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Abstract
Background: To explore the risk factors that lead to the formation of bladder calculus in patients with benign prostatic hyperplasia
(BPH). Methods: Retrospective study was performed between June 2017 and October 2019, 103 patients with BPH who underwent
transurethral resection of the prostate (TURP) were included. Patients with BPH were divided into two groups: 32 patients with bladder
calculus in group1 and 71 patients without bladder calculus in group2. Characteristics of both groups were compared and univariate
and multivariate analyses were performed to investigate the association between BPH with or without bladder calculus. Results:
There was no signi�cant difference between the two groups regarding age, duration of BPH, body mass index (BMI), total prostate
volume (TPV), total prostate-speci�c antigen (TPSA), International prostate symptom score (IPSS), serum albumin, hemoglobin, uric
acid, urinary tract infection, diabetes, and hypertension. The patients' serum creatinine and acute urinary retention (AUR) were
signi�cantly lower, while intravesical prostatic protrusion (IPP) was signi�cantly higher in group 1 than group 2. Multivariate analyses
revealed that IPP and AUR were signi�cant risk factors for the formation of bladder calculus in patients with BPH. For IPP, the receiver
operating characteristic (ROC) curve showed that the cut-off value of the highest risk of the formation of bladder calculus was 11.5
mm. Conclusions: Our study indicated that IPP and AUR were independent risk factors that were closely linked with the incidence of
bladder calculus in BPH patients.

Background
As a common complication of BPH, bladder calculus comprises 5% of urinary calculus diseases [1]. With the improvement of
nutritional supplements and the widespread use of modern antibiotics, the incidence of bladder calculus has decreased signi�cantly
in recent decades [2]. BPH is highly prevalent in elderly men aging from 60 to 70 years old [3]. BPH accompanied by bladder calculus
was an absolute surgical indication [4]. Bladder outlet obstruction (BOO) has been considered as a predisposing factor for the
formation of bladder calculus in patients [5, 6]. It has been reported that bladder calculus accounts for 3%-8% of patients with BOO as
a result of BPH [6–8]. Though few studies have indicated that IPP, age, Qmax, and urinary tract infection may in�uence the formation
of bladder calculus in BPH patients, little knowledge is known about the etiology between these two diseases [9, 10]. Therefore, this
study aimed to analyze the risk factors that facilitate the formation of bladder calculus in BPH patients.

Patients And Methods

Study Population
This retrospective study was conducted at the Second Hospital of Anhui Medical University, Department of Urology between June
2017 and October 2019. This study design was approved by the Institutional Review Board of the Second Hospital of Anhui Medical
University and is adhered to the Declaration of Helsinki. A total of 103 consecutive male patients with BPH underwent TURP were
screened and were divided into two groups: group 1 (BPH with bladder calculus) and group 2 (BPH without bladder calculus). Patients
were enrolled when they had unsuccessful medical histories with the treatment of alpha-blockers or 5-alpha reductase inhibitors and
�nally received TURP. Those patients con�rmed prostate malignant tumor, bladder cancer, bladder foreign body, urethral stricture,
bilateral hydronephrosis, neurogenic bladder, previous history of urolithiasis, and patients with missing data were excluded from the
study.

Measurements And Outcomes
Perioperative parameters of age, BMI, duration of BPH, IPSS, TPSA, TPV, IPP, serum creatinine, serum albumin, hemoglobin, uric acid,
AUR, urinary tract infection, diabetes, and hypertension. IPP was measured by sonography and de�ned as the distance between the tip
of the prostate median lobe and the bladder neck in the midsagittal plane [11]. All patients underwent TURP with or without
endoscopic lithotripsy.

Statistical Analysis
The results were recorded in EXCEL spreadsheets (Microsoft, Seattle, WA USA) and analyzed using the Statistical Package for the
Social Sciences (SPSS) version 22.0 software (IBM Corp, Armonk, NY, USA). Continuous data were analyzed using mean values with
standard deviations and compared by Student's t-tests. Categorical data were analyzed by the Pearson chi-square tests. To assess
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whether AUR, serum creatinine, or IPP was an independent risk factor for BPH patients with bladder calculus, logistic regression
analyzes and ROC curve was utilized. Differences were considered signi�cant when P < 0.05.

Results
Of the 103 patients, group 1 included 32 patients and group 2 included 71 patients. The overall rate of bladder calculus in BPH
patients was 31.1%. The maximum diameter of bladder calculus was 22±2 mm, and half of the patients have more than two calculus
in group 1 (n=16). As shown in Table 1, there were no signi�cant changes in age, duration of BPH, BMI, TPV, TPSA, IPSS, serum
albumin, hemoglobin, uric acid, urinary tract infection, diabetes, and hypertension in either group. The patients' serum creatinine (75.8
vs 88.0, p=0.043) and AUR (9.4% vs 29.6%, p=0.025) were lower, while IPP (12.7 vs 9.0, p=0.002) were higher in group 1 than group 2.

As shown in Table 2, univariate analysis revealed that the presence of bladder calculus was associated with serum creatinine
(p=0.049), AUR (p=0.045), and IPP (p=0.008). Multivariate analysis showed that IPP (p=0.006) and AUR (p=0.044) were statistically
signi�cant predictors for bladder calculus in BPH patients. There was no statistically signi�cant (p=0.083) relationship between
serum creatinine and bladder calculus in our study.

We then used the ROC curve to analyze the correlation of IPP or AUR with bladder calculus. ROC curve showed that IPP was a more
important risk factor compared with AUR. The area under the curve (AUC) of IPP was 0.699, larger than AUC of AUR (0.399). The cut-
off point of IPP was determined as 11.5 mm. The sensitivity and speci�city were 70% and 59.4%, respectively (Fig. 1).

Discussion
Bladder calculus, as one of the most common complications of BPH, the incidence is approximately 10% [1]. BOO, urinary tract
infection, neurogenic bladder, bladder diverticula, bladder augmentation, or the bladder foreign body have been shown may be
associated with the occurrence of bladder calculus [12]. Combining bladder stones is also an absolute surgical indication of BPH. In
undeveloped areas, many patients with BPH hesitate to receive surgical treatment, insisting on drug conservative treatment even
when bladder calculus has formed, which causes great harm to physical health and severely affects the quality of life during disease
progression. Researchers have been troubled by the problem of why some BPH patients have a higher possibility accompany bladder
calculus for many years. Though few studies have explored some risk factors of bladder calculus formation in patients with BPH,
which indicated IPP seems to be the most important potential risk factor, the result is still uncertain [9, 10].

In this study, we aimed to determine the risk factor that in�uences the presence of bladder calculus in patients with BPH.

The concept of IPP was proposed by Jean Casimir Félix Guyon in 1888 in Paris [13]. After two centuries of research, IPP has emerged
as a novel prostatic morpho-metric parameter of signi�cance to help the clinicians in many aspects of managing the patients with
some diseases of the lower urinary tract and the prostate [14]. Topazio et al found that IPP was signi�cantly and inversely correlated
with treatment success in patients with lower urinary tract symptoms (LUTS) and BPH under alpha-blockers therapy. IPP can be used
as a predictor of alpha-blockers response [15]. A recent study indicated that IPP was a good predictor of clinically signi�cant BOO due
to BPH [16]. Lee also showed that even in men with good �ow, high grades of IPP were more likely to have BOO [17]. Lim et al reported
that a long IPP would cause BOO by creating a “ball-valve” effect during voiding, which destroy the funneling effect of the bladder
neck [18]. Chia et al also demonstrated that IPP was caused by the enlarging lateral lobes and the median lobe, and that the
protrusion of the enlarged lobes caused a “ball-valve” type of obstruction, thus disrupting the funneling effect of the bladder neck and
causing dyskinetic movement of the bladder during voiding [19]. In this study, the mean length of the IPP was 12.7 mm in group 1 and
9 mm in group 2. The statistically signi�cant association between these two groups shows that IPP was a risk factor for bladder
calculus formation in BPH patients. In a prospective clinical study, Mariappan et al indicated that IPP can be divided into three levels
based on the length of the IPP [20]. Grade I, the length of IPP was less than 5 mm; Grade II, the length of IPP was 5 to 10 mm; and
Grade III, the length of IPP was longer than 10 mm. In our study, all patients in group 1 and 2 were classi�ed into Grade II and III.

ROC curve revealed that the cut-off value of IPP that caused the highest risk of bladder calculus formation was 11.5 mm. Kim et al
reviewed data of 271 BPH patients, the median length of IPP was 11.5 mm in patients combing with bladder stones, while the average
length was 3.4 mm in patients without bladder stones [9]. In another study, the median length of IPP was 11 mm in BPH patients with
bladder calculus, while 4 mm in patients without calculus [10]. Lu et al indicated that, for IPP, the cut-off value of the highest risk of
hydronephrosis was 1.95 cm. Interestingly, the median length of IPP in their study receiving TURP was longer than ours [11]. In our



Page 4/8

study, the length of all IPP was ≥ 5 mm, and all patients received surgical intervention. These results make the length of IPP ≥ 5 mm
the potential to become a novel indication for TURP surgery. Inconsistent with previous studies, univariate, multivariate analyses, and
the ROC curve indicated that IPP was an important independent risk factor for the presence of bladder calculus in BPH patients [9, 10].

AUR is a urological emergency, it usually presents as a sudden inability to urinate with the symptom of lower abdominal pain [21]. The
risk is cumulative and increases with age. About 10% of old men in their 70 s and 30% in their 80 s will develop AUR within 5 years
[22]. AUR is signi�cantly associated with morbidity, mortality, and cost to the public health service. On the basis of the guidelines of
the European Association of Urology, initial management of AUR should consist of bladder decompression with an indwelling catheter
followed by trial without catheter [23]. The pathogenesis of AUR can be multifactorial. Chen et al revealed that BPH causes the most
AUR, and the incidence is estimated to be as high as 53% [24]. AUR is also associated with bladder calculus. When bladder calculus
causes posterior urethral obstruction, AUR also occurs. A common manifestation in children is interrupted urination, and urination can
continue after changing positions or rubbing the penis. In our study, the AUR rate was signi�cantly higher in group 2 than in group 1. 3
patients (9.1%) in group 1 had AUR, while 21 patients (30%) in group 2 had AUR. The results of our study showed that AUR was an
independent risk factor for the occurrence of bladder calculus in patients with BPH. Further ROC curve demonstrated that AUR was the
second most important risk factor compared with IPP. A similar AUR rate was also found in a previous study. Huang et al reported that
the AUR rate was 10.6% in patients with BPH and bladder calculus, lower than 37.4% in patients with BPH. However, AUR was not an
independent risk factor in their study [10]. Confusingly, in spite of bladder calculus or BPH can cause AUR, the AUR rate in group 1 was
lower. We hypothesized that it may be attributed to patients with BPH developed AUR early and received standardized medications,
the probability of complications with bladder stones was greatly reduced. From our perspectives, severe BPH symptoms and no
history of AUR may be an important sign of combining with bladder calculus. Due to the limited number of patients in our study,
further studies are still warranted to be explored this problem.

Now few studies have focused on the relationship between serum creatinine and bladder calculus. Univariate analyses showed serum
creatinine was a potential risk factor, however, multivariate analyses revealed that it was not an independent risk factor in comparison
with IPP and AUR. A lower level of serum creatinine was found in group 1. Li et al indicated that lower levels of serum creatinine and
uric acid, and lower percentages of diabetes mellitus were local factors in the formation of bladder uric acid stone [25]. Interestingly,
the level of uric acid was also lower in group 1, though results showed it was not an independent risk factor. Older age and higher
rates of urinary tract infection have also been considered as independent risk factors in previous studies [9, 10]. In our study, patients
in group 1 were a little younger and the rate of urinary tract infection was a little higher than patients in group 2. However, age and
urinary tract infection were proven not to be independent risk factors. Moreover, our results also �rst demonstrated that serum
albumin, hemoglobin, diabetes, hypertension, smoking, and drinking were not independent risk factors for the occurrence of bladder
calculus in patients with BPH.

The limitations of this study should be noted. First, it has a retrospective design with a relatively small sample size and its inherent
retrospective and non-randomized nature may have led to selection bias. Second, all patients enrolled in our study were Chinese, so
we cannot eliminate the in�uence of ethnic diversity. Third, all patients did not have accurate uro�ow parameters and urodynamic
results, making the study hard to further exploring whether urodynamic indicators are risk factors. A prospective randomized
controlled trial is urgently needed in the future.

Conclusion
IPP and AUC are independent risk factors that linked with the occurrence of bladder calculus in patients with BPH. According to the
ROC curve result, in comparison with AUC, IPP was the most important risk factor. Moreover, the cut-off value of the highest risk of the
formation of bladder calculus was 11.5 mm. These indicators can help the surgeons in �ltering BPH patients combine with bladder
calculus.

Abbreviations
BPH: Benign prostatic hyperplasia; TURP: Transurethral resection of the prostate; BMI: Body mass index; TPV: Total prostate volume;
TPSA: Total prostate-speci�c antigen; IPSS: International prostate symptom score; AUR: Acute urinary retention; IPP: Intravesical
prostatic protrusion; ROC: Receiver operating characteristic; BOO: Bladder outlet obstruction; AUC: Area under the curve; LUTS: Lower
urinary tract symptoms
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Perioperative parameters  Group 1 (N=32) Group 2 (N=71) P value
Age (year) 71.25±1.39 71.55±0.80 0.585
BMI (kg/m2) 23.38±0.62 23.61±0.39 0.753
Duration of BPH (month) 23.50±5.18 21.51±2.92 0.722
IPSS 22.28±0.42 21.55±0.38 0.732
PSA (ng/ml) 2.80±0.16 2.90±0.18 0.669
TPV (g) 45.80±1.89 49.52±1.78 0.157
IPP (mm) 12.71±0.09 8.99±0.06 0.002
Serum albumin (g/L) 36.53±0.56 36.99±0.57 0.567
Hemoglobin (g/L) 135.84±2.55 131.99±1.76 0.221
Serum creatinine (µmol/L) 75.75±2.97 88.04±3.79 0.043
Uric acid (µmol/L) 313.56±14.11 328.35±8.84 0.364
Urinary tract infection, n (%) 15 46.9% 31 43.7% 0.761
AUR, n (%) 3 9.4% 21 21.6% 0.025
Diabetes, n (%) 4 12.5% 11 15.5% 0.69
Hypertension, n (%) 15 46.9% 36 50.7% 0.719

AUR  Acute urinary retention, BMI Body mass index, BPH Benign prostatic hyperplasia, IPP  Intravesical prostatic
protrusion, IPSS International Prostate Symptom Score, PSA Prostate specific antigen, TPV Total prostate volume

Table 2 Univariate and multivariate analysis of patients’ data between group 1 and group 2
Perioperative parameters  B SE P value Exp (B) 95%CI
Univariate      
Age (year) 0.021 0.039 0.585 1.201 0.947-1.102
BMI (kg/m2) -0.022 0.078 0.775 0.978 0.84-1.139
IPSS -0.03 0.096 0.752 0.97 0.803-1.171
PSA (ng/ml) 0.305 0.203 0.133 1.357 0.911-2.019
IPP (mm) -1.281 0.479 0.008 0.278 0.109-0.711
Serum albumin (g/L) 0.068 0.067 0.312 1.07 0.939-1.22
Serum creatinine (µmol/L) 0.025 0.013 0.049 1.026 1-1.052
Urinary tract infection, n (%) -0.514 0.552 0.352 0.598 0.203-1.765
AUR, n (%) 1.414 0.758 0.045 1.612 1.036-2.301
Multivariate      
IPP (mm) -1.128 0.41 0.006 0.324 0.145-0.723
Serum creatinine (µmol/L) 0.023 0.013 0.083 1.023 0.997-1.049
AUR, n (%) 1.388 0.693 0.044 1.534 1.011-2.251

AUR Acute urinary retention, B Regression coefficient, BMI Body mass index, CI Confidence interval, Exp (B) Odds ratio,
IPP Intravesical prostatic protrusion, IPSS International Prostate Symptom Score, PSA Prostate specific antigen, SE
Standard error.
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Figure 1

ROC curve and cut-off point: the association between IPP, AUR and bladder calculus in patients with BPH.


