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Measuring urine specific gravity (USG) is an important component of urine
analysis as it evaluates renal concentrating capability. The objective of this study
was to quantify the difference in USG values between a hand-held optical
analogue refractometer and a cat-specific digital instrument. Urine samples from
55 cats were assessed. There was a statistically significant difference between
these two refractometers (P< 0.001), with the optical refractometer (mean
USG¼ 1.031) consistently reading higher than the digital refractometer (mean
USG¼ 1.027). Results for a random subset of the samples (n¼ 10) were
compared with urine osmolality and both the optical and digital instruments
demonstrated excellent correlation. While an accurate USG reading is important,
it is unlikely that the statistical significance between the two instruments is
clinically significant and, therefore, unlikely to result in a change in patient
evaluation or treatment plans. While both the digital and optimal refractometers
are highly correlated to the urine osmolality, making both devices valid for
assessment of USG in clinical practice, this digital device is easier to read and
eliminates the variability of subjective interpretation.
Date accepted: 26 September 2010 � 2010 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
U
rine specific gravity (USG) is an essential
measurement used regularly when diagnos-
ing and treating patients in veterinary medi-

cine. However, there are few feline-specific studies.
The gold standard in veterinary medicine when eval-
uating urine concentration is urine osmolality. How-
ever, the necessary equipment is expensive and not
routinely found in clinical practice. USG closely corre-
lates to urine osmolality and has been accepted as an
accurate clinical measure of renal concentrating
ability.1e4

In clinical practice,USG ismeasuredmost often by re-
fractometry. The aim of this studywas to assess the stan-
dard of agreement between USG measurements taken
from a digital and an analogue optical hand-held refrac-
tometer. It was hypothesised that because the digital
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instrument is specifically calibrated for feline samples,
it would give more accurate measurements of USG.

This study evaluated feline USG with two different
instruments. Urine samples were collected as voided
samples or via cystocentesis from hospitalised patients
at the Hospital for Small Animals at the Royal (Dick)
School of Veterinary Studies between January and
June 2009. Where samples were collected via cystocent-
esis the procedure was performed because of clinical
need and the remnant sample was used in this study.
The samples (each of 5e10 ml of urine) were stored
in closed universal collection tubes at 4�C until the
analysis was completed in mass. Urine samples from
55 cats were evaluated. Each sample was analysed us-
ing the Palm Abbe Vetmed Digital Refractometer
(MISCO, Cleveland, OH) (digital refractometer) and
the RHCN-200ATC traditional analog hand-held
refractometer (NCCLS, Wayne Pennsylvania) (optical
refractometer). The samples were brought to room
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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Fig 1. BlandeAltman plot of the difference between the
optical and the digital refractometers against the specific
gravity assessed by the optical refractometer. The solid blue
line represents the mean difference, and the dashed lines the
95% CI.
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temperature prior to analysis. Each sample was as-
sessed simultaneously on the two devices. Two drops
of urine were placed on the digital refractometer and
the sample was analysed under the ‘cat’ calibration set-
ting. The same amount of urine was used when evalu-
ating the samples with the optical refractometer. Both
instruments were cleaned after every sample and ze-
roed in five sample intervals. All samples were evalu-
ated using the optical refractometer by one author
(GEM) to minimise inter-reader variability. A paired
Student’s t-test was performed to assess whether or
not there was any significant difference between the
measurements obtained from the digital versus the op-
tical refractometer.

The statistical analysis was carried out using S-Plus
(version 6.2.1, 1988, 2003 Insightful Corporation S:
Copyright Lucent Technologies). A P value <0.05
was taken as demonstrating statistical significance.
The BlandeAltman analysis was used to assess the
level of agreement between the two devices. In addi-
tion, osmolality was measured on 10 randomly se-
lected samples using a freezing point depression
osmometer (Advanced Instruments, Norwood, MA,
USA). The results of this were compared to both the
digital and optical readings and the correlation as-
sessed using Pearson’s correlation coefficient; again
a P value of<0.05 was taken as demonstrating statisti-
cal significance.

There was a statistically significant difference be-
tween the two refractometers (P< 0.001), with the op-
tical refractometer (mean¼ 1.031) consistently reading
higher than the digital refractometer (mean¼ 1.027),
with a mean difference of 0.0034 (95% confidence in-
terval (95% CI): 0.0028e0.0047) and demonstrated by
the BlandeAltman plot shown in Fig 1.5

Analysis of the refractometer readings was com-
pared to the urine osmolality in a random selection
of 10 samples. The readings from both the digital and
optical refractometers showed excellent correlation
with the osmolality results (Fig 2 and r¼ 0.967 (95%
CI 0.861e0.992) and 0.960 (95% CI 0.834e0.991),
respectively).

Urine from cats differs fromhuman and canine urine
as USG readings of feline urine measured on a refrac-
tometer designed for humans yields falsely elevated
values.1,3 Refractometer scales are based on experimen-
tal data from normal human urine, and refractometric
measurements of USG from human samples have
been closely correlated to osmolality.1,3,6e9 Similar con-
clusions have been assumed for canine samples based
on instrument protocols and usage.3,6e9 In contrast,
feline samples have consistently higher relative refrac-
tivity than either human or canine samples.1,3,6While it
is not known why this occurs it may relate to the fact
that refractometers do not measure USG directly: they
measure the angle of refraction (bending) of light as it
passes between air and an aqueous solution.3 Feline
urinemay, therefore, contain a substance that interferes
with this process but does not affect the osmolality. It
has been suggested that this may relate to their high
protein diet.3 A conversion calculation is available: fe-
line USG¼ (0.846� refractometer SG)þ 0.154, which
is based on data from 1956.1,3 To take this phenomenon
into account this digital refractometer has been cali-
brated to refractive index reference standards that are
traceable to the US National Institute of Standards
(NIST) and the internal scale is programmed with
a mathematical representation of the relationship be-
tween feline USG and refractive index (personal com-
munication, Michael Rainer, MISCO, USA).

An accurate USG reading is clinically important.
For example, feline lower urinary tract disease can
be caused by a number of different conditions, but fe-
line idiopathic cystitis is the most common. A reduc-
tion in USG can have a palliative role in this
condition, and having a reliable method to assess
USG is important to accurately track changes associ-
ated to this treatment goal.10,11 This can also have
a positive influence on owner compliance by provid-
ing objective feedback to their efforts to reduce their
cats USG.

This study revealed a statistically significant differ-
ence between the USG values gained from the two
hand-held refractometers. However, the difference is
not believed to be clinically significant as the mean
difference between the digital and optical refractom-
eters was only 0.0034. While the mean USG from
this particular traditional analog optical refractometer
was 1.031, application of the feline conversion calcu-
lation gives a mean USG of 1.026, which is similar to
the mean USG of 1.027 gained from the digital refrac-
tometer.8 Practically, the small difference between the
USG gained using the two devices is unlikely to
change either the clinical evaluation of the patient
or alter a treatment plan.

The BlandeAltman chart in Fig 2 highlights the
difference in readings between the optical and digital in-
struments.While quality controlmeasureswere in place
to preserve the integrity of the data, limitations of this
study were the limited preparation of the samples, the
storage of the samples and, in the case of the optical



Fig 2. The correlation between refractometer measurements and osmolality. Optical; optical refractometer measurement of
urine specific gravity, digital; digital refractometer measurement of urine specific gravity, osmolality (mmol/kg).
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instrument, human interpretation of the refractometer’s
findings. There are two outliers that we believe to be
spurious results. As the samples were not centrifuged,
it is possible that thesemay have resulted fromvariation
in the content of suspended components (such as pro-
teins or perhaps crystals) in the portions of the sample
that were assessed by the two different devices.2 In ret-
rospect, it would have been better to have centrifuged
and possibly frozen the samples.

In conclusion, this study showed that the USG de-
termined by both the optical or digital refractometers
correlated well with osmolality. However, the USG
measurement from the optical refractometer was
0.0034 higher than those for the digital refractometer.
It is, therefore, best to consistently use the same type
of instrument when measuring USG in cats.
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