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Introduction: The impact of prostate zonal volume on erectile function and penile Doppler parameters is not yet
settled.

Aim: To assess the association between prostate zonal volume and erectile dysfunction in patients with benign
prostatic hyperplasia.

Methods: This cross-sectional analytical study included 70 men (aged � 40 years). Of them, 60 patients were
assigned to 3 study groups (n ¼ 20/each): group (A) patients who had lower urinary tract symptoms (LUTSs)
and erectile dysfunction (ED), group (B) patients who had LUTSs with no ED, group (C) patients who had ED
with no LUTS, and other 10 age-matched patients who had no LUTS or ED acted as a control group (D). All
patients were subjected to detailed medical and sexual history. International prostate symptom score (IPSS) was
used to assess LUTSs, and international index of erectile function (IIEF) was used to assess ED.

Main Outcome Measure: Transrectal ultrasound and penile Doppler ultrasound were used to assess zonal
anatomy of the prostate and the vascular pattern of erection.

Results: There was a significant difference in IPSS between group A (26) and B (19) (P < .05). Each of groups A
and C had significant lower peak systolic velocity (PSV) than each of groups B and D (P < .001/each). There was a
significant positive correlation between transitional zone index (TZI) and IPSS (r ¼ 0.71, P < .01), and significant
negative correlation between TZI and both of IIEF (r ¼ -0.48, P < .05) and PSV (r ¼ -0.606, P < .05).

Conclusion: This study clearly demonstrated that there were significant correlations between increased transi-
tional zone volume, TZI, and decreased both of IIEF score and PSV. Qalawena MM, Al-Shatouri MA,
Motawaa MA, et al. Association Between Prostate Zonal Volume and Erectile Dysfunction in Patients
With Benign Prostatic Hyperplasia. Sex Med 2020;8:205e213.

Copyright � 2020, The Authors. Published by Elsevier Inc. on behalf of the International Society for Sexual Medicine.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) and erectile dysfunction
(ED) are common conditions in aging men. The prevalence of ED
inmen agedmore than 40 years is more than 50%.1 About 75% of
men complain of obstructive urinary symptoms sometimes during
their life.2 ED correlates with age, diabetes, cardiovascular diseases,
and some medication use. ED is more likely to be present in men
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with lower urinary symptoms (LUTSs).3 Furthermore, LUTSs
were reported to have negative effect on men’ sexual life.4

The clinical application of transrectal ultrasonography (TRUS)
had provided an accurate revenue of assessing prostate volume and
delineating the zonal anatomy of the prostate.5 Prostatic anatomical
factors, such as transitional zone volume (TZV), transitional zone
index (TZI), peripheral zonal volume (PZV), presumed circle area
ratio, intravesical prostatic protrusion, and prostatic urethral
angulation, were reported to have associationwith urinary symptom
scores, maximum urinary flow rate, and urodynamically confirmed
obstruction than total prostate volume (TPV).6,7

Previous study using TRUS had identified the TZI as a po-
tential predictor for bladder outlet obstruction.8 Another study
had demonstrated a significant correlation between the TZI and
both the international prostate symptom score (IPSS) and peak
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Table 1. Demographic and clinical characteristics of patients across study groups (n ¼ 70)

Variables
Group A
(n ¼ 20)

Group B
(n ¼ 20)

Group C
(n ¼ 20)

Group D
(n ¼ 10) P-value

Age (yr), median (IQR) 58 (50-66) 56 (45.8-69) 54 (47-63) 50 (45-55) .48*
Residency, (%)

Urban 11 (55) 12 (60) 13 (65) 6 (60) .83†

Rural 9 (45) 8 (40) 7 (35) 4 (40)
BMI, kg/m2, mean (SD) 30.2 (2.9) 27.8 (1.6) 28.2 (1.8) 27.7 (1.5) .01‡
§Chronic diseases (%)

Absent 7 (35) 8 (40) 9 (45) 5 (50) .33†

Present 13 (65) 12 (60) 11 (55) 5 (50)
Smoking

Nonsmokers (%) 8 (40) 9 (45) 8 (40) 5 (50) .45†

Smokers (%) 12 (60) 11 (55) 12 (60) 5 (50)

BMI ¼ body mass index; IQR ¼ interquartile range.
Bold indicates statistically significant difference.
*P values are based on Kruskal-Wallis H test. Statistical significance at P < .05
†P values are based on chi-square test. Statistical significance at P < .05
‡P values are based on one-way ANOVA test. Statistical significance at P < .05
§Chronic diseases include hypertension, diabetes ischemic heart disease, dyslipidemia, cerebrovascular accident, endocrinopathy, and psychological disorders.
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flow rate, and concluded that the TZI was the better indicator for
bladder outlet obstruction and obstructive symptoms.9 TPV was
reported to independently correlate with international index of
erectile function (IIEF) but not with premature ejaculation.10

Furthermore, although few studies have shown the association
between change in prostate zonal volume and ED severity and
duration, however, the impact of prostate zonal volume on
erectile function and penile Doppler parameters in patients with
BPH/LUTS has not yet been settled. This prompted us to
investigate the impact of prostate zonal volume on IIEF and
penile Doppler parameters including peak systolic velocity
(PSV), end diastolic velocity (EDV), and resistive index (RI) in
patients with BPH/LUTS.
MATERIALS AND METHODS

This cross-sectional analytical study included 70 men
(aged � 40 years). Of them, 60 patients who attended to the
urology clinic at Suez Canal University Hospital with LUTS and/
or ED from July 2017 throughout June 2018 were assigned to 3
study groups (n ¼ 20/each): group (A) patients who had LUTS
and ED, group (B) patients who had LUTSwith no ED, group (C)
patients who had ED with no LUTS. Other 10 age-matched pa-
tients who attended to the urology clinic with complaints other
than LUTS or ED acted as a control group (D). Patients with
bladder or prostate malignancy, a history of lower urinary tract
surgery, history of catheterization, urinary retention, urinary tract
infection, stone disease, any neurological disease, or medications
that affect bladder outlet function were excluded from the study.
Baseline Assessment
All patients were subjected to detailed medical, sexual history,

complete physical examination, and laboratory investigations
including plasma PSA assessment. Patients with high PSA and/or
suspicious hard prostatic nodule at digital rectal examination were
excluded from study. IPSS was used to assess LUTS. This validated
7-item scale is based on questions that include incomplete
emptying, urinary frequency, intermittency, urgency, weak stream,
straining, and nocturia. This scale has an ordered categorical
response frame that can be scored from 0 to 5, for an overall com-
posite score of 0e35. Symptoms were classified as absent
(IPSS¼ 0),mild (IPSS¼ 1e7),moderate (IPSS¼ 8e19), or severe
(IPSS¼ 20e35).11 International index of erectile function (IIEF-5)
was used to assess ED. The erectile function domain consists of
questions 1e5 and question 15 for assessing the global erectile
function. Scoring the IIEF domain of erectile function allowed the
classification of each patient as having no (26e30), mild (17e25),
moderate (11e16), or severe (0e10) ED.12

All patients in group A underwent TRUS and penile color
Doppler ultrasound (CDU). In groups B, C, and D, patients
were offered to undergo TRUS and CDU to assess the zonal
anatomy of the prostate and the vascular pattern of erection. The
patients who agreed were included in this study.

Transrectal Ultrasound
Anatomical parameters of the prostate were assessed using

TRUS (Prosound Alpha 5 SV, Hitachi Aloka, Tokyo, Japan,
2006). We used the ellipse formula (p/6 � transverse
diameter � AP diameter � longitudinal diameter) to assess the
prostate and TZV. The TZI was calculated by dividing the TZV
by the TPV.9 The PZV was measured from image plains with
maximal TZV.13
Color Doppler Ultrasound
Assessment of the penile vasculature was achieved by using

color Doppler ultrasonography with 7.5 MHz probe (Siemens,
Sex Med 2020;8:205e213



Table 2. Comparison of clinical, laboratory, and radiological variables among study groups (n ¼ 70)

Variables

Group A (n ¼ 20) Group B (n ¼ 20) Group C (n ¼ 20) Group D (n ¼ 10)

P-valueMedian (IQR) Median (IQR) Median (IQR) Median (IQR)

IPSS 26 (22e30) 19 (16e22) 0 0 .048
IIEF 10 (9e11) 26 (25e27) 15 (13e17) 28 (27e29) <.001
PSA, ng/ml 3.3 (1.28e4) 2.8(1.73e3.28) 2.05 (1.1e3.28) 1.3 (.9e2.7) .91
Creatinine, mg/dl 0.72 (0.6e.95) 1.05 (0.8e1.18) 0.82 (0.73e.95) 0.65 (0.6e.75) .84
Prostate measurements

TPV (ml) 41.5(37e48) 37.6 (36e47.3) 23.5 (20e27.8) 20.5 (18e28.8) <.001
PZV (ml) 8 (6.3e11.8) 10 (7.3e12) 14 (13e15) 16 (15e17) <.001
TZV (ml) 20.2 (18e21.8) 16.7 (15e20.9) 8 (7e13) 5 (4e6.8) <.001
TZI % 48.6 (45e60) 44.4 (36.3e58) 34 (32.3e49) 25 (18.3e30.3) <.001
CZV (ml) 16.2 (12.5e23) 13.5 (11e26.8) 7 (5e10) 4 (3e6) <.001

Doppler
PSV 20 (18e28) 40 (25e45) 22 (16e23) 42 (34e44) <.001
EDV 5 (3e6) 4 (1e5) 8 (5e12) 3 (0e4) <.01
RI 0.72 1.1 0.81 1.3 <.01

IQR ¼ interquartile range; IPSS ¼ international prostate symptom score; IIEF ¼ international index of erectile function; PZV ¼ peripheral zonal volume;
TZI ¼ transitional zonal index; TZV ¼ transitional zonal volume; CZV ¼ central zonal volume; TPV ¼ total prostate volume; PSV ¼ peak systolic velocity;
EDV ¼ end diastolic velocity; RI ¼ resistive index.
P-values are based on Kruskal-Wallis H test. Statistical significance at P < .05.
Bold indicates statistically significant difference.

Bivariate group analysis among the studied variables

P-value

IPSS IIEF PSA S. Creatinine TPV PZV TZV CZV PSV EDV RI

Group A vs B 0.048 0.002 0.88 0.98 0.45 0.71 0.76 0.61 0.001 0.55 0.01
Group A vs C 0.001 0.22 0.78 0.75 0.001 0.001 0.001 0.001 0.56 0.15 0.45
Group A vs D 0.001 0.001 0.99 0.77 0.001 0.001 0.001 0.001 0.001 0.38 0.01

P-values are based on ManneWhitney U test. Statistical significance at P < .05.
Bold indicates statistically significant difference.
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GM-6600A2E00). After intracorporeal injection of 10 mg pros-
taglandin E1, patients were allowed 5 minutes for manual self-
stimulation. Then, CDU recording of the cavernous arteries
was performed along an arterial segment corresponding to a
Doppler angle of 60� and sample volume of 2 mm in all patients
to obtain comparable data among them. The Doppler parameters
include PSV, EDV, and RI. Arteriogenic ED was diagnosed
when PSV is lower than 35 cm/sec. Veno-occlusive ED was
diagnosed when EDV is higher than 5 cm/sec and RI is lower
than 0.9. Mixed arteriogenic-veno-occlusive ED was diagnosed
when PSV is lower than 35 cm/s and in concomitant with EDV
is higher than 5 cm/sec.

The institutional research and ethical committee (Institution
Review Board) had reviewed and approved the study. Each pa-
tient had provided an informed consent.
Data Analysis
Data were analyzed using the Statistical Package for the Social

Sciences (SPSS� ver. 21.0) software program (SPSS, Inc, Chi-
cago, IL, USA). Chi-square test was used to compare categorical
Sex Med 2020;8:205e213
variables. KruskaleWallis H test was used to compare median of
age, IPSS, IIEF, and Doppler parameters and prostate mea-
surements. Mann-Whitney U test was used for bivariate analysis
of non-normal distribution variables. ANOVA was used to compare
means of more than 2 variables of normally distributed param-
eters. Spearman’s correlation coefficient was used to assess
correlation between variables. A P value < .05 was considered
statistically significant.
RESULTS

Sociodemographic Data
70 patients were recruited to this study. The median age

(years), interquartile range (IQR) of the studied groups A, B,
C, D were 58 (50e66), 56 (45e69), 54 (47e63),
50 (45e55), respectively, with no statistically significant dif-
ference among groups (P > .05). Of the studied population,
more than 50% had risk factors and chronic illnesses that
included smoking, hypertension, diabetes, and dyslipidemia
with no statistically significant difference among groups
(P > .05) Table 1.



Figure 1. 1-I: TRUS of the patient in group A showed a) TPV ¼ 97.6 ml, b) CZV ¼ 40 ml, c) PZV ¼ 6.8 ml, and d) TZV ¼ 50.8 ml. 1-II:
TRUS of patient in group B showed a) TPV ¼ 64.2 ml, b) CZV ¼ 29 ml, c) PZV ¼ 10.4 ml, and d) TZV ¼ 23.8 ml. 1-III: TRUS of a patient in
group C showed a) TPV¼ 33.9 ml, b) CZV ¼ 16 ml, c) PZV ¼ 12.6 ml, and d) TZV ¼ 4.4 ml. 1-IV: TRUS of the patient in group D showed a)
TPV ¼ 28.3 ml, b) CZV ¼ 10 ml, c) PZV ¼ 13 ml, and d) TZV ¼ 5.3 ml. CZV ¼ central zonal volume; PZV ¼ peripheral zonal volume;
TRUS ¼ transrectal ultrasonography; TPV ¼ total prostate volume; TZV ¼ transitional zone volume.

Sex Med 2020;8:205e213
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Table 3. Correlation analysis between radiological prostate measurements and IPSS, IIEF, and Doppler parameters among different study
groups

Variables

TPV PZV TZV TZI CZV

r P-value* r P-value* r P-value* r P-value* r P-value*

Group A
IPSS 0.18 .34 �0.83 .001* 0.78 .028 0.71 .014 0.16 .51
IIEF �0.154 .221 0.876 .001* �0.66 .038 �0.48 .03* 0.006 .97
Doppler parameters

PSV �0.239 .331 0.742 .001 �0.61 .01 �0.62 .04 0.112 .63
EDV 0.336 .148 0.136 .568 0.193 .416 0.05 .833 0.16 .51
RI 0.325 .162 0.046 .848 0.392 .087 0.043 .856 0.29 .22

Group B
IPSS 0.18 .445 �0.93 .001 0.56 .02 0.491 .03 0.028 .625
IIEF 0.044 .722 0.11 .638 �0.26 .274 �0.065 .786 �0.29 .72
Doppler parameters

PSV �0.17 .467 0.11 .656 .005 .982 0.035 .872 0.136 .569
EDV 0.07 .762 0.354 .126 0.3 .198 0.27 .247 0.41 .176
RI 0.148 .533 0.284 .226 0.04 .884 0.05 .821 0.43 .159

Group C
IPSS - - - - - - - - - -
IIEF �0.18 .438 .034 .11 �0.16 .411 0.05* .821 �0.17 .471
Doppler parameters

PSV �0.145 .484 0.19 .032 .045 .762 0.012 .822 0.036 .769
EDV 0.08 .962 0.021 .826 0.23 .212 0.27 .247 0.11 .77
RI 0.167 .542 0.264 .626 0.06 .814 0.05 .821 0.21 .159

Group D
IPSS - - - - - - - - - -
IIEF �0.09 .701 0.031 .898 0.092 .699 0.11 �09 0.701 .031
Doppler parameters

PSV �0.13 .435 0.22 .234 .012 .982 0.035 .872 0.127 .523
EDV 0.09 .548 0.354 .213 0.147 .623 �0.21 .247 0.41 .145
RI 0.127 .234 0.284 .226 0.145 .314 0.08 .821 0.43 .112

CZV ¼ central zonal volume; EDV ¼ end diastolic velocity; IIEF ¼ international index of erectile function; IPSS ¼ international prostate symptom score;
PSV¼ peak systolic velocity; PZV¼ peripheral zonal volume; r ¼ correlation coefficient; RI ¼ resistive index; TPV ¼ total prostate volume; TZI ¼ transitional
zonal index; TZV ¼ transitional zonal volume.
Bold indicates statistically significant difference.
*P values are based on Spearman’s correlation coefficient. Statistical significance at P < .05.
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Clinical, Laboratory, and Radiological Findings
Among Study Groups
The median (IQR) of IPSS in groups A and B were 26

(22-30), 19 (16-22). There was a statistically significant differ-
ence between groups A and B (P < .05) Table 2. The median
(IQR) of IIEF in the studied groups were 10 (9e11), 26
(25e27), 15 (13e17), 28 (27e29). There was a statistically
significant difference among the study groups (P < .001)
Table 2. There was no statistically significant difference in PSA
among study groups (Table 2).

The median (IQR) of PZV in groups A, B, C, and D were 8
(6.3e11.8), 10 (7.3e12), 14 (13e15), and 16 (15e17), respec-
tively. Groups C andD had significantly higher PZV than groups A
and B (P< .001) Table 2, Figure 1(1-I & 1-II). The median (IQR)
of TZV in groups A, B, C, and D were 20.2 (18e21.8), 16.7
(15e20.9), 8 (7e13), 5 (4e6.8). Groups A and B had significantly
higher TZV than groups C and D (P < .001 for each) Table 2,
Sex Med 2020;8:205e213
Figure 1(1-II&1-IV). Themedian (IQR) of TZI in groups A, B,C,
and D were 48.6 (45e60), 44.4 (36.3e58), 34 (32.3e49), 25
(18.3e30.3). Group C and group D had significantly lower TZI
and CZV than groups A and B (P < .001 for each) Table 2. In
groups A and B, 60% of patients had PZV less than 8 ml. Thirty
percent had PZV from 8 to 11ml and 10%more than 11ml. 55%
of patients had TZV more than 20 ml. Of patients, 60% had TZI
more than 40%. Of patients, 50% had CZV more than 15 ml. In
groups C and D, 80% had PZV more than 11 ml, 90% had TZV
less than 10 ml, 50% had TZI less than 25%.

The median (IQR) of PSV in groups A, B, C, and D were 20
(18e28), 40 (25e45), 22 (16e23), and 42 (34e44), respectively.
Groups A andChad statistically significant lower values than groups
B andD (P< .001 for each) Table 2. Themedian (IQR) of EDV in
groups A, B, C, and D were 5(3.5e6.5), 4(1e5), 8(5.5e12.5),
3(0e4) respectively. Group C had statistically significant higher
value than groups B and D (P < .001) Table 2.
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Association Between Prostate Measurements and
IPSS, IIEF, and Doppler Parameters Among Study
Groups

In group A, there was a significant negative correlation
between PZV and IPSS (r ¼ �0.83, P < .001) (Table 3 and
Figure 2A). PZV has a significant positive correlation with IIEF
(r ¼ 0.876, P < .001) (Table 3 & Figure 2B), and PSV
(r ¼ 0.742, P < .01) (Table 3 & Figure 2C). There was a sig-
nificant positive correlation between TZV and IPSS (r ¼ 0.78,
P < .05) (Table 3 & Figure 2D). TZV has a significant negative
correlation with IIEF (r ¼ �0.66, P < .05) (Table 3 and
Figure 2E), and PSV (r ¼ �0.61, P < .05) (Table 3 and
Figure 2F). There was a significant positive correlation between
TZI and IPSS (r ¼ 0.71, P < .05), and a significant negative
correlation with IIEF (r ¼ �0.48, P < .05) and PSV
(r ¼ �0.62, P < .05) (Table 3). In group B, there was a sig-
nificant negative correlation between IPSS and PZV (r ¼ -0.931,
P < .01). IPSS has a significant positive correlation with TZV
(r ¼ 0.56, P < .05), and TZI (r ¼ 0.491, P < .05) (Table 3).
Among group C and group D, there was no significant correla-
tion between IIEF or penile Doppler parameters and prostate
measurements (P > .05 for each) (Table 3).
DISCUSSION

BPH and ED commonly evolve as age-related phenomena in
most men, initiating at approximately 40 years of age.1,14 Many
hypotheses have been proposed to explain the association be-
tween ED and BPH/LUTS. Although relationship between
prostate zonal volume and ED is not well understood, the
pathophysiologic mechanisms of ED in men with BPH/LTUS
are relatively well defined (autonomic hyperactivity, pelvic
ischemia, rho-kinase pathway activation, etc.).15 The main
objective in the present study was to evaluate the association
between prostate zonal volume and erectile function in patients
with BPH/LUTS independent of medical comorbidities and
vascular risk factors.

Hence, BPH was suggested as a component of the metabolic
syndrome and that the underlying cause of BPH might be sys-
temic rather than local.16e18 In the present study, there was an
association between ED and/or BPH/LUTS and having chronic
illnesses such as hypertension, diabetes mellitus, and ischemic
heart disease.

Prostatic anatomical factors rather than TPV were the focus of
interest of several previous studies to investigate their effect on
BPH/LUTS, symptom severity, and maximum flow rate. Pre-
vious studies have indicated that the correlation between TPV
and LUTS severity is relatively modest.1,2 Therefore, researchers
have searched for other prostatic anatomical factors, such as
TZV, TZI,3,19 intravesical prostatic protrusion, and prostatic
urethral angulation, which may be more associated with
dynamically confirmed obstruction than TPV.6,20
It is well known that BPH develops in the transitional zone of
the prostate. Thus, several studies have focused on the TZV and
TZI and indicate that the TZV may be more strongly associated
with LUTS and the response to therapy than the TPV.21,22

However, these findings were not consistent throughout the
literature.23,24 Kaplan et al reported that the TZI is highly
correlated with both clinical symptoms and objective parameters
such as uroflowmetry parameters and bladder function regardless
of the TPV or TZV.9 In reverse to that result, a more recent
study had demonstrated that TZI could not be directly correlated
with any of the different parameters in patients with obstruction
and retention, rendering the clinical value of such an index
questionable.19

In the present study, mean TPV in patients with BPH/ED
was 41.5 which was positively correlated with mean IPSS and
was negatively correlated with IIEF-5. Patients in groups C and
D had no storage or voiding symptoms; thus, their IPSS was
considered zero.11 Previous study reported that the IIEF-5 score
was inversely proportional to the TPV.25 However, that study
had not assessed the effect of the zonal anatomy of prostate on
penile vascular parameters or ED severity. Another study had
shown that whole prostate, central gland, and PZV were corre-
lated with age, IPSS, and sexual health inventory for men scores.
That study was relied upon magnetic resonance imaging, which
may be more accurate to make the measurements of the prostate
than TRUS.26 Furthermore, another study had demonstrated
that there was a significant association between presence of
LUTS and arteriogenic and neurogenic causes of ED, poor
response to intracorporeal injection, poor rigidity in the rigid-
ometer, and low PSV.27

In the present study, mean PZV was 8 mm and mean IPSS was
26 in patients with BPH and ED. Mean PZV was 10 mm and
mean IPSS was 19 in patients with BPH only. Furthermore, when
themeans of TZV andTZIwere increased, themean IPSS was also
increased while the means of IIEF and PSV were decreased. The
mean PZV had a negative correlation with IPSS and a positive
correlation with IIEF. Of patients with BPH and ED, most of the
patients had PZV less than 8 ml, TZV more than 20 ml, and TZI
more than 40%. This means that enlargement of the TZV may
negatively affect PSV and erectile function while the increase in
PZV does not have this negative effect. The difference in IPSS
between group A and group Bmay also be explained by adding the
negative effect of ED in BPH patients. However, in groups A and
B, the difference in TZV and PZV was not significant and cannot
be clearly correlated with IIEF score.

As an explanation of the effect of zonal anatomy changes in
BPH and its reflection on erectile function, several basic
researches had shown that BPH begins in the submucosal layer of
the TZ around the proximal urethra. Consequently, proliferation
of epithelial cells of the acini, ductules, smooth muscle, and
stromal fibroblasts occur, so TZV will increase. As a result of
TZV enlargement, the central prostate is causing compression of
the peripheral zone resulting in decrease in PZV. Ultimately,
Sex Med 2020;8:205e213



Correlation between IPSS and PZV Correlation between IPSS and TZV.

Correlation between IIEF and PZV. Correlation between IIEF and TZV.

Correlation between PSV and PZV. Correlation between PSV and TZV.
Figure 2. Scatterplot for correlation between prostate zonal volume and IPSS, IIEF, and PSV. IIEF ¼ international index of erectile function;
IPSS ¼ international prostate symptom score; PSV ¼ peak systolic velocity.; PZV ¼ peripheral zonal volume; TZV ¼ transitional zonal
volume.
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increased urethral resistance results in compensatory changes in
bladder function.28 These anatomic factors that can occur with
alteration in zonal volume of the prostate could impinge on local
nerves or blood supply to the erectile tissue.29

In consistent with our results, a recent study had shown that,
as the PZV became smaller, all urinary symptom scores including
IPSS, quality of life, and over active bladder symptoms score
were significantly increased.13 In the present study, we used a
prospective study design and standardized diagnostic tools
performed by one operator for assessment of prostatic zonal
Sex Med 2020;8:205e213
anatomy and penile vasculature of erection to minimize the bias
and to enhance the reliability of the study results.

Our aim was to find out if there was an association between
BPH/LUTS and ED and ultimately to determine the impact
of zonal anatomy on the pathophysiology of both conditions.
A potential limitation of the present study was the relatively
small number of patients in each subgroup. Although the
causality relation in this study was not approved, however, the
present study may denote a base for future prospective
large-scale studies to address the impact of prostate zonal
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volume on vascular impairment of erection in patients with
BPH/LUTS.
CONCLUSION

This study clearly demonstrated that there were significant
correlations between increased TZV, TZI, and decreased both of
IIEF score and PSV. There was a negative impact of alteration in
zonal anatomy of the prostate on erectile function in patients
with BPH/LUTS-associated ED.

Corresponding Author: Ahmed I. El-Sakka, MD, Department
of Urology; Faculty of Medicine, Suez Canal University, Round
Road, 41111, Ismailia, Egypt. Tel: 0020-122-3456364; Fax:
0020-64-3200035; E-mail: aielsakka@yahoo.com

Conflict of Interest: The authors report no conflicts of interest.

Funding: None.
STATEMENT OF AUTHORSHIP

Category 1

(a) Conception and Design

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
(b) Acquisition of Data

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
(c) Analysis and Interpretation of Data

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
Category 2

(a) Drafting the Article

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
(b) Revising It for Intellectual Content

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
Category 3

(a) Final Approval of the Completed Article

Muhammed M. Qalawena; Mohammad A. Al-Shatouri; Mokh-
tar A. Motawaa; Ahmed I. El-Sakka
REFERENCES
1. Feldman HA, Goldstein I, Hatzichristou DG, et al. Impotence

and its medical and psychosocial correlates: results of the
Massachusetts Male Aging Study. J Urol 1994;151:54.

2. Calais Da Silva F, Marquis P, Deschaseaux P, et al. Relative
importance of sexuality and quality of life in patients with
prostatic symptoms. Results of an international study. Eur
Urol 1997;31:272-280.

3. Namasivayam S1, Minhas S, Brooke J, et al. The evaluation of
sexual function in men presenting with symptomatic benign
prostatichyperplasia. Br J Urol 1998;82:842-846.
4. Frankel SJ, Donovan JL, Peters TI, et al. Sexual dysfunction in
men with lower urinary tract symptoms. J Clin Epidemiol
1998;51:677-685.

5. McNeal J. Pathology of benign prostatic hyperplasia. Insight
into etiology. Urol Clin North Am 1990;17:477-486.

6. Keqin Z, Zhishun X, Jing Z, et al. Clinical significance of
intravesical prostatic protrusion in patients with benign pros-
tatic enlargement. Urology 2007;70:1096-1099.

7. Matsugasumi T, Fujihara A, Ushijima S, et al. Morphometric
analysis of prostate zonal anatomy using magnetic resonance
imaging: impact on age-related changes in patients in Japan
and the USA. BJU Int 2017;120:497-504.

8. Greene DR, Egawa S, Hellerstein DK, et al. Sonographic
measurements of transition zone of prostate in men with
and without benign prostatic hyperplasia. Urology 1990;
36:293-299.

9. Kaplan SA, Te AE, Pressler LB, et al. Transition zone index as a
method of assessing benign prostatic hyperplasia: correlation
with symptoms, urine flow and detrusor pressure. J Urol
1995;154:1764-1769.

10. Lee JH, Lee SW. Impact of prostate volume on erectile
dysfunction and premature ejaculation. Aging Male 2016;
19:106-110.

11. Barry MJ1, Fowler FJ Jr, O’Leary MP, et al. The American
Urological association symptom index for benign prostatic
hyperplasiaThe measurement committee of the American
Urological association. J Urol 1992;148:1549-1557 [discus-
sion: 1564].

12. Rosen RC, Riley A, Wagner G, et al. The international index of
erectile function (IIEF):a multidimensional scale for assess-
ment of erectile dysfunction. Urology 1997;49:822-830.

13. Kwon JK, Han JH, Choi HC, et al. Clinical significance of pe-
ripheral zone thickness in men with lower urinary tract
symptoms/benign prostatic hyperplasia. BJU Int 2016;
117:316-322.

14. Roehrborn CG. Benign prostatic hyperplasia: an overview. Rev
Urol 2005;7(Suppl 9):S3-S14.

15. McVary KT, Rademaker A, Lloyd GL, et al. Autonomic nervous
system overactivity in men with lower urinary tract symptoms
secondary to benign prostatic hyperplasia. J Urol 2005;174(4
Pt 1):1327-1433.

16. Hammarsten J, Högstedt B. Hyperinsulinaemia as a risk fac-
tor for developing benign prostatic hyperplasia. Eur Urol 2001;
39:151-158.

17. Michel MC, Mehlburger L, Schumacher H, et al. Effect of
diabetes on lower urinary tract symptoms in patients with
benign prostatic hyperplasia. J Urol 2000;163:1725-1729.

18. El-Sakka AI. Lower urinary tract symptoms in patients with
erectile dysfunction: analysis of risk factors. J Sex Med 2006;
3:144-149.

19. EL ghoneimy M, Magdi M, Rassoul MA, et al. Significance and
clinical value of the transitional zone volume (TZV) or index
(TZI) in assessing the degree of lower urinary tract obstruc-
tion: Revisited. Afr J Urol 2017;23:9-13.
Sex Med 2020;8:205e213

mailto:aielsakka@yahoo.com
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref1
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref1
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref1
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref2
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref2
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref2
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref2
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref3
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref3
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref3
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref4
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref4
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref4
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref5
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref5
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref6
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref6
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref6
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref7
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref7
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref7
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref7
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref8
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref8
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref8
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref8
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref9
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref9
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref9
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref9
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref10
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref10
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref10
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref11
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref11
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref11
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref11
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref11
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref12
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref12
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref12
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref13
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref13
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref13
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref13
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref14
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref14
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref15
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref15
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref15
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref15
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref16
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref16
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref16
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref17
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref17
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref17
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref18
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref18
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref18
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref19
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref19
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref19
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref19


Prostate Zonal Volume and ED in BPH Patients 213
20. Doo CK, Uh HS. Anatomic configuration of prostate obtained
by noninvasive ultrasonography can predict clinicalvoiding
parameters for determining BOO in men with LUT. Urology
2009;73:232-236.

21. Kurita Y, Ushiyama T, Suzuki K, et al. Transition zone ratio and
prostate specific antigen density: the index of response of
benign prostatic hypertrophy to an alpha blocker. Int J Urol
1996;3:361-366.

22. Tewari A, Shinohara K, Narayan P. Transition zone volume and
transition zone ratio: predictor of uroflow response to finas-
teridetherapy in benign prostatic hyperplasia patients. Urology
1995;45:258-264 [discussion: 265].

23. Corica FA1, Jacobsen SJ, King BF, et al. Prostatic central zone
volume, lower urinary tract symptom severity and peak uri-
nary flow ratesin community dwelling men. J Urol 1999;
161:831-834.

24. St Sauver JL1, Jacobson DJ, Girman CJ, et al. Correlations
between longitudinal changes in transitional zone volume and
measures of benignprostatic hyperplasia in a population-
based cohort. Eur Urol 2006;50:105-111.
Sex Med 2020;8:205e213
25. Kardasevic A, Milicevic S. The correlation between prostate

volume in patients with benign prostatic hyperplasia in relation

to erectile dysfunction. Med Arch 2016;70:449-452.

26. Turkbey B, Huang R, Vourganti S, et al. Age related changes in

prostate zonal volumes as measured by high resolution

magnetic resonance imaging (MRI): a cross-sectional study in

over 500 patients. BJU Int 2012;110:1642-1647.

27. El-Sakka AI. Lower urinary tract symptoms in patients with

erectile dysfunction: is there a vascular association? Eur Urol

2005;48:319-325.

28. Emberton M, Fitzpatrick JM, Rees J. Risk stratification for

benign prostatic hyperplasia (BPH) treatment. BJU Int 2011;

107:876-880.

29. Chang S, Hypolite JA, Zderic SA, et al. Enhanced force gen-

eration by corpus cavernosum smooth muscle in rabbits with

partial bladder outlet obstruction. J Urol 2002;167:2636-

2644.

http://refhub.elsevier.com/S2050-1161(20)30022-2/sref20
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref20
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref20
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref20
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref21
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref21
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref21
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref21
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref22
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref22
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref22
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref22
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref23
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref23
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref23
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref23
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref24
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref24
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref24
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref24
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref25
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref25
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref25
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref26
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref26
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref26
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref26
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref27
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref27
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref27
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref28
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref28
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref28
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref29
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref29
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref29
http://refhub.elsevier.com/S2050-1161(20)30022-2/sref29

	Association Between Prostate Zonal Volume and Erectile Dysfunction in Patients With Benign Prostatic Hyperplasia
	Introduction
	Materials and Methods
	Baseline Assessment
	Transrectal Ultrasound
	Color Doppler Ultrasound

	Data Analysis

	Results
	Sociodemographic Data
	Clinical, Laboratory, and Radiological Findings Among Study Groups
	Association Between Prostate Measurements and IPSS, IIEF, and Doppler Parameters Among Study Groups

	Discussion
	Conclusion
	Statement of authorship
	References


