected, the probe was clamped in place for the
duration of the study. Doppler spectra were recorded
from an interlobar artery that was approximately colin-
ear with the beam axis. The resistive index (RI) was
computed from spectral data using built-in software as
follows:

RI = (f, — f)/f.,

where f, is the peak systolic frequency shift and f; is
the end diastolic frequency shift. Increasing RI values
signify an increase in vascular resistance. Color-flow
images were also obtained periodically in the same
scan plane without changing system parameters, such
as gain. All data were recorded during the expiration
phase of the breathing cycle.

RESULTS

Quantitative ultrasound
Figure 1 describes the data for one of the three
experiments in the main group. The first 20 min were

a control period (C), where measurements were made
every 3 min while PBS-BSA was infused into the renal
artery. During the next three 20-min periods, labelled
I, II, and I, ET-1 was infused to produce nominal
blood concentrations of 0.01 nM, 0.1 nM, and 1.0 nM.
PBS-BSA was again infused during the final 120-min
recovery period (R). To avoid introducing attenuation
uncertainty into the scatterer size estimates, D values
were determined by using the average a, computed
for a time period (solid lines in Fig. 1). During period
III and at the beginning of the recovery phase, a linear
model for a,, was used.

ET-1 caused a decrease in urine output and aver-
age scatterer size in a dose-dependent manner, as it
increased «,. These are signs of increased vascular
resistance caused by vasoconstriction. During recov-
ery, in the experiment of Fig. 1, scatterer size estimates
rose to a level above the average control value within
the first few minutes. In another experiment (not
shown), D values remained minimal 40 min into the
recovery before increasing to a plateau above the aver-
age control value for D. In each recovery period, once
vasoconstriction was ended, D values were greater than
the control. Urine fiow did not return during the 2-h
recovery period, suggesting that the tissue had been
damaged.

One additional experiment was performed under
the same conditions as the main group, except that a
20% mannitol solution was continuously infused into
a femoral vein at a rate of 10 ml/min (Fig. 2). The
diuretic increased urine flow by a factor of five, and
seemed to offer some protection from ET-1-induced
ischemia. Note that midway into the recovery, urine
flow increased significantly and D estimates indicated
that the mean arteriolar diameter returned to control
values. Even with the diuretic, the first sign that urine
flow had recovered occurred 80 min after ET-1 infu-
sion was stopped.

Figure 3 summarizes the results from the three
animal experiments in the main group (solid points)
and the single experiment using mannitol (open

Table 2. Comparing the effects of ET-1.

Nominal ET-1 blood conc.

0.01 nM 0.1 nM 1.0 nM

D(n=3) 20 * 10.2% 63.1 = 9.8%
ALD (n =17 3 + 1.8% 32 8%

91.5 = 3.8%
76 £ 7%

The percentage reduction (= SE) in scatterer sizes (D) from
experiments in the main group are compared with the percentage
reduction in rabbit renal arteriole luminal diameters (ALD) observed
directly by Ito et al. (1991) using photomicrographs. Conc. = con-
centration; ET-1 = endothelin-1.
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Table 3. Average RI values (= 1 SD) estimated from Doppler traces in two animal experiments.

Nominal ET-1 blood conc.

30-min +45-min
RI Control 0.01 nM 0.1 nM 1.0 nM recovery recovery
Dog 9 0.37 £ 0.03 0.37 £ 0.03 040 = 0.04 0.47 = 0.03 NA NA
Dog 10 0.37 = 0.06 0.37 £ 0.03 037 £ 0.03 0.43 + 0.05 0.57 0.71 = 0.05
Values are an average of between 3 and 16 measurements. Conc. = concentration; ET-1 = endothelin-1: NA = not

available; RI = resistive index.

points ). D estimates acquired within a time period and
for all experiments in the group were averaged, and
the mean values +1 SE were plotted. During the con-
trol period, we measured D = 38 * 2 um as the average
value for the four animals studied. In the mannitol
experiment, the mean scatterer size for the recovery
period was computed only where D was approximately
constant, i.e., for r = 180 min. A significant reduction
in scatterer size was observed for ET-1 concentrations
of 0.1 nM and 1.0 nM. The dose-dependent response
in D was similar to the changes in luminal diameter
observed by Ito et al. (1991) in rabbit renal arterioles
(Table 2). The increase in scatterer size during the
recovery period relative to the control (p = 0.001),
suggests that the arterioles were dilated during the re-
covery phase for the main group. However, when man-
nitol was used (Fig. 2), arterioles dilated early in the
recovery phase but returned to the control value (p =
0.96) and urine output increased. The attenuation slope
increased dramatically with ET-1 concentration in each
experiment. It returned to near-control values quickly
when mannitol was used and more slowly without
mannitol.

Doppler ultrasound

Doppler measurements were obtained from dogs
9 and 10 near the end of each period. Average Rl are
listed in Table 3 and color-flow images for dog 10 are
shown in Fig. 4. Overall, the standard deviation of RI
estimates in Table 3 are similar to those reported in
reproducibility studies (London et al. 1993). The
Doppler-gated volume was located within the interlo-
bar artery as shown by the arrow in Fig. 4. Although
an attempt was made to keep the Doppler angle small,
the built-in angle correction feature was applied when
computing RI values.

Only minor changes in Rl values and color-flow
images were observed in periods I and II relative to
the control. Then, midway into period IIl, over just a
few seconds time, the color-flow images indicated a
near-total loss of blood perfusion and it became impos-
sible to record Doppler spectra. After 10 min of recov-
ery, the color-flow images showed some restoration of

blood flow in the larger vessels of the kidney. The
increase in blood flow was so gradual that a Doppler
spectrum could not be obtained from the interlobar
artery until 30 min into the recovery (Fig. 4, Re).
During recovery the RI was elevated, indicating that
the vascular resistance was greater throughout the re-
covery period than during the control period. Flow
continued to increase throughout the recovery (Fig. 4,
Rl) period and the RI remained high.

DISCUSSION

The results demonstrate that scatterer size esti-
mates are valid indicators of the changes in renal mi-
crostructure caused by ET-1. In the 5-15 MHz range
of frequencies, scatterer size estimates describe the
cross-sectional diameter of renal arterioles. Scatterer
size (D) estimates clearly depend on ET-1 concentra-
tion, follow the same patterns of luminal diameter vari-
ations observed directly by Ito et al. (1991). and are
consistent with the changes in blood flow seen by
color-flow imaging.

Maintaining a constant systemic pressure through-
out was an important feature of our experimental de-
sign. By infusing ET-1 intrarenally at rates that did
not produce systemic pressor responses, we were able
to observe the direct response of the kidney to ET-1
without the complications of systemic (autoregula-
tory) changes in renal vascular resistance. Results ob-
tained during ET-1 infusion periods showed that vaso-
constriction did occur and that renal blood flow was
reduced in a manner consistent with other reports
(Stacy et al. 1990). However, results obtained during
the recovery period are less straightforward. Color-
flow images indicated reperfusion (Fig. 4, Re and R1),
and the scatterer size estimates suggested that arterioles
were dilated with respect to the control (Fig. 3). Nev-
ertheless, the RI was higher than control values and
urine flow did not recover.

It is likely that the loss of urine flow resulted from
renal tubular damage following 30—40 min of reduced
blood flow (Zager et al. 1987). Tubular epithelial in-
jury is thought to occur when blood flow returns, due
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Fig. 4. Color-flow images of the left kidney of dog 10 were recorded during the control period (C); during endothelin-

1 (ET-1) infusions of concentrations (I), (II), and (II1); and during early (Re) and late (R1) recovery. The location

of the interlobar artery used to acquire velocity spectra is indicated by the arrow. The Doppler window length was

approximately 4 mm, and the color coding corresponds to a velocity range of = 12 cm/s. Some aliasing was allowed

in the initial color flow images (the blue) to increase system sensitivity to low flow in the later images. Average

urine outputs during the six periods were: C = 0.33 + 0.03 ml/min; I = 0.40 * 0.04 ml/min; IT = 047 + 0.07
ml/min; I = 0.32 * 0.22 ml/min; Re = 0.06 * 0.02 ml/min; and Rl = 0.08 = (.02 ml/min.

to the formation of reactive oxygen metabolites injury (Fig. 3), which is consistent with this hypothe-
(Walker and Shah 1991). We found that mannitol in- sis. The protective features of mannitol are thought
fusion seemed to blunt the effects of ET-1-induced to be caused by its diuretic (Zager et al. 1991) and
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antioxidant (Zager et al. 1992) properties that are
likely to reduce reactive oxygen metabolite levels
within the kidney.

It is more difficult to explain why scatterer sizes
measured during recovery were greater than control
values, suggesting vasodilation, when blood flow was
reduced and RI values were elevated, suggesting vaso-
constriction. Because of many feedback mechanisms
in the kidney, more information is required to explain
with any certainty the mechanisms that lead to these
observations. However, with our current understand-
ing, we conjecture that differences in the sensitivity to
ET-1 of afferent and efferent arterioles (Badr et al.
1989; Ito et al. 1991; Kon et al. 1991) could produce
such data. We could not detect sensitivity differences
during periods I, 11, and III because both vessel types
respond within minutes, while echo-signal data sets
were recorded every 3—5 min. Because ET-1 effects
were long acting, sensitivity differences were detect-
able during recovery. If efferent arterioles are more
sensitive than afferents (Badr et al. 1989; Kon et al.
1991), then afferent arterioles would be expected to
relax first. During periods of reduced blood flow, vaso-
dilators accumulate in blood vessels. Once the effects
of ET-1 have worn off, the afferent arterioles may
become dilated relative to the control period in re-
sponse to these dilators. As a result, blood flow may
gradually begin to return, although vascular resistance
remains high because the efferent arterioles are still
constricted. Furthermore, the acoustic backscatter in-
tensity is known to be very sensitive to the average
scatterer size for Rayleigh scattering (7D/\ < 1), so
that the larger afferent arterioles would backscatter
more sound than the efferent arterioles. Hence, the
frequency dependence of the backscatter coefficient
was determined primarily by properties of the relaxed
afferent arterioles. During recovery, fewer structures
per unit volume were scattering sound at frequencies
in the analysis bandwidth. Consequently, kidneys re-
covering from the effects of ET-1 would produce
Doppler data that indicated vasoconstriction, because
blood flow was limited by the smaller efferent arteri-
oles, and scatterer size estimates that indicated vasodi-
lation, since the echo spectrum would be determined
primarily by the larger afferent arterioles.

To test this hypothesis, we compared integrated
backscatter coefficient (IBC) measurements during the
control and recovery periods for the studies in the main
group to see if fewer scatterers were indicated. IBC is
proportional to the average number density of scatter-
ers (Insana and Hall 1990). We found that IBC was
reduced in recovery (IBC = 1.67 X 1077 = 0.07 X
10™") as compared to the control (IBC = 2.36 X 10~°
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= 0.11 X 10 *). This 30% reduction was signiticant
(p = 0.0002).

A similar result was found in our earlier studies
using D and IBC to follow renal autoregulation during
ischemia (Insana et al. 1992). Kidneys are known to
respond to a drop in systemic pressure by dilating affer-
ent arterioles and constricting efferent arterioles in an
attempt to restore filtration pressure. Captopril, which
blocks this type of efferent constriction, was found to
increase IBC without changing scatterer size signifi-
cantly. We hypothesized in the earlier study that the
increase in IBC was caused by an increase in the num-
ber density of scatterers contributing to the echo spec-
trum in the analysis bandwidth. Results of the current
study provide further support for this hypothesis.

The role of ultrasonic attenuation in the process
of estimating scatterer sizes was critical to the results.
If the apparent increase in attenuation slope had not
been accounted for, the D values of Figs. 1-3 would
have been biased high. Mannitol seemed to affect the
time-rate of change in attenuation but not the magni-
tude of the change. Therefore, attenuation effects do
not appear to be caused by changes in tissue hydration.
Although «, clearly increased during ET-1 infusion,
mechanisms to account for that variation are unknown
at this time.

We conclude that, in the 5-15 MHz frequency
range, scatterer size estimates are sensitive indicators
of changes in renal microvasculature caused by ET-1-
induced vasoconstriction. ET-1 is an important element
of many renal disease mechanisms. Its potent and long-
acting effects appear early in disease, before any mor-
phologically demonstrable damage is apparent (Kon et
al. 1991). Therefore, quantitative ultrasound methods
have the potential to provide new information about
early renal disease, noninvasively, for research applica-
tions. The diagnostic potential of these methods is yet
to be tested under clinical conditions.
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