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Abstract

Objectives: Stability of concentrations of urinary stone-
related metabolites was analyzed from samples of recur-
rent urinary stone formers to assess necessity and
effectiveness of urine acidification during collection and
storage.
Methods: First-morning urine was collected from 20
adult calcium-stone forming patients at Tomas Bata Hos-
pital in the Czech Republic. Urine samples were analyzed
for calcium, magnesium, inorganic phosphate, uric acid,
sodium, potassium, chloride, citrate, oxalate, and urine
particles. The single-voided specimens were collected

without acidification, after which they were divided into
three groups for storage: samples without acidification
(“NON”), acidification before storage (“PRE”), or acidifi-
cation after storage (“POST”). The analyses were con-
ducted on the day of arrival (day 0, “baseline”), or after
storage for 2 or 7 days at room temperature. The
maximum permissible difference (MPD) was defined as
±20 % from the baseline.
Results: The urine concentrations of all stone-related me-
tabolites remained within the 20 % MPD limits in NON and
POST samples after 2 days, except for calcium inNON sample
of one patient, and oxalate of three patients and citrate of
one patient in POST samples. In PRE samples, stability failed
in urine samples for oxalate of three patients, and for uric
acid of four patients after 2 days. Failures in stability often
correlated with high baseline concentrations of those me-
tabolites in urine.
Conclusions: Detailed procedures are needed to collect
urine specimens for analysis of urinary stone-related me-
tabolites, considering both patient safety and stability of
those metabolites. We recommend specific preservation
steps.
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Introduction

Urinary stone formation has a prevalence of 7–13 % in
North America, 5–9 % in Europe, and 1–5 % in Asia [1].
About 10 % of patients with urolithiasis have a high prob-
ability of recurrence, needing detailed assessment of
their metabolic traits [2]. Children with urolithiasis belong
to the high-risk stone formers, with a 50 % recurrence
rate within three years [3]. Chemically, recurrent urinary
stone formation is associated with increased concentra-
tions of calcium, oxalate, phosphate, or uric acid that
crystallize in urine, and/or with decreased concentrations
of stone-inhibiting compounds, most commonly magne-
sium and citrate [4]. Some drugs and rare genetic defects
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may also create urolithiasis, e.g., due to abnormal excretion
of cystine, 2,8-dihydroxyadenine, or xanthine [2].

General advice to all patients with urolithiasis is to
increase their water intake up to 2.5–3 L/day to reach a low-
density diuresis of 2.0–2.5 L/day. Stone-specific pharmaco-
logical treatments are additionally required for high-risk
stone formers, e.g., alkalinization of urine if calcium oxalate
stones are related to hypocitraturia and/or hypercalciuria
[2, 5].

The metabolites associated with a high-risk for urinary
stones are generally measured from standard 24 h (24 h)
collections [2]. Stability of analytes in 24 h urine collections
has traditionally been supported by acidification of urine
with hydrochloric acid. Alternatively, single-voided speci-
mens are used in patients not capable of 24 h collection or for
simplified follow-up practice, calculating excretion rates
with measurand-to-creatinine ratios.

Traditional preservation of urine with strong acids
poses a safety risk to patients in home collections. It also
requires aliquoting of one 24 h collection, since all measur-
ands do not remain soluble at the same pH. Therefore, recent
studies ultimately question the need of urine acidification in
patient care [6–9].

Results of urine preservation obtained from speci-
mens of non-selected patients or healthy volunteers may
not be applicable to preservation of urine specimens from
high-risk stone formers since concentrations of stone-
forming metabolites tend to be higher in urinary stone
patients than those in non-selected individuals. Therefore,
we investigated the need of acidification for stability of
stone-related measurands in urine from patients with
recurrent calcium-containing stones. This investigation
was carried out on behalf of the Working Group Pre-
analytical Phase and Task and Finish Group Urinalysis of
the European Federation of Clinical Chemistry and Labo-
ratory Medicine (EFLM).

Materials and methods

Twenty patients with recurrent urinary calcium stones
were prospectively recruited from the Outpatient Meta-
bolic Clinic of the Tomas Bata Hospital in Zlín, Czech
Republic from June to October 2022. The local Ethics Com-
mittee approved the study (code No 2022-51), and all pa-
tients signed informed consent. Metabolic composition of
the stones from these patients was assessed by infrared
spectroscopy during their initial urolithiasis treatments.
Ten of the 20 patients had 100 %whewellite stones (calcium
oxalate monohydrate), four patients mixed whewellite–
weddellite (calcium oxalate dihydrate) stones, and six

patients mixed calcium oxalate – calcium apatite stones or
unknown calcium stones. No patients with uric acid stones
were among the studied population.

Before a routine follow-up visit to the Metabolic Clinic,
single-voided urine specimens were collected at home. Each
patient provided 100–200 mL of first-morning urine in a
400 mL polypropylene screw cap container without any
preservatives (Dürrmann GmbH & Co. KG, Hohenlinden,
Germany), and transported the specimen to the local labo-
ratory within 2 h after voiding (The samples were delivered
by patients at 7.00 a.m.). In the laboratory, the container was
mixed properly, and the specimen of each patient was
divided into 21 aliquots of 1 or 2.5 mL (8×1 mL for biochem-
istry analyses, 8×2.5 mL for automated particle analysis,
and 5×1 mL for capillary electrophoresis) using 10 mL poly-
propylene urine tubes without additives (FL Medical, Padua,
Italy). To compare different ways of preservation, the ali-
quoted samples were either stored and analyzed without
acidification (referred to as “NON”, non-acidified), acidified
before storage (referred to as “PRE”), or acidified after
storage, immediately prior to analysis (referred to as
“POST”) (Figure 1), like in our previous study [9]. Samples
were acidified by adding 5 µL 6M hydrochloric acid to 1 mL
of urine sample to decrease their pH [10]. All aliquots were
stored at room temperature (RT; 20–25 °C) only. For all ox-
alate and citrate measurements, the aliquots were acidified
by adding 35 µL of 7 M phosphoric acid into the 1 mL aliquot
as a mandatory pretreatment for capillary electrophoresis
[11]. Before other measurements than particle analysis,
aliquots were heated in a water bath at 56 °C for 30 min to
solubilize possible crystals [12].

Each aliquot was measured in duplicate at three time
points: (1) on the day of aliquoting (Day 0), (2) after two days
of storage (Day 2), and (3) after seven days of storage (Day 7).
Results from the NON aliquots measured on Day 0 served as
reference concentrations (baseline) for most parameters.
For oxalate and citrate measurements, the values from
POST/Day 0 samples were used as reference concentrations
because of the obligatory acidification for capillary electro-
phoresis. Concentrations in Day 0/PRE aliquots differing
from those in Day 0/NON aliquots indicated changes caused
solely by the acidification. Results from Day 2 aliquots
modeled 24 h collections with an extra day for trans-
portation as usual in ambulatory urine collections, with the
following options: sample acidification by the patient at
home (PRE), acidification of the sample in the laboratory
upon arrival (POST), or no acidification (NON). Results from
Day 7 were used to simulate extended storage of samples
prior to batch analysis of rare analytics in the laboratory.
Additionally, Day 7 aliquots confirmed changes observed in
Day 2 samples if concordant.
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The following measurement procedures were applied
for the given urine analytes [2, 11]: calcium (uCa), magne-
sium (uMg), phosphate (inorganic; uPi), uric acid (uUA), so-
dium (uNa), potassium (uK), chloride (uCl), and creatinine
(uCrea) were measured in duplicate on the Abbott Archi-
tect™ ci16200 platform (Abbott Laboratories, IL, USA).
Duplicate measurements of oxalate (uOx) and citrate (uCit)
were carried out by capillary electrophoresis on the CE
Lumex CAPEL-205 analyzer (Lumex-Marketing LLC, St.
Petersburg, Russian Federation). Details of these procedures
and their analytical performance are shown in Supple-
mentary Table 1.

Additionally, a combined urinalysiswas performedwith
iQ200 analyzer (Iris Diagnostics, Chatsworth, USA), with
quantitative counts of leukocytes, erythrocytes, bacteria,
and urine crystals (Supplementary Figure 1), as well as an
ordinal scale test strip results including detection of ascorbic
acid. Quantitation of calcium oxalate dihydrate and calcium
oxalate monohydrate crystals by iQ200 was verified against
visual microscopy (data not shown).

The study protocol was checked against the items pro-
vided in the EFLM Checklist for Reporting Stability Studies
(CRESS) [13]. The relative deviations from baseline concen-
trations were calculated as percent differences, PD(%).
Criteria of preservation were obtained from the limits rec-
ommended in the EFLM European Urinalysis Guideline 2023
for preservation of quantitative chemical measurands in
urine, suggesting a desirable PDwithin 10 %, or a maximum
permissible difference, MPD(%), within 20 % from the orig-
inal concentration, based on biological variation of the
analyzed metabolites [14]. Changes in metabolite concen-
trations in urine do not necessarily follow linear functions

over time because of variable rate of precipitation in a
complex matrix at room temperature. Instead of a general
instability equation recommended by the CRESS [13], we
chose two practically important preservation times (Day 2
and Day 7), and statistical assessment of analytical impre-
cision that would allow for sensitive detection of PD from
baseline concentrations at these time points.

Statistically significant relative difference detectable
between twomeasurements wasmodeled by using Gaussian
distribution, also used to calculate reference change values
(RCV) [15]:

PD(%) = z*√ 2*CV , (1)

where PD(%)=percent difference, z=Gaussian statistic, and
CV=coefficient of variation in the measurements.

In duplicate measurements, the observed analytical
variation, CVA, is reduced by √2:

PD(%) = z*√ 2*CVA/√ 2 = z*CVA (2)

Using Gaussian statistic z=1.96, probability α (unidirec-
tional specificity) of false detection of difference is 2.5 %,
with a sensitivity of detection (1 − β) 50 %. To reach a
sensitivity of 85 %, a value of z=3 must be used [16]. The PD
that is detectable with the shown imprecision follows then
the equation:

PD(%) = 3*CVA (3)

Microsoft Excel Office 2016 (Microsoft, Washington,
USA) was used for data collection and PD% calculations [13].
GraphPad Prism 9 (Boston, MA, USA) was used for graph
generation.

Figure 1: The system of aliquoting. The aliquots
marked with an asterisk “*” were treated
identically (PRE Day 0; and POST Day 0),
resulting in a total of eight aliquots for
biochemistry and another eight for particle
analyses. Due to mandatory acidification for
capillary zone electrophoresis, five aliquots
were prepared for citrate and oxalate analyses
only. A total of 21 aliquots were prepared from
urine specimens of each patient. NON, no
acidification; PRE, acidified before storage;
POST, acidified after storage before analysis.
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Results

Analytical performance of measurements

Intermediate reproducibility, expressed as mean of analyt-
ical variation, CVA, of twomeasured control levels daily, was
less than 3 % in all Abbott Architect™ procedures, and less
than 4 % in CE Lumex capillary electrophoresis of uCit and
uOx (Supplementary Table 1). The obtained intermediate
reproducibility allowed detection of a PD of 10 % by the used
Abbott™ automated procedures, and a PD of 12 % with
capillary electrophoresis by CE Lumex CAPEL–205 between
two sequential measurements, using Eq. (3), satisfying the
imprecision of both instruments to detect a MPD of 20 %.

Summary of measurements

Themedian age of the eight female and 12male patientswas
47 years (range 18–77 years). A summary of the baseline
concentrations of both non-acidified (NON) and immedi-
ately acidified (PRE) aliquots on Day 0 is shown in Table 1.
Acidification (PRE) changed the Day 0 concentrations of uCl
only, due to the addition of HCl. Measurand-to-creatinine
ratios (mmol/mmol) allowed comparisons to health-related
reference limits and gave arbitrary comparisons to clinical
attention limits (mmol/day). The median uCrea concentra-
tion was 8.7 mmol/L in NON-acidified morning specimens.
Densities of the first-morning specimens improved detec-
tion of stone-forming tendency of the patients as compared

to dilute specimens after enhanced diuresis during the day.
In four patients, uCrea was 15 mmol/L or higher. The high-
est measurand-to-creatinine ratios (mmol/mmol) of the
stone-forming metabolites calcium, phosphate, uric acid,
and oxalate exceeded the health-related upper limits of
those metabolites in PRE/Day 0 aliquots of urine samples
(Table 1).

Creatinine concentrations (uCrea) in NON/Day 0 urine
samples correlated with NON/Day 0 concentrations of uMg
(rS=0.729), uPi (rS=0.839) and uUA (rS=0.868), and with PRE/
Day 0 concentrations of uOx (rS=0.770) and uCit (rS=0.613)
(two-tailed p <0.01 for these regressions; rS=Spearman’s rank
coefficient of correlation), reflecting importance of diuresis
in urine concentrations of these metabolites. On the con-
trary, correlation of NON/Day 0 uCrea with that of uCa was
less significant (rS=0.408; p=0.075). Percent reduction of uCa
from the NON/Day 0 to Day 7 samples, correlated both with
baseline concentrations of uCa (rS=−0.677; p<0.01) and uCrea
(rS=−0.635; p<0.01) in NON/Day 0 samples, suggesting a
role for both baseline uCa and urine density in calcium
precipitation.

Stability failures of measurands in individual
samples

The number of samples (out of 20) that failed to preserve
their baseline concentrations (NON/Day 0) of the tested
measurands at different storage conditions (NON, PRE and
POST) are shown in Table 2. The figures show the number of

Table : Concentrations of urine measurands and their ratios to creatinine in the initial samples (Day ).

Aliquot NONa, Day  PREa, Day  PRE, Day  Diagnostic limits

Unit Measurand concentrations, mmol/L Measurand-to-creati-
nine ratios, mmol/

mmol

Health-related
reference limitse,

mmol/mmol

Clinical decision
limitsf,

mmol/day

Measurand Median Rangeb Median Rangeb Median Rangeb Reference interval Limit of attention

Sodium  –  –

Potassium  .–  .–
Chloridea  –  –

Creatinine . .–. . .–. n/ad n/ad – (F), – (M)d

Magnesium . .–. . .–. . .–. .–. <
Calcium . .–. . .–. . .–. .–. > or >
Phosphate  .– . .– . .–. –. >
Uric acid . .–. . .–. . .–. .–. > (F), > (M)
Oxalate n/a . <.c–. . .–. .–. >. or >.
Citrate n/a . <.c–. . <.c–. >.. <. (F), <. (M)

aConcentrations of chloride in pre-acidified samples (PRE) against those in non-acidified samples (NON) show the impact of added HCl. bRanges indicate
minimum and maximum concentrations. cLowest concentrations were below the shown limits of quantitation. dMeasured urine creatinine concentrations
are given inmmol/day units only, as this is the reference analyte; n/a, not applicable. eHealth-related upper reference limits were taken from Tietz Textbook
of Clinical Chemistry and Molecular Diagnostics []. fClinical decision limits for medical attention are from the EAU Guideline on Urolithiasis  [].
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samples exceeding both the PD 10 % and theMPD 20 % limit
(by either decreases or increases in concentrations). The
clinically most important failures exceeded MPD 20 %
already on Day 2: the urine of one patient failed in uCa
stability in NON-acidified samples, and those of three pa-
tients failed in uOx stability in PRE-acidified samples (shown
in red; Table 2). Among the POST-acidification samples,
preservation of uOx failed in three cases and uCit in one case
on Day 2 (also in red; Table 2). Stability of uMg, uCa, uPi, and
uCit was observed up to 7 days in the PRE-acidified samples
only (Table 2). A storage up to 7 days at room temperature
changed the concentrations of uNa, uK, uCl or uCrea
<PD 10 % (data not shown).

The median excretion of calcium into urine was
0.54 mmol/mmol Crea (Table 1). Calculated from the average
creatinine excretion of 10–15 mmol/day, the daily calcium
output of the patients had a median of 5–8 mmol/day, cor-
responding to the clinical limit of medical attention,
compatible with this patient group (Table 1). After a 2-day
storage, uCa concentrations of two NON-acidified samples
decreased significantly: the highest PD of −59 % from the
original uCa of 7.5 mmol/L was seen in the NON sample of
Patient 12, and another smaller PD of −13 % in the NON
sample of Patient 1 (Figure 2). Patient 12 had a clear hema-
turia (104 RBC*106/L in urine at uCrea=10.0 mmol/L). Patient
1 had the highest baseline uCa of 13.5 mmol/L among

the patients, in parallel with a uPi of 63.2 mmol/L and uUA
of 3.4 mmol/L at uCrea=15 mmol/L. It is probable that co-
morbidities such as hematuria, or a high baseline uCa con-
centration reflected the risk for calcium precipitation in
these two patients. Increased amounts of calcium oxalate
(CaOx) crystals were seen in five NON samples on Day 2, and
in seven NON samples on Day 7, correlating only vaguely
with decreased uCa concentrations (rS=−0.416; p=0.068)
or increased uOx concentrations in PRE Day 7 samples
(rS=0.464; p<0.039).

Acidification after two days of storage at RT (POST/Day
2) provided reasonable preservation for uMg, uCa, and uPi,
but a single patient (Patient 12 with hematuria) had
PD −15 % of uCa, suggesting that POST-acidification of urine
often improves stability of uCa, but not always. A prolonged
storage before acidification (POST/Day 7) was not capable of
retrieving the baseline uCa in the same five cases that failed
in NON/Day 7 samples (Table 2).

Excretion of uric acid had a maximum of 0.45 mmol/
mmol Crea in PRE/Day 0 samples (Table 1). Only the highest
excretions reached the clinical attention limit of 4–5 mmol/
day since the patients did not have uric acid stones. Con-
centrations of urinary uric acid (uUA) were well preserved
in the NON/Day 2 and POST/Day 2 samples. Among the
PRE-acidified samples, changes in uUAonDay 2 exceeded the
MPD 20 % in 4/20 samples (Patients 1, 2, 13, and 16), with a PD

Table : Number of samples with failures of preservation over different conditionsa.

Condition, Day
of analysis

Failure size, % Magnesium Calcium Phosphate Uric acid Oxalate Citrate

NON b, Day  PDb>%     n/ad n/a
>MPDb

%  
c

  n/a n/a
NON, Day  PD>%     n/a n/a

>MPD %     n/a n/a
PRE, Day  PD>%     n/a n/a

>MPD %     n/a n/a
PRE, Day  PD>%      

>MPD %     
c



PRE, Day  PD>%      

>MPD %      

POST, Day  PD>%      

MPD>%     
c


c

POST, Day  PD>%      

>MPD %      

aThe failures of preservation in urine aliquots of the  patients against concentrations in NON/Day  urine samples in the conditions explained in Figure .
Differences of concentrations in PRE/Day  samples against those in NON/Day  samples are shown as a control (brownish shading). bMPD, maximum
permissible difference (%), PD, percent difference (%) from the non-acidified (NON), or for oxalate and citrate, from the pre-acidified (PRE) concentration on
Day ; PRE, acidified before the storage period; POST, acidified after the storage period. cThe critical failures in sample preservation after  days of storage
(MPD>%) are shown red. The frequencies exceedingMPD % are shaded grey. dn/a, not applicable. Since addition of phosphoric acid was needed for
measuring oxalate and citrate, comparisons to NON/Day  specimens were not possible.
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Figure 3: Parallel reduction in mean of uric acid concentration (UA, mmol/L) and precipitation of uric acid crystals in PRE-acidified samples during
storage. Means (instead of medians) of ordinal quantities from 0 to 4 were used to express precipitation of UA because less than half of the specimens
demonstrated the UA crystals.

Figure 2: Changes in urine calcium concentration (uCa) in samples from six patients with a baseline concentration of 5 mmol/L or more, stored with
variable acidification for 2 and 7 days. NON, no acidification; PRE, acidified before storage; POST, acidified after storage before analysis.
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range from −24 % to −44 %, and on Day 7 in 6/20 samples
(Patients 1, 2, 4, 11, 13, and 16), with PDs from −41 % to −74 %
(Table 2). The decrease of mean uUA concentration paral-
lelled with increased precipitation of uric acid crystals in
PRE samples (Figure 3). Five of the six failing patients had the
highest baseline uUA of the group.

The highest concentration of oxalate in urine, uOx, was
0.44mmol/L in PRE/Day 0 andDay 2 samples. Estimating from
the average daily excretion of 10–15 mmol creatinine, the
highest excretions reached clinical attention limits of 0.5–
1 mmol/day for hyperoxaluria (Table 1). The MPD 20 % was
reached or exceeded in 3/20 of PRE/Day2 uOx sampleswith PD
+20 %, +24 %, and −26 % from Patients 5, 1 and 4, respectively
(Table 2). On Day 7, five PRE samples exceeded theMPD 20 %
in uOx (PD up to +121 %; Patients 12, 19, 5, 2, and 1). In POST/
Day2 and Day 7 aliquots, three (PD −25 %, +22%, and +23%)
and eight (one PD −29 %, seven +21 % to +63%) samples
exceeded the MPD 20 % in uOx, respectively (Table 2). These
failures showed the incapability of HCl to stabilize uOx.
Ascorbic acid was detected with a test strip in one sample
only, without a concomitant change in uOx concentration.

Concentrations of citrate in urine (uCit) ranged from
<0.2 mmol/L (one patient) to 4.4 mmol/L, with a median of
1.6 mmol/L or 0.20 mmol/mmol Crea. Calculating from 10–
15 mmol of creatinine excretion, the median citrate excre-
tion was 2–3 mmol/day (Table 1). In PRE samples, none of the
cases exceeded theMPD 20 % limit on Day 2 or 7. The PDs in
uCit were larger in POST acidification samples on Day 2 and
Day 7 (Table 2).

Patient 17 had leukocytes in the urine sample with 265
WBC×106/L and a uCrea of 9.4 mmol/L on Day 0. This pyuria
was not associated with increased concentrations of uCa or
uUA in that sample.

Discussion

This stability study evaluated the need and effectiveness of
acidification to preserve stone-forming metabolites in urine
collections from patients with a high risk of recurrent uri-
nary stones. After two days of storage at RT, concentrations
of stone-related metabolites uMg, uCa, uPi, uUa, uOx, and
uCit were within the acceptability limits in most samples
either within PD <10 % (optimum) or PD <MPD 20%
(maximum permissible) level, regardless of the type of
acidification (Table 2). However, occasional failures were
found already after 2 days, and frequently after 7 days,
confirming the doubt of reduced stability of metabolites in
patient specimens, often associated with high baseline con-
centrations (Figure 4).

In NON-acidified samples, the stability of uCa failed
(PD>MPD 20 %) in the sample of Patient 12, having hema-
turia (Figure 2). Thus, other urine tests than those of stone-
related measurands are also required to identify possible
particles or substances interfering with the preservation.
Patient 1 (PD −13 %) had a baseline uCa concentration
of 13.5 mmol/L and a calcium-to-creatinine ratio of
0.88 mmol/mmol, exceeding the health-related excretion
rate of 0.60 mmol/mmol (Table 1). Decreases in uCa
occurred in five out of six specimens with uCA >5 mmol/L
on Day 7 (Figure 2), confirming the role of high baseline
uCa in calcium precipitation [8].

The PRE-acidified samples modeled acidification by the
patient at home. Stability of uCa, uMg, uPi, and uCit concen-
trations was improvedwith PRE-acidification for up to 7 days.
However, stability of uOx failed (PD>MPD 20 %) in three PRE
samples already after 2 days with variable changes in uOx
(Table 2). Mean uUA decreased after acidification with a

Figure 4: Advantages and disadvantages of the different acidification
approaches in the preservation of urine metabolites from calcium stone-
forming patients. NON, no acidification; PRE, acidified before storage;
POST, acidified after storage before analysis; Ca/Ox, calcium oxalate
crystals; UA, uric acid crystals; uCa, calcium concentration in urine; uOx,
oxalate concentration in urine; uCit, citrate concentration in urine; uUA,
uric acid concentration in urine. PD, percent difference from baseline
concentration; MPD, maximum permissible difference. Explanations to
superscripts: a–cnumber of failed cases (PD% >MPD 20 %) out of the 20
samples (and patients) after 2 days of storage: aone uCa; bfour uUA and
three uOx; cthree uOx and one uCit. dStability of several PRE samples
failed in uOx and uUA analyses after 7 days of storage.
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parallel development of uric acid crystals in PRE samples
(Figure 3). Baseline uUA correlated closely with uCrea
(density of specimens) (rS=0.868; p<0.01), supporting the role
of diuresis in the development of uric acid stones [2]. Since
neither uOx nor uUA were stabilized with PRE-acidification,
alternate procedures are needed for their preservation [14]
(Figure 4).

The POST samples modeled acidification of the urine
specimen at reception in the laboratory to avoid safety
risks to patients. We could demonstrate the stability of uCa
except for one hematuria patient, while uMg, uPi, and uUA
were acceptable when stored at RT for 2 days before
acidification. However, three uOx and one uCit exceeded
the MPD 20 % in POST/Day 2 samples. None of the meas-
urands was properly stabilized in POST samples for 7 days
(Table 2; Figure 4). The variability of uOx during storage
in vitro depends on baseline ascorbic acid concentration
and is increased in alkaline pH, partially from unknown
sources [18, 19]. CaOx crystallization in POST Day 2 and Day
7 samples, like that in NON samples, was not related to
baseline uOx or uCa concentrations, as reported earlier
[20].

Recommendations

The following practical recommendations can be concluded
for collection of urine for measurements of stone-forming
metabolites (Figure 5):

Patient preparation

An increased urine output of 2.0–2.5 L/day is recom-
mended by drinking enough water (2.5–3.0 L/day), in the
follow-up of patients [2]. In primary diagnostic evaluation,
regular diuresis enables detection of stone-forming ten-
dency of the patient. Vitamin C supplementation with
non-physiological doses is to be avoided since it is
metabolized to oxalate [21].

Collection

A timed 24 h collection of urine is recommended as a
reference procedure, with duplicate collections at initial
diagnostics because of large intra-individual biological
variation, CVI [2, 14]. The CVI of creatinine concentration in
urine is 24 % while that of stone-associated metabolites

ranges from 24 to 45 % [22]. Single-voided urine specimen is
collected from non-toilet trained children, and adults with
limited control of micturition. Then, metabolite excretion
is reported as metabolite-to-creatinine ratio (Table 1) to
balance the effect of diuresis, which reduces CVI of excre-
tion. Single-voided specimens were worth assessments,
since they support compliance in the follow-up of patients
[20, 23]. They are anyway often requested for analysis

Figure 5: Recommendations for patient preparation, collection, and
preservation of urine specimens for measuring metabolites associated
with urinary stones. aPreparation: collection with increased diuresis up to
2.5 L/day; no vitamin C intake. Preparation applies to follow-up mea-
surements only; regular diuresis and diet are recommended for primary
diagnostics to document the stone-forming tendency. bCollection: 24 h
collection (reference); single-voided urine (follow-up, selected cases).
cPreservation: after measuring pH, divide the sample into 1–3 aliquots for
different metabolites and preservatives, guided by the type of urinary
stone. Measurement at pH >6.5 is needed for uric acid (precipitates in
acidic pH) and chloride (HCl used for acidification interferes with original
concentration).
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of urine particles and bacterial culture. Spot specimens
delivered at the laboratory may be directly given to
healthcare personnel, reducing the delays and safety
risks in preservative additions [24]. Despite these benefits,
excretion rates calculated from measurand-to-creatinine
ratios should be evaluated against timed 24 h collections to
confirm the diagnostic performance and clinically relevant
decision limits.

Preservation

After arrival, pH of the specimen should be measured [25],
and the aliquots preserved (1) by alkalinization for mea-
surements of uUA and uCl (pH>6.5), (2) by acidification for
measurements of uCa, uMg, uNa, uK, uCrea, uOx and uCit
(pH<2) [12, 25], or (3) by additional freezing at −20 °C of the
acidified uOx and uCit samples (Figure 5).

Specific preservatives are used for urine particles and
bacterial culture if needed for transportation [14]. During
24 h urine collection, thymol (1 g/L urine, diluted from a
stock of 10 % thymol w/v in isopropanol) prevents microbial
growth if refrigeration is not possible [26]. To preserve
ascorbic acid, disodium EDTA has been recommended to
inhibit its conversion to oxalate [19].
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