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Abstract: Objective: Our aim was to investigate the effect of 24-hour urinary citrate/urinary calcium ratio on recur-
rence of ureteral calculus. Methods: A total of 100 patients with ureteral calculus, determined to be free from re-
sidual calculus after being applied Extracorporeal Shock Wave Lithotripsy in Changzhou Wujin Hospital Affiliated to
Jiangsu University, were selected as research objects. They were randomly divided into a control group and research
group, with 50 patients in each group. In addition, 50 local healthy volunteers were enrolled. The observation group
took potassium citrate 2 g/time for 3 times/day for continuous administration, as directed by the doctor after rou-
tine operation of ureteral calculus. Patients in the control group and observation group were tested for urinary pH
values, urinary calcium, urinary acid, and citrate and urinary citrate/urinary calcium in the 24 hours prior to treat-
ment. These were re-determined at the 6 month, 12" month, and 24" month after treatment. We conducted a
statistical analysis for recurrence rate of patients in the corresponding time period. Results: The observation group
was significantly higher than the control group in pH, 24 h sodium citrate, and 24 h urinary citrate/urinary calcium
ratio but lower than the control group in 24 h urinary calcium (all P<0.05). The healthy group was similar to treated
observation group in pH, 24 h urinary citrate, 24 h urinary calcium, and 24 h urinary citrate/urinary calcium ratio
(all P>0.05) but significantly different from control group (all P<0.05). The control group had a recurrence rate of
34.00% with 17 cases involved, while the observation group had a recurrence rate of 6.00% with 3 cases involved.
Recurrence time of calculus was positively correlated to urinary pH, 24 h urinary citrate, and 24 h urinary citrate/
urinary calcium ratio. It was negatively correlated to 24 h urinary calcium and irrelevant to uric acid level. Conclu-
sion: 24 h urinary citrate, urinary calcium, and 24 h citrate/urinary calcium ratio are closely related to recurrence of
ureteral calculus. They can be used as a monitoring index, clinically, and are of great significance in timely detecting
recurrence of ureteral calculus.
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Introduction calculus. It is a simple operation with little trau-

ma but has not solved the problem of high

Urinary calculus is a common disease of the
urinary system. Epidemiological studies have
shown that the number of patients with ca-
Iculus has increased in recent years with an
incidence rate of about 10% in some high-prev-
alence areas. This disease easily relapses
after the cure, seriously affecting patient phy-
sical health, mental health, and economic sta-
tus [1, 2]. Extracorporeal Shock Wave Litho-
tripsy (ESWL) is the first choice of treatment
for infection of the upper urinary tract. It
has the advantage of a high rate of expelling

recurrence rate [3, 4]. Therefore, how to de-
tect early and effectively prevent calculus
recurrence has become a key clinical pro-
blem yet to be solved. Many research results
have presented that low citrate and high cal-
cium are influencing factors of urolithiasis,
in which citrate can inhibit urolithiasis while
urinary calcium can promote urolithiasis [5-
7]. This paper aimed to find the relation-
ship between citrate and urinary calcium levels
and prognosis and recurrence of ureteral ca-
Iculus.
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citrate was adminis-
trated to the observa-
tion group 2 g/time
and 3 times/day after
1.29+0.11 0.5081 0.3069 meals. Dosage was

adjusted before being
31 (62.00) 0.7130 0.3984 taken, according to uri-
14 (28.00) 0.2079 0.6484 nary pH, to maintain
5 (10.00) 0.5435 0.4610 the pH between 6.5-

Table 1. General data comparison (X + sd; n, %)

Group Control group Observation group X2 P
Case 50 50
Calculus diameter (cm) 1.27 £0.15
Calculus type
Calcium-bearing stones 35 (70.00)
Calculus urate 12 (24.00)
Other 3(6.00)

Table 2. Other general data comparison (X * sd)

7.0. Daily water intake
was not less than
2,000 mL, with keep-

ing medication, during

Index Case Control group Observation group Healthy group the treatment for a 7.6
Age (years) 50 46.97 +8.68 51.88+11.78 49.62 +11.26 months average. Place-
Gender (female/male) 50 18/32 20/30 24/26 bo was administrat-
Weight (kg) 50 75.80+1221 79.66+12.40 78.43 +8.99 ed to the control gro-
BMI (kg/m?) 2148 +457  20.73+1.47 24152 2.70 up with same usage

Note: BMI, body mass index.

Materials and methods
General data

This research was approved by the Ethics Com-
mittee of Changzhou Wujin Hospital, Affiliated
to Jiangsu University. A total of 100 patients
with ureteral calculus treated in Changzhou
Wujin Hospital, Affiliated to Jiangsu University,
from January 2013 to January 2015, were se-
lected as research objects. Patients were ran-
domly divided into the control group and obser-
vation group, with 50 patients in each group.

Inclusion criteria: (1) Anyone diagnosed with
only ureteral calculus by preoperative B ultra-
sound, plain abdominal radiograph, and radiog-
raphy; (2) Patients who were operated with
ESWL in Changzhou Wujin Hospital, Affiliated to
Jiangsu University, and verified that there were
no complications such as residual calculus and
infection effect after operation; (3) Anyone will-
ingly participating in this research signed an
informed consent form.

Exclusion criteria: (1) Patients with serious ba-
sic systemic diseases such as heart, liver, and
kidney diseases; (2) Anyone with electrolyte
disruption or taking medicines with an effect on
electrolytes; (3) Anyone with potassium citrate
allergy; (4) Pregnant or lactating women.

Research methods

After the two groups of patients were confirm-
ed to be free from residual calculus, potassium
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and dosage as those of
the observation group.
The healthy group was
composed of enrolled health examination vo-
lunteers.

Observation indexes

24 h urinary pH, urinary calcium, uric acid, and
citrate were determined for research objects
in observation group, control group, and heal-
thy group prior to treatment. 24 h urinary pH,
urinary calcium, uric acid, and citrate were
collected in the 3 month, 6" month, 12t
month, and 24" month with statistics conduct-
ed for recurrence rate in the corresponding
period. Statistical analysis on all biochemical
indexes of recurrent patients at last examina-
tion and patients without recurrence at the 24
month was performed to analyze correlation
between recurrence and the tested biochemi-
cal indexes.

Statistical methods

SPSS21.0 software was used for statistical
analysis. Measurement data was expressed as
mean * standard deviation (X + sd) and t-test
was applied. Enumeration data was expressed
as a percentage and X? test was applied.
P<0.05 represented a difference of statisti-
cal significance. Bio-chemical indexes (24 h
urinary pH, urinary calcium, uric acid, citrate,
and citrate/urinary calcium ratio) of recurrent
patients at last examination and patients
without recurrence at 24" month were select-
ed to be analyzed with Spearman’s rank test
in SPSS, in order to analyze correlation be-
tween bio-chemical indexes and patient recur-
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Table 3. Comparison of changes in biochemical indexes (X + sd)

Group

pH

Uric acid
(Mmol/L)

24 h urine
citrate (mg)

24 h urinary

24 h urinary citrate/
calcium (mmol) urinary calcium ratio

Control group

Before treatment 5.13 + 0.33°

6 months
12 months
24 months

Observation group
Before treatment

6 months

12 months

24 months
Healthy group

5.36 + 0.28°
5.43 + 0.34°
5.30 £ 0.26°

5.19 + 0.64°

6.49 £ 0.49°¢
6.76 + 0.63%°
6.44 £ 0.69%°
6.69 + 0.59%¢¢

323.46 + 38.69
328.24 + 40.63
318.02 + 44.68
326.82 +49.14

323.41 + 30.47
319.81 + 36.55
318.52 £ 32.14
317.04 £ 33.71
324.17 + 38.40

263.72+27.28° 7.59 + 0.96° 35.45 +5.53°
278.92 +45.51° 719+ 1.07° 39.85 +9.27°
274.42 + 41.79° 7.81 + 1.06° 35.94 + 7.46°
273.24 +38.22*  7.29+0.87° 37.93 £ 6.55°
246.38 £ 56.86° 6.96 + 0.96" 36.84 + 12.09°
362.69 + 49.96°¢ 5.82 £ 0.76%° 63.54 + 12.81°°
363.42 + 47.556%° 5.38 + 0.68%¢ 68.91 + 14.38%°
353.76 + 34.65*° 5.88 + 0.90%° 61.19 £ 10.28%¢

334.89 + 28.98%¢

5.63 + 0.542¢¢

60.18 + 8.08%¢¢

Note: Compared with the control group in the same period after intervention, ?P<0.05; compared with the healthy group,
®P<0.05; compared with the observation group before intervention, °P<0.05; compared with the control group, ‘P<0.05.

Table 4. Recurrence comparison of two groups of patients (n, %)

Change in biochem-

3 6 12 24 Total recurrence ical index
Group Case

months months months  months rate (%) Prior to treatment
l i

Control group 50 0 3(6.00) 6(12.00) 8(16.00) 34.00
) the control group
Observation group 50 0 0 1(2.00) 2(4.00) 6.00 was similar to ob-
X2 3.0928 3.8402 4.0000 11.9304 servation group in
P 0.0786 0.0500 0.0455 0.0006 urinary pH, uric acid,

Table 5. Analysis of correlation between biochemical indexes and recur-

24 h urine citrate,
24 h urinary calci-
um, and 24 h uri-

rence time nary citrate/urinary

o . 24 hurine 24 h urinary 24 h urinary citrate/ calcium ratio (all
Index  Uricacid - Uric pH citrate calcium urinary calcium ratio P>0.05). After treat-
R -0.2530 0.6740 0.7412 -0.8413 0.6328 ment, the obser-
P 0.0612 0.0011  0.0002 <0.0001 0.0027 vation  group was

rence time. P<0.05 was considered statistically
significant.

Results
General data comparison

Prior to operation, there was no statistical dif-
ference between the two groups of patients in
calculus diameter and type (all P>0.05). They
had normal renal function without symptoms of
hydronephrosis. There was no difference in
age, gender, body weight, and body mass index
among the three groups (all P>0.05). There was
no statistical significance and subsequent
experimental data was comparable. See Tables
1 and 2.
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significantly higher
than control group
in pH, 24 h sodium citrate, and 24 h urinary
citrate/urinary calcium ratio but lower than the
control group in 24 h urinary calcium. The
healthy group was similar to observation group
in urinary pH, 24 h urinary citrate, 24 h urinary
calcium, and 24 h urinary citrate/urinary calci-
um ratio but significantly different from the con-
trol group after intervention. See Table 3.

Recurrence comparison

No recurrence occurred in both groups within 3
months after operation, with 3 recurrence
cases in the control group in the 6" month after
operation (P>0.05) and 1 recurrence case in
observation group in the 12" month after oper-
ation (P=0.05). Recurrence rate of the observa-

Int J Clin Exp Med 2018;11(4):3961-3967



Relationship between urinary ratio and postoperative recurrence

r?=-0.2530,P=0.0612

25
*® L
T 204 . *%
o [
g .
= 154 .
3 o8
g 104 «** 2
3
Q [ )
o ° 3
0 1 I I L] 1
5 6 7 8 9 10
Uric acid (umol/L)
=0 6328,P=0.0027
25.-
o+
T 20- . o o
g .
S 15- .
& .
c [ ]
5 104 . °
@
x 5 S .,
D L] 1 1 1
0 20 40 60 80
Urine citrate / urine calcium
r2=10.8413,P<0.0001
25
.e L ]
T 204 ¢ 8 °
1y L J
g .
= 154 ¢
3
$ 10- o ] .
3
@
x ° R
0 1 1 1
4 5 6 7

Urine calcium{mmol)

tion group was significantly lower than the con-
trol group within 2 years, which had a statistical
difference (P<0.05). See Table 4.

Analysis of the correlation between biochemi-
cal indexes and recurrence time

Recurrence time of calculus was positively cor-
related to urinary pH, 24 h urinary citrate, and
24 h urinary citrate/urinary calcium ratio but

3964

Recurence time(d)

r?=06740,P=0 0011

25-
® *
L J L J L
20 .
.‘
15 .
« 2 .
104 o ®
»
51 o ®
U 1 1 1 1
5 6 7 8 9
Urine PH
r?=0.7412,P=0 0002
25-
L ] [ J
920— » *_»
f -3
= 154 ¢
8 L ] -
§10- - . * .
3
1) ®
S 54 o
D T T L] 1 1
200 250 300 350 400 450
Urine citrate(mg)

Figure 1. Analysis of correlation between bio-
chemical indexes and recurrence time.

negatively correlated to 24 h urinary calcium. It
was irrelevant to uric acid level. The higher the
24 h urinary citrate and 24 h urinary citrate/
urinary calcium ratio, the later recurrence time
of calculus would be. See Table 5 and Figure 1.

Discussion

With enrichment of experience in clinical drug
treatments and continuous optimization of lith-
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otripsy and laparoscopy, ESWL, percutaneous
nephrolithotomy, and ureteroscopic lithotripsy
or lithotripsy have gradually become widely
used in clinical practice [8-12]. Previous open
operations for calculus removal have been
phased out. Although we have made some
breakthroughs in therapies of urolithiasis, we
must clearly recognize that these therapies
have not effectively prevented occurrence and
recurrence of urolithiasis and some even have
increased probability of recurrence. A report
written by Kamihira et al. showed that the recur-
rence rate of calculus exceeded 6% in the first
year and was up to 41.8% in the 5™ year after
ESWL [13]. In addition, Abe et al. performed
long-term follow up for patients with calculus of
upper urinary tract, that had been operated
with ESWL, and results showed that recurrence
rate of calculus exceeded 7% in the first year,
24.1% in the 3" year, and 33% in the 5" year
after operation [14]. Therefore, finding effective
detection indexes to further assist in diagnosis
of recurrent urinary calculus has become a
large problem yet to be solved.

Causes of urolithiasis are complex but the vast
majority of urolithiasis comes from mineraliza-
tion of the body’s own metabolites and is close-
ly related to metabolic disorders, environmen-
tal conditions, and eating habits. When uroli-
thiasis promoters in urine are excessive or
inhibitors are insufficient, the signaling path-
way which promotes calculus growth will be
induced to open [15]. Potassium citrate has
gradually gained more and more clinical atten-
tion due to its advantages of low cost, less
adverse reactions, and good clinical effect. Its
mechanism of efficacy is mainly as follows: part
of potassium citrate can be absorbed in the
body and decomposed into citrate radical and
potassium ions through oxygenolysis, in which
citrate radical can be combined with H* to
increase pH of the urine to relieve symptoms of
acidosis, while potassium ions are rapidly
metabolized in the blood so that serum potas-
sium concentration is not affected [16]. High
concentrations of potassium in urine can pro-
mote the renal tubular to reabsorb calcium,
thereby reducing urinary calcium concentra-
tion. Part of potassium citrate, not decomposed
in body through oxygenolysis, is directly dis-
charged from the urine, which increases the
concentration of urinary citrate, inhibiting uroli-
thiasis [17]. In addition, some researchers have

3965

found that potassium citrate can change the TH
protein so that it can play a role in inhibiting
urolithiasis [18]. Pak et al. administrated potas-
sium citrate (about 6.0 g/d) to patients with
merged low citrate urine calcium calculus for
treatment and found that treated patients have
normal serum potassium, sodium and other
electrolytes, increased urinary pH value, and
normal citrate. He also found that potassium
citrate effectively inhibits calculus growth and
recurrence [19, 20]. Scales et al. also con-
firmed that citrate levels in patients who have
taken potassium citrate increase to normal
range and urolithiasis rate is significantly
reduced with good effects [21, 22]. However,
the above studies involve fewer detection
indexes and lack comparisons with healthy
population data. Therefore, we compared uri-
nary citrate and urinary calcium values in
patients that have and have not been adminis-
trated citrate with healthy examination popula-
tion. In this manner, the clinical index for prog-
nosis, effect, and recurrence of ureteral
calculus can be better reflected.

Our research results show that patients of the
control group had a higher level of urinary cal-
cium and lower citrate level and urinary pH
while patients in observation group, who were
administered potassium citrate, had higher
level of citrate and significantly lower level of
urinary calcium than those of the control group.
It had statistical difference (both P<0.05) and
was consistent with findings of domestic schol-
ars, indicating that patients with calculus who
were treated with operation were in imbalance
between urolithiasis promoters and inhibitors
and the concentration of urolithiasis substance
was excessive and in supersaturation [23]. This
also suggests that risk of calculus recurrence
should be considered clinically when citrate
and urinary calcium and other indexes changes
significantly. It was also found in this research
that indexes, other than uric acid level (which
did not change), such as citrate, urinary calci-
um, and 24 h citrate/urinary calcium ratio were
related to calculus recurrence. Citrate, urinary
pH, and 24 h citrate/urinary calcium ratio of
recurrent patients with calculus decreased and
was positively correlated to recurrence time,
while their urinary calcium levels increased and
was negatively correlated to recurrence. 24 h
citrate/urinary calcium ratio was most related
to recurrence. This index can better reflect

Int J Clin Exp Med 2018;11(4):3961-3967
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whether urolithiasis promoters in urine were in
supersaturation and whether it was unbal-
anced with its opposite force, namely crystalli-
zation inhibiter, which can effectively predict
risk of calculus recurrence.

This study, however, was limited by the small
number in the study population, short follow up
time, unguaranteed patient compliance, and
other relevant factors. Therefore, further con-
trolled research should be carried out to deter-
mine whether 24 h citrate/urinary calcium ratio
can be used as an effective index to prevent
calculus recurrence and be popularized and
applied clinically. In the future, we will carry out
an epidemiological investigation for local
patients with urinary calculus to determine fac-
tors affecting urolithiasis and perform uncondi-
tional logistic regression analysis with single
factor and multiple factors to determine the
relative importance of risk factors in incidence
of urolithiasis. Key prevention measures will be
worked out to reduce incidence of urolithiasis.
Moreover, previous studies will be combined
with our research to create a new pattern to
prevent and control urinary calculus, avoiding
its recurrence in this region.

In conclusion, 24 h urinary citrate, urinary cal-
cium, and 24 h citrate/urinary calcium ratio are
closely related to recurrence of ureteral calcu-
lus. They can be used as monitoring indexes,
clinically, and are of great significance in timely
detecting recurrence of ureteral calculus.
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