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Post-collection acidification of spot urine sample is not needed before
measurement of electrolytes
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Abstract

Introduction: Kidney stone formers can have higher oxalate and phosphate salt amounts in their urine than healthy people and we hypothesized
that its acidification may be useful. The study aims to compare results of urine concentrations of calcium, magnesium, and inorganic phosphorus in
the midstream portion of first voided morning urine samples without (FMU) and with post-collection acidification (FMUa) in kidney stone patients.

Materials and methods: This is a prospective single center study. A total of 138 kidney stone patients with spot urine samples were included in
the study. Urine concentrations of calcium, magnesium and inorganic phosphorus were measured with and without post-collection acidification.
Acidification was performed by adding 5 pL of 6 mol/L HCl to 1 mL of urine.

Results: The median age (range) of all participants was 56 (18-87) years. The median paired differences between FMU and FMUa concentrations of
calcium, magnesium, and inorganic phosphorus were: - 0.040 mmol/L, 0.035 mmol/L, and 0.060 mmol/L, respectively. They were statistically diffe-
rent: P < 0.001, P < 0.001, P = 0.004, respectively. These differences are not clinically significant because biological variations of these markers are
much higher.

Condlusions: No clinically significant differences in urinary calcium, magnesium, and inorganic phosphorus concentrations between FMU and FMUa

in patients with kidney stones were found.
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Introduction

The recurrent kidney stone disease is a major clini-
cal and economic problem (1). Metaphylaxis (sec-
ondary prevention) of urolithiasis is the way of pre-
vention of recurrent kidney stones development
(2). The medical laboratory plays a key role in the
diagnosis and monitoring of kidney stone risk fac-
tors. These include increased urine osmolality, so-
dium, calcium, inorganic phosphorus, and oxalate
concentrations. Urinary citrate and magnesium in-
hibit kidney stones formation, their low concentra-
tions also lead to stone formation. Low urine vol-
ume itself is the risk factor for kidney stone forma-
tion (3).
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Urine risk factors can be tested in random morn-
ing samples and in 24-hour urine collections. The
24-hour urine collections have higher information
value but they are not convenient for patients (4).
The 24-hour urine sample is more recommended
due to diurnal variations in urine pH and biological
variation of kidney stone formation risk factor con-
centrations. Antibacterial preservatives such as
thymol or toluene are used for 24-hour collections
in kidney stone patients (5). Ideally, the samples
should be stored at 4 °C. When HCl is used as a
preservative, it seems essential to neutralize sam-
ples before analysis (6). On the other hand, the first
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morning urine (FMU) is the most concentrated and
is recommended for crystalluria detection due to
the reduced water intake during night (7).

In general, acidification of urine sample is aimed at
inhibiting microbial growth. This is particularly rel-
evant for 24-hour urine collection that is not re-
frigerated. It is less applicable to spot urine that is
processed within 1 hour of collection. Acidification
serves to prevent the precipitation of calcium oxa-
late and calcium phosphate salts. Calcium and
magnesium tend to precipitate with phosphate
mainly within alkaline pH range. However, post-
collection preanalytical urine acidification, centrif-
ugation, and heat incubation of urine samples
does not have clinically significant effect on calci-
um, magnesium, and inorganic phosphorus meas-
urement when biological variation is taken into ac-
count (8). However, the studies were performed on
healthy people or the general population (8,9). We
hypothesized that kidney stone formers can have
higher oxalate and phosphate salt amounts in
their urine than healthy people and acidification
may be useful. The need for acidification would be
more visible in this special subgroup of kidney
stone patients. In routine practice, acidification of
urine would be implemented to all urine samples
delivered to the laboratory with the requested
measurement of calcium, magnesium, and inor-
ganic phosphorus. The aim of the study is to com-
pare results of urine concentrations of calcium,
magnesium, and inorganic phosphorus in mid-
stream first voided morning urine samples with-
out (FMU) and with post-collection acidification
(FMUa) in kidney stone patients.

Materials and methods

Subjects

A total of 138 consecutive kidney stone patients
from Metabolic Clinic were considered for the par-
ticipation in a prospective single center study. The
only inclusion criterion was kidney stone diagno-
sis. No patients were excluded from the study.
Metabolic Clinic is a part of the Department of
Clinical biochemistry and pharmacology, and rep-
resents its clinical practice. The Metabolic Clinic fo-
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cuses on the metaphylaxis of urolithiasis. All in-
cluded patients were diagnosed with a kidney
stone diagnosis based on clinical examination, ra-
diological findings, sonography findings, and kid-
ney stone analysis results at the Urology Clinic.
These patients were referred to the Metabolic
Clinic for long term metaphylaxis of urolithiasis.
Their urinary kidney stones risk factors are moni-
tored on regular basis two times a year. The diag-
nosis of kidney stones (N200) according to the In-
ternational Statistical Classification of Diseases and
Related Health Problems, the tenth revision (ICD-
10) was also included at a request form from Meta-
bolic Clinic in all patients.

Methods

First morning urine samples were taken in 10 mL
polypropylene urine tube without preservatives
(FL Medical, Padua, Italy). The post-collection acid-
ification of aliquot sample (FMUa) was performed
by adding 5 uL of 6 mol/L HCl to 1 mL of urine (10).
Urine concentrations of calcium, magnesium, and
inorganic phosphorus were measured in all sam-
ples by automated methods on the same Abbott
Architect analyser ¢i16200 (Abbott Laboratories, Il-
linois, USA) within one hour after acceptance of
urine by laboratory staff.

All tests were analysed by a single measurement.
The laboratory methods are regularly evaluated
by internal and external quality control assess-
ment. External quality control is performed by ex-
ternal quality control provider SEKK s.r.o. (www.
sekk.cz). Internal quality control material (cata-
logue number AU 2352) was manufactured by
RANDOX (Randox Laboratories Limited, County
Antrim, United Kingdom). Internal quality material
was measured daily before patient samples meas-
urement. All data are displayed by Levey-Jennings
charts due to trend visibility. The quality control
result is always rejected when it exceeds three
standard deviations from the mean. Many calcu-
lated analytical performance characteristics are in-
cluded in quality management: intermediate pre-
cision, bias, total analytical error, sigma metrics etc.
The sigma metrics of all three methods is better
than six.
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The mean differences between FMU and FMUa
were compared to the intraindividual biological
variation (CV,) data of corresponding analytes:
calcium 27.5%, magnesium 45.4%, inorganic phos-
phorus 26.4% (11). The mean differences higher
than biological variations were considered signifi-
cant.

Samples with urine pH > 6.8 were analysed sepa-
rately, because we hypothesized that, in pH range
above second dissociation constant of phosphoric
acid (6.8), even more calcium phosphate salts
could be dissolved by acidification with resulting
increased urine concentrations of calcium and
phosphate (12).

Statistical analysis

The normality of data distribution was assessed by
D’Agostino-Pearson test. Data did not have normal
distribution. Non-parametric tests were used for
further data analysis. Wilcoxon paired samples test
was used for comparison of median differences
and zero. Bland-Altman plot was used for visuali-
zation of differences. Bland-Altman plot includes

line of equality, line of mean difference with 95%
confidence interval, regression line of differences
with 95% confidence interval.

The calculations were performed using MedCalc
statistical software version 20.015 (MedCalc Soft-
ware bvba, Ostend, Belgium). The difference was
statistically significant when P < 0.050. The level of
significance was written with three decimal places
(13).

The study was approved by the local hospital Eth-
ics committee No. 2021-69. All patients signed the
informed consent with anonymous publication of
their data.

Results

The median age (range) of all participants was 56
(18-87) years. There were 83 males and 55 females.

The results of concentrations of urine calcium,
magnesium and inorganic phosphorus in acidified
and non-acidified samples are shown in Table 1.
The differences between acidified and non-acidi-
fied samples are showed in Bland-Altman plots.

TaBLE 1. Results of urine calcium, magnesium, and inorganic phosphorus in samples without and with acidification

Without With Hodges-Lehmann Types of kidney stones (N)
acidification acidification median difference yp y
Calcium, mmol/L 3.60 3.52 100% CaOx stones (62)
(all 138 samples) (2.26-5.78) (2.23-5.64) -0.040 P<0.001 100% CaP Stones (3)
Magnesium, mmol/L 2.77 2.81 0.035 P <0.001 M,\IAX'eddCEOS anCd gaP(sjtones'(41)
(all 138 samples) (1.84-421)  (1.87-4.24) : : Ixed CaOx, CaP and struvite
stones (2)
Mixed CaP and struvite (1)
Mixed CaOx and ammonium urate
:‘(;:(g)ﬁ/rl'_nc phosphorus, 20.81 20.70 0,060 P 0004 Mied Ca0 stznjs. (M y ,
(12.84-29.55)  (12.95-29.02) : =0 ixed CaOx and Uric acid stones (2)
(all 138 samples) Uric acid (10)
Cystin (1)
Unknown composition (15)
Calcium, mmol/L 2.35 2.29
! . -0.040 P =0.007
(20 samples with pH > 6.8)  (1.44-3.88) (1.52-3.75) 100% CaOx stones (10)
Magnesium, mmol/L 2.10 2.10 0.000 P— 0594 100% CaP Stones (2)
(20 samples with pH > 6.8) (0.97-3.15) (0.95-3.15) ’ e Mixed CaOx and CaP stones (6)
. Mixed CaP and struvite (1)
Inorganic phosphorus,
mmgI/L phosp 12.30 12.47 0198 P <0.001 Uric acid (1) (ongoing infection)
(8.92-18.14)  (9.09-18.57) ' '

(20 samples with pH > 6.8)

Results are presented as median (interquartile range). CaOx - Calcium oxalate. CaP - Calcium phosphate. N - number of samples.
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The arithmetic means of FMU calcium, FMU mag-
nesium, and FMU inorganic phosphorus were 4.06
mmol/L, 3.14 mmol/L, and 22.78 mmol/L, respec-
tively. The mean paired differences between FMU
and FMUa for calcium, magnesium, and inorganic
phosphorus were 0.7%, 1.3%, 0.2%, respectively.
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FiGure 1. Bland-Altman plot: Comparison between urine calci-
um (Ca) concentrations in samples without and with acidifica-
tion in all samples. Dotted line - line of equality. Solid line - line
of mean difference. Dash-dotted line - regression line of differ-
ences with 95% confidence interval (presented as continuous
lines). SD - standard deviation.
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FiGure 2. Bland-Altman plot: Comparison between urine mag-
nesium (Mg) concentrations in samples without and with acidi-
fication in all samples Dotted line - line of equality. Solid line
- line of mean difference. Dash-dotted line - regression line of
differences with 95% confidence interval (presented as contin-
uous lines). SD - standard deviation.
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All mean differences weree lower than the corre-
sponding intraindividual biological variabilities

(calcium 27.5%, magnesium 45.4%, inorganic
phosphorus 26.4%).
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Ficure 3. Bland-Altman plot: Comparison between urine inor-
ganic phosphorus (P) concentrations in samples without and
with acidification in all samples. Dotted line - line of equality.
Solid line - line of mean difference. Dash-dotted line - regres-
sion line of differences with 95% confidence interval (presented
as continuous lines). SD - standard deviation.

Discussion

No clinically significant differences in urinary calci-
um, magnesium, and inorganic phosphorus con-
centrations between FMU and FMUa in patients
with kidney stones were found in either whole
group or in subgroup with urine pH > 6.8.

Feres et al. showed that the acidification of urine in
the laboratory with addition of 5 mL of 6 mol/L
HCl to 1 L of urine led to lower mean concentra-
tion of calcium and increased mean concentra-
tions of both magnesium and inorganic phospho-
rus (10). Our results had the same trends and we
added the same proportion of 6 mol/L HCI. Larch-
er et al. reported that urine acidification before cal-
cium measurement is necessary in patients with
urinary crystals (14). Our patients received preven-
tive treatment (metaphylaxis) and probably were
without significant number of urine crystals.
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Ricos et al. reported intraindividual biological vari-
ations of urine calcium, magnesium and inorganic
phosphorus in 24-hour urine collections (11). The
EFLM biological variation database is another im-
portant source of information on biological varia-
tion. The differences, in urine concentrations of
calcium, magnesium, and inorganic phosphorus,
between acidified and non-acidified samples in
our kidney stone patients were much lower than
their intraindividual biological variations.

Yilmaz et al. showed no effect of urine acidification
in the laboratory after 24-hour collection without
preservatives for the measurement of calcium,
magnesium and phosphate (15). This study sup-
ports our results.

The consensus statement by Williams et al. report-
ed that both 24-hour urine collection and spot
urine samples are useful for identification and
monitoring of patients with kidney stones. Micro-
scopic evaluation of urinary crystals would be val-
uable for the assessment of prediction of the re-
current kidney stone disease (16). Our patients are
monitored by both 24-hour urine collections and
spot urine samples. First morning urine samples
are obtained more frequently, because 24-hour
urine collection is inconvenient and many patients
dislike it.
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