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Abstract

The treatment or prevention strategies vary for different stone compositions. The current guidelines lack specific recom-
mendations for composition analysis in bilateral urolithiasis due to limited data on the analysis of bilateral urinary stone
composition. We aimed to calculate the prevalence of discordant stone compositions among bilateral urolithiasis patients,
and identify factors associated with the discordance. We retrospectively enrolled 845 bilateral urolithiasis patients across
seven centers in China, whose stones on both sides were analyzed separately for stone composition. We calculated the
percent prevalence of discordant stone compositions among bilateral urolithiasis patients. Univariate analyses and mul-
tivariate logistic regression analyses were used to identify factors associated with this discordance. A total of 24.9% of
enrolled patients had discordant stone compositions of bilateral uroliths, which ranged from 17.5 to 32.4% in the seven
institutions. Among the 210 patients with discordant stone compositions, the two most common composition combina-
tions were calcium oxalate/carbapatite (51.0%) and calcium oxalate/uric acid (35.7%). Four clinical variables, including
sex, age, predominant component of calcium oxalate on one side, and predominant component of uric acid on one side,
were associated with a stone composition inconsistency among bilateral urolithiasis in the multivariate logistic analyses.
Notably, the pretreatment urinalysis results and preoperative serum biochemical parameters were not related to the stone
composition inconsistency. Approximately one-quarter of the patients were identified as discordant stone formers among
the bilateral urolithiasis patients in our study, highlighting the importance of separately analyzing the stone composition
on both sides in patients with bilateral urolithiasis.
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Introduction

Urolithiasis is a common disease of the urinary system and
is a global health problem and has caused a tremendous bur-
den on healthcare systems [1]. Over the past few decades,
urolithiasis has been reported to be increasing in prevalence
and incidence. The lifetime risk of urinary stone formation
is estimated at 5—10% [2] , and the relapse rate after the for-
mation of an initial stone has been reported to be as high as
50% within 5—-10 years and 75% within 20 years [3]. Upper
urinary tract stones account for more than 90% of all urinary
calculi [4, 5]with 10%—19% of patients suffering bilateral
stones [6—8]. Patients with bilateral urolithiasis are at a high
risk of recurrence [9].

Knowledge of stone composition is important for deter-
mining a treatment strategy, understanding the etiology, and
preventing recurrence. The treatment or prevention strate-
gies vary for patients with different types of stone composi-
tion. Therefore, the current guidelines recommend that all
first-time formers should undergo stone composition analy-
sis [10, 11]. However, they did not specify whether those
patients with bilateral urolithiasis need to have the stones
on both sides analyzed separately for stone composition.
As a result, surgeons have different practices when sending
urinary stone for stone composition examination in bilat-
eral urolithiasis patients. Some of them mixed the sample
for examination, and some of them only test the stone
from one side instead of both sides. To date, limited data
have been reported on the analysis of the composition of
bilateral upper urinary tract stones [12, 13]. They revealed
that discordant stone composition analyses are common in
patients with bilateral stone disease. This phenomenon sug-
gested that we should not indiscriminately regard the stone
composition result from one side as the composition of the
other side. Otherwise, it may lead to deficiencies in disease
treatment and prevention. However, these studies are single-
center studies and have a small sample size (n=79 or 59).
The prevalence of discordant stone compositions among
bilateral urolithiasis patients should be further evaluated in
a larger cohort, providing a basis for the development of
stone composition analysis strategies in patients with bilat-
eral urolithiasis.

Thus, the aim of our study was to describe the clinical
characteristics of bilateral urolithiasis patients and calcu-
late the prevalence of discordant stone compositions among
bilateral urolithiasis based on patients from seven Chinese
institutions. We also determined the effects of the clinical
factors on the discordance of stone compositions among
bilateral urolithiasis patients.
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Patients and methods
Study population

This was a multicenter retrospective study, which was
approved by the ethics review board of each participating
institution. The need for informed consent was waived due
to the retrospective nature of our study. In total, 845 eligi-
ble patients were enrolled from seven Chinese institutions,
including the Sun Yat-Sen Memorial Hospital (SYSMH,
n=216), the Fifth Affiliated Hospital of Guangzhou Medical
University (GMUFH, n=216), the Eighth Affiliated Hospi-
tal, Sun Yat-sen University (SYSEH, n=137), the Fifth Affil-
iated Hospital, Sun Yat-sen University (SYSFH, n=110),
the Affiliated Hospital of Guangdong Medical University
(AHGMU, n=110), the Union Hospital, Tongji Medical
College, Huazhong University of Science and Technol-
ogy (WHUH, n=37), and the Second Affiliated Hospital of
The Chinese University of Hong Kong (CUHKSH, n=19).
These patients fulfilled the following inclusion criteria: (a)
diagnosed with bilateral upper tract urolithiasis; (b) stones
on both sides were removed by surgery; and (c) stones on
both sides were analyzed separately for stone composition.
Patients with incomplete clinical data were excluded from
the study.

Stone analysis

All stone composition analyses were performed by Fou-
rier transform infrared spectroscopy, and the results were
recorded. Information about the detection instruments is
listed in Supplementary Table S1. The component exceed-
ing 50% of the total composition of the stones was consid-
ered the predominant component, but stones containing any
struvite, cystine, uric acid, brushite, or xanthine were clas-
sified as the corresponding named groups [14]. Stones that
contain struvite, carbapatite and/or ammonium acid urate
were categorized as infection stones, and stones containing
more than one component were considered mixed stones.

Outcomes

The primary outcome of our study was the consistency
of bilateral stone compositions. The bilateral urolithiasis
patients with differences in predominant stone composition
between the two sides are termed discordant stone formers.
We focused on the prevalence of discordant stone compo-
sitions among bilateral urolithiasis patients, as well as the
effects of the clinical factors on the discordance of stone
compositions among bilateral urolithiasis patients.
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Covariates

Baseline clinical data, including age, sex, and surgery date
of the bilateral stones, were obtained from the medical
records. Body mass index (BMI) was defined as the sub-
ject’s weight in kilograms divided by the square of height in
meters. A personal history of hypertension or diabetes and
previous urological surgery history were identified from the
medical records or medical examination component. The
stone anatomical location was determined by pretreatment
computed tomography (CT) or B-mode ultrasound images.
Each side of the urinary stone could be located in the kid-
ney and/or ureter. Thus, there were six combinations with
regard to the location of bilateral stones, i.e., kidney/kidney,
kidney/ureter, ureter/ureter, kidney/kidney & ureter, ure-
ter/kidney & ureter, and kidney & ureter/kidney & ureter
(the location of bilateral stones is indicated at the front and
back of the slash). Whether the stone disease was recurrent
urolithiasis was also obtained from the medical records. A
urinalysis was performed before surgery, and the urinalysis
results, including urine pH, urine white blood cell count,
urine nitrite, and urine culture results, were recorded.

Statistical analysis

Continuous variables are summarized as the median (inter-
quartile range [IQR]) for those without a normal distribu-
tion. Categorical variables were reported using numbers and
percentages. Mann—Whitney U tests or chi-squared tests
were used to test associations. The prevalence of discordant
stone compositions among patients with bilateral urolithia-
sis was calculated. The effects of the clinical factors on the
discordance of stone compositions among bilateral urolithi-
asis patients were assessed by logistic regression analyses.
Statistical analyses were performed using R software
(R Statistical Computing Base, version 4.2.2, https://www
.r-project.org/). The Sankey diagram was plotted using the
“goplot2” package. All statistical tests were two-tailed, and
a P value of <0.05 was considered statistically significant.

Results

The graphical abstract of the results in our study is shown
in Fig. S1. The patient recruitment pathway is presented in
Fig. 1. As shown in Fig. 1, among the bilateral urolithia-
sis patients treated in the involved seven institutions, only
42.5% patients’ bilateral urinary tract stones were submit-
ted separately for composition analysis. In total, 845 bilat-
eral urolithiasis patients (551 males and 294 females) from
seven institutions with a median (interquartile range) age
of 54.0 years (46.0, 61.0) were analyzed in our study. Their

median (interquartile range) BMI was 23.6 kg/m? (21.4,
26.0). Table 1 lists the clinical baseline characteristics of the
enrolled patients. There were 238 (28.2%) and 113 (13.4%)
bilateral urolithiasis patients had hypertension and diabetes,
respectively. 56.6% (478/845) of the enrolled patients were
suffered from recurrent urolithiasis.

The characteristics of the urinary stones according to the
laterality of the stones are presented in Table 2. For stone
location, kidney stones are the most common on both the
left and right sides, accounting for more than 60%, followed
by ureteral stones. A total of 12.0% and 10.8% of patients
suffered renal ureteral calculi on the left and right sides,
respectively. In terms of the stone composition distribution,
the top 3 common components were calcium oxalate, uric
acid and carbapatite, accounting for more than 95% of the
total. There were no significant differences in the stone loca-
tion, the distribution of stone composition, or whether the
stones were mixed between the left and right sides.

A total 0f 24.9% of enrolled patients had discordant stone
compositions of bilateral uroliths, which ranged from 17.5
to 32.4% in the seven institutions (Table 1), indicating that
discordant stone formers are common. A Sankey diagram
visually illustrated the composition and consistency of the
bilateral urinary tract stones in all enrolled patients (Fig.
2A), and Supplementary Table S2 depicts the urinary stone
composition distribution according to laterality. Among the
210 patients with discordant stone compositions, there were
a total of 13 composition combinations, and the two most
common composition combinations were calcium oxalate/
carbapatite (51.0%) and calcium oxalate/uric acid (35.7%).
Figure 2B-C depicts the stone composition combination
distribution of patients in the discordant group and with a
predominant component of calcium oxalate or uric acid on
one side. In those discordant stone formers with predomi-
nant component of calcium oxalate on one side, the two
most common stone composition on the contralateral side
were carbapatite (56.0%) and uric acid (39.3%). In those
discordant stone formers with predominant component of
uric acid on one side, there were three types of composi-
tion on the contralateral side, with the vast majority being
calcium oxalate (90.4%). The distribution of stone composi-
tions in patients with concordant compositions of bilateral
uroliths is presented in Supplementary Table S3. Calcium
oxalate/calcium oxalate (82.4%) and uric acid/uric acid
(10.4%) were the two most common composition combina-
tions among patients with concordant stone compositions.

As shown in Table 3, four clinical variables, including
sex, age, predominant component of calcium oxalate on one
side, and predominant component of uric acid on one side,
were associated with a stone composition inconsistency
among patients with bilateral urolithiasis in the multivariate
logistic analyses. Elder bilateral urolithiasis patients were
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Patients diagnosed
with bilateral
urolithiasis and
underwent stone
removal surgery

From September 2016
to March 2023
n=811

SYSMH

From December 2017
to December 2022
n =326

GMUFH

From June 2013 to
December 2022
n =343

SYSEH

From February 2017
to September 2022
n =162

SYSFH

From September 2015
to November 2022
n =479

AHGMU

From May 2016 to
March 2021
n = 265

WHUH

From August 2018 to
November 2021
n =106

CUHKSH

Fig. 1 Recruitment pathways for patients in this study. SYSMH=Sun
Yat-sen Memorial Hospital, Sun Yat-sen University; GMUFH=The
Fifth Affiliated Hospital of Guangzhou Medical University;
SYSEH=The Eighth Affiliated Hospital, Sun Yat-sen University;
SYSFH=The Fifth Affiliated Hospital, Sun Yat-sen University;

less likely to have a stone composition inconsistency than
younger patients (odds ratio [OR]: 0.976 [95% CI, 0.959—
0.993]; P=0.005). Female patients had an approximately
2.7 times higher risk of discordant stone composition than
male patients. Patients with a predominant component of
calcium oxalate or uric acid on one side were more likely to
report a composition discordance of bilateral uroliths. Nota-
bly, the pretreatment urinalysis results (including urine pH,
urine white blood cell count, urine nitrite) and urine culture
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Stones on both sides
were analyzed
separately for stone
composition

Patients with
complete clinical
information

n = 287 n=216

n =226 n=216

n =151 n= 137

n=121 n=110

n=183 n=110

—>» n=19

AHGMU=The Affiliated Hospital of Guangdong Medical University;
WHUH=Union Hospital, Tongji Medical College, Huazhong Univer-
sity of Science and Technology; CUHKSH=The Second Affiliated
Hospital of The Chinese University of Hong Kong

results were not related to the stone composition inconsis-
tency. Moreover, the relationships between preoperative
serum biochemical parameters (including serum creatinine,
uric acid, calcium, and phosphorus) and stone composition
inconsistency were also probed in our study. As a result,
these parameters were not associated with stone composi-
tion inconsistency among patients with bilateral urolithia-
sis (Supplementary Table S4). The clinical characteristics
of the patients with bilateral urolithiasis according to the
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Table 1 Baseline characteristics of the enrolled bilateral urolithiasis patients

Characteristic Overall SYSMH GMUFH SYSEH SYSFH AHGMU WHUH CUHKSH

(N=845) cohort cohort cohort cohort cohort cohort cohort
(n=216) (n=216) (n=137) (n=110) (n=110) (n=37) (n=19)

Sex

Male 551 (65.2) 125 (57.9) 137 (63.4) 100 (73.0) 74 (67.3) 76 (69.1) 25 (67.6) 14 (73.7)

Female 294 (34.8) 91 (42.1) 79 (36.6) 37 (27.0) 36 (32.7) 34 (30.9) 12 (32.4) 5(26.3)

Age, years

Median (IQR) 54.0 (46.0, 55.0 (48.0, 53.0 (45.0, 51.0 (43.0, 53.5(45.0, 57.0 (50.0,  49.0 (44.0, 55.0
61.0) 62.0) 59.0) 61.0) 61.0) 63.0) 55.0) (47.0,

63.0)

BMI, kg/m®

Median (IQR) 23.6 (214, 23.1(20.3, 24.4 (22.3, 24.5 (224, 23.6 (21.5, 22.3(20.8, 22.9(20.2, 23.6
26.0) 25.7) 26.8) 26.1) 25.8) 25.2) 25.9) (22.9,

24.0)

Hypertension

Without 607 (71.8) 146 (67.6) 162 (75.0) 93 (67.9) 73 (66.4) 85(77.3)  32(86.5) 16 (84.2)

With 238 (28.2) 70 (32.4) 54 (25.0) 44 (32.1) 37 (33.6) 25(22.7) 5(13.5) 3(15.8)

Diabetes

Without 732 (86.6) 186 (86.1) 191 (88.4) 108 (78.8) 94 (85.5) 100 (90.9) 36 (97.3) 17 (89.5)

With 113 (13.4) 30 (13.9) 25 (11.6) 29 (21.2) 16 (14.5) 10 (9.1) 1(2.7) 2 (10.5)

Recurrent urolithiasis

No 367 (43.4) 55(25.5) 84 (38.9) 72 (52.6) 57 (51.8) 62(56.4)  26(70.3) 11 (57.9)

Yes 478 (56.6) 161 (74.5) 132 (61.1) 65 (47.4) 53 (48.2) 48 (43.6) 11 (29.7) 8 (42.1)

History of urological surgery

No 417 (49.3) 102 (47.2) 90 (41.7) 72 (52.6) 57 (51.8) 66 (60.0) 19 (51.4) 11 (57.9)

Yes 428 (50.7) 114 (52.8) 126 (58.3) 65 (47.4) 53 (48.2) 44 (40.0) 18 (48.6) 8 (42.1)

Bilateral stone component consistency

Discordant 210 (24.9) 49 (22.7) 60 (27.8) 24 (17.5) 34 (30.9) 27 (24.5) 12 (32.4) 4(21.1)

Concordant 635 (75.1) 167(77.3) 156 (72.2) 113 (82.5) 76 (69.1) 83 (75.5)  25(67.6) 15 (78.9)

Data are presented as No. (%) unless indicated otherwise

SYSMH=Sun Yat-sen Memorial Hospital, Sun Yat-sen University; GMUFH=The Fifth Affiliated Hospital of Guangzhou Medical University;
SYSEH=The Eighth Affiliated Hospital, Sun Yat-sen University; SYSFH=The Fifth Affiliated Hospital, Sun Yat-sen University; AHGMU=The
Affiliated Hospital of Guangdong Medical University; WHUH=Union Hospital, Tongji Medical College, Huazhong University of Science and
Technology; CUHKSH=The Second Affiliated Hospital of The Chinese University of Hong Kong; /OR=interquartile range; BMI=body mass

index

consistency of the stone composition are shown in Sup-
plementary Table S5. In those patients with predominant
component of calcium oxalate on one side, 26.8% had dis-
cordant stone compositions of bilateral uroliths. And among
those patients with predominant component of uric acid on
one side, up to 55.7% were discordant stone formers.

Discussion

Among bilateral urolithiasis patients, the most com-
mon stone anatomical location is the kidney regardless of
whether it is the left or right side, and the distribution of
stone components is similar to previous stone composition
statistics reports [5, 15]. Therefore, the presence of stones
on both sides of the urinary system does not affect the essen-
tial characteristics of urinary stone disease.

There is widespread recognition of the importance of
stone composition information. The current guidelines

recommend that all first-time formers should undergo stone
composition analysis [10, 11]. Patients with bilateral uro-
lithiasis are not uncommon [6—8]. The etiology of stone
formation is complex and may represent a combination of
multiple factors, including genetics, metabolic derange-
ments, and environmental influences [16]. Therefore, it is
reasonable to speculate that the composition of bilateral
stones may not necessarily be the same within the same
patient. However, the current guidelines do not provide spe-
cific recommendations for the composition analysis process
in patients with bilateral urolithiasis, since there are limited
data reported on the analysis of the composition of bilateral
urinary stones [12, 13].

In our multicenter retrospective study, approximately
one-quarter of the patients were identified as discordant
stone formers among bilateral urolithiasis patients, sug-
gesting that discordant stone formers are common. These
results highlight the importance of separately analyzing the
stone composition on both sides in patients with bilateral

@ Springer
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Table 2 Characteristics of the urinary stones according to their lateral-

ity

Characteristic Left side Right side P
(n=845) (n=845)

Stone location 0.739

Kidney 541 (64.0) 546 (64.6)

Ureter 203 (24.0) 208 (24.6)

Kidney & Ureter 101 (12.0) 91 (10.8)

Predominant stone component 0.738

Calcium oxalate 615 (72.8) 622 (73.6)

Uric acid 117 (13.9) 98 (11.6)

Carbapatite 91 (10.8) 96 (11.4)

Struvite 13 (1.5) 19 (2.3)

Ammonium acid urate 2(0.2) 3(0.4)

Cystine 4(0.5) 2(0.2)

Xanthine 0(0.0) 1(0.1)

Hydroxyapatite 1(0.1) 2(0.2)

Brushite 2(0.2) 2(0.2)

Mixed stones 0.660

No 464 (54.9) 474 (56.1)

Yes 381 (45.1) 371 (43.9)

Data are presented as No. (%). P values were derived from the uni-
variate analyses between each characteristic and the laterality of the
stones
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Fig. 2 Sankey diagram of urinary stone composition distribution and
the consistency of bilateral stone compositions. (A) The Sankey dia-
gram visually illustrates the composition and consistency of bilateral
urinary tract stones in patients. Patients in the concordant group are
marked in blue, while those in the discordant group are marked in red.
(B) The stone composition combination distribution of patients in the
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urolithiasis. If one side’s stone composition result is blindly
applied to the contralateral side, it may lead to deficiencies
in disease treatment and prevention since the treatment or
prevention strategies vary for patients with different types
of stone composition. For example, for patients with cal-
cium oxalate stones, it is imperative to adhere to a normal
calcium, low protein, low oxalate, and low sodium diet.
Medication treatment involves the use of potassium citrate
to alkalize the urine and hydrochlorothiazide to reduce urine
calcium excretion [17]. Regarding patients with uric acid
stones, allopurinol or febuxostat is utilized to inhibit uric
acid formation, and a diet low in animal protein is needed
[18]. Stone dissolution can be achieved through medica-
tion and prevention. Potassium citrate is employed to reg-
ulate urine pH at a level between 6.5 and 6.8, facilitating
the dissolution of uric acid crystals in the urine [19]. The
management of infection stones, such as carbapatite, stru-
vite, and ammonium acid urate, is particularly challenging.
Using antibiotics is essential for infection control during
the perioperative period. Complete removal of stones with-
out residual disease is critical to preventing recurrences
[20]. Moreover, urinary acidification using methionine or
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discordant group and with a predominant component of calcium oxa-
late on one side.(C) The stone composition combination distribution
of patients in the discordant group and with a predominant component
of uric acid on one side.CaOx = Calcium oxalate; CAP = Carbapatite;
Str = Struvite; AAU = Ammonium acid urate; U4 = Uric acid; Cys =
Cystine; XAN = Xanthine;HAP = hydroxyapatite; Bru = Brushite
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Table 3 Multivariate logistic analysis of the association between the
clinical features and the stones

Characteristic OR (95% CI) P

Sex (male vs. female) 2.714 (1.864,3.970) <0.001*
Age, years (continuous) 0.976 (0.959,0.993)  0.005*
BMI, kg/m? (continuous) 0.995 (0.946, 1.045)  0.857
Hypertension (without vs. with) ~ 0.960 (0.613, 1.486)  0.857
Diabetes (without vs. with) 0.762 (0.418,1.341)  0.358
Recurrent urolithiasis (No vs. 0.995 (0.568, 1.735)  0.986
Yes)

History of urological surgery (No 1.426 (0.826, 2.488)  0.207
vs. Yes)

Location of bilateral stones

Kidney & Ureter/Kidney & Reference

Ureter

Kidney/Kidney & Ureter 1.153 (0.441,3.197)  0.776
Kidney/Kidney 1.090 (0.479,2.724)  0.844
Kidney/Ureter 0.964 (0.408, 0.481)  0.937
Ureter/Kidney & Ureter 0.947 (0.213,3.795)  0.940
Ureter/Ureter 0.590 (0.216, 1.684)  0.311
Predominant component of 25.498 (11.555, <0.001*
calcium oxalate on one side (no  61.514)

VS. yes)

Predominant component of uric ~ 36.972 (19.045, <0.001*
acid on one side (no vs. yes) 78.594)

Urine pH (continuous) 1.019 (0.770, 1.343)  0.894
Urine white blood cell count 0.818 (0.552,1.205) 0.312
(<100/pl vs. > 100/ul)

Urine nitrite (negative vs. 1.324 (0.686,2.495)  0.392
positive)

Urine culture (negative vs. 1.301 (0.784,2.125)  0.299
positive)

*P<0.05

OR=o0dds ratio; C/=confidence interval; BM/=body mass index

ammonium chloride is also a part of the treatment since the
infection stones are stable in an alkaline environment [21].
Our study indicated that the two most common composition
combinations were calcium oxalate/carbapatite (51.0%)
and calcium oxalate/uric acid (35.7%) among 210 patients
with discordant stone compositions. As mentioned above,
there are conflicting medical management or prevention
strategies for these two composition combinations. Nota-
bly, in the composition combination of calcium oxalate/car-
bapatite, carbapatite belongs to infection stone. If infection
stones are misdiagnosed, the risk of postoperative infectious
complications will significantly increase, and life-threaten-
ing conditions, such as severe sepsis and septic shock may
even occur. Therefore, it is highly necessary to submit bilat-
eral urinary tract stones separately for composition analysis
to avoid providing patients with inappropriate treatment or
prevention strategies.

The mechanism of discordant stone compositions of
bilateral uroliths remains to be clarified. Urinary stone for-
mation is a complex and multistep process that includes
urinary supersaturation, crystal nucleation, growth and

agglomeration. Several possible modes of stone formation
have been proposed [16]. Previous studies have identified
many risk factors for stone formation, including systemic
and local factors. Conditions such as hypertension, type 2
diabetes mellitus, obesity and metabolic syndrome are sys-
temic risk factors that have effects on bilateral kidneys [22].
Local factors include urinary tract anatomical and func-
tional abnormalities, urothelial cell injury, urinary infection,
and urological surgery [23, 24]. Based on this, it could be
hypothesized that when bilateral urolithiasis patients have
only systemic risk factors, the stone compositions should be
consistent between the bilateral stones. However, not all the
uroliths in bilateral urolithiasis patients are caused by a sin-
gle factor or only systemic factors since stone formation is a
complex process. In addition, previous studies have shown
that vesical and renal pelvic urine from the same person can
have different pH and electrolyte levels, indicating that the
bilateral kidneys can have different microenvironments [25,
26]. Therefore, the differences in stone composition among
patients with bilateral urolithiasis could be explained by
the complexity of the stone formation mechanisms and the
inconsistent effect on the bilateral kidneys.

Notably, stone composition analysis can only be per-
formed in vitro after obtaining the stone specimen. For
patients with bilateral urolithiasis, if one side undergoes
stone removal surgery while the other side can be managed
conservatively, it may not be possible to confirm the con-
sistency of stone composition of both sides. A misjudgment
may result in inappropriate management of urolithiasis.
Thus, it is of great clinical significance to seek new methods
to achieve in vivo detection of stone composition. Emerging
technology, such as dual-energy CT, radiomics and artifi-
cial intelligence, has been reported to be useful in predict-
ing stone composition [27-30]. In the future, these methods
may further assist clinicians in developing treatment and
prevention strategies for patients with bilateral urolithiasis.

This is the first multicenter study to investigate the preva-
lence of discordant stone compositions among bilateral uro-
lithiasis patients. Our study corroborated the phenomenon
of discordant stone compositions of bilateral stones in a
significant proportion of patients with bilateral urolithiasis.
These findings are of clinical significance and provide valu-
able insights for the bilateral stone composition analysis
strategy in patients with bilateral urolithiasis. Furthermore,
the study identified several factors associated with this phe-
nomenon, which provides useful information for the predic-
tion of stone composition in the next step of the research.

Despite these advantages, there are several limitations to
our study. First, due to the retrospective nature of this study,
we failed to collect complete information about the preop-
erative 24-hour urine analysis results. Therefore, we were
unable to explore the relationship between this metabolic
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evaluation and the discordance of stone compositions
among bilateral urolithiasis patients. Second, selection bias
may exist because of the retrospective study design of our
study. Third, all the subjects enrolled in our study were from
the Chinese population, and further validation is warranted
in other populations. Perhaps the prevalence of discordant
stone compositions in patients with bilateral urolithiasis
varies among patients from different ethnicities and geo-
graphical backgrounds.

In conclusions, patients with discordant stone composi-
tions of bilateral uroliths are common. This phenomenon
should be of concern to clinicians and clinical guideline
developers. It is important to submit bilateral urinary tract
stones separately for composition analysis to avoid pro-
viding patients with inappropriate treatment or prevention
strategies. These findings have important implications for
patients with bilateral urolithiasis.
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