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Abstract
Background: We investigated the influence of age on
intrarenal arterial resistive index (RI) measurement in 135
normal subjects (71 male, 64 female; age range � 17–68
years, median age � 37 years).
Methods: Each subject underwent color Doppler measure-
ment of the intrarenal RI from three distinct interlobar ar-
teries in the superior, middle, and inferior parts of both
kidneys. The mean of six RI values obtained from both
kidneys was used for analysis. The correlation of RI with
different variables was investigated by linear regression and
stepwise multiple linear regression. Variables analyzed were
age, systolic blood pressure, diastolic blood pressure, mean
blood pressure, pulse pressure, and pulse rate.
Results: The results of linear regression showed that age
had a significantly positive correlation (r � 0.276, p �
0.0012) and diastolic blood pressure had a significantly
negative correlation (r � �0.186, p � 0.0311) with the RI.
The results of stepwise multiple linear regression showed
that the combination of age and diastolic blood pressure
could explain approximately 15% of the RI changes (r2 �
0.1535).
Conclusion: Although there is a statistically significant
positive correlation between intrarenal RI and age, the
correlation is weak. This suggests that the influence of
age on RI measurement is small and may be of no clinical
importance.
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Measurement of the intrarenal arterial resistive index (RI)
has been widely applied in the evaluation of renovascular

impedance [1–20]. Previous studies have shown that ag-
ing may alter intrarenal RI in normal adults [10, 16].
However, there were several pitfalls in those studies. The
RI values in one study were obtained from the interlobar
or arcuate arteries [10]. Differences in the vessels studied
may alter the RI results [15, 18]. One study did not
mention whether the subjects were fasting [10]. Another
study was performed without fasting [16]. Because reno-
vascular resistance may increase after eating [19],
whether the subjects are fasting may alter the results.
Moreover, the postures of subjects for RI measurement
were not consistent in one study [16]. Our previous study
showed that changing the subject’s posture can influence
the RI results [21]. This prospective study was designed
to prevent these pitfalls and to investigate the possible
influence of age on intrarenal RI measurement in normal
subjects.

Material and methods

A total of 135 normal subjects (71 male, 64 female; age
range � 17–68 years, median age � 37 years) who
underwent routine health examination were studied by
color Doppler ultrasound (US). None of the subjects had
a history of hypertension, diabetes mellitus, alcoholism,
renal disease, hepatic disease, heart disease, or abdominal
surgery. Each subject showed normal results on real-time
US (SSA 270A, Toshiba, Tokyo; 3.75-MHz convex
probe) scanning of both kidneys and the liver. The kidney
with tumor, stone, cyst, pyelocaliectasis, or cortical echo-
genicity greater than that of the adjacent liver or spleen on
real-time US was defined as abnormal, and the subject
was not included. Each subject also had normal results for
urinalysis, serum creatinine, blood urea nitrogen, sugar,
aspartate aminotransferase, alanine aminotrasferase, and
viral hepatitis markers (B and C). All subjects agreed toCorrespondence to: Z.-Y. Lin
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enter the study after being informed about the procedure
and the purpose of the study.

After fasting overnight, all subjects were examined by
color Doppler US (SSA 270A) with a 3.75-MHz convex
probe. All measurements were performed during sus-
pended respiration at the end of the subject’s inspiratory
phase. To minimize interobserver variability [9, 17], all
measurements were performed by an expert who had
more than 11 years’ experience with Doppler US. The
Doppler sample volume was set at 2, 3, or 5 mm. The wall
filter was set at 100 Hz. The pulse repetition frequency
was set as low as possible (usually at 3.0 kHz) to avoid
aliasing. The Doppler gain was set at its optimum condi-
tion to obtain a clear outline of flow waves with minimal
background noise. All interrogating angles between the
Doppler beam axis and the vessel examined were less
than 50°. RI was defined as: (peak systolic velocity �
minimum diastolic velocity)/peak systolic velocity. The
peak systolic velocity and the minimum diastolic velocity
were calculated automatically from the velocity spectrum
after being manually traced along the top of the Doppler
signals on the monitor. The duration for recorded Doppler
signals in our monitor was 2.34 s, which usually included
more than two cardiac cycles. The right kidney was
examined while the subject was in the left lateral decub-
itus position, and the left kidney was examined while the
subject was in the right lateral decubitus position. Three
distinct interlobar arteries in the superior, middle, and
inferior parts of the kidney were examined. The mean of
six RI values obtained from both kidneys was used for
analysis. Systolic blood pressure, diastolic blood pres-
sure, pulse pressure, mean blood pressure, and pulse rate
were determined after RI measurement. Pulse pressure
was calculated by subtracting diastolic blood pressure
from systolic blood pressure, and mean blood pressure
was calculated by the formula: (diastolic blood pres-
sure � pulse pressure/3).

Data were expressed as mean � standard deviation
and range. The correlation between RI and different vari-
ables was investigated by linear regression and stepwise
multiple linear regression. Variables for analysis were
age, systolic blood pressure, diastolic blood pressure,
mean blood pressure, pulse pressure, and pulse rate. The
coefficient of linear correlation was expressed as an r
value. Statistical significance was set at p � 0.05.

Results

The RI values for all subjects ranged from 0.47 to 0.69
(0.59 � 0.04). The results of linear regression showed
that age had a significantly positive correlation (r �
0.276, p � 0.0012; Fig. 1) and diastolic blood pressure
had a significantly negative correlation (r � �0.186, p �
0.0311) with RI. There was no significant correlation
between RI and systolic blood pressure, mean blood pres-

sure, pulse pressure, and pulse rate. The results of step-
wise multiple linear regression also showed that only age
and diastolic blood pressure significantly correlated with
RI. However, the combination of these two variables
explained approximately 15% of the RI changes (r2 �
0.1535).

Discussion

In the present study, there was a statistically significant
positive correlation between RI and age. This result was
in agreement with those of previous studies [10, 16].
However, the correlation between age and RI in our study
was very weak. This suggests that the influence of age on
RI measurement is very small and thus may be of no
clinical importance. The actual mechanism for the posi-
tive correlation between RI and age needs further inves-
tigation. Mostbeck et al. reported that the intrarenal RI
values correlated significantly with the prevalence of ar-
teriolosclerosis, glomerular sclerosis, arteriosclerosis,
edema, and focal interstitial fibrosis of the kidney [5]. In
their study, the RI increased as the patient’s age advanced
because of increased incidence of arteriosclerosis. Al-
though the RI data in their study were not obtained from
normal subjects, their results imply that the incidence of
arteriosclerosis and/or arteriolosclerosis of the kidney
also increase with advancing age in normal adults. This
may be one explanation for the positive correlation be-
tween RI and age.

There were few potential pitfalls in our study design.
Unlike the study performed by Keogan et al. [16], none of
our subjects underwent angiography. Although we had
performed extensive evaluation with normal findings in
our subjects, the possibility of occult renal vascular dis-
ease could not be completely excluded. Moreover, our
study did not perform renal biopsy because of ethical
considerations. We could not confirm that all kidneys
studied were actually normal. This is also the reason we

Fig. 1. Correlation between the resistive index and age.
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did not want to include subjects older than 70 years
because of the high probability of occult renal disease in
that age group. Nevertheless, the number of the subjects
in our study was very large. The possible influence of
occult renal disease on the statistical results of total RI
values were minimized. However, we cannot exclude the
effect of intraobserver variation on RI measurement. Our
results might have been influenced significantly if the
intraobserver variation for the operator were unaccept-
able. In our experience, the coefficient of variation for
two intrarenal RI measurements obtained from a time
span of 1 month in 16 normal volunteers measured by the
same operator is acceptable (2.03 � 1.77%, range �
0–5.09%; unpublished data). In the present study, the
operator was not blinded to the RI readings, which may
be a source of bias in that the measurements were made
by an operator who was aware of the subjects’ ages.
However, the influence of this factor likely was mini-
mized by our strict method for measuring RI.

Several studies have shown that systolic blood pres-
sure, diastolic blood pressure, pulse pressure, and pulse
rate can significantly influence the RI measurement [20,
22, 23]. However, our results showed that only diastolic
blood pressure had a significantly negative correlation
with RI. The discrepancy between our and previous re-
sults is due to differences in the subjects studied. The
influences of systolic blood pressure and pulse pressure
on RI measurement occurred in patients with moderate to
severe hypertension rather than in normal subjects [20].
However, the influence of pulse rate on RI measurement
was significant only in subjects with remarkable tachy-
cardia or bradycardia [22, 23]. With rapid pulse rate, the
diastolic component of the cardiac cycle becomes short-
ened with a concomitant increase in the end-diastolic
frequency shift on the velocity spectrum of Doppler US.
Because the systolic component remains relatively stable,
this increase in the end-diastolic component decreases the
RI value [22]. Conversely, bradycardia increases the RI
value. None of the subjects in the present study had
tachycardia or bradycardia, so we found no correlation
between pulse rate and RI.

In conclusion, the influence of age on intrarenal RI
measurement is small and may be of no clinical impor-
tance for subjects aged 17 to 68 years.
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