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Purpose: The authors evaluated the relationships between the clinical factors and resistive indexes (RIs) of prostate and ure-
thral blood flows by using power Doppler transrectal ultrasonography (PDUS) in men with benign prostatic hyperplasia
(BPH).

Methods: The data of 110 patients with BPH and lower urinary tract symptoms (LUTS) treated between January 2015 and
July 2015 were prospectively collected. PDUS was used to identify the capsular and urethral arteries of the prostate in order to
measure Rls. International Prostate Symptom Score (IPSS), maximal flow rate (Qmax), total prostate volume (TPV), transi-
tion zone volume (TZV), transition zone index (=TZV/TPV), presence of intravesical prostatic protrusion (IPP), and the RIs
of capsular and urethral arteries were evaluated for all of the patients by one urologist.

Results: The 110 patients were categorized according to IPSS (mild symptoms, 0-7; moderate symptoms, 8-19; and severe
symptoms, 20-35), Qmax (<10 and >10 mL/sec), TPV (<30 and >30 mL), and presence or absence of IPP. No significant
relationship was found between the mean RI of any artery and IPSS or Qmax. The mean Rls of the urethral artery, and left and
right capsular arteries were significantly dependent on prostate size and the presence of IPP.

Conclusions: RI obtained by using PDUS correlated with the presence of IPP and prostate size. The RI of prostate blood flow
can be used as a noninvasive diagnostic tool for BPH with LUTS.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a disease primarily of
middle-aged and elderly men [1,2]. Health-care utilization due
to the increasing incidence of BPH caused by societal aging is
rapidly increasing in South Korea, especially among the elderly
[3-5]. BPH is a progressive disease, and BPH patients often
present with lower urinary tract symptoms (LUTS) [6,7], which

impair health-related quality of life. Transrectal ultrasonogra-
phy (TRUS) provides a useful means of assessing BPH patients
[8-10]. The Korean Prostate Society recommends TRUS as an
optional study for BPH patients. Ultrasonographic technology
has made remarkable progress, and recent publications suggest
that Doppler ultrasonography is useful for evaluating prostatic
disease because it can be used to visualize the prostatic vascular
architecture [11]. Neumaier et al. [12] depicted the vascular
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anatomy of the normal prostate by using transrectal color Dop-
pler imaging and explained in detail how urethral and capsular
arteries are anatomically distributed in the prostate. Several re-
ports have shown the diagnostic benefit of resistive indexes
(RIs=[peak systolic velocity—end diastolic velocity]/peak sys-
tolic velocity) measured by using Doppler imaging [13-15].
However, few reports have described the application of Doppler
imaging in BPH patients.

This study was undertaken to evaluate the relationships be-
tween the Rls of the capsular and urethral arteries and BPH pa-

rameters.

MATERIALS AND METHODS

From January 2015 to July 2015, we prospectively collected and
analyzed data of patients with BPH who complained of LUTS.
Those who had elevated prostate specific antigen (PSA) levels
(>4.0 ng/mL), had abnormal digital rectal examination results,
and previously received medical BPH/LUTS therapy within 6
months, including a-blockers and 5a-reductase inhibitors and
underwent surgery of the prostate and bladder neck or urethra
were excluded. Informed consent was provided by all the study
subjects, and the study was approved by Institutional Review
Board of Dongguk University College of Medicine (110757-
201501-HR-02-03).

The 110 study subjects were assessed by history taking and
divided according to International Prostate Symptom Score
(IPSS; mild symptoms, 0-7; moderate symptoms, 8-19; and se-
vere symptoms, 20-35). Uroflowmetry and postvoid residual
(PVR) urine volume measurement were performed in all the
patients. Uroflowmetry and PVR data were included in the
analysis only if the participant excreted more than 150 mL of
urine. TRUS of the prostate was performed to estimate total
prostate volume (TPV) and transition zone volume (TZV), and
the presence of intravesical prostatic protrusion (IPP). This was
followed by power Doppler ultrasonography (PDUS) to identi-
ty the urethral artery, and left and right capsular arteries of the
prostate and to measure their respective Rls (Fig. 1). We deter-
mined IPP by measuring the vertical distance from the wall of
the bladder neck to the top of the prostate at the site of the
maximal protrusion into the bladder on transabdominal ultra-
sonographic longitudinal images when the urine volume in the
bladder was 200 mL or less. The patients were also categorized
with respect to TPV (<30 and 230 mL). TRUS and PDUS
were performed by one urologist by using a Medison Solidus
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Fig. 1. Power Doppler ultrasonography of patient with benign
prostatic hyperplasia and measurement of resistive index. (A)
Urethral artery, (B) right capsular artery, and (C) left capsular
artery.

Ex SA-8000 unit (Samsung Madison, Seoul, Korea).

The baseline parameters analyzed in the 110 study subjects
included the RIs of the urethral artery, and left and right capsu-
lar arteries; IPSS (0-7, 8-19, and 20-35), quality-of-life score,
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maximal flow rate (Qmax; <10 mL/sec and >10 mL/sec), TPV
(<30 and =30 mL), TZV, transition zone index (TZI=TZV/
TPV), and the presence of IPP.

Statistical analyses were used to determine the RIs of the cap-
sular and urethral arteries, and to investigate their relationships
with the BPH parameters. Continuous variables were compared
between the 2 groups by using the independent Student t-test.
The relationships between the 2 parameters were analyzed by
using Pearson correlation coeflicients. All P-values were two-
sided, and P-values <0.05 were considered significant. The
analysis was conducted by using IBM SPSS Statistics ver. 19.0
(IBM Co., Armonk, NY, USA).

RESULTS

The baseline characteristics of the 110 study subjects are sum-
marized in Table 1. The mean patient age was 69.3 £10.2 years.
The mean RI of the urethral artery was 0.62+0.08, and the
mean RIs of the left and right capsular arteries were 0.66+0.08
and 0.65+0.09, respectively. The mean IPSS was 17.7+9.6;

Table 1. Baseline clinical characteristics

Kwon, et al. « Resistive Index in Benign Prostatic Hyperplasia INJ

mean PSA, 1.9+2.3 ng/mL; mean Qmax, 11.0£6.6 mL/sec;
and mean TPV, 32.1+13.5mL.

The patients were divided according to IPSS as follows: mild
symptom (0-7), moderate symptom (8-19), and severe symp-
tom (20-35) groups. None of the patients had mild symptoms.
In the moderate symptom group, the mean Rls of the urethral,
right capsular, and left capsular arteries were 0.62+0.08,
0.64£0.09, and 0.65+0.09. In the severe symptom group, the
mean Rls were 0.62+0.08, 0.66+0.08, and 0.65+0.09, respec-
tively. No significant differences were observed between the
IPSS and RIs (Table 2). The patients were also divided into 2
groups according to Qmax (< 10 mL/sec vs. >10 mL/sec). The
mean RIs of the urethral, right capsular, and left capsular arter-
ies were 0.65+0.07, 0.64+0.11, and 0.67 +0.08 for a Qmax of
<10 mL/sec, and 0.63+0.08, 0.65+0.09, and 0.64+0.08 for a
Qmax of >10 mL/sec, respectively. No significant differences
were found between the Qmax and Rls (Table 3). The patients
were further divided into 2 groups according to TPV (<30 and
>30 mL). The mean RIs of the urethral, right capsular, and left
capsular arteries were 0.60+0.08 and 0.64£0.08, 0.62+0.08
and 0.65+0.08, and 0.63+0.09 and 0.67 £0.09, respectively,
with significant differences between the 2 groups (Table 4).

For those with or without IPP, the mean RIs of the urethral,

Characteristic Mean +SD
right capsular, and left capsular arteries were 0.69 £0.05 and
Age (yr) 69.3+10.2
0.61+0.09 (P=0.004), 0.72+0.09 and 0.65+0.09 (P=0.012),
Resistive index . .
+ + =
Urethral artery R and 0.70£0.09 and 0.63+0.07 (P=0.015), respectively, with
Right capsular artery 0.65+0.09
Left capsular artery 0.66+0.08 Table 3. Relationship between Qmax and RI
International Prostate Symptom Score 17.7£9.6 Qmax (mL/sec)
Prostate specific antigen (ng/mL) 19423 RI <10(n=68) >10(n=42) A
Maximal urinary flow rate (mL/sec) 11.0£6.6 Urethral artery 0654007  0.63+0.08 0.883
Prostate volume (mL) 321135 Right capsularartery ~ 0.64+0.11  0.65+0.09 0.599
Transition zone volume (mL) 13.0 66 Leftcapsularartery ~ 0.67+0.08  0.64+0.08 0.792
Transition zone index 0.39+0.19 -
Values are presented as mean + standard deviation.
SD, standard deviation. Qmax, maximal urinary flow rate; R, resistive index.
Table 2. Relationship between IPSS and RI Table 4. Relationship between prostate volume and RI
IPSS Prostate volume (mL)
RI P-value RI P-value
8-19 (n=65) 20-35(n=45) <30(n=57) =30(n=53)
Urethral artery 0.62+0.08 0.62+0.08 0.75 Urethral artery 0.60+£0.08  0.64+0.08 0.010
Right capsular artery ~ 0.64+0.09 0.66+0.08 0.16 Right capsular artery 0.62+0.08  0.65+0.08 0.045
Left capsular artery 0.65+0.09 0.65+0.09 0.89 Left capsular artery 0.63+0.09  0.67+0.09 0.030

Values are presented as mean + standard deviation.
IPSS, International Prostate Symptom Score; RI, resistive index.
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Values are presented as mean + standard deviation.
R, resistive index.
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Table 5. Relationship between IPP and RI

Table 6. Relationship between TZ and TZI

RI IPP (+) (n=38) IPP(-)(n=72) P-value
Urethral artery 0.69+0.05 0.61+0.09 0.004
Right capsular artery 0.72+0.09 0.65+0.09 0.012
Left capsular artery 0.70+0.09 0.63+0.07 0.015

Values are presented as mean + standard deviation.
IPP, intraprostatic protrusion; RI, resistive index.

significant differences between the 2 groups (Table 5).

No correlation was found between the Rls of the urethral ar-
tery and transition zone (TZ), and between the Rls of both cap-
sular arteries and TZ. Similarly, no correlation was found be-
tween the RI of the urethral artery and TZI, and between the RI
of both capsular arteries and TZI (Table 6).

DISCUSSION

TRUS is an optional study in BPH patients with complaints of
LUTS and is commonly used to measure TPV and TZV. Ad-
vances in power Doppler imaging (PDI) have greatly enhanced
abilities to detect and analyze Doppler signals of organ blood
flow [13].

PDJ, the next-generation color Doppler imaging, is based on
the detection of signal amplitudes, which reflect red blood cell
densities, independent blood flow rates, and flow directions
[16]. The availability of power and color Doppler and transrec-
tal probes improved the diagnosis of BPH by providing a means
of assessing intraprostatic vascularity [14]. Currently, the use of
transrectal probes in power and color Doppler ultrasonogra-
phies allows detailed assessment of intraprostatic vascularity
[15].

Nelson and Pretorius [17] showed that RIs obtained by using
Doppler imaging correlates with vascular resistance because
velocity is related to blood flow and pressure. Accordingly, RI
might be the most relevant index for analyzing small vessels in
the prostate. With the advent of PDI, RI measurements in pa-
tients with LUTS offer a promising means of diagnosing BPH
[18].

The urethral arteries are components of the inferior vesical
arterial system and form an angle of 90° to enfold into the pros-
tate through the bladder neck. On the other hand, the capsular
arteries originate from the prostatic arteries as they course
along the anterolateral surface of the gland [12]. In general, the
RI of a normal prostate might become the same anywhere, but
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TZ TZI
RI
r P-value r P-value
Urethral artery 0319 0.155 0.307 0.152
Right capsular artery ~ 0.267 0219 0.238 0.126
Left capsular artery 0.171 0.289 0.249 0.142

TZ, transition zone; TZI, transition zone index; R], resistive index.

when prostatic enlargement is advanced, blood flow between
the peripheral and transitional zones are reduced by compres-
sion, and this causes a marked increase in the Rls of the capsu-
lar arteries [16]. The mechanisms responsible for the increases
in the Rls of the capsular arteries in patients with elevated TZI
and presumed circle area ratios (PCAR) have not been clarified.
Some reports suggest that the mechanical obstruction in BPH
is closely related to the TZ, especially to compression of the pe-
ripheral zone by TZ enlargement [10].

In a previous study, increases in the Rls of the capsular arter-
ies correlated with increases in TZI and PCAR in BPH, and
IPSS and peak flow rate were inversely correlated capsular ar-
tery Rls, but no correlation was found between the Rls of the
urethral artery and any of the prostatic parameters [16]. How-
ever, in the present study, RI and TPV were positively associat-
ed, and the presence of IPP was related to RI, but Qmax, TZ,
and TZI were not.

Hayami et al. [19] assessed the predictive value of PDI for
histological components of BPH and demonstrated that RI
most reliably predicted the ratio of glandular lumen to stromal
elements. These values are considered useful for predicting
therapeutic response.

In a previous study, RI of the prostate vasculature differenti-
ated patients with a normal prostate from those with BPH and
was proposed to be a useful new hemodynamic parameter [20].
Kojima et al. [9] showed that RI significant correlated with uro-
dynamic parameters and IPSS. The Rls of the capsular arteries,
and urethral artery that were measured on Doppler imaging
were found to correlate with vascular resistance, presumably
because blood velocity is related to both blood flow and pres-
sure. This suggests that R might be the most relevant index for
analyzing small vessels in the prostate, as has been previously
suggested [17], as BPH increases vascular resistance and pros-
tatic RI increases due to prostate enlargement [14].

Increased prostatic RI in patients with LUTS and BPH may
be due to increased intraprostatic pressure caused by prostatic
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hypertrophy, which concurs with previous findings that pros-
tatic RI in patients is correlated positively with TPV and IPSS,
and negatively with Qmax [21]. Furthermore, the Rls of pros-
tate capsular arteries have been suggested to enable the diagno-
sis of bladder outlet obstruction in patients with BPH [22].

The present study shows that prostatic RI was statistically
significant related with TPV and IPP, but not with the other
variables examined. This may have been because blood flow
was slower when TPV was larger and the presence of IPP in-
creased arterial vascular resistance. Moreover, the RIs obtained
in our study were lower than those obtained in previous studies
because of the relatively small size of the prostates of our partic-
ipants. Therefore, these results are important because they
demonstrate the benefit of adding prostatic RI to conventional
diagnostic and follow-up assessments of IPSS and Qmax in pa-
tients with LUTS and BPH.

Bulut et al. [13] reported a posttreatment decrease in prostat-
ic RI in LUTS/BPH, which may be associated with a decrease
in intraprostatic pressure. They found that prostatic RIs corre-
lated positively with TPV and IPSS, and negatively with Qmax,
which is similar to that reported in previous studies [18]. How-
ever, the reason for the increase in RI in BPH has not been es-
tablished, but it may be because the growing hypertrophic
prostate pushes the capsule outward and thereby increases in-
traprostatic pressure and Rls [23].

This study has some limitations. Our results are based on a
relatively small sample size. In addition, multivariate analysis
was not performed. Nevertheless, our study has a prospective
design, and we were able to show that RI is associated with
BPH. Further studies in a large number of patients would clari-
ty the clinical relationship of Rls to the diagnosis of BPH with
LUTS. Moreover, the aspect of change in Rls after management
of BPH such as with medication or surgery should be investi-
gated.

In conclusion, RI obtained by using PDUS correlated with
the presence of IPP and prostate size. The RI of prostate blood
flow can be used as a noninvasive diagnostic tool for BPH with
LUTS.
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