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KEYWORDS Abstract Objective: To examine the relationship between benign prostatic hyperplasia
Prostatic hyperplasia; (BPH) and the presence of lower urinary tract stones.

Urethra; Methods: We retrospectively reviewed the records of men with lower urinary tract stones who
Urinary bladder; presented to three clinical centers in Korea over a 4-year period. We divided the patients into
Urolithiasis; two groups based on the location of urinary stones: Group 1 (bladder calculi) and Group 2 (ure-
Lower urinary tract thral calculi). We compared the characteristics of both groups and performed univariate and
stones multivariate analyses with a logistic regression model to investigate the relationship between

BPH and lower urinary tract stones.

Results: Of 221 patients, 194 (87.8%) had bladder calculi and 27 (12.2%) had urethral calculi.
The mean age of Group 1 was higher than that of Group 2 (68.96 + 12.11 years vs.
55.74 + 14.20 years, p < 0.001). The mean prostate volume of Group 1 was higher than that
of Group 2 (44.47 + 27.14 mL vs. 24.70 + 6.41 mL, respectively, p < 0.001). Multivariate
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logistic regression showed that age (OR = 1.075, 95%Cl: 1.023—1.129) and prostate volume
(OR = 1.069, 95%Cl: 1.017—1.123) were independently associated with increased risk for
bladder calculi. Upper urinary tract stones and/or hydronephrosis conferred a 3-fold risk for
urethral calculi (OR = 3.468, 95%Cl: 1.093—10.999).

Conclusion: Age and prostate volume are independent risk factors for bladder calculi. In addi-
tion, men with upper urinary tract disease are at greater risk for urethral calculi, which may
migrate from the upper urinary tract rather than from the bladder.

© 2018 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Benign prostatic hyperplasia (BPH) is highly prevalent in
elderly men and affects approximately 50% of all men be-
tween 60 and 70 years old [1]. Twenty-five percent to 50%
of those with BPH have lower urinary tract symptoms
(LUTS), such as flow impedance and sensations of incom-
plete emptying, related to bladder outlet obstruction
(BOO). Furthermore, BPH is associated with additional
complications such as acute urinary retention, hematuria,
urinary tract infection, and urinary stones [1,2].

Historically, lower urinary tract stones have been asso-
ciated with a variety of disorders of the lower urinary tract,
such as neurogenic bladder, BPH, and urethral stricture [3].
These disorders are known to cause urinary stasis and
infection. Bladder and urethral stones are two common
types of lower urinary tract stones and account for 5% and
0.3% of all urinary stone diseases, respectively [3,4].
Bladder calculi are commonly found in elderly men with
lower urinary tract obstruction, such as BPH [5,6]. Although
urethral calculi primarily arise in association with urethral
foreign bodies or anatomical anomalies such as urethral
strictures or diverticula, the bladder is considered to be a
primary source of urethral calculi in adults [3,4].

Although BPH is assumed to be associated with BOO and
urinary stasis, the role of the prostate in the pathogenesis of
lower urinary tract stones has not been well explored. In this
study, we compared the characteristics of men with two types
of lower urinary tract stones to help elucidate the role of BPH
in the formation of lower urinary tract stones.

2. Materials and methods

We retrospectively identified men with lower urinary tract
stones who presented consecutively to three clinical cen-
ters in Korea (Eulji University Daejeon Hospital, Konkuk
University Chungju Hospital, and Yonsei University Wonju
Severance Christian Hospital) between May 2010 and May
2014. Two hundred and thirty-five patients were identified.
We collected data from men over the age of 19 years old to
exclude the patients with lower urinary tract stones asso-
ciated with an anatomic abnormality such as a urethral
stricture or diverticulum that were common in childhood.
Bladder and urethral calculi were confirmed by computed
tomography (CT) or cystoscopy. Urethral calculi were
defined as any calculi in urethra from the meatus through
to the bladder neck. Two patients were below the age of 19

years and were excluded. The medical records of 12 addi-
tional patients were not available for review. We reviewed
the medical records of the remaining 221 patients. The
Institutional Review Board of the Yonsei University Wonju
College of Medicine approved this study (YWMR-15-5-059).

We divided the patients into two groups based on the
location of the urinary stones: Group 1 (bladder calculi) and
Group 2 (urethral calculi). The demographic and clinical
data collected included patient age, medical history, clin-
ical manifestations, laboratory findings, and radiologic
findings. All 221 patients had undergone CT to investigate
the presence and location of lower urinary tract stones,
congenital abnormalities, and/or associated upper urinary
tract pathology. Upper urinary tract pathologies included
concurrent renal or upper urinary tract stone and unilateral
hydronephrosis. We calculated prostate volume (PV) using a
previously described method and ellipsoid formula
(PV = /6 x [width (cm) x thickness (cm) x length (cm)])
[7]. We estimated width (right—left) and thickness (ante-
rior—posterior) on axial CT images, and we estimated
length (cranial—caudal) on a coronal CT images.

We used the independent t-test, the Fisher exact test,
and the chi-square test to compare the baseline charac-
teristics of the two groups of patients. We performed uni-
variate and multivariate analyses with a logistic regression
model to examine the relationships between several inde-
pendent variables and the two types of lower urinary tract
stones. We performed all analyses with the IBM SPSS Sta-
tistics software, Version 20.0 (IBM, Armonk, NY, USA). We
considered two-tailed p values of less than 0.05 statistically
significant.

3. Results

Of the 221 patients, 194 (87.8%) had bladder calculi and 27
(12.2%) had urethral calculi. All of urethral calculi were
found in prostatic or bulbar urethra. As shown in Table 1, the
most common symptoms of bladder calculi were hematuria
(37.1%) and voiding dysfunction (32.5%). Five patients (2.6%)
with bladder calculi presented acute urinary retention,
however it might result from BPH or bladder calculi, itself.
Urethral calculi were commonly associated with voiding
dysfunction (63.0%) and acute urinary retention (18.5%)
secondary to urinary tract obstruction. All of the patients
with urethral calculi were symptomatic, whereas 15.5% of
patients with bladder calculi were asymptomatic and diag-
nosed incidentally during routine health examination.
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Table 2 summarizes the clinical characteristics of men
with lower urinary tract calculi. Both the mean age and the
mean PV of Group 1 were significantly higher than those of
Group 2 (p < 0.001). Upper urinary tract pathology was
present in 31.4% and 63.0% of patients in Group 1 and Group
2, respectively, which was significantly more common in
Group 2 than in Group 1 (p = 0.005). Although patients with
bladder calculi had a higher prevalence of neurologic dis-
ease, diabetes mellitus, and bacteriuria than those with
urethral calculi, there were no significant differences be-
tween the two groups in the prevalence of neurologic dis-
ease, diabetes mellitus, urological anomalies, or
bacteriuria. The creatinine level was similar in two groups.

Univariate analysis revealed that the presence of
bladder calculi was significantly associated with age (odds
ratio [OR] = 1.072, 95% confidence interval [CI]:
1.040—1.105), PV (OR = 1.076, 95%Cl: 1.033—1.120), and
upper urinary tract pathology (OR = 0.278, 95%Cl:
0.114—0.628) compared to urethral calculi. Multivariate
analysis showed that age and PV were statistically signifi-
cant predictors of bladder calculi (OR = 1.075, 95%Cl:
1.023—1.129 and OR = 1.069, 95%Cl: 1.017—1.123,
respectively) compared to urethral calculi, while upper
urinary tract pathology was a statistically significant pre-
dictor of wurethral calculi (OR = 3.468, 95%Cl:
1.093—10.999) compared to bladder calculi.

4. Discussion

Lower urinary tract stones are relatively rare, with an
incidence rate of less than 10% [4]. However, their clinical
symptoms may be as troublesome as those of upper urinary
tract stones. Lower urinary tract stones are traditionally
classified as migrant, primary idiopathic, and secondary
[4,5]. Although numerous studies have suggested that lower
urinary tract stones are associated with urinary stasis
caused by BPH, the contribution of BPH to the pathogenesis
of urethral calculi appear to be different from its contri-
bution to bladder calculi [3—6]. Our findings are consistent
with this theory, as PV was shown to be associated with
bladder calculi and not with urethral calculi.

Crawford et al. [8] demonstrated that patients with a PV
of 31 mL or higher had a significantly greater risk of acute
urinary retention and need for invasive surgical treatment.

Table 1 Clinical manifestations of lower urinary tract
stones (n, %).

Manifestation Bladder calculi Urethral calculi

(n = 194) (n = 27)
Voiding 63 (32.5) 17 (63.0)
dysfunction
Hematuria 72 (37.1) 3 (11.1)
Incidental 30 (15.5) 0 (0.0)
Abdominal pain 13 (6.7) 2 (7.4)
Acute urinary 5 (2.6) 5 (18.5)
retention
Catheter related 4 (2.1) 0 (0.0)
Others® 7 (3.5) 0 (0.0)

2 Others included dysuria and turbid urine.

Philippou et al. [9] suggested that BOO may be the prime
etiologic factor in 75% of cases of bladder calculi and
that the presence of bladder calculi is an absolute indica-
tion for surgical treatment of prostate. A recent study by
Childs et al. [10] found that older age, longer intravesical
prostatic protrusion, and lower peak urinary flow were
important predictors of bladder calculi in patients with
BPH. More specifically, larger PV, which was associated with
longer intravesical prostatic protrusion, was a significant
predictor of bladder calculi. This is consistent with our
findings, which showed that patients with bladder calculi
indeed had larger PV when compared to those with urethral
calculi.

Age is also a well-known etiologic factor associated with
BPH. The incidence of BPH increases rapidly with age and
reaches nearly 100% in the ninth decade [1]. A large-scale
Korean cohort study confirmed this finding and showed that
PV was associated with advancing age [11]. In our current
study the mean age of patients with urethral calculi was
about 10 years younger than those with bladder calculi.
These findings reinforce the theory that PV is an indepen-
dent risk factor for bladder calculi, as confirmed by our
multivariate analysis.

Urethral calculi are commonly reported in endemic
areas, such as Asia and the Middle East, where there is a
high incidence of bladder calculi [4,12]. This suggests that
urethral calculi may result from bladder migration or may
develop concurrently due to an anatomical anomaly.
Anatomical changes of the urethra have been found in
almost half of patients with urethral calculi [13,14]. How-
ever, it is reasonable to assume that migratory stones ac-
count for a large proportion of the urethral calculi found in
healthy, and it has been suggested that not all urethral
calculi originate in the bladder [4]. Moreover, the incidence
of concurrent urinary stones in patients with urethral calculi
is 32%—91% [14,15]. If urethral calculi stem from migration,
then the bladder and upper urinary tract are strong candi-
dates for the primary source of such stones, and in the past
the bladder has indeed been believed to be the primary
source [14]. However, in our study 63.0% (17/27) of patients
with urethral calculi had a concurrent upper urinary stone.
This indicates that urethral calculi, while migratory, may
actually form in the upper urinary tract rather than in the
bladder. Furthermore, PV was inversely correlated with
urethral calculi compared to bladder calculi. This finding
suggests that urethral calculi, as opposed to bladder calculi,
are not a consequence of BPH progression.

This study has several limitations. First, urinary tract
stone disease may be associated with metabolic disorders,
which we did not report on. Childs et al. [10] reported that
patients with bladder calculi had metabolic abnormalities
on 24 h urine supersaturation studies. Additional informa-
tion about family history and further metabolic evaluation
may have helped uncover potential primary causes of uri-
nary tract stone disease. Second, our data did not include
the compositional analysis of the lower urinary tract
stones. Although few published studies have reported the
composition of lower urinary tract stones, the composition
can imply the origin of the stones. Struvite and uric acid
stones are regarded as migratory stones from the bladder. In
contrast, calcium oxalate and cysteine stones are thought to
originate from the upper urinary tract [3,4,6,12]. Finally,
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Table 2 Baseline characteristics of men with lower urinary tract stones.

Bladder calculi (n = 194) Urethral calculi (n = 27) p-value
Age (year) 68.96 + 12.11 55.74 + 14.20 <0.001
Neurologic disease (n, %) 51 (26.2) 5 (18.5) 0.565
Diabetes mellitus (n, %) 53 (27.3) 5 (18.5) 0.483
Congenital anomalies (n, %) 0 (0.0) 0 (0.0) 1.000
Prostate volume (mL) 44.47 + 27.14 24.70 + 6.41 <0.001
Creatinine (umol/L) 87.51 + 32.70 79.56 + 24.75 0.244
Bacteriuria (n, %) 60 (30.9) 5 (18.5) 0.399
Upper urinary tract 61 (31.4) 17 (63.0) 0.005

pathology (n, %)?

@ Upper urinary tract pathology, concurrent renal or upper urinary tract stone and unilateral hydronephrosis.

our study does not address whether or not concurrent upper
urinary tract pathologies, such as upper urinary stones or
unilateral hydronephrosis, represent evidence of stone
migration from the kidneys. A key strength of our study is
that all of the patient records included CT images, which
allowed us to estimate PV and to determine the actual
presence and location of stone disease.

Despite these potential limitations, this study provides
further insight into the formation of lower urinary tract
stones. Specifically, PV, which increases with age, is an in-
dependent risk factor only for the development of bladder
calculi. Secondarily, urethral calculi, while migratory, may
actually form in the upper urinary tract rather than in the
bladder. This new information has significant implications for
the diagnostic workup and treatment of men who present
with BPH and/or with symptoms of lower urinary tract stones.

5. Conclusion

Our results suggest that most urethral calculi in men orig-
inate from upper urinary stones unless there is an
anatomical disorder also present. In contrast, bladder
calculi are mainly correlated with bladder outlet obstruc-
tion such as BPH. Therefore, these two types of lower uri-
nary stones are unlikely to share similar pathophysiology
regarding their origin. More research on this topic will in-
crease our understanding of the origin of urethral calculi.
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