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Article history: Background and objective: Urinary stones are a significant and common complica-

Accepted October 3, 2024 tion among patients with spinal cord injury (SCI), but epidemiological data are
] ] scarce and the evidence regarding risk factors remains unclear. Our aim was to

Associate Editor: investigate the incidence of and risk factors for urinary stones in SCI patients to

Silvia Proietti provide evidence for better prevention and treatment strategies.

Methods: Relevant studies were identified from the PubMed, Web of Science,
Cochrane, Embase, and Scopus databases. Literature screening, information extrac-
tion, and quality evaluation were conducted in accordance with established stan-
Incidence dards. Data analysis was performed using the metaprop and metan commands in
Risk factors Stata 16.0. ) o , ,
Systematic review Key findings and limitations: A total of 65 studies involving 64 059 patients were
included in the analysis. Meta-analysis using a random-effects model revealed that
the overall incidence of urinary stones after SCI was 16.6% (95% confidence interval
14.1-19.3%). Over time, the incidence rate has stabilized between 15% and 20%,
although annual rates varied significantly, ranging from 2.2% to 68.7%. The highest
incidence was observed for bladder stones, with lower incidence rates for kidney
and ureteral stones. Among the 13 factors assessed, male sex, a complete injury,
and the use of intermittent, indwelling, and condom catheters were identified as
independent risk factors for urinary stones.

Conclusions and clinical implications: The incidence of urinary stones after SCI is high,
with a number of risk factors identified. However, further high-quality research is
needed to explore additional potential risk factors.

Patient summary: We reviewed the results of previous studies on urinary stones in
patients with a spinal cord injury. We found a high rate of urinary stones of about
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17% for this patient group. Males are more prone to urinary stones and use of a
catheter is a risk factor. More research is needed to identify other risk factors.
© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

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

1. Introduction

Spinal cord injury (SCI) is a severely disabling neurological
condition typically caused by incidents such as motor vehi-
cle collisions (46%), falls (22%), violence (16%), and sports
injuries (12%) [1,2]. Currently, there are more than 27 mil-
lion SCI patients worldwide, with an additional 900 000
cases occurring each year [3,4]. SCI patients experience sen-
sory and motor dysfunction at and below the injury site,
leading to numerous complications, including secondary
lung infections, deep venous thrombosis, urinary retention,
urinary stones, pressure sores, pain, and psychological
issues [1]. These complications are major contributors to
morbidity and mortality, resulting in higher rates of hospi-
talization, higher health care costs, and diminished quality
of life [5,6].

Among the many complications of SCI, urinary stones are
particularly common and harmful. Symptoms of urinary
stones include severe pain, hematuria, nausea, and vomit-
ing, with potential complications such as urinary tract
infection (UTI) and obstruction in severe cases [7]. For SCI
patients, the risk of urinary stone formation is heightened
because of urinary system dysfunction, recurrent infections,
and urinary retention. The partial or complete loss of sen-
sory function in SCI patients means they often do not report
discomfort caused by stones, and urinary stones are not
routinely screened for in these patients [8,9]. Consequently,
the detection rate for urinary stones among SCI patients is
low, which poses significant risks. Surgical management of
urinary stones is more challenging in SCI patients than in
the general population. Limb spasms and spinal deformities
complicate surgical localization and increase anesthetic
risks [10]. These factors lead to poorer stone clearance and
a higher risk of postoperative complications.

Early identification and intervention for urinary stones
can reduce the disease burden for SCI patients. However,
the exact mechanisms and risk factors for urinary stone for-
mation remain unclear [11]. Existing studies typically
involve small case numbers and lack clear research method-
ologies. No targeted research has explored the incidence of
and risk factors for urinary stones in the SCI population.
Consequently, there is a significant gap in epidemiological
data on this issue. This motivated us to perform a system-
atic review of related studies to explore the incidence of
and risk factors for urinary stones in SCI patients to provide
crucial evidence for disease prevention.

2. Methods

2.1. Research guidelines

We adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement and

the review was prospectively registered on PROSPERO
(CRD42022385360).

2.2. Inclusion and exclusion criteria

According to the PICOS (Population, Intervention, Compara-
tor, Outcome, Study type) framework, the population was
patients with SCI and the outcome was the incidence of
and risk factors for urinary stones. Observational and exper-
imental studies were eligible for the review. The interven-
tion and comparator domains are not applicable.

The exclusion criteria were as follows: (1) patients with
other comorbidities that could lead to urinary stones; (2)
studies with a sample size of fewer than 30 patients; (3)
studies with vague, incomplete, or non-convertible data;
and (4) reviews, conference abstracts, letters, comments,
and case reports.

2.3. Database searches and screening

Search terms and free words related to urinary stones, kid-
ney stones, ureteral stones, bladder stones, urethral stones,
and SCI were compiled and used to search PubMed, Web of
Science, Embase, Scopus, and the Cochrane database. The
search was conducted up to November 20, 2023. In addi-
tion, the reference lists of the studies included were retro-
spectively examined to identify any further relevant
studies. Detailed retrieval strategies for different databases
are provided in Supplementary Table 1. Literature screening
involved an initial review of the title and abstract, followed
by a full-text review. These processes were conducted inde-
pendently by two researchers, with a third party resolving
any discrepancies.

24. Information extraction and quality assessment

Baseline data were extracted from studies meeting the
inclusion criteria, including author names, year of publica-
tion, country, study type, age, sample size, sex ratio, SCI
location and severity, timing of injury, diagnostic methods,
and follow-up duration. Data on the incidence of urinary
stones (number of individuals affected) and associated risk
factors were also collected. The quality of the studies was
assessed using the Newecastle-Ottawa Scale (NOS), which
evaluates the evidence quality in three areas: selection of
the study population, comparability between groups, and
outcome measurement [12]. The maximum score is 9, with
scores of 1-3, 4-6, and 7-9 indicating low, medium, and
high quality, respectively.

2.5. Statistical analysis

The incidence of and risk factors for urinary stones after SCI
were calculated using the metaprop and metan commands
in STATA 16.0 (StataCorp LLC, College Station, TX, USA), with
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results expressed as the effect size and corresponding 95%
confidence interval (CI). A fixed-effects model was used
for data analysis when p > 0.05 and I < 50%. Otherwise, a
random-effects model was applied, taking into account
sources of heterogeneity. Subgroup analyses were con-
ducted according to urinary stone location, and annual inci-
dence rates and cumulative incidence rates over time were
calculated according to the publication year. Funnel plots
were generated to detect publication bias.

3. Results

3.1. Eligible studies and study characteristics

We initially identified 2593 records. After rigorous screen-
ing, 65 studies were included: 53 cohort studies, two
case-control studies, and ten cross-sectional studies, as
detailed in Figure 1. A total of 64 059 patients with SCI were
analyzed, comprising 35 594 males and 13 040 females,
with 12 studies not reporting gender ratios. The sample size
in individual studies ranged from 30 to 8314. None of the
studies provided detailed reports on the SCI severity or loca-
tion. All of the studies included patients with chronic SCI.
The diagnostic methods for urinary stones included cys-
toscopy, pyelography, ultrasound, and X-ray, or combina-
tions of these techniques. Follow-up varied from 3 mo to
27 yr, with 25 studies not reporting follow-up times.
Detailed information on the studies included is provided
in Supplementary Table 2.

3.2. Quality assessment results

The NOS score for the studies ranged from 6 to 9 points. A
total of 42 studies had high research quality, with an NOS
score between 7 and 9. The remaining 23 studies had an
NOS score of 6, primarily because of insufficient representa-
tiveness of the study population, unclear patient selection
methods, lack of blinding for outcome assessment, and
inadequate follow-up duration, which collectively lowered
the evidence quality. Detailed NOS scores for individual
studies are presented in Figure 2.

3.3. Meta-analysis results

33.1. Incidence of urinary stones

Meta-analysis results according to a random-effects model
(12 = 98.50%) revealed that the incidence of urinary stones
after SCI was 16.6% (95% CI 14.1-19.3%). Bladder stones
had the highest incidence, followed by ureteral and kidney
stones, as detailed in Figure 3. From 1980, the incidence rate
of urinary stones after SCI declined up to 1991, followed by
a gradual increase, stabilizing between 15% and 20%, as
shown in Figure 4. However, the annual incidence rates var-
ied significantly, ranging from 2.2% to 68.7%, as detailed in
Figure 5.

332 Factors influencing urinary stone formation

Three studies investigated 13 factors associated with uri-
nary stone formation after SCI. Five of these were identified
as significant risk factors: male sex, complete injury, inter-
mittent catheter use, indwelling catheter use, and condom

catheter use. The remaining eight factors showed no signif-
icant correlation with the incidence of urinary stones, as
detailed in Supplementary Figure 1.

3.33. Publication bias

Publication bias was assessed using a funnel plot, which
exhibited a marked asymmetric distribution, indicating a
high likelihood of publication bias in the current body of
research (Supplementary Fig. 2).

4. Discussion

More than 80% of patients with SCI experience urinary dys-
function, with stones being the most common complication
[13,14]. Urinary stones can lead to obstruction, sepsis, dete-
rioration of renal function, and even loss of kidney function.
Stone treatment is particularly challenging in SCI patients
because of the complex anatomy of the urinary system
[15]. Thus, prevention and early detection of urinary stones
are crucial for these patients. However, the epidemiology of
urinary stones in the SCI population is currently unclear,
necessitating a systematic review of related studies to pro-
vide reliable evidence for clinical decision-making.

Despite significant advances in urological treatment for
SCI patients, the prevalence of urinary stones has not mark-
edly decreased [16]. Our analysis of data for 64 059 patients
indicates that the incidence of urinary stones after SCI is
16.6%. Overall, the incidence declined from 1980 to 1991
but then increased, stabilizing between 15% and 20%. This
high incidence rate for SCI patients is concerning and can-
not be ignored. In fact, annual incidence rates varied signif-
icantly, ranging from 2.2% to 68.7%, and have remained
above 10% over the past 5 yr. Our analysis by stone location
revealed that bladder stones are the most common, fol-
lowed by ureteral and kidney stones, with no reported cases
of urethral stones. Bladder stones are particularly prevalent
because of bladder paralysis and urinary retention, which
increase residual urine and intravesical pressure. Long-
term use of an indwelling catheter or suprapubic cys-
tostomy further predisposes these patients to bladder
stones. A study by Ku et al [17] found that over a period
of 17 yr, 15% of SCI patients developed upper urinary tract
stones, while 28% developed bladder stones. It is notewor-
thy that SCI patients may experience atypical renal colic
because of neurological impairment, and pre-existing uri-
nary incontinence can mask the symptoms of bladder
stones [18], potentially leading to underestimation of their
incidence. Therefore, regular screening for urinary stones
in SCI patients is essential to reduce their disease burden,
with a particular focus on the bladder [9].

Given the high incidence of urinary stones in the SCI
population and the common recurrence of stones—30% of
patients experience bladder stone recurrence within 1 yr,
and 34% have upper urinary tract stone recurrence within
5 yr (compared to 20% in the general population)—preven-
tion is paramount [19-21]. Identification of risk factors for
urinary stone formation after SCI is crucial for effective pre-
vention. There is currently conflicting evidence regarding
these risk factors. For instance, some studies suggest that
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Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart. SCI = spinal cord injury.

patients with complete SCI have the highest risk of stone
formation [6,22], while others do not support this associa-
tion [23,24]. Given the multifactorial nature of urinary
stone formation after SCI and the potential for confounding
factors, it is not surprising to see contradictory results.
Therefore, we only included studies with multivariate anal-
yses that controlled for confounders. Our results show that
complete SCI is a significant risk factor for urinary stone for-
mation. Complete SCI leads to paraplegia and quadriplegia,
resulting in immobilization and an increase in bone resorp-
tion. This causes hypercalciuria, while reduced mobility can
lead to urinary retention, which ultimately promotes stone
formation [25]. In addition, more than 60% of SCI patients
require catheterization [26], which significantly increases
the risk of stone formation in comparison to individuals
who are catheter-free. Our results indicate that intermittent

catheterization, an indwelling catheter, and a condom
catheter are all risk factors for urinary stone formation.
Moreover, the incidence of urinary stones varied with the
type of catheterization. Indwelling catheters were associ-
ated with higher stone incidence in comparison to intermit-
tent and condom catheters. Indwelling catheters, which are
inserted via the urethra or suprapubic area, remain in the
bladder for extended periods (usually 4-6 wk) and can lead
to complications such as bladder stones, UTI, and reduced
bladder capacity [27]. By contrast, intermittent catheters
can be inserted by the patient or caregiver at any location
and removed immediately after bladder drainage, reducing
the risk of UTI and other complications, thereby improving
the patient’s quality of life [28,29]. Consequently, for SCI
patients who cannot avoid catheterization, intermittent
catheterization is considered the best option [28]. We also



EUROPEAN UROLOGY OPEN SCIENCE 70 (2024) 79-85 83

10

Total score

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Study number

Fig. 2 - Newcastle-Ottawa Scale scores for the studies included in the review (numbers represent the total score for each study).

Types of urinary stone Incidence (95%CI)
Urinary stones —— 16.60 (14.10, 19.30)
Ureteral stones - Y 7.40 (3.20,31.20)
Kidney stones - 7.20 (5.40, 9.30)
Bladder stones —— 16.50 (13.40, 19.80)
| |
-31.2 0 312

Fig. 3 - Incidence of urinary stones by type. CI = confidence interval.

= Cumulative meta-analysis ) o
< = Meta-analysis of the annual incidence
X 50 =
S 3 80~
=
2 401 p 1
~ = 60_
S 304 Z
S S
— S
L 20- = 40+
2 <
< ]
L) =
s 107 £ 20
= ]
D 2]
.g O--rrrl-rm-l-rrrn-rrrn-rn-n-rrrn-rrm-rrrn-rn é
= 198019851990199520002005201020152020 5 0
Year = 198019851990199520002005201020152020
Year

Fig. 4 - Cumulative incidence of urinary stones by year of publication. CI =
confidence interval. Fig. 5 - Annual incidence of urinary stones. CI = confidence interval.



84 EUROPEAN UROLOGY OPEN SCIENCE 70 (2024) 79-85

found that male sex is a risk factor for urinary stone forma-
tion in the SCI population. This could be because of the dis-
proportionate sex ratio in the studies, as approximately 79%
of SCIs occur in males according to the US National Spinal
Cord Injury Statistical Center. It could also be related to
sex-specific exposure to risk factors. Despite our systematic
search for all the relevant studies available, it is surprising
that only three studies have explored risk factors for urinary
stone formation after SCI, all published before 2006
[16,17,30]. This indicates a lack of focus on urinary stone
formation in the SCI population. Our meta-analysis identi-
fied five significant risk factors for urinary stone formation,
while the impact of eight other factors remains unclear. In
addition, our analysis of these three studies revealed that
the patient age ranged from 15 to 80 yr, and there were dif-
ferences in sample sizes and sex ratios. Although all three
studies focused on chronic SCI, they did not impose any
restrictions in terms of SCI severity or location. As a result,
the heterogeneity among these studies may compromise
the reliability of the meta-analysis results. In conclusion,
very few studies have explored urinary stone formation
after SCI, and those that exist are of low quality. More
high-quality research is needed to investigate additional
risk factors.

4.1. Limitations

4.1.1. Heterogeneity

There was significant variability in terms of the study type,
follow-up duration, baseline patient characteristics, SCI
severity and location, and stone types across the studies
included in the review that was not clearly reported, result-
ing in high heterogeneity.

4.1.2. Quality issues

The studies included in the review had issues related to the
representativeness of the study populations, selection of
participants, outcome assessment, and follow-up, all of
which reduce the quality of the evidence.

4.1.3. Publication bias

The asymmetric funnel plot suggests substantial publica-
tion bias, reducing the reliability of the meta-analysis
results.

4.14. Limited research on risk factors

Very few studies investigated risk factors for stone forma-
tion, and those available were outdated and of low method-
ological quality. Thus, the meta-analysis results are
susceptible to inaccuracies because of low study quality
and small sample effects.

5. Conclusions

Our systematic review of 65 studies involving 64 059
patients with SCI addresses the lack of epidemiological data
on urinary stone formation in this population. The latest
evidence indicates that the overall incidence of urinary
stones after SCI is relatively high at 16.6% (95% CI 14.1-
19.3%), although annual incidence rates vary widely. Blad-
der stones have the highest incidence. We explored 13 fac-

tors related to urinary stone formation, and identified male
seX, complete injury, intermittent catheterization, indwel-
ling catheters, and condom catheters as risk factors for uri-
nary stone incidence, with no significant correlation for the
remaining eight factors. Despite the high incidence of uri-
nary stones after SCI, there are few studies on risk factors
and the quality of the evidence is low. More high-quality
research is needed to further investigate the incidence of
and risk factors for urinary stone formation after SCI.
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