
Journal of Feline Medicine and Surgery (2008) 10, 110e114
doi:10.1016/j.jfms.2007.07.002
Measuring statistical agreement between four
point of care (POC) lactate meters and a
laboratory blood analyzer in cats
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The use of blood lactate concentrations as a prognostic indicator and therapeutic
gauge in feline medicine has been hindered by the inability to obtain values in
a timely manner with minimal quantities of blood. Recently, hand-held
point-of-care (POC) lactate meters have become commercially available. The
objective of this prospective study was to determine if lactate values produced
by three commercially available and one medical grade POC meter were in
agreement with a laboratory blood analyzer. Blood samples from 47 cats were
collected on presentation to an emergency service and processed on four POC
meters and a Stat Profile Critical Care Xpress blood analyzer. The results were
analyzed using the BlandeAltman method. The blood lactate values produced
by the hospital grade POC meter and one of the commercially POC meters were
in good agreement with the Critical Care Xpress blood analyzer. Other
commercially available POC meters produced acceptable agreement.
Date accepted: 12 July 2007 � 2007 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
E
levations in blood lactate concentrations
have been used as an indication of tissue
hypoxia in critically ill animals and peo-

ple (Mizock and Falk 1992, Slomovitz et al
1998, Hughes 1999). In addition, some medical
conditions and drug complications have been as-
sociated with increases in blood lactate resulting
from disordered cellular metabolism (James et al
1999, Holloway et al 2001, Neale et al 2004). In
some conditions, the measurement of blood lac-
tate has proven to have prognostic as well as di-
agnostic value. In human studies, the survival of
patients suffering from shock was shown to de-
crease from 90% to 10% as blood lactate in-
creased from 2.0 to 8.0 nmol/l (Weil and Afifi
1970). In veterinary medicine, blood lactate levels
have proven to be prognostic in several canine
-9600; Fax: þ1-225-578-

terinary student.
rsity of Illinois, College
ln Avenue, Urbana, IL

� 2007 ESFM a
disease conditions (Lagutchik et al 1998, de
Papp et al 1999, Nel et al 2004).

Clinical use of blood lactate concentrations in
feline medicine has been hampered by the inabil-
ity to obtain results in a timely manner and the
relatively large amounts of blood required for
each analysis. The measurement of blood lactate
concentration in clinical practice has often re-
quired sending blood to a diagnostic laboratory
for analysis. This is impractical due to the time
need to obtain results (Slomovitz et al 1998)
and the effect of latency on samples (Hughes
1999). In order for lactate concentration to be
a meaningful part of the diagnostic plan, the cli-
nician needs the ability to obtain results immedi-
ately (Slomovitz et al 1998). Monitoring patient
response to treatment and adjusting therapeutics
requires serial measurements (Boldt et al 2001).
Both of these necessitate the use of readily avail-
able tests that require minimal amounts of blood.

Recently, three hand-held points of care meters
capable of measuring blood lactate levels have
become available: Lactate Pro (Arkray, Inc.,
Kyoto, Japan), Lactate Scout (SensLab GmbH
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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Lepzig, Germany) and Accutrend (Roche Diag-
nostics Basel, Switzerland).

These hand-held units are simple to operate,
inexpensive to maintain, and require only a sin-
gle drop of whole blood. Although these meters
have been advocated for use in veterinary clini-
cal practice, they were all designed for use by
athletes to ensure that their training is at the ‘an-
abolic threshold’ (Myers and Ashley 1997). These
units are calibrated for use with human capillary
blood and none of them has been validated for
use in cats. In addition to these units, a hospital
grade POC blood analyzer (iSTAT; Abbott Point
of Care Abbott Park, IL) is available for measur-
ing blood lactate concentrations. This unit, which
requires slightly more blood to analyze and is
significantly more expensive to operate, has
also not been validated for use in cats. The goal
of this study was to determine if the blood lactate
concentrations generated by these four POC me-
ters were in good agreement with a laboratory
blood analyzer (Stat Profile Critical Care Xpress;
Nova Biomedical Waltham, MA) when analyzing
blood from feline patients.
Methods and materials

Subjects

Fifty cats, which were evaluated by the hospital’s
emergency service during a 3-month period,
were admitted to the study. The only selection
criteria used for recruitment of patients was
that blood would otherwise have to be drawn
for testing purposes, no fluids containing lactate
could have been given in the 24 h prior to pre-
sentation and that owners had given written con-
sent. No attempt was made to screen patients on
the basis of age, sex, or severity of illness. Pa-
tients for which lactate measurements could not
be determined on all five analyzers were later re-
moved form the study. The school of veterinary
medicine clinical study protocol review commit-
tee approved the protocol for this study.

Blood samples

All blood samples were collected via direct ven-
epuncture using minimal restraint or an intrave-
nous catheter. The blood sample was divided
and 1.0 ml was placed in a lithium heparin
tube, as required for the Stat Profile Critical
Care Xpress. The remainder of the sample was
used to operate the POC meters. In order to min-
imize variations attributed to blood handling
and meter operation, all samples were processed
by one of two authors (MJA, MEJ). In every case,
one these authors were present when the sample
was collected. All lactate measurements were
performed immediately and in a simultaneous
manner. All meters were calibrated and main-
tained in accordance with the manufacturer’s
specifications.
Meters

There are two different lactate measuring tech-
nologies employed by POC analyzers. The most
common method involves an amperometric reac-
tion. In these units, whole blood reacts with lac-
tate oxidase and potassium ferricyanide to
produce an anodic current (Shimojo et al 1993).
The meter measures the resulting current and
translates it into a lactate value that is displayed
on the unit’s liquid crystal display. The Lactate
Pro, and Lactate Scout both employ this technol-
ogy. In these units, 5 ml is automatically drawn
into the hollow portion of a test strip where the
reaction takes place. Although collection of the
blood sample is not automated, the iSTAT POC
meter uses a similar technology in which plati-
num is substituted for potassium ferricyanide.

The Accutrend employs a second POC lactate
measuring technology, which is based on a colori-
metric reaction (Shimojo et al 1989). With this unit,
an unmeasured drop of blood (approximately 25
ml) is placed on a test strip that is comprised of
four layers. Blood is applied to a protective mesh-
work that makes up the top layer. In the second
layer, serum is separated from red cells by
a glass-fiber material. The serum then diffuses to
the third layer, where serum lactate reacts with
lactate oxidase resulting in a color change. The de-
gree of change is dependent on the amount of lac-
tate in the serum and is read by reflectance
photometry. This information is then translated
into a lactate concentration that is displayed on
the unit’s liquid crystal display. The fourth section
of the test strip is a plastic support layer that runs
the entire length of the strip.

The Stat Profile Critical Care Xpress employs
an amperometric reaction to determine blood lac-
tate concentrations. The unit automatically draws
130 ml of blood from the lithium heparin tube and
exposes the blood to a membrane-covered elec-
trode. The membrane, which allows only serum
to contact the probe, is imbedded with lactate ox-
idase. This catalyzes the conversion of lactate and
oxygen to pyruvate and hydrogen peroxide. The
electroactive hydrogen peroxide is oxidized at
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the surface of a platinum electrode and the current
generated is proportional to the lactate concentra-
tion. Once calculated, the blood lactate concentra-
tion is displayed on a screen and printed.
Statistical analysis

Historically, agreement between different methods
of measuring the same biologic parameter has
been determined on the basis of regression or
correlation coefficient; however, neither of these
is optimal for agreement analysis (Bland and
Altman 1986, 1999, Seed 2000, Glantz 2005). In
this study, agreement between each of the four
POC meters and the hospital grade blood ana-
lyzer was determined by the BlandeAltman
method (Bland and Altman 1986, 1999). This sta-
tistical method has been endorsed by biostatisti-
cians (Seed 2000, Glantz 2005) and is widely
used in the medical literature. In this analysis,
bias was defined as the mean difference be-
tween two methods and limits of agreement
were calculated as the bias �1.96� SD. Precision
was defined as the 95% confidence interval of
the limits of agreement with a P value of 0.05.
Statistical analysis was performed by use of
a commercially available statistical program
(GraphPad Prism 4.0 for Macintosh, GraphPad
Software, San Diego, CA).
Fig 1. BlandeAltman plot. The difference between the
measurements (iSTAT�Critical Care Express) plotted for
the mean of the values measured by the two methods
([iSTATþCritical Care Express]/2).
Results
On the basis of the criteria stated above, the final
study population consisted of 47 cats. Three of
the original 50 were removed from the study pop-
ulation, as lactate measurements were not avail-
able from all four meters. There were 20 females
and 27 males. Age was known for 43 cats, which
ranged in age from 5 months to 19 years (median
age 9 years). Twenty-nine were identified as do-
mestic shorthair cats, four domestic medium
hair, four domestic longhair, three Siamese, two
Scottish folds, two Persians, one Himalayan, one
Maine Coon, and one Cornish Rex. Upon presen-
tation to the emergency service each patient was
assigned a preliminary assessment which in-
cluded: anorexia/weight loss (nine), urethral ob-
struction/cystitis (seven), neoplasia (six), heart
failure (three), diarrhea (three), upper respiratory
disease (three), liver disease (three), abscess (two),
renal failure (two), epistaxis (two), diabetic ketoa-
cidosis (one), seizure (one), foreign body (one), di-
aphragmatic hernia (one), chylous effusion (one),
lower motor neuron disease (one), stomatitis
(one).
Lactate as measured on the laboratory analyzer
ranged from 0.4 to 13.7 mmol/l (mean, 3.06
mmol/l). Agreement between the iSTAT and Stat
Profile Critical Care Xpress (Fig 1) was highest for
all the POC lactate analyzers (bias�0.617872, limits
of agreement �1.66703 to 0.431287, precision
�1.82397 to 0.588226). Agreement between the
Lactate Pro and Stat Profile Critical Care Xpress
(Fig 2) was similar (bias�0.625532, limits of agree-
ment �1.98743 to 0.736368, precision �2.19115 to
0.94008). The Lactate Scout (Fig 3) demonstrated
a lower degree of agreement (bias�0.772340, limits
of agreement �2.53146 to 0.986777, precision
�2.79460 to 1.24991) while the Accutrend (Fig 4)
demonstrated the least agreement (bias �0.625532,
limits of agreement�2.43216 to 2.29599, precision
�2.78597 to 2.64980).
Discussion
Hyperlactemia results when lactate formation oc-
curs at a rate that is faster than its metabolism. It is
often categorized into type A and type B based on
the underlying cause (Mizock and Falk 1992).
Type A occurs when the hyperlactemia is associ-
ated with tissue hypoxemia causing a shift from
aerobic to anaerobic cellular metabolism (Mizock
and Falk 1992). This can be the result of a relative
hypoxemia as is seen in exercise and seizures
(Hughes 1999) or tissue hypoxemia as occurs
with hypo-perfusion or reduced arterial oxygen
content (Mizock and Falk 1992). Type B is seen in
the absence of hypoxemia and can be the result
of disease (James et al 1999), drugs (Mizock and
Falk 1992, Neale et al 2004) or inborn errors of me-
tabolism (Mizock and Falk 1992). Some of these



Fig 2. BlandeAltman plot. The difference between the
measurements (Lactate pro�Critical Care Express) plotted
for the mean of the values measured by the two methods
([AccutrendþCritical Care Express]/2).

Fig 4. BlandeAltman plot. The difference between the
measurements (Accutrend�Critical Care Express) plotted
for the mean of the values measured by the two methods
([AccutrendþCritical Care Express]/2).
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conditions may be associated with defects in cellu-
lar metabolism resulting in failure of the citric acid
cycle to accept pyruvate at an acceptable rate
(James et al 1999, Holloway et al 2001). Clinically,
the most important cause of hyperlactemia is tis-
sue hypoxia.

Although relevant studies in veterinary medi-
cine are limited, reports in the human literature
indicate that serial lactate measurements can be
used to estimate the response to treatment and
to provide therapy endpoints in hypoperfused,
critically ill patients (Kobayashi et al 2001,
Husain et al 2003). In some disease conditions,
elevations in lactate that decrease in response
to appropriate resuscitative therapy have been
shown to be associated with a better prognosis
than lactate levels that fail to respond (Husain
Fig 3. BlandeAltman plot. The difference between the
measurements (Lactate scout�Critical Care Express) plot-
ted for the mean of the values measured by the two methods
([Lactate scoutþCritical Care Express]/2).
et al 2003, Nguyen et al 2004). These studies sug-
gest that in the critical care setting, measurement
of lactate can provide meaningful insight into the
adequacy of treatment as well as the prognosis of
the patient. New research is needed to determine
if serum lactate measurement has a similar utility
in feline patients. Such studies would undoubt-
edly be aided by the availability of POC meters.

In this study, we compared the agreement of
four hand-held POC meters with a laboratory
blood analyzer. We found that the iSTAT had
the highest level of agreement, although one of
the commercially available units, the Lactate
Pro, also demonstrated a high level of agree-
ment. These results are similar but more pro-
nounced than those reported in a recent study
in dogs (Acierno and Mitchell 2007). A difference
in the performance of the POC units is likely
based on the technology and algorithms used
by the various units. While the iSTAT, Lactate
Pro and Lactate Scout all use an amperometric
reaction to determine blood lactate concentra-
tions; each appears to use a different methodol-
ogy. The Lactate Scout is able to provide the
users with results after only 15 s while the Lac-
tate Pro requires 60 s and the iSTAT takes longer.
While the quality of the information is not de-
pendent on the amount of time needed to arrive
at a value, the time difference suggests that there
are variations in the technology employed. Some
appear to be better suited for use in cats. The Ac-
cutrend demonstrated the least agreement of all
the POC meters and was the only POC unit to
use an unmeasured drop of blood and a colori-
metric reaction. Interestingly, a study in human
medicine found this unit to have the lowest
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degree of agreement with a laboratory analyzer
and determined it be unreliable under certain
environmental conditions (Medbo et al 2000).

The prognostic value of measuring blood lac-
tate levels has been demonstrated by several hu-
man and canine studies. The inability to measure
blood lactate concentration in a timely fashion
using minimal amounts of blood has prevented
widespread utilization of this important blood
parameter in cats. The availability of a commer-
cially available POC meter that is in good agree-
ment with a laboratory blood analyzer brings the
promise of cost effective cage-side lactate mea-
surement. Although this study shows that the
level of agreement between some of the POC me-
ters and the laboratory analyzer was acceptable,
additional studies to further elucidate the accu-
racy and precision of the assays on clinical sam-
ples should be pursued to provide a more
complete picture of the ultimate value of these
assays for felines. This information will facilitate
future studies that will lead to improved moni-
toring and treatment of critical feline patients.
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