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Does 24-Hour Urine Supersaturation Predict Stone
Composition?

Mohamed Omar?, Sarah Tarplin?, Alla El Deen El Mahdy?, Manoj Monga® ®

Abstract

Background: The aim of the study was to evaluate the correlation
between 24-hour urine supersaturation (SS) levels and the crystalline
stone composition.

Methods: We retrospectively reviewed the results of stone analysis
of 386 patients who had completed 24-hour urine stone risk profiles
within 2 months of stone analysis. Patients were characterized as cal-
cium oxalate (CAOX), calcium phosphate (CAPH) or uric acid (UA)
stone formers based on the predominant component (> 60%) of their
stone. Patients with < 50% of one stone composition were character-
ized as a mixed stone former. Sensitivity, specificity and accuracy of
the 24-hour urine SS for predicting the corresponding stone compo-
nent were calculated.

Results: The distribution of stone compositions was 235 (61%)
CAOX, 98 (25%) CAPH, 35 (9%) UA and 18 (5%) mixed stone
group. At predominant stone mineral concentration > 60%, the accu-
racy of 24-hour urine SS for predicting the predominant stone compo-
sition was 52.5% for CAOX, 70% for CAPH and 67% for UA group.
Even when the predominant stone mineral concentration was > 90%,
the accuracy of SS did not improve: COAX (49%, P=0.6641), CAPH
(77%, P=0.361) and UA (67%, P = 0.9593).

Conclusions: Twenty-four-hour urine SS has a poor accuracy to pre-
dict the predominant stone composition. Accuracy is highest for pa-

tients with CAPH stones.
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Introduction

It has been suggested that a 24-h urine metabolic evaluation
provides the backbone for selection of the most appropriate
intervention to prevent stone recurrence [1]. The saturation of
urinary salts has been cited for more than four decades as a key
risk factor for urolithiasis [2, 3].

Supersaturation (SS) is the driving force for crystalliza-
tion in solutions such as urine [4], defined as the ratio of the
concentration of dissolved salt to its solubility [5]. The conse-
quences of increased urinary SS are formation of crystalline
particles that is a preface to stone formation, so that the stone
composition should reflect the SS averages during the creation
and growth of the stone, as such the stone is a type of geologi-
cal artifact of SS conditions [6]. SSs have also been utilized
to monitor response to medical and dietary interventions for
stone prevention [7].

In contrast, other theories for stone formation have
emerged in the past decade, including the roles of renal tubular
damage and cellular dysfunction [8], urinary kidney stone in-
hibitors and promoters [9], suggesting that SS is not the sole or
even predominant risk factor for stone formation [10].

Though a uric acid (UA), cystine or struvite stone com-
position may direct preventive measures [11], there are cases
where the stone composition is unknown (e.g. stones that were
removed or passed but were not sent for analysis or patients
with stones in the urinary system that have not yet been re-
moved or eliminated) [12].

Our aim was to determine whether 24-hour urine SSs
are well correlated with the crystalline component of stones
passed by these patients, such that they could serve as a sur-
rogate for stone analysis.

Materials and Methods

We retrospectively reviewed 386 patients from 2012 to 2014
who completed 24-hour urine stone risk evaluations within 2
months of stone analysis. No dietary or medical preventive
measures were initiated in the interval between stone analysis
and 24-hour urine evaluation.

Patients were sorted into four groups: calcium oxalate
(CAOX), calcium phosphate (CAPH), UA and mixed stones
based on the major element of stone component being > 60%.
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Table 1. Bivariate Comparison of 24-Hour Urine Elements Across Stone Type Groups

Demographics CAOX CAPH UA Mixed P value
No. of patients (%) 235 (61%) 98 (25%) 35 (9%) 18 (5%) 386
Gender <0.0001

Male 151 (64%) 31 (32%) 24 (69%) 10 (56%)

Female 84 (36%) 67 (68%) 11 (31%) 8 (44%) 386
Mean age 56+ 15 54+ 17 60 £ 10 50+ 14 0.390
BMI 29+7.5 29.3+9.3 31.2+64 30.5+74 0.3781
pH 59+04 6.4+0.6 5.8+0.6 6.4+0.6 <0.0001
Urine volume 2+0.9 2.1£1 1.9+0.8 19+1 0.6195
CAOX SS 6.74+3.6 6.6 +3.7 59+3.7 5.6+3.2 0.3202
CAPH SS 1£0.96 1.6+1.2 0.7+1.1 1.5+1.2 <0.0001
UASS 1+£0.87 0.46+0.5 14+1 0.5+0.87 <0.0001

*Stone group: = 60% of the predominant mineral.

Patients with rare stone types such as cystine and medica-
tion-associated stones were excluded.

Stone analyses were performed using Fourier transform
infrared spectroscopy and the 24-h urinalyses were performed
at Litholink Laboratories (Chicago, IL).

Statistical analysis

Using Fisher’s exact test for categorical data and ANOVA for
continuous variables, a comparison between different groups
in patient characteristics (including age, sex, height and BMI)
and a univariate analysis of 24-h urine variables, across stone
type groups were performed using Kruskal-Wallis test for con-
tinuous variables and Pearson’s Chi-squared test for categori-
cal variables.

Then at different cut-off values of predominant stone com-

ponent (> 60%, > 70%, > 80%, and > 90%), we determined
sensitivity, specificity and accuracy of the 24-h urine SS for
prediction of the corresponding each stone composition, con-
sidering the other stone groups as a control.

Patients with 24-h urine more than 2 months from date of
stone analysis were excluded.

Results

Of 386 patients in the study, the mean age was 55 + 15 years,
with an average BMI of 29.6 + 8.2. There were 216 (57%)
males and 170 (43%) females. We sorted the patients into four
groups CAOX, CAPH, UA and mixed stone group based on
that the major element of stone component represents > 60%.
The distribution of patients across the three groups and
their characteristics are reported in Table 1. The time period
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Figure 1. Accuracy of supersaturation at different cut-off values of predominant stone composition.
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Table 2. Accuracy of Supersaturation at Different Cut-Off Values of Predominant Stone

Mineral stone conc.* (%) Calci}l " oxalate' . Calci}l m 'phosph'ate' Uric acld o
(sensitivity/specificity/accuracy)  (sensitivity/specificity/accuracy) (sensitivity/specificity/ accuracy)

> 60% 54%/51%/52.5% 32%/83%/70% 60%/67.5%/67%

> 70% 55%/50%/54% 32%/82.5%/72% 60%/67.5%/67%

> 80% 55%/52%/54% 38%/83%/76% 60%/67%/67%

>90% 51%/48%/49% 40%/82%/77% 60%/67%/67%

*Conc.: concentration.

between stone analyses and 24-h urine collection was 25 + 35
days (range 10 - 60 days).

The results of the univariate analysis of patient charac-
teristics (including age, sex, height and BMI) and 24-h urine
SS, to detect statistically significant differences in between the
three stone groups, are reported in Table 1, showing only sig-
nificant difference for CaP and UA SS in relation to other stone
groups but not for CAOX SS (Fig. 1).

At predominant stone mineral concentration > 60%, the
accuracy of 24-h urine SS for predicting the predominant stone
composition was 52.5% for CAOX, 70% for CAPH and 67%
for UA group. Even when the predominant stone mineral con-
centration was > 90%, the accuracy of SS did not improve:
COAX (49%, P = 0.6641), CAPH (77%, P = 0.361) and UA
(67%, P=0.9593) (Table 2).

Discussion

Urolithiasis is a recurrent condition that is accompanied by
significant morbidity. Knowing the stone composition is con-
sidered an important step in the prevention of its recurrence.
SS is a computed value that indicates the likelihood of crystal-
lization given the concentration of relevant ions and the uri-
nary pH [6, 13].

Several studies have investigated the ability of 24-h urine
SS to predict urinary stone composition, suggesting that there
is a general concordance between urine SS and stone composi-
tion. Despite this, the debate around the importance of SS is
still heated [6, 13, 14]. We investigated the accuracy of 24-h
SS in predicting corresponding stone type at different levels
of predominant stone composition. Although others have sup-
ported the accuracy of SS in the prediction of stone composi-
tion, the definition of different stone composition categories
used in these studies has been inconsistent. We calculated the
SS accuracy to predict the major stone compositions at in-
creasing percentages of the total stone weight: 60%, 70%, 80%
or 90%. Accuracy was low, and there was no significant dif-
ference in accuracy with increasing levels of the predominant
stone composition. Historically, the SS was considered a good
predictor for stone type.

In a prospective, controlled study of 585 patients, Parks
et al [6] reported a correlation between SS (measured on three
separate 24-h urine collections) and stone composition. Fur-
ther, the study proposed that SS could serve as an index for
urinary response to medical therapy. This is in contrast to our
findings, which revealed poor accuracy of 24-h urine SS in
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prediction of predominant stone composition. We cannot com-
ment on the role of 24-h SS in monitoring response to medical
therapy, as this was not assessed in our study. Similarly, the
utility and specificity of SS in stone management and its im-
plications for pathogenesis of stones was recently questioned
by other authors.

In a prospective, controlled study of 538 patients, Linge-
man et al elucidated cases of deviation between 24-h urine SS
and predominant stone composition, identifying key patterns.
In 14% of their study population, a stone was present but high
urinary SS of the main stone constituent was not detected on
24-h urine studies. Conversely, in 19% of cases (type 1 diver-
gence), 24-h urine SS was high in the absence of a stone. In
comparison to our study, these markers for specificity and sen-
sitivity suggest better utility of urinary SS of CAOX, CAPH,
and UA in the prediction of stone composition. Of note, this
study utilized different cut-off values than ours (> 80% for
CAOX), > 50% for CAPH, and pure UA stones, which may
have resulted in discrepancies between their results and ours.
In addition, problems with sensitivity in prediction of expect-
ed composition (type 2 divergence) occurred more commonly
in patients with CAOX stones, an observation similar to our
study. It is possible that the predictive role of urinary SS is
dependent on timing of testing, as temporal stone-related di-
etary changes can present a distorted picture of the patients’
propensity for stone formation. Further, this study is limited by
inter-laboratory variability [14]; in our study, the stone analy-
sis was done by single laboratory by infrared spectroscopy and
the 24-h urine evaluation was performed by a single laboratory
(Litholink, Chicago, IL).

Though the average time between stone analysis and 24-h
urine evaluation was short, 2 months, it is certainly feasible
that patients may have increased their fluid intake during this
interval. A study by Borghi et al [15] of 15 stone-forming pa-
tients and 12 controls showed that urine dilution as a result of
a water load had the capacity to reduce CAOX SS and increase
the urine tolerance to an oxalate load. This suggests that the
reliability of different SS formulas on 24-h urine profiles is
variable, as it depends on the volume and timing of the collec-
tion. Also there was a similar effect of CAOX reduction with
water intake among both control and stone-forming groups.
This considerable overlap indicates that other mechanism may
be involved in stone formation, such as a reduced metastable
limit or reduced crystallization inhibitory factors. Although
this study highlights some important potential diagnostic limi-
tations of 24-h urine studies, unlike our study, it did not direct-
ly examine the correlation between CAOX SS and stone type.
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In a review of 47 studies comparing urinary SS of stone
formers to healthy individuals, Rodgers [16] found that large
variability occurred in both groups, such that stone formers
could not be distinguished from healthy individuals based on
urinary SS. They concluded that it is unfeasible to define a
“high” vs. normal SS value; as such, urinary SS has very lim-
ited diagnostic value. This is consistent with our findings of
low accuracy of urinary SS, even at high cut-off values for
predominant stone composition. Further, the authors suggest
that the relationship between SS and stone composition may
aid only in for the purpose of relative comparisons to track
treatment response. While we did not investigate this role, we
do currently use SS to monitor response to dietary and pharma-
cological interventions.

Moreira et al [12] generated a multinomial logistic model
to predict stone type from different 24-h urine variables, in-
cluding urinary pH, volume, calcium, oxalate, citrate, UA, so-
dium, potassium, magnesium, phosphorus, sulfate, creatinine,
SS CAOX, SS CAPH and SS UA concentrations. This model
correctly predicted for CAOX, UA and CAPH, with 64%, 68%,
and 56% accuracy, respectively. At 64%, the overall accuracy
was not significantly improved as compared to other studies
that utilized only urinary SS in the prediction of stone type.

Conclusions

In conclusion, 24-h urine SS alone does not accurately predict
the stone composition.
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