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Introduction: Bladder stones are a common complication of benign prostatic
hyperplasia (BPH), especially in elderly patients with comorbidities, requiring effective
management strategies. This report highlights the use of ATR-FTIR spectroscopy in
stone composition analysis to guide treatment and prevention.

Methods: This case report describes an 88-year-old male with BPH, arterial
hypertension, type 2 diabetes, and chronic renal failure, presenting with pain and urinary
retention. His condition was complicated by bladder lithiasis and upper urinary tract
involvement, requiring a urinary catheter for four months. Ultrasonography revealed a
fully distended bladder with multiple large calculi and a significantly enlarged prostate.
The patient underwent upper prostatic adenomectomy, during which seven stones
(weighing 19.95 g, measuring 1.7-2.2 cm) were extracted and analyzed using optical
microscopy and ATR-FTIR spectroscopy.

Results: Microscopic examination revealed smooth, concentric layers with radial
crystallization. ATR-FTIR spectroscopy identified uric acid anhydrous as the main
component, confirmed by characteristic absorption bands.

Conclusion: This report emphasizes the importance of stone composition in guiding
treatment decisions. FTIR spectroscopy offers valuable diagnostic insights and aids in
preventing recurrence. Further studies with control groups are necessary to assess long-
term outcomes.
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Intorduction

Prostatic calculi, also known as prostatic stones, are
mineral deposits that can form within the prostate gland.
These stones are relatively common, although their
exact cause or etiology is not fully understood. They can

vary in size and may be asymptomatic or may cause
symptoms such as urinary obstruction, pain, or recurrent
urinary tract infections. Treatment options for prostatic
calculi range from conservative measures such as
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increased fluid intake to more invasive interventions
like surgical removal, depending on the size and
severity of symptoms (Kalathia et al., 2020).

Giant prostatic urethral calculi are a rare occurrence,
with fewer than 20 cases documented in the literature.
Furthermore, the simultaneous presence of giant
prostatic and bladder calculi is exceedingly uncommon.
Prostatic calculi, although relatively rare, still present
challenges due to their unclear etiology (Geramoutsos et
al., 2004).

A morpho-constitutional analysis of prostate calculi
involves examining the physical characteristics and
composition of these mineral deposits within the
prostate gland. This analysis typically includes
techniques such as microscopy, spectroscopy, and
imaging to determine the size, shape, colour, and texture
of the calculi, as well as the minerals and compounds
present in their composition. Understanding the
morpho-constitutional properties of prostate calculi can
provide valuable insights into their formation
mechanisms, potential risk factors, and appropriate
treatment strategies. Additionally, it may help clinicians
tailor management approaches based on the specific
characteristics of the calculi and the individual patient's
clinical profile (Belhachem et al., 2023).

The objective of this case report is to analyse the
composition of prostatic calculi in an elderly patient
with benign prostatic hyperplasia (BPH), complicated
by bladder lithiasis and urinary retention, using optical
microscopy and ATR-FTIR spectroscopy. The aim is to
highlight the clinical relevance of identifying stone
composition for optimizing treatment strategies and
improving the management of underlying metabolic
disorders.

Case report

An 88-year-old male patient with a history of BPH
presented with pain and urinary retention. His clinical
condition was further complicated by upper urinary tract
involvement and the presence of bladder lithiasis. He
had been managed with an indwelling urinary catheter
for the past four months. The patient’s medical history
was significant for arterial hypertension, type 2 diabetes
mellitus, and chronic renal failure.

Ultrasonographic examination reveals bilateral renal
structures exhibiting normal morphology, size, and
minimal  ureterohydronephrosis, indicative  of
unremarkable excretory function and favorable
corticomedullary  differentiation. Notably,  the
examination also depicts a fully distended bladder
characterized by multiple large calculi and a thickened,
yet regular, wall. Furthermore, the assessment of the
prostate gland discloses a volumetric measurement of
90 milliliters, demonstrating a homogeneous
echotexture and the absence of a median lobe.
Ultimately, ultrasound findings indicate prostatic
hypertrophy complicated by chronic urinary retention,
thereby exerting consequential effects on both the upper
urinary tract and the development of bladder lithiasis.
The routine blood investigations, including serum
biochemistry, were within normal range (urea = 0.39
g/l, creatinine = 10.3 mg/l).

The clinical examination reveals a patient who is
cooperative and in overall good health, exhibiting
normal skin coloration and conjunctival appearance,
with stable hemodynamics. The procedural intervention
involved the performance of an upper prostatic
adenomectomy, coupled with the extraction of stones.
Subsequent postoperative care has been supportive,
resulting in an outwardly responsive patient status six
days following the procedure.

The seven stones that were extracted weighed of 19,95 g
and a length range (1.7-2.2 cm) underwent comprehensive
analysis and investigation at the pharmacovigilance
department of EHU-Oran. Morphological assessment of
the stones' surface and cross-sections was conducted
utilizing an optical microscope, while their chemical
composition was elucidated through spectroscopic ATR-
FTIR technique within the range of 450-4000 cm™ (Perkin
Elmer) (Figure 1). The microscopic examination
revealed a homogeneous, smooth, or slightly embossed
surface in ocher or orange brown (Figure 1). The section
consists of compact concentric layers with a radiating
organization around a well-defined nucleus, forming a
concentric structure with radial crystallization.

The FTIR spectrum of the sample showed characteristic
absorption bands that are consistent with the presence of
uric acid anhydrous. The peaks at 3001.61 cm™ and
2819.76 cm™ correspond to the stretching vibrations of
C-H bonds in aliphatic compounds. A strong band at
1661.93 cm™ indicates C=0 stretching vibrations,
characteristic of carbonyl groups in uric acid, while the
peak at 1588.11 cm™ is associated with C=C stretching
in the purine ring structure. The absorption bands at
1400.05 cm™ and 1435.68 cm™ are attributed to in-
plane bending vibrations of N-H and C-N stretching,
further confirming the uric acid structure. Peaks at
1310.95 cm™ and 1348.19 cm™ represent bending and
stretching vibrations of N-H groups, while the range
from 990.95 cm™ to 1121.77 cm™ highlights C-O and
C-N vibrations typical of uric acid derivatives.
Furthermore, the bands at 779.16 cm™, 743.18 cm™,
and 471.97 cm™ correspond to out-of-plane bending
vibrations, confirming the crystalline nature of
anhydrous uric acid. The presence of these functional
groups confirms that the sample is consistent with uric
acid anhydrous (C5H4N403), a known constituent of
uric acid kidney stones (Figure 2).

Additionally, a fragment of the stone was dissolved to
facilitate the examination of its crystal morphology,
providing a more comprehensive understanding of the
stone's characteristics and composition. The analysis
revealed that the crystals appear as rhomboid or
diamond-shaped structures with smooth edges.

The active compounds chosen for stone composition
analysis were identified based on their roles in metabolic
pathways linked to stone formation, such as uric acid and
calcium metabolism. The selection criteria emphasized
bioavailability, prioritizing compounds with high urinary
bioavailability to ensure their potential contribution to
prostatic stone formation. Furthermore, compounds with
known pharmacological activity in metabolic disorders like
hyperuricemia and diabetes, which are commonly
associated with stone development, were included. For
instance, uric acid and its derivatives were selected due to
their strong correlation with metabolic syndrome and their
role in stone formation.
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Figure 1. Microscopic view of prostatic stones. The stones show homogeneous, smooth, or slightly embossed surface in
ocher, orange brown.
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Figure 2. FTIR spectrum of the prostatic stone. It shows characteristic absorption bands for uric acid anhydrous

Discussion

Prostatic calculi, or prostate stones, are relatively
common and often found incidentally in older men
during imaging or surgery for other urological
conditions. These stones can contribute to symptoms
such as lower urinary tract symptoms (LUTS),
prostatitis, and chronic pelvic pain syndrome (CPPS).
Understanding the composition of prostatic calculi is
crucial for diagnosing underlying metabolic disorders,
guiding treatment, and preventing recurrence. Prostatic
urethral stones can be categorized into two main types:
endogenous (primary) and exogenous (secondary).
Primary stones are typically small and numerous,
forming de novo due to the precipitation of substances
in prostatic secretions as a result of obstructions,
inflammation, and chronic infection in the prostatic
ducts. In contrast, secondary stones, which are larger,
form in the upper tract and migrate downwards
(Kalathia et al., 2020).

The exact prevalence of prostatic calculi is not well-
established, with reports ranging from 7% to 70%. Most
prostatic calculi cases are asymptomatic and are
typically discovered incidentally during the diagnosis of
BPH via transrectal ultrasonography (TRUS). However,

prostatic calculi associated with chronic prostatitis may
cause chronic pelvic pain. Rarely, large extrinsic
prostatic calculi caused by urine reflux can lead to
voiding difficulties. Over 80% of prostatic calculi are
composed of calcium phosphate (Kalathia et al., 2020).
Long-term, the presence of prostatic calcifications can
also increase the risk of chronic bacterial colonization,
which can complicate the clinical course of BPH or
prostatitis. Additionally, these calcifications may
interfere with effective treatment, as they can act as a
nidus for recurrent infections and stone formation.
Understanding the underlying causes and composition
of these calcifications is essential for guiding
appropriate management strategies and preventing long-
term complications (Madersbacher et al., 2019).

Klimas et al. proposed that prostatic secretions, corpora
amylacea, or inflammation can block the secretory
ducts, leading to thickening and calcification of stones
(Klimas et al., 1985). These stones typically form as
multiple  small stones, and represent  a
pathophysiological phenomenon associated with aging,
primarily occurring after age 50 years. Additionally,
Kirby et al. hypothesized that prostatic hypertrophy
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leads to chronic prostate inflammation, which in turn
contributes to the formation of calculi (Kirby et al.,
1982). In this case, however, the stone consisted of
anhydrous uric acid, often associated with dietary
habits, dehydration, or genetic predisposition. These
stones are more likely to precipitate in acidic urine,
where their solubility decreases (Kenny and Goldfarb,
2010). Uric acid stones are less common in the prostate
compared to the kidneys, but they can still occur under
certain conditions. The formation of uric acid stones in the
prostate can be influenced by several factors. Metabolic
syndrome, including conditions such as obesity, diabetes,
and hyperuricemia, increases the risk by leading to acidic
urine that promotes uric acid crystallization. High-purine
diets, rich in red meat, shellfish, and alcohol, elevate uric
acid levels in the body and urine, facilitating stone
formation (Zhang et al., 2022).

Detecting uric acid in prostate stones can lead to a
metabolic evaluation to address conditions like
hyperuricemia or metabolic syndrome, with treatments
such as allopurinol or febuxostat to control uric acid
levels and urine alkalinization to dissolve existing
stones and prevent new ones (Jahrreiss et al., 2024).
Preventive measures include dietary changes to reduce
purine intake, increased hydration, and maintaining an
alkaline urine pH. Additionally, managing these
metabolic issues can help alleviate symptoms associated
with prostatic calculi, such as lower urinary tract
symptoms (LUTS), chronic pelvic pain, and prostatitis
(Nimbalkar et al., 2021).

Conclusions

FTIR spectroscopy is an essential tool for analyzing
prostatic stones, providing detailed insights into their
chemical composition. By identifying the specific
minerals present in these stones, this technique aids in
guiding clinical management decisions, including
diagnosis, treatment options, and preventive strategies.
Continued research leveraging advanced spectroscopic
methods is crucial for deepening our understanding of
prostatic calculi and improving patient outcomes. Studies
have demonstrated the effectiveness of allopurinol in
managing uric acid stones, emphasizing its potential to
significantly reduce recurrence rates. Additionally, the
role of dietary modifications and increased hydration has
been highlighted as effective strategies for preventing
stone formation, particularly in patients with metabolic
syndrome. These findings underscore the importance of
tailored management approaches that combine
pharmacological treatments with lifestyle interventions to
optimize patient outcomes.
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