Asian Journal of Urology 11 (2024) 596—603

@

Available online at www.sciencedirect.com ABRAN JOUBRIAT OF
UROLOGY

ScienceDirect R

journal homepage: www.elsevier.com/locate/ajur

Original Article

Correlation analysis between urinary »
crystals and upper urinary calculi

Xi Zhang *", Yang Zheng ', Yichun Wang ", Xiyi Wei 2,

Shuai Wang ?, Jie Zheng ©, Jixiang Yao , Chen Xu ¢, .
Zhijun Cao ¢, Chao Qin *’, Lujiang Yi ¢, Ninghong Song *

@ Department of Urology, the First Affiliated Hospital of Nanjing Medical University, Nanjing, China
® Nanjing Hospital of Traditional Chinese Medicine, Nanjing Hospital of Chinese Medicine, Nanjing,
China

¢ Department of Urology, Wuhu Hospital Affiliated to East China Normal University, Wuhu, China

4 Department of Urology, Suzhou Ninth People’s Hospital, Soochow University, Suzhou, China

€ Department of Laboratory, the First Affiliated Hospital of Nanjing Medical University, Nanjing, China

Received 19 April 2023; accepted 14 August 2023
Available online 3 May 2024

KEYWORDS Abstract Objective: This study aimed to analyze the correlation between urinary crystals
Calculus; and urinary calculi.

Urine crystal; Methods: Clinical data, including urinary crystal types, were collected from 237 patients with
Calcium oxalate urinary calculi. The detection rate of urine crystals and their correlation with stone composi-
crystal; tion were analyzed. The receiver operating characteristic curve analysis was used to deter-
Predict model mine the best cut-off value for predicting stone formation risk based on calcium oxalate

crystals in urine.

Results: Calcium oxalate was the most common component in 237 patients. Among them,
201 (84.81%) patients had stones containing calcium oxalate. In these patients, calcium oxa-
late crystals were detected in 45.77% (92/201) of cases. In different groups of calcium oxalate
stones, calcium oxalate crystals accounted for more than 90% of the total number of crystals
detected in each group. The detection rate of calcium oxalate crystals was higher in first-time
stone formers than in recurrent patients. The receiver operating characteristic curve analysis
suggested a cut-off value of 110 crystals/uL for predicting stone formation, validated with 65
patients and 100 normal people.
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Conclusion: Calcium oxalate crystals in urine can predict the composition of calcium oxalate
stones and indicate a higher risk of stone formation when the number exceeds 110 crystals/
pL. This non-invasive method may guide clinical treatment and prevention strategies.

© 2024 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

Urinary calculi are a common disease in urology, ranking
the first in hospitalized patients. Epidemiological data from
European and American countries indicate that the inci-
dence of urinary calculi is from 2% to 20% [1]. The overall
incidence of urinary calculi in China ranges from 1% to 5%,
and that in the south is as high as 5% to 10%. The annual new
incidence rate is 150—200 cases per 100 000 people, and
25% of the patients required hospitalization [2]. The latest
survey revealed that about 1/17 of Chinese adults have
kidney stones [3]. In recent years, the incidence of urinary
calculi in China is on the rise and has become one of the
three high-risk areas in the world. Urinary calculi are a
highly recurrent disease that may lead to inflammation,
oxidative damage, and renal dysfunction in the kidneys
when large stones form or recur multiple times [4].
Therefore, the development of a simple and effective
method to predict stone composition may be helpful for
early treatment and prevention of recurrence.

As we all know, stones mainly include five types,
including calcium oxalate stones, calcium phosphate
stones, struvite stones, uric acid stones, and cystine stones.
Among them, calcium oxalate stones were the most com-
mon and exist as either the monohydrate or dihydrate [5].
Although various underlying factors and diseases have been
identified to induce calcium oxalate stones, most cases are
idiopathic and relate with the Randall’s plaque [6,7]. Ran-
dall’s plaques are a mixture of calcium phosphate crystals,
collagen fibers, and molecules involved in the inflammatory
response that disrupts the papillary urothelium of the kid-
ney, leading to calcium oxalate crystal aggregation and
stone formation [8]. However, the process from urine su-
persaturation to crystal nucleation, growth, and aggrega-
tion is essential for the formation and progression of all
stone types [9]. In each type of urolithiasis, the formation
of crystals in the urine is a necessary initial step in stone
formation in each type of urolithiasis [10]. Therefore,
crystalluria can provide the evidence of the propensity of
urine to form stones.

The formation of calcium oxalate crystals is mainly
determined by the excessive concentration of calcium ions
and oxalate ions leading to excessive urine saturation.
Although calcium oxalate crystals can also be found in
healthy people, Robert et al. [11] compared the urine of
healthy people and patients with stones and found that the
diameter of calcium oxalate crystals in patients was 2—3
times than that of normal people, and they were easy to
aggregate into clusters. Therefore, calcium oxalate crystals
in urine provide a natural indicator of calcium oxalate stone
formation propensity and are of great value in predicting
stone composition, assessing stone recurrence and whether
the treatment is effective.
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One of the characteristics of stones is easy recurrence,
which also highlights the importance of prevention. Despite
great progress in diagnosis, surgery, and various treat-
ments, there were still major deficiencies in the prevention
of stones. While there are currently no drugs that dissolve
existing calcium stones, it is possible to prevent new stone
formation through behavioral and nutritional interventions,
depending on stone composition. To know the specific
composition of the stone, it can only be obtained by sur-
gical removal of the stone. At present, there is still a lack of
corresponding indicators to accurately predict composition
of the stone by non-surgical methods. Therefore, 237 pa-
tients with stones were retrospectively studied in this
study. The correlation between calcium oxalate crystals
and calcium oxalate stones was emphatically studied in
patients with calcium oxalate stones. At the same time, we
further evaluated the accuracy of calcium oxalate crystals
in predicting calcium oxalate stones, providing a basis for
formulating stone prevention and treatment policies for
this special population.

2. Patients and methods
2.1. Patients’ information

Clinical data such as urinary crystal types and other clinical
data of 237 patients with urinary calculi admitted to the
Department of Urology, the First Affiliated Hospital of
Nanjing Medical University, China, from March 2022 to
August 2022 were collected with permission of usage in the
present study. All cases were diagnosed as urolithiasis by
one or more imaging examinations such as urinary system
color Doppler ultrasound, urinary system plain film, intra-
venous urography, CT, or various endoscopy. Stones were
taken from procedures such as percutaneous neph-
rolithotomy, ureteroscopic lithotripsy, and open or laparo-
scopic lithotripsy. All the patients provided written
informed consents, and the protocol was approved by the
Ethical Committee of the First Affiliated Hospital of Nanjing
Medical University (approval number 2024-SR-307).

2.2. Analysis of stone composition

Totally 237 patients with urinary calculi were detected by
the infrared spectrum automatic analysis system of the
lithotripsy center in our hospital. Before testing, we washed
the stains and residues on the stone surface with clean water
and distilled water, and then dried it in an oven at 100 °C for
about 5 min. If the diameter of the stone was <3 mm, the
stone was grounded directly in an agate bowl. If the diam-
eter of the stone was >3 mm, the stone was cut open and
the central part was taken. We utilized a balance to take
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2 mg of stone samples and 100—200 mg of pure potassium
bromide, which had been completely dried beforehand, and
then put them into an agate bowl and ground them in the
same direction. Then, the mixture was pressurized to 20 MPa
with a tablet press and maintained for 30 s to form a
translucent tablet with a thickness of 0.3—0.5 mm, which
was quickly put into the infrared spectrometer for scanning.

2.3. Analysis of urine crystallization

First, 10 mL of fresh first-voided morning urine sample was
collected from patients between 7 a.m. and 7:30 a.m. Urine
samples were kept in containers without preservatives and
stored at room temperature. Urine samples brought to the
laboratory within 1 h of voiding were kept at room tem-
perature and were rapidly processed. The iChem VELOCITY
Urine Chemistry Analyzer (Beckman Coulter, CA, USA) and
iQ®200 Automatic Urine Formation Analyzer (Beckman
Coulter, CA, USA) were used to detect urine composition
and the type of crystallization, and quantify the number of
crystals. The urine was then centrifuged for 5 min at a
relative centrifugal force of 400 m/s?. After centrifugation,
the supernatant urine was poured or aspirated at once, and
1 mL of liquid was retained at the bottom of the centrifuge
tube. Then the urine sediment was thoroughly mixed; an
appropriate amount of urine was dropped on the FAST READ
102 counting plate (Biosigma Spa, Venice, Italy); the crystal
morphology was observed by a phase contrast microscope
and the number of crystals in 10 large squares was counted.
Finally, combined with the results of the urine sediment
analyzer and microscope, the type of crystallization was
determined. According to the guidance of the relevant
literature [12], we controlled the entire test process within
2 h.

2.4. The identification and verification of the
cut-off value for calcium oxalate crystals

Based on the number of calcium oxalate crystals in 193
patients with calcium oxalate stones and 63 normal people,
we used SPSS 21.0 statistical software (IBM, Armonk, NY,
USA) to analyze the receiver operating characteristic curve
of calcium oxalate crystals to screen the best cut-off. The
maximum value of sensitivity plus specificity minus 1 is the
cutoff value. In addition, we collected calcium oxalate
crystals from 65 patients with calcium oxalate stones and
100 normal people to verify the accuracy of the cut-off
value. In the validation group, we re-examined the samples
that did not detect crystallization at the first time on the
second day.

2.5. Statistical analysis

SPSS 21.0 statistical software was used to analyze and
process the research data. The measurement data con-
forming to the normal distribution were expressed as means
with standard deviations; the counting data were expressed
as percentages; and the x? test was used for comparisons
between groups. The Wilcox test was used to analyze dif-
ferences in data distribution between groups. The p<0.05
was considered to be statistically significant.
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3. Results
3.1. Overall distribution of stone components

In 237 patients with urinary stones, the most common
component was pure calcium oxalate stones accounting for
40.93% (97/237), followed by calcium oxalate mixed car-
bonate apatite stones accounting for 35.02% (83/237). In
addition, among the 237 patients with calculi, males were
more common, accounting for 65.82% (156/237); the most
common site of calculi was the kidney, accounting for 56.54%
(134/237), and the patients with first occurrence were the
main ones, accounting for 65.82% (156/237). Considering the
limited number of samples, 200 patients with calcium oxa-
late stones were selected as the main participants in this
study, including 48.50% (97/200) of pure calcium oxalate
stones, 41.50% (83/200) of calcium oxalate mixed carbonate
apatite stones, and 10.00% (20/200) of calcium oxalate
mixed uric acid stones (Supplementary Table 1).

3.2. Correlation analysis of urinary crystals and
urinary calculi

Overall, the detection rate of «crystals in morning
urine of 237 patients with urinary calculi was about
48.10% (114/237), and the matching degree between crystal
types and stone components was about 91.23% (104/114). In
the stone composition group with a sample size of 15 or
more, the detection rates of crystals were all above 40%,
and the matching rates between crystals and the stone
composition were all greater than 66.67% (Table 1). More-
over, the most common crystal component was calcium
oxalate crystals accounting for about 83.93% (94/112). Fig. 1
presented the morphology of urine crystals under the mi-
croscope. Therefore, we focused on the correlation between
calcium oxalate crystals and calcium oxalate stones. Among
the 201 patients with calcium oxalate stones, i.e., pure
calcium oxalate stones, calcium oxalate mixed carbonate
apatite, calcium oxalate mixed uric acid stones, and calcium
oxalate mixed (-cystine stones, the detection rate of
calcium oxalate crystals was about 45.77% (92/201). Among
calcium oxalate mixed carbonate apatite stones, the
detection rate of calcium oxalate crystals was the highest,
about 51.81% (43/83), followed by pure calcium oxalate
stones, with a detection rate of 43.30% (42/97). In addition,
the detection rate of calcium oxalate crystals was signifi-
cantly lower in patients with other types of stones, such as
6.25% in struvite mixed carbonate apatite stones and 6.67%
in uric acid stones (Table 1).

3.3. Difference of the calcium oxalate crystal
detection rate in different gender, age, stone
location, and disease history

Due to the limited sample size, we selected calcium oxalate
crystals in patients with calcium oxalate stones as the main
research object. Our study found that the detection rate of
calcium oxalate crystals in patients with calcium oxalate
stones was not significantly different between males and
females (p=0.659) and varied significantly with age
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Table 1  The crystal detection, match, mismatch, and COC detection rate in various urinary calculi.
Stone composition Total Urinary crystal None Crystallization ~ Match,  Mismatch, COC
cOC PC UC cC urinary  detection % % detection
crystal rate, % rate, %

Calcium oxalate calculus 97 42 3 1 0 51 47.42 91.30 8.70 43.30

Calcium oxalate mixed 83 43 1 0 0 39 53.01 97.73 2.27 51.81
carbonate apatite

Calcium oxalate mixed 20 7 0 2 0 11 45.00 100 0 35.00
uric acid calculus

Struvite mixed carbonate 16 1 5 1 0 9 43.75 71.43 28.57 6.25
apatite

Uric acid calculus 15 1 1 4 0 9 40.00 66.67 33.33 6.67

Struvite calculus 2 0 0 0 0 2 0 0 0 0

Carbonate apatite mixed 1 1 0 0 0 0 100 0 100 100
hydroxyapatite

Calcium oxalate mixed 1 0 0 0 1 0 100 100 0 0
L-cystine calculus

Carbonate apatite mixed 1 0 0 0 0 1 0 0 0 0
L-cystine calculus

L-cystine calculus 1 0 0 0 0 1 0 0 0 0

Total 237 95 10 8 1 123 48.10 91.23 8.77 40.08

COC, calcium oxalate crystal; CC, cystine crystal; PC, phosphate crystal; UC, urate crystal.
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Figure 1 The morphology of urine crystals under the mi-

croscope (10x40). (A) The morphology of dihydrated calcium
oxalate crystal; (B) The morphology of monohydrated calcium
oxalate crystal; (C) Type | morphology of phosphate crystals;
(D) Type Il morphology of phosphate crystals; (E) Type |
morphology of uric acid crystal; (F) Type Il morphology of uric
acid crystal.

(p=0.040). Besides, we observed a statistically significant
difference in the detection rates of calcium oxalate crystals
based on the stone location (p=0.023). This suggested that
the location of the stones within the urinary tract in-
fluences the likelihood of detecting calcium oxalate crys-
tals. Additionally, the presence of calcium oxalate crystals
were more readily detected in first diagnosed patients than
in recurrent patients (p=0.040) (Table 2). Moreover, we
further analyzed the differences in the urine specific
gravity and maximum stone diameter between the calcium
oxalate crystal group and non-crystal group in patients with
calcium oxalate stones. The results revealed that, except
for the calcium oxalate mixed uric acid stone group where
there was no difference in urine specific gravity, the urine
specific gravity and the maximum stone diameter of the
calcium oxalate crystal group were higher than those of the
non-crystal group, and the difference was statistically sig-
nificant (Fig. 2A—E). In the calcium oxalate mixed uric acid
group, although the specific gravity of urine in the calcium
oxalate crystal group was higher than that in the non-
crystal group, the difference was not statistically signifi-
cant (Fig. 2F).

3.4. Construction and verification of the calcium
oxalate crystal prediction model

Through the receiver operating characteristic curve anal-
ysis of the number of calcium oxalate crystals in 193 pa-
tients with calcium oxalate stones and 63 normal people,
we screened 110 crystals/pL as the cut-off value of calcium
oxalate crystal considering both sensitivity and specificity
(Fig. 3). Then, we further collected the number of calcium
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Table 2 Differences in the detection of calcium oxalate crystals in various clinical phenotypes (n=92).

Characteristics Calcium oxalate Calcium oxalate Calcium oxalate p-Value
mixed carbonate mixed uric acid calculus (n=42)
apatite (n=43) calculus (n=7)

Gender, n (%) 0.659
Male 30 (32.6) 6 (6.5) 29 (31.5)
Female 13 (14.1) 1(1.1) 13 (14.1)

Age, year, n (%) 0.040
<52 27 (29.3) 2 (2.2) 16 (17.4)
>52 16 (17.4) 5 (5.4) 26 (28.3)

Stone location, n (%) 0.023
Kidney and ureter 12 (13.0) 0 (0) 18 (19.6)
Ureter 13 (14.1) 2 (2.2) 3 (3.3)

Kidney 18 (19.6) 5 (5.4) 21 (22.8)

History, n (%) 0.040
First 30 (32.6) 2 (2.2) 32 (34.8)
Recrudescence 13 (14.1) 5 (5.4) 10 (10.9)
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Figure 2 Differences in the urine specific gravity and maximum stone diameter between calcium oxalate crystal and non-crystal
groups. (A and B) Calcium oxalate stones; (C and D) Calcium oxalate mixed carbonate apatite stones; (E and F) Calcium oxalate
mixed uric acid stones. * p<0.05; ** p<0.01; *** p<0.001; NS, no significance.
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Figure 3  Screening for the best cut-off for predicting the risk

of stone formation through the receiver operating character-
istic curve analysis. AUC, area under the curve.

oxalate crystals from 65 patients with calcium oxalate
stones and 100 normal people as the validation group to
verify accuracy of the cut-off. The results showed
that calcium oxalate crystals were detected in urine in
46.15% (30/65) patients with calcium oxalate stones.
Among the 30 samples, 13.33% (4/30) were found to have
calcium oxalate crystals for the second time. In addition,
among 30 patients with calcium oxalate crystals, 28 had a
calcium oxalate crystal count of >110 crystals/uL (Fig. 4A).
In addition, the detection rate of calcium oxalate crystals

was 15.00% (15/100) in normal people, and only one (6.67%)
sample was found to have calcium oxalate crystals for the
second time. Besides, 33.33% (5/15) of them had the
number of calcium oxalate crystals >110 crystals/uL
(Fig. 4B).

4. Discussion

Urinary calculi are a common disease with a prevalence of
14.8% and a 5-year recurrence rate of 50% [12]. The prev-
alence may continue to increase due to factors such as
lifestyle, dietary habits, and global warming [1,13]. In
recent years, various minimally invasive procedures have
become the main method for treating urinary calculi, but
they have not reduced the recurrence rate of stones.
Crystals are the important component of calculi; therefore,
they may play a crucial role in the prevention and treat-
ment of calculi.

The results of stone composition analyses indicated that
urinary calculi were mainly calcium oxalate stones, with
pure calcium oxalate stones and calcium oxalate mixed
carbonated apatite being the most common, which is
consistent with other studies [14,15]. In addition, in pa-
tients with calcium oxalate stones, calcium oxalate crystals
are most frequently detected when the stone is located in
the kidney. On the one hand, it is because the formation of
stones started in the kidney [16]. Crystal nucleation occurs
when the kidney produces supersaturated urine. Once the
crystal nucleus is established in the kidney and exposures to
urine, stones may grow through encrustation [17,18]. Be-
sides, glycosaminoglycans are potent inhibitors of calcium
oxalate growth and aggregation in urine. The normal uro-
thelium is covered by the glycosaminoglycan layer that not
only resists bacterial adhesion but also inhibits crystal
nucleation and acts as a barrier to crystal adhesion [19,20].
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results, and proportion of calcium oxalate crystals and non-crystal groups in the normal validation group.
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On the other hand, when the stone is located in the ureter,
it tends to block the ureter and cause hydronephrosis,
leading to the deposition of crystals in the kidney [21]. The
urine specific gravity is higher in the crystal group in pa-
tients with calcium oxalate stones. The reason may be that
the formation of stones is caused by long-term exposure to
supersaturated urine. When a large number of crystals are
present in urine, urine specific gravity in urine may
increase.

The formation of crystals was a necessary initial step in
the development of every urinary stone disease [22].
Therefore, crystal formation has been widely employed in
experimental studies aimed at evaluating conditions ranging
from urine supersaturation to crystal nucleation, growth,
and aggregation [23,24]. However, the correlations between
urinary crystals and clinical phenotype, diagnosis and prog-
nosis of patients with stones remain unclear. At the same
time, it has become a trend to prevent the formation and
recurrence of stones according to the composition of stones
in patients [25]. However, the composition of stones may
only be known after the operation, and there was still a lack
of a simple and effective method to predict the composition
of stones. Our study indicated that the detection rate of
calcium oxalate crystals in patients with calcium oxalate
stones was more than 40%, and more than 90% of the
detected crystals were calcium oxalate crystals. Therefore,
we hypothesized that urinary calcium oxalate crystals may
serve as an effective biomarker for predicting stone
composition, which may provide a simple and inexpensive
tool for detecting and preventing stone formation. In addi-
tion, in the validation group, we found that retesting can
increase the detection rate of calcium oxalate crystals by
13.33% in patients with calcium oxalate stones, while
retesting can increase the detection rate of calcium oxalate
crystals by 6.67% in the normal population. Therefore, we
believe that the detection rate and accuracy of calcium
oxalate crystal may be improved by re-examination. In
addition, our study found that the risk of calcium oxalate
stone formation was higher when the number of calcium
oxalate crystals in urine was >110 crystals/uL. At the same
time, some normal people with the number of calcium ox-
alate crystals >110 crystals/uL were also found to have renal
crystals or small stones in the follow-up.

Our study still had certain limitations. This study was a
single-center study and included only 237 patients with
calculi. It is still necessary to carry out a multi-center study
and expand the sample size to verify the results of our
research. Moreover, our recognition of crystal types relies
more on microscopy and has not yet been fully automated.
In order to evaluate the correlation between urinary crys-
tals and stones more generally, it is necessary to automate
the detection of crystals.

5. Conclusion

Our study provided the evidence that calcium oxalate
crystals had a high detection rate in calcium oxalate stones
and could accurately predict the stone composition without
surgery. The quantitative analysis of calcium oxalate
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crystals is helpful to guide the clinical treatment and pre-
vention of calcium oxalate stone patients. Given that urine
crystal testing is a reliable, simple, and inexpensive
method, the determination of urine crystal may therefore
be a useful clinical tool for predicting stone composition.
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