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1.0 Abbreviations
ASVCP
American Society of Veterinary Clinical Pathology
CLSI
Clinical Laboratory Standards Institution (formerly the National Committee
for Clinical Laboratory Standards, or NCCLS)
CV
Coefficient of variation (expressed in units of %)
EQA
External Quality Assurance
GDH
Glucose dehydrogenase enzyme
GDH-PQQ
Glucose dehydrogenase pyrroloquinoline enzyme
GO
Glucose oxidase enzyme
HCT
Hematocrit
MCV
Mean cell (corpuscular) volume
PBGM
Portable blood glucose meter (glucometer)
Ped
Probability of error detection
Pfr
Probability of false rejection
POCT
Point of care test (or testing)
QA
Quality Assurance
QALS
Quality Assurance and Laboratory Standards
QC
Quality Control
RBC
Red blood cells
SD
Standard deviation
TEa
Allowable (desirable) total error
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2.0 Introduction
Portable blood glucose meters (PBGM, a.k.a. glucometers) are a convenient, cost
effective, and quick means to assess patient blood glucose concentration. They can provide
rapid results in patients with clinical signs suggestive of hypoglycemia and assist critical
short term therapeutic strategies. They can be used as a screening tool to identify potential
diabetes mellitus which can then be confirmed by laboratory glucose analysis. They are also
convenient when multiple glucose measurements are needed within a short time interval
(e.g., to construct glucose curves), can be helpful when monitoring critically ill patients to
pre-empt hypoglycemic incidents, and can be used as part of a pre-operative blood screen.
PBGM offer a faster turnaround time and require a smaller sample volume
compared to reference laboratory chemistry analyzers. The number of commercially
available PBGM is constantly increasing, making it challenging to determine whether certain
meters may have benefits over others for veterinary testing. The challenge in selection of an
appropriate glucose meter from a quality perspective is compounded by the variety of
analytical methods used to quantify glucose concentrations and disparate statistical analysis
in many published studies.
The FDA has produced draft guidelines to industry setting stricter pre-manufacturer
requirements for PBGMs intended for use by professionals in hospital (medical) settings
compared to those intended for use by lay persons in a home setting with the aim to
improve the accuracy of PBGMs used for tight glycemic control by medical professionals. 1
This document presents general information about PBGM. Specific brands of
glucometers are mentioned in this document when tests with information pertinent to
accuracy of results and QA and QC have been studied. This does not represent an
endorsement or criticism of the brands mentioned, but provides information that may be
useful to clinical pathologists whose advice is sought by veterinarians, veterinary technicians
or nurses, or other relevant operators considering using PBGMs.
3.0 Scope
The purpose of this guideline is to provide clinical pathologists and laboratorians
with background knowledge & specific recommendations for QA/QC to improve the quality
of results obtained when using PBGMs. Strengths and weaknesses of different analytical
methods used by PBGM are presented to help clinical pathologists understand the effects of
methodology on results and to assist them with analysis of the scientific and marketing
literature. Causes of pre-analytical, analytical and post-analytical error are presented to help
clinical pathologists advise clinicians and veterinary technicians or nurses, or other relevant
operators on how to minimize the effect of these factors on the accuracy of their PBGM
results. One of the current biggest analytical contributors to the production of erroneous
glucose results is the inbuilt calculation formulae in many PBGM models which convert a
whole blood glucose result and report a calculated plasma equivalent result. Prior
knowledge of the impact of this functional aspect of their design is required to help clinical
pathologists who interpret glucose results submitted by veterinarians for comparative
purposes as part of QA/QC of their PBGMs or answering queries regarding the difference in
results between PBGMs and laboratory chemistry analyzers. Clinical pathologists can also
educate veterinarians on the implications of a calculated plasma equivalent result so that
they can intervene and correct results where possible or select another brand of PBGM.
Clinical pathologists should take note of the known variation in performance of PBGMs at
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extremes of glucose concentration (hypo- & hyperglycemia) due to the wide variety of
methodology employed in these instruments so they can disseminate the information to
veterinarians, veterinary technicians or nurses or other relevant operators to prevent these
limitations leading to incorrect clinical decisions and treatment. Instructions are given for
how to use external quality assessment programs or comparability studies with a local
reference laboratory for ongoing QA. Step-by-step procedures to characterize the
performance of individual PBGM and to harmonize multiple PBGM in larger
practices/institutions are also presented so clinical pathologists can assist veterinarians in
implementing these measures as components of their quality planning and management.
These recommendations are not intended to be all-inclusive; rather, they represent a
minimum standard for PBGM management in veterinary clinical settings.
4.0 PBGM methods & technology overview
PBGM are biosensors that detect glucose via enzymatic activity (interaction between
glucose and an enzyme, with resulting consumption or production of a physical or chemical
product that is subsequently measured). Enzymes used in PBGM vary and include
hexokinase, glucose oxidase, or glucose dehydrogenase. Broadly, PBGM are divided into
optical (light detecting) and electrochemical (electric current detecting) systems. Table 1
lists the various PBGM analytical methods, where a variety of enzymes may be combined
with either optical or electrochemical detection methods.
Each batch of glucose meter test strips has a code describing the performance of the
batch and the calibrating relationship between the photometric or electrochemical signal
and the concentration of the glucose.2
It is beyond the scope of this document to discuss all the systems but a few
particularly important points are mentioned below because of their effect on the outcome
of glucose results, which are discussed in later sections. Most modern glucose strips utilize
thick film technology, where the film is composed of several layers, each with a specific
function. For example in photometric systems a spreader layer is necessary, whereas
electrochemical strips use capillary fill systems. In some photometric systems the RBCs are
trapped in the first semipermeable membrane/ separation layer, preventing them from
entering the matrix, and analysis is performed on the resultant plasma.2 This may be
important since the results from this type of system are more comparable with serum or
plasma glucose results from biochemistry analyzers, than those that measure glucose in
whole blood. In electromechanical systems, coulometry provides more accurate results
from a smaller sample size and is less affected by temperature and patient hematocrit
because it evaluates the total charge generated instead of steady state current used in
amperometry.3 This is important in environments that may have extremes of temperature
or in veterinary patients that may have hematocrits that differ from that of adult humans
(hematocrit range typically 40-50%) for which most PBGM are designed.
Newer multilayer slide systems contain extra pads to concurrently measure two
different analytes, such as glucose and hemoglobin. This is advantageous because the
hemoglobin measurement can be used to calculate the hematocrit and make adjustments
for patients that have a hematocrit outside of the normal human range for which most
PBGMs are designed. Exceptions include animals with iron deficiency and camelids where
the calculation of HCT is not equal to three times the Hgb concentration. In the latter
circumstances these PBGMs that measure both glucose and hemoglobin might lead to
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inaccuracies. The relationship between glucose and hematocrit is discussed in more detail in
section 5.2.1 and 5.2.2.
5.0 Considerations for glucose meter testing
Considerations for glucose meter testing include knowledge of sources of preanalytical, analytical and post-analytical errors and strategies to minimize these during
routine testing.
5.1 Minimizing pre-analytical error
Sources of pre-analytical error that should be considered include operator
proficiency, timing of sample collection, specimen collection and handling, and
sample matrix.
5.1.1 Operator proficiency
Operator proficiency should be addressed by adequate staff training, both
initially & ongoing, ensuring that a standardized operating procedure
(protocol) is written and subsequently maintained. Further detail regarding
operator proficiency is available in ASVCP Guidelines: Quality Assurance for
Point -of-Care Testing in Veterinary Medicine, Chemistry, Section 2.4. 4
5.1.2 Timing of sample collection
Hypertriglyceridemia in a post-prandial sample can cause
pseudohypoglycemia (falsely low glucose concentration) with some
methods.5 Refer to section 5.2.2.3 for explanation.
Repeat sampling for comparative purposes should be performed at the same
time of day relative to fasting or feeding. Diagnosis of diabetes mellitus
requires evaluation of fasting blood glucose (minimum fast 8 hours).6
5.1.3 Specimen collection and handling
5.1.3.1 Preparation of patient skin surface
If isopropyl alcohol is used to clean the skin surface prior to blood
sampling, it should be allowed to dry prior to collection of the specimen
in order to avoid contamination that may cause interference with
results.7
5.1.3.2 Sample volume
Operators should ensure that PBGM test strips are adequately filled,
with insufficient sample being of more concern. (Overfilling has not been
associated with inaccuracy of glucose results. 8 Some of the older PBGM
fail to detect under-filling of test strips. This can lead to erroneous
results, as the measuring process will start regardless of sample
volume.8,9,10 Insufficient sample volume is unlikely to occur in the new
generation of PBGM, because the size of a drop from a routine blood
sample collection (22 to 24 g needle) is sufficient to fill the PBGM
analyzer.8
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5.1.3.3 Sample collection tube additives (anticoagulants &/or
preservatives)
International quality standards (ISO & CCLS)11, 12 and this guideline
recommend that manufacturers’ instructions for proper sample tube use
should be followed. A few veterinary (dogs & cats) studies concluded that
glucose results from blood collected into plain (no anticoagulant), EDTA
or lithium- heparin were similar 8, 10, 13 In contrast, fluoride anticoagulated
blood of cats10 and dogs8, using one meter brand, the #“SureStep” (GO
methodology) consistently underestimated the glucose concentration.
Fluoride is not a routinely used anticoagulant in veterinary practice in the
United States but it is commonly used in Europe, Africa, and Australia. In
the latter countries, it is the anticoagulant of choice to inhibit glycolysis in
samples submitted for glucose testing by chemistry analyzers if there is
an anticipated delay between sample acquisition and handling such that
the plasma will not be tested within 60 minutes of collection.14 In
countries where fluoride oxalate is routinely used to submit glucose
samples to laboratories, clinicians should be aware of its limitations for
glucose testing by PBGMs to avoid this potential source of error.8,10
An avian study identified no significant difference in glucose results
between blood taken into microtainer tubes with no anticoagulant or
heparin but glucose concentration was significantly lower if blood was
collected into microtainer tubes with EDTA.15
5.1.3.4 Site of Collection – capillary, venous, and arterial samples
PBGM are predominantly designed for use with fresh whole blood
obtained from capillaries. Some models are designed for use with
capillary, venous and arterial blood. Glucose results between capillary,
venous and arterial samples vary, and this variation is partly meter and
method specific. Prandial status, pO2 and tissue perfusion are additional
variables which may influence comparative results.
In a fasting state, capillary blood glucose is 5 mg/dL (0.27 mmol/L)
higher than venous blood, as glucose is absorbed by the tissues as an
energy source at the capillary level.16,17 In the postprandial state (1 hour
in humans) capillary blood glucose may be 20-25% or greater than venous
levels. 5, 18, 19, 20, 21 Additionally, the hemoglobin concentration in capillary
blood is slightly higher than venous blood,22 and this might contribute to
additional variation if samples from different sites are compared. Finally,
the partial pressure of oxygen (pO2) is higher in capillary blood compared
to venous blood. The impact of the partial pressure of oxygen (pO2) on
glucose results is method dependent. In meters measuring glucose by an
electrochemical method (which utilize GO in a two-step reaction),
capillary blood glucose results can be lower than venous blood in
humans23 and cats.24,25 However, in meters employing photometric
detection, the pO2 does not influence the result and capillary blood
results are slightly higher than those obtained in venous blood.25
Veterinary literature comparing capillary and venous samples is
scarce. Some studies identified differences, but concluded they were not
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clinically significant.24, 25 A limitation of these studies was the exclusion of
samples with HCTs outside reference intervals.25
The wider blood glucose range tolerated in veterinary patients could
account for the acceptance of the level of difference between sample
sites found unacceptable in human medicine. Bearing this in mind, it is
prudent to minimize the number of variables when performing serial
glucose tests by consistently using the same sampling technique, site, and
method of testing.
5.1.4 Sample matrix
Each species has a unique sample matrix, which includes blood
viscosity, rheology etc. (Figure 1)26,27, 28, 29, 30, 31,32 which may lead to
inaccurate glucose results measured on glucose meters designed for
samples from mature human patients. The error will depend on the matrix
property and the specific methodology of the glucose meter. When these
matrix-based factors are present, results should be interpreted with
caution and preferably followed with confirmation at a reference
laboratory.
An important matrix-related variable is the distribution of glucose
between RBCs and plasma. In humans, glucose is distributed equally within
RBCs and plasma. In contrast, dogs have been reported to have 12.5% of
glucose in RBCs and 87.5% in plasma and cats have 7% of glucose in RBCs.30
Rabbits have 15% of glucose bound in RBCs.33 Avian RBCs do not have
protein-mediated uptake of glucose like mammals, thus the ratio of plasma
to RBC glucose may be much higher with a greater concentration
difference.34 A PBGM marketed for veterinary species, which claimed to
account for the difference in species RBC glucose binding capacity using
proprietary algorithms performed favorably in some testing aspects.35,36
However, this claim was not supported by published studies or data on
specific species validation or species-specific algorithms.36
PBGMs also underreport blood glucose in avian species15, 34,37even
those with a psittacine-specific (proprietary) glucometer correction
algorithm (although the bias is much less than concurrently tested human
PBGMs). This could be due to the sample matrix difference, i.e. presence of
nuclei in avian RBCs which potentially reduce the current flow needed for
accurate electrochemical glucose measurement34,37although this remains
to be proven.37 Other potential explanations included the higher normal
avian HCT and glucose concentration compared to humans, although both
where within the PBGMs published ranges.34 Finally the correction factor in
PBGMs to accommodate for the difference between whole blood and
plasma is designed for humans and not avian species, which could account
for the negative bias compared to chemistry analyzers.34
5.2 Minimizing analytical error
Possible sources of analytical error that should be considered include
standardization of glucose result reporting and knowledge of possible sources of and
contributions to analytical inaccuracy.
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5.2.1 Standardization of glucose reporting (plasma equivalent value)
PBGMs vary in their method of glucose detection as well as the actual
sample quantity they report. Meters either detect glucose concentration in
molarity or glucose activity in molality. The reported glucose quantity may be
whole blood, serum, plasma or calculated plasma activity.
Private diagnostic or university laboratories utilizing large
biochemistry analyzers measure and report serum or plasma glucose as a
concentration; the majority of PBGM measure glucose in whole blood. PBGM
may report whole blood glucose, plasma glucose or “plasma equivalent”
(calculated) glucose. What an individual PBGM measures and reports can be
obtained from the user’s manual or other literature provided by the PBGM
manufacturer.
Whole blood and serum/plasma glucose results are not
interchangeable; direct comparison poses a risk of misinterpretation. Plasma
glucose concentration is roughly 10 to 15% higher than whole blood glucose,
requiring different reference intervals and clinical decision limits38 as
illustrated in a study involving cattle and sheep.39These values differ because
glucose content is measured in the aqueous (water) component of a sample.
The amount of glucose per unit water mass (glucose concentration) is the
same throughout a blood sample. However, the amount of water in RBCs
(77%) is less than that in plasma (93%). This explains why the water content
of whole blood varies with its HCT. Therefore, the amount of glucose in
whole blood (plasma +RBCs) is less than an equivalent volume of plasma or
serum (no RBCs).
Some PBGM first remove the RBC component through a filter and
then the resultant plasma is tested for glucose content. These actual plasma
glucose values may agree well with serum or plasma glucose determinations
measured with chemistry analyzers as the water content per volume of
sample tested is similar.
Reporting glucose concentrations as plasma equivalent values has
been recommended by the International Federation of Clinical Chemistry
(IFCC) in an attempt to standardize and facilitate comparison of glucose
results between diagnostic laboratories (measuring serum or plasma) and
PBGM (measuring glucose in whole blood).40
The problem arises when the PBGM reads the glucose concentration
in whole blood and either reports the concentration in whole blood or a
plasma equivalent value (calculated value), due to differences in sample
water content as explained above.
There are two conversion equations which attempt to adjust for the
different water content in the various types of samples:
Equation A
𝐺𝑙𝑢𝑐𝑜𝑠𝑒!"#$%# = 𝐺𝑙𝑢𝑐𝑜𝑠𝑒!!!"# !"##$ ×1.11
In this equation, plasma and whole blood glucose must be expressed
in the same units, either as mg/dL or mmol/L. The factor of 1.11 in equation
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A is based on a single PCV or HCT of 40 to 50%.41,42 The equation is therefore
only accurate if the patient’s PCV is in this range.

Equation B 43, 44
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂 =

𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒘𝒉𝒐𝒍𝒆 𝒃𝒍𝒐𝒐𝒅
𝟏. 𝟎 − (𝟎. 𝟎𝟎𝟐𝟒 ×𝑯𝒄𝒕%)

In this equation, plasma and whole blood glucose must be expressed
as mg/dL and the equation includes an assessment of the patient’s PCV/HCT.
Figure 2 45 demonstrates the outcome of application of equation A and B to
determine plasma equivalent glucose result. When the hematocrit is outside
of the normal human reference, of 40 to 50%, (on which the factor of 1.11 is
based), Equation A produces erroneous calculated plasma glucose
concentrations but Equation B, which incorporates the patient’s actual
hematocrit, is more accurate. Figure 2 also demonstrates that a measured
whole blood glucose value is closest in concentration to a measured or
calculated plasma glucose value in anemic samples because there are fewer
RBCs and there is less of a difference in the water content between the two
sample types. As expected, when the patient HCT is within the 40-50%,
PBGM results are similar for both equations.
Due to the variety of PBGM methodologies with respect to what they
measure (whole blood or serum/plasma) and report (whole blood,
serum/plasma or calculated plasma equivalent) various scenarios exist:
1. In meters that measure glucose in whole blood and report values in
whole blood, the operator can convert the whole blood glucose result to
a plasma equivalent result by selecting Equation B in all circumstances or
Equation A if the patient’s HCT is within the range of 40 to 50%. In these
circumstances the operator would have to determine the patient’s
hematocrit by means of another test, a calculated value from an
automated analyser (HCT) or a spun PCV using a microhematocrit
centrifuge (assuming other QA/QC have been achieved). Either method is
acceptable as long as it was standardized within the same patient if
performing serial testing.
2. The few meters that can concurrently measure glucose and the patient
HCT report an accurate plasma equivalent glucose value43, 44 except in
iron deficient animals and camelids, as mentioned in section 4.0.
Equation B is used by these meters, and the patient’s actual hematocrit
determines the factor with which whole blood is multiplied to convert it
to a plasma equivalent value. In these meters the results are accurate
throughout the entire range of possible HCT concentrations in health and
disease.
3. The majority of current meters that provide results in plasma equivalent
glucose concentration do not measure HCT and use equation A. In all
patients with a HCT/PCV outside the range of 40 to 50%, either due to
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disease such as anemia or polycythemia or difference in the “normal”
reference interval this can lead to erroneous results.
The situation is further complicated in that whole blood glucose
concentrations in tested samples are not only influenced by the HCT/PCV,
but the effect of the HCT/PCV in turn is influenced by the actual glucose
concentration. This means that the effect a given HCT has on water content
of a sample and thus the glucose content of whole blood sample is different
in hypoglycemic, normoglycemic and hyperglycemic patients. These complex
dependencies are system (meter type & its method) dependent,31, 46, 47 the
explanation of which is beyond the scope of this document.
Therefore, with meters that measure glucose concentration in whole
blood and report a calculated plasma equivalent glucose concentration, as
recommended by the IFCC, users should take note of the equation used to
determine this result. If the PBGM cannot determine the HCT concurrently,
the operator should evaluate the patient’s HCT/PCV independently. If the
HCT/PCV is outside of 40-50% then meters using equation A may be
inaccurate.
If operators wish to compare results from a PBGM that measures and
reports the glucose concentration in whole blood to a chemistry analyser
result they should also convert the result to a plasma equivalent
concentration using equation B and the patient’s actual hematocrit.
5.2.2 Sources of PBGM inaccuracy
Sources of inaccuracy include variation due to instrument use, the
environment, and variables related to physiology of the patient and
concurrent disease. The following sections highlight factors affecting
glucometer results and strategies to minimize or eliminate possible error or
variation.
5.2.2.1 Instrument use
• Test strip batch
Check the expiry date of strips prior to each use. Out-dated
reagent strips and incorrect strip storage, such as open vials or
exposure to direct light will affect glucose meter performance.48
Strip lot-to-lot variation should be minimized by entering or
scanning the key code if one is required (some are automatic on
insertion of the strip) and running QC material each time a new lot of
strips is opened. Lot-to-lot variation may be a major factor in result
accuracy, affecting precision and bias.9, 49, 50, 51, 52, 53
• Operational procedure
The correct species code should be entered in a veterinaryspecific PBGM. Failure to do this can lead to error. For example,
where insertion of a dog code for cat samples produced glucose levels
1-4mmol/L higher than the true value.35
Sufficient time should be given for temperature equilibration
of the instrument and test strips, otherwise the temperature
estimated by the meter will be incorrect. Temperature estimation is
11
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used in a correction calculation (temperature compensation
algorithm) to accommodate for the temperature dependence of the
measurement methodology.54 This type of system failure can happen
when strips are stored in the fridge and the ambient environment
temperature is higher.49
In meters that measure glucose and hemoglobin
simultaneously, the strips contain extra layers and it is important to
cover the whole strip. In addition, the procedure may have to be
timed if results are calculated at a particular time interval.2
• Control material
If high and low concentration controls are used, care should be
taken not to reverse liquid control levels, by checking the labels
carefully every time they are run. Control materials should be stored
and handled according to manufacturer’s recommendations.
5.2.2.2 Environment
Meters must not be operated under environmental conditions
outside those set by the manufacturer.48, 54 Extremes in humidity
(>85%), temperature (>40ºC) and altitude (see blood oxygen pressure
below) may contribute to production of erroneous results.
5.2.2.3 Physiological & Disease
The concentrations at which substances interfere with
performance are instrument specific (meter & method) and can be
found in product labelling/inserts or manuals. If levels might be
exceeded or if results do not fit with other clinical data for the
patient, it is recommend that glucose results should be confirmed by
reference laboratory methods. Some of these variables are
highlighted below.
• Glucose concentration
PBGMs perform differently at extremes of blood glucose
concentration (hypoglycemia and hyperglycemia) in humans55, 56,
57
and animals.8, 10, 13, 25, 28, 35, 58, 59, 60, 61 It may be easier to clinically
compensate for a meter that consistently under or overestimates
glucose in a specific range than a meter where the direction of error
relative to a reference method is unpredictable. Inconsistent under or
over estimation of glucose results was identified in a PBGM marketed
for veterinary application in a study in dogs36 and another study in
alpacas.60
• Hematocrit
Increased HCT can decrease the glucose measurement;
conversely, a decreased HCT can increase glucose measurements (in
human medicine).26, 46, 47, 49, 62, 63, 64, 65 This inverse relationship is
more pronounced in the hyperglycemic range in humans.66
HCT affects the accuracy of many glucose meters for several
reasons. Its effect on meters with inbuilt conversion factors has been
discussed in section 5.2.1. Another reason may be an increased
12
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diffusion rate of plasma to the reagent pad with reduced numbers of
erythrocytes.26, 46, 47, 62, 63, Studies49, 51, 63, 67 have indicated that this
error can occur even if the manufacturer states that HCT has no effect
in the instrument’s HCT measurement range. In meters where RBCs
are lysed prior to measuring the glucose concentration, HCT appears
to have less of an effect.65
Newer technology, using a whole blood glucose biosensor
has a lower sensitivity to the effects of HCT based on an impregnated
porous carbon electrode that excludes erythrocytes. This technology
thus allows testing of capillary, venous, arterial or neonate blood in
humans over a wide range (20-70%) of HCT. 68 More recently dynamic
electrochemistry which involves complex PBGM mathematical
algorithms based on differences in kinetics of electrochemical
reactions of glucose and potential interfering substances, have
become available that can correct for some interfering substances
and variation in HCT.69
Similar to reports in humans, HCT can affect the accuracy of
glucose readings in animals.8, 10, 59, 60, 70, 71 In a few veterinary studies
which did not find an association between glucose and HCT13, 28 one
indicated that their study had limitations (low sample number with
abnormal PCV) and required further investigation.28 Ultimately,
clinicians should interpret glucose concentrations in anemic or
hemoconcentrated cats,10 dogs,8 horses,71 rabbits59 and alpacas60 with
caution.
• Lipemia/hyperlipidemia
Lipemia may interfere with some methodologies. If the meter
measures glucose molality, variations in water content of the sample
will influence measurements, as proteins and lipids displace water. In
other PBGM methods elevated cholesterol or triglycerides may
interfere with the way light is reflected producing erroneous results72.
Endocrinopathies or parental nutrition may result in artifactually
lower glucose results. False high glucose readings can occur with GDHPQQ methodology when triglyceride > 5000mg/dL (56.5 mmol/L) 73 or
>265 mg/dL (3 mmol/L). 74
• Bilirubin
Studies testing the effect of bilirubin on plasma glucose
measurement by PBGM are limited and some results are discordant
with the same methodology, (Table 2).
Where interference was detected glucose results could be up to 21%
inaccurate and this could change clinical decisions.75
• Blood oxygen pressure
The effect of pO2 on glucose measurement by PBGMs depends
on the method of measurement54, 62, 76, 77, 78, 79. A low pO2 due to high
altitude, hypoxia, or young age can cause falsely elevated glucose, in
meters with GO methodology in humans.54, 62, 76, 77
A high pO2 e.g. oxygen therapy, mechanical ventilation can cause a
false decrease in glucose with GO methodology.62, 77, 78, 79 This occurs
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in meters utilizing GO methodology because oxygen acts as a
competing electron acceptor. The GDH method does not appear to be
affected by high/low blood oxygen pressure.77
• Blood pH
Blood pH may affect activity of the enzymes used to measure
blood glucose. Acidosis may falsely decrease glucose readings and
alkalosis may falsely increase glucose readings in glucose meters using
GO methods.26, 80 This could be due to insufficient buffering capacity
of the test strip in these circumstances to maintain pH in a range
needed for optimal enzyme activity. 80
As with other variables, there are inconsistent results across
studies. Some studies show little effect on glucose results of blood pH
in the range 6.80 to 7.55 in meters with GO methodology.62 In
contrast, others have found significant changes in glucose at pH <6.95
and >7.85.26 Severe ketoacidosis or other acid-base disorders
combined with an abnormality in HCT80 or marked hyperglycemia81
may result in misleading glucose results (particularly with instruments
using GO methods). Glucose results should be interpreted with
caution in patients with potential ketoacidotic diabetes.80
5.2.2.4. Administered drugs or treatments
PBGM manufacturer’s instructions should be consulted for
information concerning substances which may be used in
medications that could interfere with individual meters.
Drugs or other therapeutic compounds may falsely increase or
decrease the measured glucose concentration,73, 82, 83, 84 including
commonly used antimicrobials (e.g. tetracycline85), anti-inflammatory
drugs (e.g. aspirin and acetaminophen), potassium bromide and
hemoglobin substitutes. Interference depends on the type of enzyme
(GO or GDH) and the method of detection (photometric vs.
electrochemical) in PBGMs. Potential explanations for these effects
include consumption of intermediate products in photometric
systems or direct oxidation in electrochemical systems with some
commonly used drugs or supplements like acetaminophen or ascorbic
acid. Substances like mannitol may interfere directly with
measurement. For lists of other potential interferents refer to the
FDA website72 or textbooks (e.g.Tietz).85
5.1

Minimizing post-analytical error

Post-analytical error may occur with inadvertent change in units of
measurement and/or in keeping of records related to PBGM testing.
5.3.1 Units of measurement
Operators should check which unit the meter displays because
inadvertent change in the units of measurement could lead to
misinterpretation of results and inappropriate medical decisions. One type of
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unit display should be used, either mmol/L or mg/dL. (Conversion factor:
Glucose mmol/L x 18.018 = mg/dL; Glucose mg/dL x 0.0555 = mmol/L).
5.3.2 Records
Accurate records must be kept for all aspects of glucose testing, as
with other POCT.4 One extra item specific to PBGM is to record battery
change dates.
6.0 Specific quality management recommendations for PBGM
6.1 Allowable (desirable) total error (TEa)
Performance testing should be done on PBGM to ensure that repeated
results from the same patient fall within the allowable total error (TEa) of 10% for
values below the reference interval or 20% for values within and above the
reference interval.86
Such assessment should be performed in each of the three diagnostically
relevant glucose ranges; hypoglycemia, normoglycemia and hyperglycemia.57, 87 This
is necessary because of the overwhelming evidence in the literature that PBGM
performance varies across the glycemic range in human56, 57 and veterinary8, 10, 13, 25,
58, 59, 88
studies.
This assessment is even more important in veterinary medicine where there
is currently no consensus regarding the range ( hypo-, normo- or hyperglycemia)
within which more error occurs or whether the PBGM under- or over-estimate the
glucose concentration in that range.8,10,13, 89, 90 A recent study which evaluated
performance in all three glycemic ranges (Table 3) in rabbits using a human and
veterinary PBGM found that the TEa guideline recommended by the ACVCP was
exceeded in all categories with the veterinary meter except for the euglycemic range
on the feline setting. The specific human meter used in that study performed better,
with TEa within the ASVCP guideline except for the hypoglycemic category.59 The
same veterinary meter had a lower bias than a human PBGM in a study with ferrets,
but only euglycemic and rare hypoglycemic samples were assessed.91 Additionally,
the veterinary PBGM overestimated glucose and hypoglycemic patients might not be
identified.91 These findings emphasise the importance of performance evaluation in
all three glycemic ranges in the target species.59
Glucometers currently being marketed with FDA approval are designed to
have 95% of the results fall within +/- 20% for glucose results > 75 mg/dL (4.16
mmol/L) and within +/- 15% for glucose results < 75 mg /dL (4.16 mmol/L).11 Possible
revisions of standards and recommendations by various organizations indicate that
requirements may change to require 99% of results to fall within +/-15%, regardless
of the level of the glucose result. This means that newer glucometers may have
different performance specifications compared to older meters and that
organizations using glucometers should be aware to inquire about this aspect when
evaluating glucometers.92
More strict quality specifications (lower TEa) may decrease the likelihood of
insulin dose errors based on monitoring of blood glucose levels using PBGMs. In a
study using mathematical models for human glucose results with PBGM with 5% and
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10% TEa, dosage errors occurred in 8-23% and 16-45% of cases, respectively,
depending on the insulin dosage rules used and the range of blood glucose. Large
errors of insulin dose (two-step or greater) occurred >5% of the time when the CV
and/or bias exceeded 10-15%. To provide the intended insulin dosage 95% of the
time required that both the bias and the CV of the glucose meter be <1% or <2%,
depending on mean glucose concentrations and the rules for insulin dosing. Most
PBGM are not able to meet these quality requirements. The authors of this study
concluded that the effects of such dosage errors on blood glucose and on patient
outcomes requires further study.93 To the author’s knowledge, no studies of this
type have been conducted for veterinary species.
6.2 Control material and control rule selection specific for PBGM
Customization of quality control (QC) protocols for individual PBGM is
recommended.4 PBGM manufacturers may provide 1 to 3 control material “levels”
(glucose concentrations). This is in contrast to the recommendation for other
biochemistry analytes, where an alternate source of control materials other than the
instrument manufacturer is recommended. 94 This exception is due to the
commutability of various control materials applicable to PBGM and the variation in
methodology employed in PBGMs. If not supplied by the manufacturer, then control
material levels can be purchased from suppliers of in-clinic chemistry instruments or
any other independent reputable suppliers.
Establishing the minimum number of control materials and control rules
tailored specifically to a particular PBGM can be achieved through the process of QC
validation, which requires an instrument performance study (assessment of
precision and bias for the particular PBGM). Detail on these procedures along with
information regarding the recommended 13s control rule which is preferred for inclinic use because of its simplicity can be found in the ASVCP Guidelines for
Allowable Total Error86 and ASVCP Guidelines: Quality Assurance for Point-of-Care
Testing in Veterinary Medicine. 4
The POCT guideline contains a table adapted from a recent publication
(Rishniw, et al.)95 that may be used to decide whether PBGM performance is suitable
for statistical QC using the 13s rule. 4
The recommendation for optimal QC is to analyze quality control materials
once daily or whenever patient samples are run (if not run daily). In addition to the
general recommendations for when QC should be performed listed in the POCT
Section 2, QC in glucose meters should also be performed:
a. After changing the meter battery.
b. When a new vial/packet/lot of test strips is opened.
c. If the meter has potentially been damaged.
6.3 External quality assessment (EQA)
This may be achieved by participation in an EQA program or comparability
testing by periodic comparison to a referral laboratory. Refer to ASVCP quality
assurance guidelines: external quality assessment and comparability testing for
reference and in-clinic laboratories.94
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6.3.1 Participation in an external quality assurance program
External QA programs apply with single or multiple PBGMs.
• The sample provided by the external QA program can be used for testing
on an in house chemistry analyzer and/or just the glucose meter to be
tested.
• It is crucial to indicate in the sample submission that the instrument is a
glucose meter and which method the meter uses. If the submitter fails to
do this the comparative results will be meaningless.
• Results are considered acceptable if they fall within ±TEa from the peer
group mean. Although other recommendations by ASVCP guidelines
indicate that ±2 or 3 SD or ±TEa may be used as criteria for EQA
performance, for glucometers ± TEa is preferred due to the relatively
strict recommended quality requirement of 10% for values below the
reference interval or 20% for values within and above the reference
interval.86
Current External QA programs specific for PBGM include:
• The Norwegian centre** for external quality assurance in primary care
(Norsk senter for kvalitetssikring av laboratorieanalyzer utenfor sykehus **NOKLUS).50,52,96
• Eurotrol***, who offer whole blood glucose quality control samples and a
website where an unlimited number of PBGMs can be included.97
Eurotrol operate from the Netherlands in Europe and Massachusetts in
the US.
External QA programs specific for PBGMs in the US are currently limited in
human medicine because they are present on the CLIA (regulate laboratory
testing) list of “waived” tests.
6.3.2 Comparability Testing with a Reference Laboratory
QA may be obtained by comparing glucose meter results to results
obtained by a chemistry analyzer in a reference laboratory or a bench top
biochemistry analyzer used in the in-clinic laboratory (as long as the latter is
also part of a robust QA program to ensure it is a valid reference method).
Ideally, the enzyme used by the reference method and that in the PBGM are
the same.
Comparison is achieved by split sample analysis99 following CLSI guidelines.100
1. Split the sample, run one whole blood sample in house on the PBGM and
process the other sample to submit it to a referral diagnostic laboratory
or in-clinic laboratory to run on a chemistry analyzer.
2. Prompt separation of the serum or plasma from the latter sample is
important because the glucose concentration can decrease by 5-7% per
hour or 0.33-1.33 mmol/L/hour (6-24 mg/dL/hour) while the plasma/
serum is in contact with the erythrocytes that metabolize glucose by
glycolysis.101,102, 103 Plasma should be separated within 5 minutes of
collection12 and serum at 25 degrees Celsius should be separated from
the clot within 2 hours in dogs and within 4 hours in horses and
alpacas.104 Glucose concentration in avian samples is stable up to 4 hours
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after collection in heparin because their RBCs do not rely on glycolysis for
energy.34,105
3. Compare the PBGM results with the chemistry analyser glucose result. If
the PBGM reads & reports whole blood glucose then convert it to
calculated plasma glucose using Equation B (see section 1.4.2.1) to enable
comparison to the chemistry analyzer result. If the meter methodology
separates and measures plasma and reports plasma glucose or if the
meter reads whole blood glucose and sample HCT simultaneously and
then reports calculated plasma glucose by internal use of equation B then
direct comparison with the serum chemistry analyzer is possible.
However, if the meter measures whole blood glucose and converts it
internally using Equation A (see section 5.2.1) the operator must be
aware of the limitations and potential error associated with this type of
PBGM when the patients haematocrit falls outside the 40 – 50 % range.
4. If the PBGM glucose result falls within the laboratory chemistry analyzer
glucose result ±TEa recommended by ASVCP then glucose meter
performance is satisfactory (Table 4).
5. If the PBGM glucose result falls outside the laboratory chemistry analyzer
glucose result ±TEa(Table 4), recommended by ASVCP, then the operator
should re-evaluate glucose meter performance by checking all potential
sources of error including pre-analytical (e.g. sample preparation),
analytical (check methodology of PBGM and chemistry analyzer are
comparable) and post – analytical error. It is particularly important to
check the patient HCT and method of result reporting, e.g. whole blood,
plasma or calculated plasma equivalent (see item 5.2.1)106 If no such
errors can be identified and the chemistry analyser is performing as
expected, then the PBGM should not be used until results of repeat
evaluation are within acceptable performance. This may require
consultation with the technical service representative of the PBGM
manufacturer.
6.4 Multiple glucose meters at one site
Each meter should be clearly marked for easy identification. All results from
any patient should be recorded in such a way that they are traceable to a specific
PBGM and operator.
All PBGM results should be reported in the same format, preferably plasma
or plasma equivalent. If conversions from whole blood are required, the same
method for conversion should be used (see section 5.2.1).
Ideally if more than one reading is made for a patient, the same PBGM should
be used. However, if this is not possible the operator should be able to compare
results between meters with reasonable confidence. This is possible if all the PBGMs
are involved in regular (minimum quarterly) EQA program or comparability testing
with a referral laboratory or in house analyzer (as long as the latter is also part of a
robust QA program to ensure it is a valid reference method). If this method is
followed all the PBGM’s must have results equivalent to the EQA mean or chemistry
instrument mean +/- TEa for that glucose concentration range recommended by
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ASVCP. A more robust program involves in-clinic harmonization, which can be
achieved following the guidelines provided below.
6.4.1 PBGM Harmonization
The in-clinic harmonization procedure ideally should be performed for
existing instruments and then each time a new batch of meter strips is used
to calibrate the meters (for applicable models) or a new instrument is
purchased. Table 5 provides a practical example using the steps outlined
below to achieve harmonization of multiple PBGMs to a primary meter.
1. Execute an instrument performance evaluation for each PBGM. Refer to
the ASVCP TEa guideline document for instructions.86 This involves
establishing the CV, mean and the bias of each PBGM compared to
manufactures mean using all 3 levels of control material.
2. Choose the primary PBGM preferably as the one with least bias to
manufacturers’ mean or less favorably the first purchased PBGM.
3. Determine if the bias of the comparative meters relative to the primary
PBGM are acceptable for inclusion in a PBGM harmonization program. This is
achieved by establishing the maximum allowable bias of the comparative
meter relative to the primary PBGM.
a. The bias for the primary glucometer is considered to be zero
since it is the standard by which the comparative glucometers
are judged.
b. Establish the CV for each of the comparative PBGMs and the
primary PBGM.
c. Calculate the combined inherent impression using the following
equation √(CV2primary glucometer + CV2comparative glucometer).
d. Derive the max comparative instrument bias. TEa =
bias + 2 CV, therefore Bias = TEa– 2 (combined
inherent imprecision)
e. Calculated bias compared to the primary glucometer = [Result
primary glucometer - Result comparative glucometer/Result
primary glucometer] x 100
f. If the calculated bias compared to the primary glucometer is < the
maximum bias for the comparative glucometer, then the
performance is ACCEPTABLE relative to the primary PBGM.
g. If the calculated bias compared to the primary glucometer is NOT
< the maximum bias for the comparative glucometer, then the
performance is UNACCEPTABLE relative to the primary PBGM.
4. If the bias of the comparative PBGM is acceptable relative to the primary
meter then continued performance evaluations of the PBGMs in the
harmonization should be carried out as follows:
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a. The primary PBGM should be evaluated quarterly by means of
participation in an EQA program or comparison to a referral
laboratory or in house chemistry analyzer.
In these instances, performance of the primary PBGM is
considered acceptable if the mean of the PBGM is within the mean
of the EQA group mean or chemistry analyser result ±TEa set by
the ASVCP for that concentration of glucose. This test should be
performed with samples containing glucose within all three
glucose concentration ranges (hypo/normo & hyperglycemia).
b. The comparative glucometers can then be compared to the
primary glucometer as the standard for ongoing performance
evaluations. The primary glucometer mean result for each control
material or patient sample used for comparative test will be used
as the ‘best estimate’ of the true result for all glucometers within
the organization.
c. All comparative glucometers should have a result that falls within
mean primary glucometer ±TEa for the material or patient sample
that is tested.
d. If the glucose result of the comparative meter does not fall within
the mean of the primary meter ±TEa set for that glucose
concentration range then performance is considered
unacceptable. Potential causes for unacceptable performance
could include operator error, recording error, different strip lots
etc. Further investigation should include re-evaluation of PBGM
performance to establish CV, SD and bias. If any of the later results
change to the extent that the TEa set by the ASVCP cannot be
achieved for all 3 glucose concentration levels then the
manufacturer should be contacted for assistance or the PBGM
should be replaced.
5. Annual performance evaluation of the primary PBGM should ensure that
the precision remains the same (or very close to the same) as the instrument
ages. Should there be any question regarding a shift in the bias or change in
precision with the primary instrument, it should no longer be used as a basis
for the ongoing assessment of the other glucometers within the organization.
A new primary glucometer should be chosen and all comparative
glucometers re-evaluated based on the new primary glucometer.
6. This approach to harmonization aims to maintain the total analytical error
within the ASVCP guidelines to improve patient care from a testing
perspective.
6.5 Non-Statistical Quality Assurance Procedures
All criteria listed in item 2.6.5 of Section 2 – Quality Assurance Guidelines for
Veterinary Point-of-Care Chemistry Testing are relevant, but medical review criteria
deserve particular attention with PBGM. 4
Staff should be trained to report and document glucose concentrations that
require the immediate attention of a veterinarian in a timely manner. Repeat criteria
20

ASVCP QALS PBGM QA guidelines

Version 1.0

September 2015

should be in place to determine whether further action (repeat testing or verification
by sending out to a reference laboratory or confirmed by an in-clinic biochemistry
analyzer) is needed.
6.6 Recommendations for Pet Owners
Owners using PBGM for home monitoring of diabetic pets should receive
training in the collection of samples, running tests, handling and storage of test
strips, as well as use of one or more control materials. They should be instructed
how to clean and store the glucometer between evaluations. The PBGM
performance should be evaluated prior to its use for home monitoring and periodic
participation in EQA and comparative testing with a reference laboratory or in-clinic
laboratory biochemistry analyzer is recommended to help ensure ongoing
production of reliable and accurate results.
7.0 Instrument Procurement
If multiple PBGM are needed at one hospital or testing site, then ideally the
organization should purchase multiple units of the same instrument. If this is not possible,
purchasing PBGM using the same analytical methodology and that have been calibrated by
the manufacturer to the same analytical method is recommended. Appendix 1 provides
criteria for considering with instrument procurement and tabulates some system function
advantages in a quick review format.
8.0 Summary
PBGM are valuable POCT instruments. A basic knowledge of the variety of methods
employed in these devices and their associated limitations may assist clinical pathologists
advising clinicians on how to gauge the degree of confidence they can place in the their
PBGM results. Minimizing variables listed under considerations for glucose meter testing in
this document including pre-analytic, analytic and post analytical errors will reduce the
occurrence of inaccurate results. Clinical pathologists should encourage and assist
veterinarians to establish and maintain a quality management program for all PBGMs in an
organization by applying the ASVCP recommendations. They include customizing QC for
each instrument by QC validation, utilizing control materials, harmonization of instruments
when multiple instruments are present at one location or within a system of clinics, and
participating in comparability testing with their local laboratory or external quality
assessment to ensure the accuracy of results produced by PBGMs and provide a high quality
of patient care.
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Footnotes
#

SureStep portable blood glucose monitor (marketed under the name Gluco Touch in
Europe), LifeScan Inc, Milpitas, Calif.
* HemoCue B-glucose system (HemoCueAB, Angelhom, Sweden) & (HemoCueAmerica,
Brea, CA, USA) Accessed 30 April, 2014.
**NOKLUS, Bergen, Norway. http://www.noklus.no/English.aspx . Email: noklus@noklus.no
***Eurotrol, Inc. Burlington, Massachusetts, USA & Eurotrol B.V., Ede, Netherlands.
https://www.eurotrol.com/index.php/products/diabetes-care/glucotrol-wb Accessed 5
December 2013
Disclaimer
This list is for informational purposes only and does not constitute a legal contract or
endorsement between ASVCP and any person or entity unless otherwise specified. The
ASVCP does not endorse any particular vendor or manufacturer.”
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11.0 Appendix 1
Criteria

Preference

Technology & Methodology

Enzyme & transducer type
Multiple meters in an organization should be the same
product or if not possible, use the same methodology

Specimen type

Venous whole blood, venous plasma/serum, capillary blood

Measurement range

Wide range. Establish performance over the entire glycemic
range (hypo/normo/hyperglycemic).

Hematocrit/packed cell volume
range

The range of HCT/PCV within which glucose measurement
is accurate may be broader in meters designed for use by
professionals than those intended for home use.

Reported result

Plasma –equivalent calculated result or plasma calibrated
preferred.

Reported unit

Fixed to one unit mmol/l or mg/dl is preferred

Number and range of quality control
materials (QCM)

3 QCM are preferred for performance evaluation. Number
of QCM and control rules ideally should be based on QC
Validation using performance data from the performance
valuation study.
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Properties to Look For When Choosing a Glucometer
System function
Function advantages
Advantages
•
•
•
•
•
•

Systems that automatically calibrate and do not require user involvement
Automatic start and timing of measurement
If insufficient sample is applied the meter should fail to start reading, flash a warning
light or audible warning message
Prevent use of incorrectly inserted or previously used or damaged strips
List of limitations and interferences (levels) and measures taken to avoid them
Training - Instruction manuals and education charts and materials

Valuable manufacturer’s services
- Technical support
- Training
- Enrolment into EQA schemes for glucose measurement
(human schemes are acceptable)
Ability to reserve a single batch of test strips for long term use
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12.0 Tables
Table 1. Analytical and detection methods used by portable blood glucose meters
Analytical Method Enzyme
(reacts with glucose)

Detection Method Transucer
(measures glucose)
Type

Hexokinase
Glucose Oxidase (GO)
Glucose Dehydrogenase (DHD)

Optical
Electromechanical

Specific Method
Spectrophotometry
Photometry
Potentiometry
Amperometry
Coulometry

Table 2 Bilirubin concentrations at which interference resulting in inaccuracy was detected
on portable blood glucose meters with different methodologies
Method
No
interference
Interference

Glucose oxidase
Up to 1.4 mg/dL 78
17.5 mg/dL 75

Glucose dehydrogenase
26.5 mg/dL74
20 mg/dL73
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Table 3 Example of performance evaluation using total allowable error (TE)
recommendations of the American Society of Veterinary Clinical Pathology for human and
veterinary portable blood glucose meters (PBGM) in rabbits.59 Total error recommendations
for the study were <±10% for results below the established reference interval and <±20% for
results within or above established reference interval. In this study, the veterinary PBGM
yielded unsatisfactory performance for rabbits using the canine and feline setting for most
of the tested glycemic states whereas the human PBGM performed better than the
veterinary instrument
ASVCP TEa guideline

Human PBGM Veterinary PBGM
Canine setting
Hypoglycemia <10% TE=15.0%
TE=31.6%
exceeded
exceeded
Euglycemia <20%
TE=10.7%
TE=24.8%
acceptable
exceeded
Hyperglycemia< 20% TE=10.9%
TE=36.4%
acceptable
exceeded

Veterinary PBGM
Feline setting
TE=18.9%
exceeded
TE=7.3%
acceptable
TE=23.2%
exceeded

Table 4 Comparability testing: Examples of acceptable & unacceptable results for PGBM as
compared to a reference laboratory chemistry analyzer (gold standard)
Reference
laboratory
chemistry
analyzer
result
5.27 mmol/L
(95 mg/dL)

4.99 mmol/L
(90 mg/dL)

2.89 mmol/L
(52 mg/dL)

Total
TEa range of
allowable values for
error
chemistry analyzer
result

20%

20%

10%

5.27 ±20%
4.2 - 6.3mmol/L
(76-114 mg/dL)
4.99 ±20%
4-5.98 mmol/L
(72-108 mg/dL)
2.89 ±10%
2.6-3.18 mmol/L
(46.8-57.2 mg/dL)

Portable blood
glucose meter
(PBGM) result

Acceptability of
PBGM result
compared to
reference
laboratory result

5.55 mmol/L
(100 mg/dL)

Acceptable

3.88 mmol/L
(70 mg/dL)

Unacceptable

2.77 mmol/L
(50 mg/dL)

Acceptable
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Table 5. Example of harmonization evaluation of multiple portable blood glucose meters
used in a single organization. The primary meter was used as the reference to which the two
comparative glucometers (1 and 2) were compared.
Manufacturer
values

PBGM
Primary

Hypoglycemic
Normoglycemic
Hyperglycemic
Target mean =
Target mean =
Target mean =
2.2 mmol/L
5.9 mmol/L
19.1 mmol/L
(40 mg/dL)
(106 mg/dL)
(345 mg/dL)
Data from initial performance evaluation SD (CV)
0.06 mmol/L
0.2 mmol/L
0.7 mmol/L
(2.9%)
(3.4%)
(3.7%)

Glucometer 1

0.07 mmol/L
(3.2%)

0.4 mmol/L
(6.8%)

1.0 mmol/L
(5.2%)

Glucometer 2

0.07 mmol/L
(3.2%)

0.35 mmol/L
(5.9%)

1.2 mmol/L
(6.3%)

Combined inherent imprecision for each glucometer and the
primary glucometer =
√(CV2primary glucometer + CV2comparative glucometer).
Glucometer 1

Glucometer 2

Glucometer 1

√(2.92 + 3.22) =
√(3.42 + 6.82) =
√(3.72 + 5.22) = √40.73
√18.65 = 4.3%
√57.80 = 7.6%
= 6.4%
√2.92 + 3.22 =
√3.42 + 5.92 =
√3.72 + 6.32 = √53.38
√18.65 = 4.3%
√46.37 = 6.8%
=7.3%
Maximum bias for each comparative glucometer
Max Bias = TEa – 2*(combined inherent imprecision)
Max Bias =
Max Bias =
Max Bias =
10 - 2(4.3) =
20 – 2(7.6) =
20 – 2(6.4) =
10 – 8.6 = 1.4%
20 – 15.2 = 4.8%
20 – 12.8 = 7.2%

Glucometer 2

Max Bias =
10 - 2(4.3) =
10 – 8.6 = 1.4%

EQA samples

Hypoglycemia
range
2.50 mmol/L

Normoglycemia
range
6.1 mmol/L

Hyperglycemia range

2.53 mmol/L

6.4 mmol/L

20 mmol/L

Primary
Meter
Glucometer 1

Max Bias =
20 – 2(6.8) =
20 – 13.6 = 6.4%

Max Bias =
20 – 2(7.3) =
20 – 14.6 = 5.4%

21 mmol/L
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=(2.5-2.53/2.5)x100
= 0.03/2.5 x 100
= 1.20%

= (6.1-6.4/6.1) x 100
= 0.3/6.1 x100
= 4.9%

=(21-20/21) x 100
=1/21 x100
=4.8%

The calculated bias
of 1.20% is < max
bias of 1.4% for the
hypoglycemic range

The calculated bias
of 4.9% is >max bias
of 4.8 % for the
normoglycemic
range

The calculated bias of
4.8% is < max bias of
7.2 % for the
hyperglycemic range

= Acceptable
Performance

= Unacceptable
performance

= Acceptable
Performance
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13.0 Figures
Figure 1 Sample Matrix properties which may affect PBGM accuracy
Patient age – neonate lower [glucose] compared to adults26, 27
HCT26, 27
RBC count26, 27
MCV26, 27
Color – e.g. pigment like bilirubin, hemoglobin (hemolysis) 26, 27
Rouleaux – equine samples28
Microclots26, 29
Inflammation – increased fibrinogen26, 29
Proportion of glucose bound in RBC versus plasma (species difference) 30, 33, 34
Plasma water content – variation due to disease31 or species34 (If PBGM is
designed around the human plasma water fraction mean of 0.95.32)
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Figure 245 Comparison of application of Equations A and B in Figure 2 to calculate and report
plasma glucose equivalent results in portable blood glucose meters (PBGM) that measure
whole blood glucose
Example: Whole blood glucose = 3.33 mmol/L

Whole blood glucose on a PBGM = 3.33 mmol/L ( 60 mg/dl)
Calculated
plasma
glucose
reported by
PBGM

Equation A
3.69 mmol/L (62mg/dl)

Equation B
3.45 mmol/L (62mg/dl)

3.69 mmol/L (62mg/dl)

3.68 mmol/L (66mg/dl)

3.69 mmol/L (62mg/dl)

3.89 mmol/L (70mg/dl)

HCT
15%
40%
60%

Equation A

𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂 = 𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒘𝒉𝒐𝒍𝒆 𝒃𝒍𝒐𝒐𝒅 ×𝟏. 𝟏𝟏
HCT

15%
𝐺𝑙𝑢𝑐𝑜𝑠𝑒!"#$%#

40%
𝐺𝑙𝑢𝑐𝑜𝑠𝑒!"#$%#
= 3.33
×1.11

60%
𝐺𝑙𝑢𝑐𝑜𝑠𝑒!"#$%#
= 3.33
×1.11

= 3.69 mmol/L

= 3.69 mmol/L

Equation B
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂 =

= 3.33
×1.11
= 3.69 mmol/L

𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒘𝒉𝒐𝒍𝒆 𝒃𝒍𝒐𝒐𝒅
𝟏. 𝟎 − (𝟎. 𝟎𝟎𝟐𝟒 ×𝑯𝒄𝒕%)

When the plasma equivalent glucose concentration is calculated from a whole blood glucose
result, then the higher the HCT of the patient sample the smaller the denominator will be
thus giving a greater relative calculated plasma equivalent glucose result compared a
sample with a lower HCT.
HCT

15%
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟎𝟎𝟐𝟒 ×𝟏𝟓%)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟎𝟑𝟔)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟎. 𝟗𝟔𝟒
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
= 𝟑. 𝟒𝟓 𝒎𝒎𝒐𝒍/𝑳

40%
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟎𝟎𝟐𝟒 ×𝟒𝟎%)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟎𝟗𝟔)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟎. 𝟗𝟎𝟒
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
= 𝟑. 𝟔𝟖 𝒎𝒎𝒐𝒍/𝑳

60%
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟎𝟎𝟐𝟒 ×𝟔𝟎%)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟏. 𝟎 − (𝟎. 𝟏𝟒𝟒)
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
𝟑. 𝟑𝟑𝒎𝒎𝒐𝒍/𝑳
=
𝟎. 𝟖𝟓𝟔
𝑮𝒍𝒖𝒄𝒐𝒔𝒆𝒑𝒍𝒂𝒔𝒎𝒂
= 𝟑. 𝟖𝟗 𝒎𝒎𝒐𝒍/𝑳
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14.0 PBGM Guideline Compliance Checklist
Compliance with ASVCP guidelines is voluntary. Purpose of this checklist is to facilitate
guideline implementation and practical application.
(The numbers in the first column correspond to the item numbers in the PBGM
Guideline.)
Guideline Recommendation
4.0 PBGM operators are
knowledgeable regarding the
operation, principle of
measurement, and potential
errors associated with the
methodology used on the
instrument.
5.1.1 PBGM operators have
received adequate initial and
ongoing training, which is
documented.
5.1.2, 5.1.3 PBGM operators
understand patient preparation
requirements for the desired
application of the test.
5.1.3 PBGM operators are aware
of the sample collection
vacutainer and volume
requirements needed for the
instrument.
5.1.3 PBGM operators understand
the importance of standardization
of the sample type and collection
site to minimize variation due to
these pre-analytical variables.
5.1.4 Operators of PBGM are
aware of the potential of
erroneous results due to different
animal sample rheological
properties if meters have not been
validated for veterinary use.

Compliant?
☐ Yes ☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

Auditor Comment(s)
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5.2.1 Operators of PBGM know
and understand the importance of
the sample type the PBGM reports
i.e. whole blood, plasma or
calculated plasma equivalent.
5.2.1 Operators of PBGMs know
when and how to apply glucose
meter conversion equations.
5.2.2.1 Test strips are stored
according to manufacturer’s
recommendations and are in date.
5.2.2.1 Key code or other
instructions regarding batches of
test strips are followed.
5.2.2.1 Correct species codes are
used, if applicable.
5.2.2.1 Manufacturer’s
recommendations for
temperature equilibration of test
strips are followed.
5.2.2.1 Manufacturer’s
instructions for timing of
reactions (if applicable) are
followed.
5.2.2.2 Manufacturer’s
instructions regarding
environmental temperature,
humidity and altitude are
followed.
5.2.2.3 Operators of PBGMs are
aware that the performance
(accuracy) of PBGMs may vary at
different glucose concentrations.
5.2.2.3 Operators of PBGMs know
whether HCT is concurrently
measured, whether the
instrument is HCT independent,
or if this needs to be done as a
separate procedure. Operators
understand the effect of ranges of
HCT on glucometer results and
actions that should be taken.

Version 1.0
☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No
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5.2.2.3, 5.2.2.4 Procedures are in
place to indicate possible test
interference from substances such
as lipids, bilirubin, changes in pO2
or pH, drugs, if known and
applicable at time of testing.
5.3.1 PBGM operators should be
aware of units in which the
glucose result is reported to avoid
possible inadvertent change and
misinterpretation of results in a
different unit.
5.3.2 Records regarding
instrument performance,
maintenance, battery change
dates and QC are present and
maintained.
6.1 ASVCP-recommended
guidelines for Total Allowable
Error (TEa) are used to evaluation
instrument performance at
hypo/normo & hyperglycemic
ranges prior to clinical use.
6.2 Choice of quality control
materials and rules has been
tailored for the specific
instrument.
6.2 Periodic QC is performed and
frequency justified.
6.2 QC is performed and
documented following battery
change, new lot/vial/batch of test
strips, instrument damage (e.g.
dropped), or if there is any
concern regarding result accuracy.
6.3 The laboratory participates in
an External Quality Assurance
program for all PBGMs or does
comparative testing with a
reference laboratory.

Version 1.0
☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No
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6.3. EQA or comparative testing
performance is documented along
with appropriate actions if a
problem is identified.
6.4 If multiple PBGMs are used,
these should be of the same type
(manufacturer) or use the same
methodology.
6.4 If multiple PBGMs are used at
one site, the PBGM identification
is recorded with the patient result
and serial evaluations conducted
with the same PBGM (if possible).
6.4. If multiple PBGMs are used at
one site, they should all be
included in EQA or comparative
testing or harmonized to ensure
comparable results.
6.5 Appropriate non-statistical
QC/QA procedures are used and
documented, such as repeat
testing, critical medical decision
limit notification, and/or
verification testing.
6.6 Pet owners operating PBGMs
for their diabetic pets should be
trained to operate PBGMs for daily
use and application of quality
control measures.
6.6 Performance of PBGMs used
by pet owners should evaluated
prior to home use and periodically
in an EQA or comparative test
program.

Version 1.0
☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No

☐ Yes

☐ No
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