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Abstract

Background: Urinary conductivity allows a coarse predic-
tion of urinary osmolality in most cases but is insensitive
to the osmolal contribution of uncharged particles and the
presence of roentgen contrast media. Urinary osmolality can
be estimated on the recently introduced Sysmex UF-5000
urine analyzer using conductivity. In this study, we evalu-
ated the analytical performance of this research parameter.
Secondly, we aimed to improve the manufacturer’s algo-
rithm for estimating urinary osmolality, based on standard
urinalysis parameters (creatinine, glucose, relative density).
Methods: The analytical performance was determined
and a prediction model to estimate urinary osmolal-
ity based on urinalysis parameters was developed. We
further developed and validated a prediction model using
another set of routine urine samples. In addition, the
influence of roentgen contrast media on urinary osmolal-
ity was studied.

Results: The within-run and between imprecision for
osmolality and conductivity measured on the Sysmex
UF-5000 ranged from 1.1% to 4.9% and 0.7% to 4.8%,
respectively. Multiple regression analysis revealed urinary
creatinine, conductivity and relative density to be the
strongest predictors to estimate urinary osmolality. A
mean difference of 1.3 mOsm/kg between measured and
predicted osmolality demonstrated that the predictive
performance of our model was favorable. An excellent
correlation between the relative density and % contrast
media was demonstrated.

Conclusions: Urinary osmolality is an important para-
meter for assessing specimen dilution in urinalysis.
Urinary conductivity, along with relative density and
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urinary creatinine allows a coarse prediction of urinary
osmolality and is insensitive to the osmolal contribution
of uncharged particles and the presence of roentgen con-
trast media.
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Introduction

As hydration is a major pre-analytical confounder in uri-
nalysis, a number of reference parameters have been intro-
duced to assess urine dilution and hydration. Moreover,
when assessing dysmorphic red blood cells (RBCs), mor-
phological changes of RBCs are partly affected by osmotic
changes [1]. The most commonly used reference analytes
to assess sample dilution are relative density, urinary cre-
atinine, conductivity and osmolality [2-6].

In urinalysis, dilution parameters are used to correct
test results for dilution effects [7-10] and to interpret uri-
nalysis findings regardless of the sample dilution. As
reproducibility of modern urine analyzers is much lower
than the reproducibility of classical microscopy-based uri-
nalysis, the effects of pre-analytical variables (e.g. dilution)
on test results has become increasingly important [11].

The parameter that is used as the gold standard to
measure diuresis is osmolality [12]. It assists in the interpre-
tation of other tests performed on the same urine specimen.
However, osmolality determinations depend on the freez-
ing-point depression method, which is a rather time-con-
suming technique which makes this parameter less suited
for high throughput determinations in a routine clinical
laboratory. Moreover, this technique for estimating urinary
concentration is not readily available to many physicians.

Relative volume mass (relative density) is a commonly
used alternative parameter. Relative density can be meas-
ured directly (by gravimetry) or indirectly by using test
strips or by measuring the refractive index using a refrac-
tometer. The refractive index is related to the total mass of
solutes present in a urine specimen. High relative density
values are observed in the presence of iodine containing
contrast media [7, 8].

According to Kohlrausch’s law, electrical conductivity
of dilute solutions depends on the concentration of all the
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charged particles present in the solution. As this approach
is only sensitive for charged particles, the method is insen-
sitive to uncharged particles such as glucose, urea and
roentgen contrast media [8]. In contrast to osmometers,
both refractometers and conductivity meters can be inte-
grated into modern urine analyzers and therefore have
gained popularity.

Due to its constant production rate, urinary creati-
nine concentration is also used as a marker for diuresis
[4]. However, urinary creatinine output partly depends
on muscle mass [9] and is therefore not useful as a urine
dilution parameter in the case of sarcopenia. In some
modern urine test strip analyzers, creatinine has become
available [11].

New technological evolutions have become avail-
able in urinalysis and have led to alternative diagnos-
tic approaches of urinary pathologies. Recently, the
Sysmex UF-5000 automated urine sediment analyzer
was introduced. This instrument is a third-generation
fluorescence flow cytometry analyzer which makes an
accurate count and differentiation of a broad variety of
urinary cells possible [13]. In addition, urine osmolality
has been introduced as a novel parameter in this instru-
ment. In the present study, we aimed to assess the value
of the estimated osmolality in urinalysis interpretation.
Furthermore, we wanted to optimize algorithms for
estimating urinary osmolality by including additional
analytes in the estimation formula. Special attention
has been paid to analytical interferences caused by the
presence of roentgen contrast media on urinary dilution
parameters.

Materials and methods
Samples

One hundred and two freshly collected routine urine samples origi-
nating from hospitalized patients at the University Hospital Ghent
were included in this study. Besides urinary osmolality, the relative
density (designated as specific gravity), creatinine, sodium, urea and
glucose were also determined. Samples with a supraphysiological
relative density (>1.035 kg/dm?) were considered as analytical inter-
ferences (due to iodine containing contrast media) and were excluded
from the study [7]. Pyuria (cut-off=25 WBCs/uL), hematuria (cut-
off=25 RBCs/uL) and proteinuria (reference range: 0.0-0.2 g/L) was
measured in 19.6% (20/102), 26.5% (27/102) and 44.1% (57/102), respec-
tively, of the samples included in the correlation study. The median
pH of these sample was 6.0 and ranged from 5.0 to 9.0. For testing
the effects of glucosuria on osmolality, another group of 26 additional
urine samples showing pronounced glucosuria (>0.83 mmol/L) were
selected. The study was performed with full respect for individuals’
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rights to confidentiality and in accordance with procedures super-
vised by Local authorities responsible for Ethical Research.

Methods

Osmolality was measured by freezing-point depression method
using an Osmostation OM-6050 automatic osmometer (Arkray,
Amstelveen, The Netherlands) and estimated based on the electri-
cal conductivity on the Sysmex UF-5000 urine sediment analyzer
(Sysmex, Kobe, Japan). The Sysmex UF-5000 is a third-generation
urinary flow cytometer-based analyzer that performs automated
microscopic analysis. The UF-5000 is able to recognize count and
classify cells by analyzing forward scatter light, side scatter light,
side fluorescent light and the depolarized side scattered light of
stained particles. Depolarized side scattered light was introduced
to improve the sensitivity of crystals and to better discriminate the
RBCs and crystals [13]. The principle is based on a 488 nm blue
laser flow cytometry. The UF-5000 measures urinary conductiv-
ity and categorizes the particles based on their size, intracellular
structure and staining characteristics. The signals are displayed in
scattergrams, histograms, and the results are given as counts per uL
as well as counts per high power field. The UF-5000 automatically
detects and counts RBCs, non-lysed RBCs, white blood cells (WBC),
WBC clumps, bacteria, yeast-like cells, crystals, different types of
epithelial cells, like transitional or renal tubular cells, sperm cells
and casts (hyaline and pathological). Urinary particles that cannot
be classified in one of the former categories are counted as “other
cells”.

Creatinine was determined using quantitative urine test strip
analysis on the automated Sysmex test strip reader UC-3500 (Medi-
tape UC-11A, Sysmex, Kobe, Japan; Lot number: AC5004; Sysmex,
Kobe, Japan) [11]. These strips include reagent pads for ordinal scale
reporting of pH, relative density, leukocyte esterase, hemoglobin per-
oxidase, nitrite, protein, glucose, ketones, urobilinogen, bilirubin,
albumin and creatinine. The intensity of the reaction color of the
test pad is detected by measuring the amount of light reflected from
the surface of the test pad. The reflectance value, as a percentage
within a range from 100% (white) to 0% (black), is inversely related
to the concentration of the analyte [14]. Refractometry-based relative
density and clarity are measured by the instrument. In this study,
we used quantitative reflectance readings for statistical analysis
[14]. Urinary sodium (indirect potentiometry), glucose (hexokinase
method) and urea (colorimetric urease-based method) concentra-
tions were determined on a Roche cobas 8000 c701 analyzer (Roche
Diagnostics, Mannheim, Germany).

Contrast media

The effect of iodine containing radiographic contrast media was
assessed by serial dilutions (0%-50%) of the contrast agent lomeprol
(300 g/L; 500 mOsm/kg) (lomeron 300; Bracco Imaging, Konstanz,
Germany) [15] in pooled urine samples with a baseline osmolality of
1279 mOsm/kg. Consecutively, electrical conductivity, relative den-
sity and osmolality (measured and estimated) were measured in the
mixed specimen. The theoretical osmolality of the mixture was based
on the molecular mass of iomeprol (777 g/mol).
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Glucose effects

Effects of glucosuria on the various urinary osmolality, conductivity
and relative density was assessed by serially diluting a urine speci-
men containing 0.273 mol/L of glucose originating from a patient
daily treated with 25 mg of empagliflozine.

Statistical analysis

Imprecision of the estimated osmolality and conductivity on the
UF-5000 was assessed on commercial control materials (Bio-Rad
Urine chemistry, LOT 68530, EXP: 03/2020) as well as on patient sam-
ples. Twenty aliquots of three levels with a low, medium and high
osmolality were measured. Intra-run and between-run imprecision
were determined in one run during 1 day and on 20 consecutive days
with one analysis per day, respectively. The limit of quantification
(LOQ) was determined by constructing a serial dilution curve of a
urine sample with an estimated osmolality of 219 mOsm/kg. The low-
est concentration at which the coefficient of variation (CV) was lower
than 20% was set as the LOQ [16].

Statistical analysis was performed using Medcalc software (ver-
sion 15.6.1., Mariakerke, Belgium). A p-value of <0.05 was considered
significant. The effects of potential confounders on urinary osmolal-
ity were assessed using a multiple regression model, only parame-
ters that can be measured on the Sysmex UC-3500 and UF-5000 were
included in the analysis.

The performance of the prediction model was assessed to deter-
mine the validity of the predicted osmolality (based on left-over
samples). The study cohort for validation of the formula consisted of
another 36 patient samples. Mean differences were calculated as the
absolute difference between the measured and predicted osmolality
(=osmolality predicted by the formula deduced from the multiple
regression analysis).
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Results

Analytical performance

The within-run and between-run imprecision for
osmolality ranged from 1.1% to 2.0% and 1.2% to 4.9% for
both patient and QC samples, respectively. For conductiv-
ity, the within-run and between-run imprecision ranged
from 0.7% to 1.9% and 0.8% to 4.8% for both patient and
QC samples, respectively. A summary of the imprecision
results is presented in Table 1.

The LOQ for estimated osmolality and conductivity
was determined by constructing a serial dilution curve.
The lowest concentration at which the CV was lower than
20% for osmolality and conductivity was found to be
28.2 mOsm/kg (reference interval: 300-900 mOsm/Kkg)
and 1.6 mS/cm (reference interval: 8-32 mS/cm),
respectively [17].

Correlation study

The median glucose, sodium and urea concentrations
and osmolality of urine samples included in the cor-
relation study were 0.28 mmol/L (0.00-153 mmol/L),
97.0 (9.0-253.0 mmol/L) and 190 mmol/L (range: 0.00-
497 mmol/L), 500 mOsm/kg (range: 117-999 mOsm/kg),
respectively.

Table 1: Imprecision results (patient and QC samples) of osmolality and conductivity on the Sysmex UF-5000 analyzer.

Osmolality Conductivity
Mean, mOsm/kg SD, mOsm/kg v, % Mean, mS/cm SD, mS/cm v, %
QC material
Within-run, n=10
Level 1 232.3 4.6 2.0 13.1 0.2 1.8
Level 2 415.1 5.2 1.3 22.6 0.2 1.1
Between-run (n=20)
Level 1 235.5 7.4 3.2 13.2 0.4 3.0
Level 2 416.3 6.5 1.6 22.6 0.3 1.5
Patient samples
Within-run (n=10)
Low 150.3 3.0 2.0 8.6 0.2 1.9
Medium 473.0 8.1 1.7 25.4 0.2 0.7
High 578.4 6.3 1.1 30.5 0.4 1.3
Between-run (n=20)
Low 147.0 7.2 4.9 8.4 0.4 4.8
Medium 471.2 6.1 1.3 25.4 0.3 1.2
High 579.9 6.7 1.2 30.6 0.3 0.8

SD, standard deviation; CV, coefficient of variation.
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Figure 1: Correlation between the estimated (UF-5000) and measured (OM-6050) urinary osmolality.
y (measured osmolality; mOsm/kg) =0.695 x (estimated osmolality [nOsm/kg]) +180.16; (r>=0.539).

The following correlation between conductivity and
measured osmolality was obtained: y (measured urinary
osmolality; mOsm/kg)=23.83x (urinary conductivity,
uS/cm)+181.25 (r*=0.539). In Figure 1, the correlation
between the measured and estimated osmolality is pre-
sented: y (measured osmolality; mOsm/kg) = 0.695 x (esti-
mated osmolality [mOsm/kg]) +180.16 (r>=0.539). In this
approach (used by the manufacturer), the unexplained
variance is mainly due to the urinary urea concentration.
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Adding urinary urea concentration to the model increased
the determination coefficient (r?) to 0.909. As data on urea
concentration are not available on the urinary test strip,
we searched for additional dilution parameters showing a
good correlation with urinary urea concentration.

The correlation between the inverse reflectance data
of the creatinine pad and the urinary urea concentra-
tion was: y (1/reflectance creatinine [%]) = 0.04162 x (urea
concentration, mol/L)+0.01819 (r=0.721) (Figure 2).

0.0 0.1 0.2 03
Urinary urea, mol/lL

04 05

Figure 2: Correlation between the inverse reflectance data of the creatinine pad and the urinary urea concentration.
y (1/reflectance creatinine [%])=0.04162 (urea concentration, mol/L)+0.01819; (r=0.721).
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Figure 3: Correlation between the urinary relative density and urea concentration.
y (relative density, kg/dm?3)=0.04440 x (urea concentration, mol/L)+1.0080; r=0.761.

Similarly, the correlation between the urinary relative
density and urea concentration was: y (relative density,
kg/dm?) =0.04440 x (urea concentration, mol/L) +1.0080;
r=0.761 (Figure 3).

Multiple linear mixed model analysis revealed
that the strongest predictors of measured osmolal-
ity are electrical conductivity (3=12.977, standard error
[SE]=1.219, p<0.001), completed by creatinine ( =7468.5,
SE=1262.2, p<0.001) and relative density (=14.954,
SE=1360.2, p<0.001). The r? value of the final model was
0.895. Including only diabetic patients (urinary glucose
>0.28 mmol/L) did not alter the parameters included in
the model. The results of the multiple linear mixed model
analysis of the separate groups are summarized in Table 2.

On the basis of these results, the measured osmo-
lality can be predicted using the equation: predicted
osmolality = 12.977 x conductivity + 7468.5 x 1/creati-
nine reflectance +14.954 x relative density — 15061, were
conductivity measured on the UF-5000 is expressed in

Table 2: Overview of the prediction model parameters predicting
measured urinary osmolality.

Variable p? SE p-Value
Conductivity, mS/cm 12.98 1.22 <0.0001
1/creatinine reflectance 7468.5 1262.2 <0.0001
Relative density 14.954 1360.2 <0.0001
Coefficient -15.061

B, B-coefficient; SE, standard error.

mS/cm, creatinine reflectance measured on the UC-3500
is in % and relative density measured on the UC-3500 is
in kg/dm?>.

Validation of the osmolality prediction
formulae

Validation of the osmolality prediction model was evalu-
ated using data from 36 patients. The medium osmolal-
ity was 546 mOsm/kg (range: 72-1028 mOsm/kg). The
predicted vs. measured plots for the patients included
in the validation module are presented in Figure 4. The
following regression equation was obtained: predicted
osmolality (mOsm/kg)=1.026 x (measured osmolality) -
24.90; 12=0.974, and the mean difference was 1.33 mOsm/
kg (95% CI: -18.86 to 21.53 mOsm/Kkg).

Effect of glucose

In urine specimens containing glucose (molecular mass:
180.16 g/mol), conductivity was unaffected by glucosu-
ria. Hence, the estimated osmolality by the UF-5000 was
insensitive to glucose, whereas the osmometer correctly
responded to the glucose concentration (as measured
chemically). The refractory index-based calculation of
relative density correlated well with the measured osmo-
lality: y (relative density, kg/dm?)=0.0000457 x (meas-
ured osmolality, mOsm/kg) +0.9992; r*=0.996. In patients
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Figure 4: Validation of our osmolality prediction model.
(A) Regression analysis of the predicted osmolality and the measured
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Horizontal lines are drawn at the mean difference (mOsm/kg) and the dashed lines represent the limit of agreement (LOA).

with pronounced glucosuria (>0.83 mmol/L) (n=26),
we observed an additional contribution of glucose to
estimated urinary osmolality: y (measured osmolality,
mOsm/kg) =20.47 (conductivity, mS/cm)+4397 (1/creati-
nine reflectance) +11.765 (relative density, kg/dm’)+46.6
glucose (mmol/L) (r?=0.918).

Effect of contrast media

As iodine contrast media are uncharged particles, spiking
contrast media to pooled urine resulted in a reduction of

conductivity and hence in a paradoxical reduction of the
estimated osmolality by the UF-5000. In contrast, the
osmometer detected the presence of the iomeprol particles
according to predictions (Figure 5). In the concentration
range from 0% to 30%, refractometry-based relative density
showed an excellent correlation with the concentration of
contrast media: relative density (kg/dm?)=0.0014 (% con-
trast agent) +1.000; r>=0.985; n=21.

The presence of contrast media in urine specimens
can be assessed based on the conductivity/relative density
ratio: y (estimated osmolality/relative density)=764.1-
13.45 % (% contrast agent), r?=0.996; n=21.
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Figure 5: Estimated and measured osmolality vs. the theoretical value in mixtures of pooled urine and lopremol 300°.
(A) y (estimated osmolality [mOsm/kg]) =1.58 x (theoretical osmolality, mOsm/kg) - 1249.69, r?=0.990; (B) y (measured osmolality [nOsm/

kg])=0.896 x (theoretical osmolality, mOsm/kg) +133.70, r>=0.994.

Brought to you by | Ghent University Library
Authenticated
Download Date | 3/27/19 11:19 AM



DE GRUYTER

Discussion

Our study presents interesting information on the esti-
mation of urinary osmolality measured on a routine
urine sediment analyzer. Compared to the freezing-point
depression method, the UF-5000 analyzer showed excel-
lent analytical performance results for both osmolality
and conductivity. Conductivity-based estimation of osmo-
lality (as carried out by the manufacturer) allows a rough
estimation of the measured osmolality but fails to gener-
ate reliable results in case of the presence of uncharged
particles (e.g. glucose, contrast media).

Urinary urea concentration (which reflects the daily
protein intake) is an important variable source of error in
the estimation of urinary osmolality. Urinary urea output
reflects the amount of protein in the diet and shows an
important inter-individual variation [18]. Urinary urea is a
major contributor of osmolality. On average, urinary urea
output is in the magnitude of 0.5 mol/24 h [18], account-
ing for about half of urinary osmolality in non-diabetics.
As urea values are not available on commercial test strips,
these concentrations were not taken into account in the
model. However, urinary urea concentration roughly cor-
relates with urinary creatinine values measured on the
UC-3500 urinary test strip reader. As the latter can be
quantitatively measured on the urine strip, creatinine
values can be used as a surrogate marker for urea. Also,
relative density correlates with urea concentration. Unlike
osmolality, which is only affected by the number of par-
ticles, refractometry is affected by the number, mass and
chemical structure of the dissolved particles; hence large
molecules like roentgen contrast media or mannitol will
increase relative density relative to osmolality. The reagent
strip is minimally affected by glucose, mannitol or radio-
graphic contrast [18], but is largely affected by urinary
pH such that only urine in the pH range of 7.0-7.5 can be
correctly interpreted. The measurement of the relative
density using a reagent strip is based on the ionic strength
of the urine [19] and thus is significantly affected by the
ionic composition of the urine and by proteins which have
an electric charge in solution. In our experience, relative
density measured by the refractometer is consistently
more accurate than the reagent strip.

It is well known that the presence of contrast media
in urine falsely increases relative density [7]. This effect is
detected by refractometry but not by ionic strength-based
urinary test strips [19, 20]. The electrical conductivity is
insensitive for the presence of iodine containing contrast
media. Therefore, the presence of contrast agents in urine
results in a falsely low conductivity-based estimated osmo-
lality. The presence of roentgen contrast media in urine

Oyaert et al.: Estimated urinary osmolality =—— 7

samples is very common among hospitalized patients
during the first hours following contrast-enhanced radi-
ography. We demonstrated that the concentration of
roentgen contrast media can be estimated based on the
estimated osmolality/relative density ratio.

Relative density as measured by refractometry is influ-
enced by proteinuria, such that for each 10 g/L protein
the relative density increases by 0.003 kg/dm’. Relative
density is also affected by glucosuria such that it increases
by approximately 0.002 kg/dm’ per 10 g/L (55 mmol/L)
glucose when compared with urinary osmolality. Simi-
larly, 10 g/L glucose corresponds with an increase in the
refractory index of 0.00177 [21]. As relative density (meas-
ured by refractometry) is affected by glucose concentra-
tions, osmolality estimations can be improved by adding
glucosuria.

In diabetics, the performance of the calculated osmo-
lality test is much weaker due to the presence of variable
amounts of glucose in urine. However, the recent intro-
duction of SGLT2 inhibitors in the treatment of diabetes
[22] which induces a therapeutic glucosuria has increased
the number of samples presenting with glucosuria. Also,
urinary urea concentration (a reflection of protein intake)
is an important variable source of error. Urinary urea
output reflects the amount of protein in the diet.

For the clinician who is interpreting urine relative
density results, it is important to be aware of these limi-
tations and understand the reasons for possible potential
errors of each particular method. Our findings allowed to
develop a multiple linear mixed model analysis based on
routine urinalysis data which revealed that the strong-
est predictors of estimated osmolality were conductiv-
ity, along with creatinine and relative density. Although
modern osmometers allow a very good precision [23], the
predictions provided by our model allowed an acceptable
accuracy.

Next to its significance as a dilution parameter in
urinalysis, estimating urinary osmolality might also be
useful for improving the quality of analysis of dysmor-
phic RBCs [24]. Variation in osmotic pressure induces RBC
volume changes and morphological alterations of RBC
membranes. The morphology of RBCs using the Sysmex
urinalysis instruments is assessed by two other pieces of
information. Specifically, the comprehensive size of RBCs
(RBC-P70 forward scatter) and the variety of Fsc of the
RBCs (RBC-Fsc-distribution width) are used as standards
for judgment. The input of urinary osmolality data into
these algorithms might improve the assessment of dys-
morphic RBCs in urinalysis.

In conclusion, we have evaluated the analytical per-
formance of the parameters conductivity and estimated
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osmolality measured on the Sysmex UF-5000. We further
developed an algorithm for estimating osmolality based
on urinary creatinine, relative density and conductivity,
determined on a routine urine test strip and urine sedi-
ment analyzer. We observed an excellent correlation with
the concentration of contrast media to spiked urinary
samples. Future studies need to establish whether this
formula can be used to report osmolality in routine clini-
cal practice.
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