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ABSTRACT

Background: Intravesical prostatic protrusion (IPP) is increasingly recognized as a predictor of surgical
outcomes in benign prostatic hyperplasia (BPH), but data correlating IPP with multiple postoperative parameters
after transurethral resection of the prostate (TURP) remain limited, particularly in South Asian populations.
Objective: To evaluate the correlation between pre-operative IPP diameter and three-month postoperative IPSS,
Q-Max, PVR, and prostate volume in men undergoing TURP for BPH.

Methods: A single-center longitudinal study included 110 adult male patients undergoing TURP, stratified into
significant (>5 mm, n=55) and non-significant (<5 mm, n=55) IPP groups based on transabdominal
ultrasonography. Shapiro—Wilk testing confirmed non-normal distribution for most continuous variables.
Spearman rank correlation was used to assess associations between IPP and postoperative outcomes, with further
post-stratification analysis across age.

Results: IPP showed a significant moderate negative correlation with postoperative IPSS (p<0.001), a significant
moderate positive correlation with Q-Max (p<0.001) and a significant low negative correlation with PVR (p =
—0.444, p<0.001). No significant correlation existed between IPP and prostate volume (p=0.069). These
correlations remained consistent across all stratified subgroups, with the strongest Q-Max correlation observed in
patients aged 50-59 years (p<0.001).

Conclusion: IPP is an independent, reproducible predictor of favorable functional outcomes following TURP,
supporting its routine incorporation into pre-operative assessment for BPH surgical planning.

KEYWORDS: Benign prostatic hyperplasia; Intravesical prostatic protrusion; Transurethral resection of the
prostate; International Prostate Symptom Score; Maximum urinary flow rate; post-void residual urine.

INTRODUCTION

Benign prostatic hyperplasia (BPH) is a common condition characterized by non-cancerous enlargement of the
prostate gland due to unregulated hyperplastic growth of the epithelial and fibromuscular tissues of the transition
zone (TZ) and periurethral area. (1). In young adults, this transition zone comprises approximately 5-10% of the
prostate gland and surrounds the proximal prostatic urethra, comprising the primary site of BPH (2). Lower
urinary tract symptoms (LUTS) are common clinical manifestations of BPH (3). LUTS are characterized by
urgency, nocturia, frequency, dysuria, impaired bladder emptying, difficulty initiating micturition, and a weak or
intermittent urinary stream. The development of LUTS is strongly correlated with the presence of BPH in older
men (3, 4).

BPH is the leading cause of Bladder outlet obstruction (BOO) in males over 50 years (5). Treatment strategies
range from conservative management and medical therapy to minimally invasive procedures and surgical
interventions. Recent advances have introduced potassium titanyl phosphate (KTP) laser photoselective
vaporization and holmium laser enucleation of the prostate (HoLEP) as effective surgical options for LUTS
secondary to BPH. Despite these developments, transurethral resection of the prostate (TURP) remains the
reference standard for surgical management and is extensively utilized in many developing countries (6, 7).
Numerous factors including age, lower urinary tract symptom severity, prostate volume, bladder outlet
obstruction, and detrusor overactivity significantly predicts the outcomes of surgical management for BPH (8).
Intravesical prostatic protrusion (IPP) is an anatomical manifestation of BPH characterized by protrusion of the
enlarged prostate into the bladder lumen, resulting in a "ball-valve" type of BOO that interferes with normal
bladder neck function during voiding (9, 10).
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Previous literature has shown that IPP is significantly associated with storage related LUTS, which may arise
from bladder neck and trigonal irritation. Thus, IPP serves as an independent predictor of postoperative
outcomes after Transurethral Resection of the Prostate in patients with BPH (11, 12). IPP caused by median lobe
enlargement is more resistant to detrusor contraction than lateral lobe compression due to disruption of prostatic
fascial support and greater radial pressure, making it a reliable predictor of terminal dribbling and IPSS severity
(13, 14). Bladder hypertrophy and afferent hypersensitivity further aggravate storage symptoms (15).

Anatomical factors such as IPP are increasingly emphasized in evaluating LUTS severity and guiding treatment
decisions such as prostatic artery embolization, although patient selection remains a challenge (16, 17). IPP has
been shown to reliably predict the bladder obstruction index (BOOI) on pressure-flow studies, and ultrasound-
based IPP measurement outperforms total prostate volume (TPV) and other non-invasive markers in diagnosing
BO, attributed to its noninvasive, inexpensive, and reproducible nature without ionizing radiation.

Despite this body of evidence, data correlating IPP with postoperative outcomes in a local Pakistani population
are underexplored. Therefore, this study focuses on evaluating the association of IPP with symptom severity and
postoperative outcomes in patients undergoing transurethral resection of the prostate (TURP). The findings of
this study support the integration of IPP with conventional preoperative parameters to improve the prediction of
surgical outcomes in patients with BPH.

METHODOLOGY

A single-center longitudinal study was conducted at the Department of Urology, Dr. Ziauddin Hospital, North
Nazimabad Campus, Karachi, after obtaining ethical approval (105906250RURO, dated July 23, 2025). The
duration of study was I year from July 2025 to June 2026. The sample size of 110 participants was calculated
using a two-tailed significance level of 5%, 80% statistical power, and an anticipated Pearson correlation
coefficient of 0.264 from a previous study (18). A non-probability consecutive sampling technique was used to
recruit the participants. Patients who were >50 years of age, had clinically diagnosed benign prostatic
hyperplasia (BPH) with transurethral resection of the prostate (TURP) surgery following medical therapy or due
to BPH-related complications were included, whereas patients had previously undergone prostate surgery,
prostate cancer, had neurogenic bladder, severe urethral stricture, and incomplete records, or who were not
willing to undergo a 3-month follow-up were excluded.

Following ethical approval and informed consent, the following baseline demographic, clinical, laboratory and
ultrasonographic parameters were recorded: PSA, IPSS, prostate volume, maximum urinary flow rate (Qmax),
post-void residual urine (PVR) and intravesical prostatic protrusion (IPP). IPP was assessed by transabdominal
ultrasonography, and classified as being significant (>5 mm) or not (IPP < 5 mm). All patients had a
standardized TURP performed by highly experienced surgeons and the patients were evaluated for outcomes,
such as IPSS, Qmax, PVR, after 3 months. Data were collected using a semi-structured questionnaire and
analyzed using SPSS version 23. The Shapiro—Wilk test assessed normality, descriptive statistics were used to
summarize the data, and Spearman's correlation coefficient evaluated the association between IPP and
postoperative outcomes. A p-value <0.05 was considered statistically significant.

Assessed for Eligibility
(n = 110)

Enrolled & Underwent TURP
(n = 110)

Inclusion Criteria Met

= Age =50 years, BPH confirmed
- Underwent TURP

Pre-operative Assessment
(IPP, IPSS, PVR, Q-Max, Prostate Vol.)

TURP Performed
(Under experienced surgeons, =15 years experience)

IPP Significant IPP Non-significant
(=5 mm; n = 55) (=5 mm; n = 55)

3-Month Follow-up 3-Month Follow-up
(IPSS, PVR, Q-Max) (PSS, PVR, Q-Max)

Figure 1 Study flow diagram showing patient enrollment, IPP-based stratification, and three-
month postoperative outcome assessment following TURP
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RESULTS

A total of 110 adult male patients demonstrated that the mean age of the cohort was 64.71 + 7.63 years. The
majority of patients resided in urban areas (n = 108, 98.2%) and belonged to a middle socioeconomic class (n =
102, 92.7%). Most patients had a graduation-level education (n = 88, 80.0%). Based on transabdominal
ultrasonography, 55 patients (50.0%) had significant IPP (>5 mm) and 55 patients (50.0%) had non-significant
IPP (<5 mm). IPP diameter ranged from 3.0 to 8.0 mm across the cohort. The complete baseline characteristics

are presented in Table 1.

Table 1 Baseline Characteristics of the Study Population (N =110)

Variable | Category / Value
Demographics
Age (years) 64.71 £7.63
50-59 years n (%) 23 (20.9)
60—69 years n (%) 58 (52.7)
=70 years n (%) 29 (26.4)
Gender n (%) Male 110 (100)
Residential Status n (%) glrll;:;l é()(ii .(89)8'2)
Socioeconomic Status n (%) g;;ie 2130(27.(39)2'7)
Secondary 16 (14.5)
Education Level n (%) Graduation 88 (80.0)
Post-graduation 6 (5.5
PRE-OPERATIVE CLINICAL VARIABLES
Significant (>5 mm) 55 (50.0)
IPP Grade n (%) Non-significant (<5 mm) 55 (50.0)

IPP Diameter (mm) Median (IQR)

5.20 (4.00-6.50)

Prostate Volume (mL) Median (IQR)

52.50 (45.00-60.00)

Pre-op IPSS Score Median (IQR)

29.00 (27.00-30.00)

Pre-op PVR (mL) Median (IQR)

94.00 (80.00-117.00)

Pre-op Q-Max (mL/sec) Median (IQR)

9.50 (6.00-10.00)

POST-OPERATIVE OUTCOMES (3-MONTH)

Post-op IPSS Score Median (IQR)

5.00 (4.00-6.00)

Post-op PVR (mL) Median (IQR)

5.00 (0.00-10.00)

Post-op Q-Max (mL/sec) Median (IQR)

16.00 (15.00-18.00)

Table 2 shows the stratified Spearman correlation analysis between intravesical prostatic protrusion (IPP) and
postoperative outcomes. Across all age groups, IPP demonstrated a significant negative correlation with
postoperative IPSS (p = —0.495 to —0.645; p < 0.006) and PVR (p = —0.415 to —0.574; p < 0.013), while a
significant positive correlation was observed with postoperative Q-Max (p = +0.637 to +0.759; p < 0.001).
Significant correlations were observed across all age subgroups, with the strongest correlation between IPP and
Q-Max observed in patients aged 50-59 years (p = +0.759, p < 0.001).

Table 2 Post-Stratification Spearman Correlation between IPP Diameter and Postoperative

Qutcomes
Stratification Variable Subgroup n QOutcome Spearman p p-value
Post-op IPSS —0.572 0.004
50-59 years 23 | Post-op Q-Max +0.759 <0.001
Post-op PVR —0.574 0.004
Post-op IPSS —0.645 <0.001
Age Group 60—-69 years 58 | Post-op Q-Max +0.637 <0.001
Post-op PVR —0.415 0.001
Post-op IPSS —0.495 0.006
>70 years 29 | Post-op Q-Max +0.693 <0.001
Post-op PVR —0.453 0.013
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Figure 2 Scatter plot demonstrating a significant negative correlation between intravesical
prostatic protrusion (IPP) and IPSS score at 3 months post-TURP, stratified by IPP <5 mm (red)
and IPP >5 mm (blue) (p =—0.616, p < 0.001)

The Figure 2 demonstrates a significant moderate-to-strong negative correlation between IPP and post-TURP
urinary symptom scores (p =—0.616, p <0.001). Patients with IPP >5 mm (n = 55) showed a progressive decline
in IPSS scores with increasing IPP, suggesting better symptomatic outcomes after TURP in those with greater
preoperative protrusion. In contrast, patients with IPP <5 mm (n = 55) clustered at higher post-operative IPSS
scores (5-7), indicating relatively poorer symptomatic relief. These findings suggest that IPP may serve as a
useful preoperative predictor of TURP outcomes, with larger IPP associated with greater post-operative
symptomatic improvement.

5> | EEE PP >5 mm (n=55) ®
BN PP <5 mm (n=55)
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Figure 3 Scatter plot demonstrating a significant positive correlation between intravesical prostatic
protrusion (IPP) and Q-Max at 3 months post-TURP, stratified by IPP <5 mm (red) and IPP >5
mm (blue) (p =0.689, p <0.001)

The figure 3 reveals a significant moderate-to-strong positive correlation between IPP and post-TURP Q-Max (p
= 0.689, p < 0.001). Patients with IPP >5 mm (n = 55) demonstrated progressively higher Q-Max values with
increasing IPP, clustering predominantly between 16—22 mL/sec, indicating superior functional urinary
outcomes following TURP. Conversely, patients with IPP <5 mm (n = 55) showed consistently lower Q-Max
values (13—17 mL/sec) with minimal variation across IPP measurements. These findings suggest that greater
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preoperative IPP predicts significantly better post-TURP urinary flow improvement, reinforcing IPP as a
clinically valuable preoperative predictor of functional surgical outcomes.

DISCUSSION

This study demonstrates that IPP diameter correlates significantly with three-month post-TURP outcomes in men
with BPH, showing moderate negative correlation with IPSS (p = —0.616), moderate positive correlation with Q-
Max (p = +0.689), and low negative correlation with PVR (p = —0.444), while remaining independent of total
prostate volume. These results significantly support IPP's usefulness as a predictive, reliable, and anatomically
specific tool for surgical benefit, and largely corroborate earlier studies investigating the relationship of IPP to
surgical benefit within different clinical scenarios for BPH management (12, 19).

This is consistent with recent studies that have shown that IPP is a separate predictive variable in outcome
models for TURP. IPP was also found to be an independent predictor of surgical effectiveness in a prediction-
model study conducted in 2025, in addition to IPSS voiding or storage ratio and PVR ratio, with a high
discriminative accuracy (AUC 0.894) (12). Likewise, another study showed that the more severe the protrusion,
the worse the baseline urological outcomes and the higher the risk for acute urinary retention and adverse events,
beyond symptom scoring, indicating that the protrusion is clinically relevant (17).

The particularly strong Q-Max correlation observed in our cohort supports the mechanistic hypothesis that IPP
reflects a dominant mechanical, ball-valve-type obstruction that is directly and substantially relieved by prostatic
tissue resection. This is consistent with a 2022 Iranian study that reported higher IPP grades were associated
with greater impairment in urinary flow rate and a progressive increase in surgical intervention rates, rising from
4.0% in Grade I to 36.4% in Grade III (20). Together, these results indicate that IPP is a unique anatomical
mechanism of BOO that cannot be explained by prostate volume or PSA, which is in line with the not
statistically significant correlation between prostate volume and IPP that we found (p = 0.069).

The weaker correlation between IPP and postoperative PVR likely reflects the multifactorial nature of residual
urine, which depends on both bladder outlet obstruction and detrusor contractility. This is consistent with
findings from a nomogram study of 356 TURP patients, where detrusor function and voiding-efficiency
parameters provided additional predictive value beyond IPP alone (21). Similarly, an evaluation of trial-without-
catheter outcomes in men with acute urinary retention found that IPP predicted successful voiding trials with
high positive predictive value, but reinforced that detrusor underactivity remained a confounding variable in a
subset of non-responders (22). Overall, the results indicate that PVR improvement is more physiologically
variable than symptom score or flow-rate improvements, despite its significant relationship with IPP.

Stratified analysis by age revealed that IPP was significantly correlated with postoperative outcomes across all
age groups, with the strongest correlation between IPP and Q-Max observed in younger patients (50—59 years).
This indicates that younger males with severe IPP might have a larger functional gain with surgery at an earlier
age, as has been previously noted by others with better flow-rate and symptom improvement after surgery in
younger patients (11, 23). Our findings in surgically high-risk patients (including patients with cardiac
comorbidities) reflect the potential for generalizability of IPP as a prognostic marker across a variety of surgical
risk profiles (24).

IPP has proven to be a useful, non-invasive, complementary diagnostic tool in the assessment of BPH-related
BOO, with a lower need for invasive urodynamic testing (25). The results show that there is a significant
prognostic value to simply evaluating the IPP preoperatively in the direction of symptom relief, urinary flow and
bladder emptying after TURP.

The study has the following limitations: single center design, ethnicity diversity, no pressure-flow validation of
urodynamics and short-term follow-up. However, bigger multicenter studies with longer follow-up and
urodynamic correlation are required to improve the predictive models based on IPP.

CONCLUSION

In men with BPH, intravesical prostatic protrusion (IPP) is an easy, non-invasive ultrasonographic predictor of
postoperative IPP. Greater IPP is independently associated with greater improvements in IPSS, Qmax and PVR,
and predictive ability was consistent within all demographic subgroups. Using IPP assessment preoperatively in
the clinical practice may therefore help in better counseling, surgical planning and identifying which patients are
likely to have good results after TURP.
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