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Background: Portable blood glucose meters (PBGMs) allow easy glucose measurements. As animal-specific PBGMs are

not available everywhere, those for humans are widely used.

Objectives: To assess the accuracy and precision of 9 PBGMs in canine whole blood (WB) and plasma, based on the

ISO 15197:2013.

Animals: Fifty-nine client-owned dogs attending the Veterinary Teaching Hospital.

Methods: Analytical evaluation of 100 blood samples was performed for accuracy and 23 for precision (glucose 29–
579 mg/dL) following ISO recommendations. A PBGM was considered accurate if 95% of the measurements were within

�15 mg/dL from the reference when glucose was <100 mg/dL and within �15% when it was ≥100 mg/dL, and if 99% of

them were within zones A and B in error grid analysis (EG). A hexokinase-based analyzer was used as reference. Ninety

samples were assessed for hematocrit interferences.

Results: Accuracy requirements were not fulfilled by any PBGM in WB (74% of measurements within the limits

for the most accurate) and by 1 only in plasma. However, the EG analysis in WB was passed by 6 PBGM and by

all in plasma. The most accurate were also the most precise, with coefficients of variation <5% in WB and <3% in

plasma. Hematocrit correlated with bias against the reference method in 4 PBGM (r = �0.243 � [�0.371];

P < .021).

Conclusions and Clinical Importance: This disparity among PBGM suggests that meters approved for humans need to

be evaluated before use in other species.
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In humans, self-monitoring of blood glucose is crucial
for the management of insulin-treated diabetes and

has allowed more accurate treatment dosing and has
contributed to a reduction in disease complications.1 In
veterinary medicine, portable blood glucose meters
(PBGM) allow owners and practitioners to obtain glu-
cose measurements easily and make immediate therapeu-
tic decisions. Although specific PBGM have been

developed for small animals, they are not available every-
where and those developed for humans are widely used.

Many studies have been published where these
“human” devices have been tested in dogs and other
animals,2–9 and at the time this study was performed,
the previous study in dogs had been published in
20099 and new PBGM had been developed and
become available since then. In published studies, not
all PBGM were accurate enough to be used in dogs
and even those specifically developed for animals led
to inappropriate clinical interpretation.3

Our aim was to assess the analytical accuracy and pre-
cision of 9 available PBGM in canine whole blood (WB)
and plasma samples, based on a standardized systematic
evaluation approved by the European Committee for
Standardization (CEN), the recommendations of the ISO
15197:2003.10 However, during the review of this manu-
script the ISO 15197:2013 was released and, therefore,
results were reanalyzed based on the current standard.11

Both ISO 15197:2003 and 2013 are international
standards utilized to evaluate accuracy and precision
of these devices for human blood.10–13 They establish
minimum performance criteria for blood glucose moni-
toring systems, based on analytical precision and accu-
racy and specify the procedures to demonstrate the
systems’ conformity to these standards.10,11
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Materials and Methods

Setting and Design

A total of 9 PBGM were assessed for accuracy and precision

in canine blood samples based on ISO 15197:2003 guidelines.

The samples were obtained in the Veterinary Teaching Hospital

and all measurements were performed in its clinical laboratory.

Glucose Monitoring Systems and Reference Method

The following PBGM were assessed by using a single meter

of each brand: AccuChek Aviva Nanoa (Aviva), FreeStyle Free-

dom Liteb (Freestyle), Glucocard G+ meter (GT 1820)c (Gluco-

card), Hemocue Glucose 201+d (Hemocue), OneTouch

UltraEasye (Ultra), OneTouch VerioProe (Verio) and OneTouch

Vitae (Vita), Optium Xceedb (Optium), and StatStrip Xpress

Glucose Hospital Meterf (StatStrip). Their main features are

summarized in Table 1. The different devices and strips or cu-

vettes were donated by their manufacturers. All are currently

widely available and used in human medicine and were the

most recent models at the time this study was performed (April

2011–April 2012).

As a reference method, the hospital’s automated laboratory

analyzer (Catalystg), based on a multilayered, dry-slide technol-

ogy, hexokinase method, was employed on plasma samples, as in

routine clinical practice.h Quality controls for the reference

method and each device were performed following manufac-

turer0s instructions. The reference method typically shows coeffi-

cients of variation below 5% for most measurements and less

than 1% for glucose.h

Samples and Protocol

Whole blood samples were collected from 59 client-owned

dogs with diabetes, insulinoma and other unrelated diseases,

attending the Veterinary Teaching Hospital between May 2011

and April 2012. Most samples were obtained for clinical purposes

and opportunistically included in this assessment. The protocol

was approved by the Animal Welfare Ethics Committee (Comit�e
�Etico de Bienestar Animal, ULPGC; Reference number 007/

2011). They were extracted from the jugular, cephalic, or saphe-

nous vein, with a syringe (22G-needle). Immediately after sam-

pling, 100 lL of WB was separated to be used on all of the

PBGM and the rest was poured into lithium-heparin tubes10,11

and centrifuged. After plasma separation, 300 lL were used in

the automated laboratory analyzer, to measure glucose and other

routine analytes, and the rest, to measure plasma glucose with all

the PBGM. To avoid glucose consumption in the sample, all

measurements were performed consecutively, with a maximum

delay of 20 minutes between sampling and testing. To avoid sys-

tematic bias because of sample processing, PBGM were randomly

and blindly extracted from an opaque container and measure-

ments were performed in the initial order and then shifted several

times during the assay. All devices were operated and calibrated

according to the manufacturers’ instructions.

Samples were classified according to their glucose concentra-

tion, measured by the reference method, into normoglycemic

(73–143 mg/dL), hypoglycemic, and hyperglycemic. In addition,

for each ISO-established interval samples were collected as rec-

ommended: 5 <50 mg/dL, 15 between 51 and 80 mg/dL, 20

between 81 and 120 mg/dL, 30 between 121 and 200 mg/dL, 15

between 201 and 300 mg/dL, 10 between 301 and 400 mg/dL,

and 5 >400 mg/dL. Following ISO recommendations, when

patient samples were not available for a specific range, euglyce-

mic WB samples were either incubated at room temperature to

allow for erythrocyte glucose consumption8,10,11 or Glucose

G7528i was added.10,11 After direct addition of glucose, one of

the meters (Glucocard) was used as a preliminary estimation that

the sample was within the aimed glucose range. In that case, if

this range was confirmed by the reference method, the rest of the

procedure was completed.

When analytical errors were warned by a device, the measure-

ment was repeated attempting to correct the error, until it was

obtained. If, after a third attempt, the error persisted, the value

was defined as missing. When values outside the measurable

range were obtained (LO or HI), the value immediately below or

above the limit, respectively, was entered.

A total of 100 (WB and plasma) samples were used to assess

accuracy: glucose was measured in each sample with the 9

PBGM and the reference method. According to ISO 15197:2003

requirements for human use, a PBGM is considered accurate if

95% of the measurements are within �15 mg/dL from the refer-

ence when glucose is <75 mg/dL, and within �20% when glucose

is ≥75 mg/dL.10 The results were also analyzed following the ISO

15197:2013 requirements11 that establish narrower accuracy limits

(�15 mg/dL from the reference when glucose is <100 mg/dL, and

within �15% when glucose is ≥100 mg/dL).

Error grid analysis assessment for type 1 diabetes11 was per-

formed to asses clinical risk for each measurement (see Fig 2).14

To define a PBGM as accurate, the ISO 15197:2013 requires

99% of the values to be within zones A and B.11

Precision was assessed on 23 samples, 8 in the hypoglycemic

and hyperglycemic ranges, and 7 in the normoglycemic range. On

each sample, 3 measurements were performed with each PBGM.

Hematocrit was assessed in 90 samples, either by a microhe-

matocrit centrifuge (StatSpin VTg), or by the hospital’s auto-

mated analyzer (Lasercyte Dxg), and was classified as low

Table 1. Main features of the evaluated devices according to their manufacturers.

PBGM

Sample

(lL)
Measurement

Range (mg/dL)

Measurement Time

(seconds)

Measurement

Method

AccuChek Aviva Nano 0.6 10–600 5 GDH

Freestyle Freedom Lite 0.3 20–500 5 GDH

Glucocard G+ meter (GT 1820) 0.6 10–600 5.5 GDH

Hemocue Glucose 201+ 5 0–400 40–240 GDH

OneTouch Ultra 1 20–600 5 GO

OneTouch VerioPro 0.4 20–600 5 GDH

OneTouch Vita 0.4 20–600 5 GO

Optium Xceed 1.5 20–500 5 GDH

Statstrip Xpress Glucose H. M. 0.6 10–600 6 GO

PBGM, portable blood glucose meters; GDH, glucose dehydrogenase; GO, glucose oxidase.
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(<37%), normal (37–55%), or high (>55%), following the refer-

ence of the automated analyzer.

Statistical Analysis

To assess accuracy, PBGM values and the reference method

were compared using paired Student’s t or Wilcoxon’s test. The

differences between the PBGM and the reference method were

plotted against the reference values in Bland-Altman plots. Pass-

ing-Bablok linear regression analysis was performed to detect

constant and proportional bias. If the 95% CI for the slope did

not include 1, this was considered evidence of proportional bias.

If the 95% CI for the y intercept did not include 0, this was con-

sidered evidence of constant bias.15 To assess precision, mean,

standard deviation, and coefficient of variation were calculated

for each device. Interference by hematocrit was assessed compar-

ing the differences between PBGM and the reference method in

low, normal, and high hematocrit samples (Kruskall-Wallis test)

and evaluating their correlation with hematocrit values (Spear-

man tests).

Statistical analyses were performed by a commercial statistical

software package.j Differences were considered significant when

two-tailed P was below .05.

Results

One hundred samples from 57 dogs with glucose
concentrations ranging from 29 to 579 mg/dL were
included in the study and analyzed for accuracy and
23 of them (same range) were also analyzed for preci-
sion. A total of 43 samples were treated to complete

the required number for hypo- and hyperglycemic
ranges: 6 were incubated at room temperature and to
27, glucose was added, respectively. The other 10 were
included in the normoglycemic range, as they did not
fall within the expected limits. Analytical errors,
warned by Aviva, Ultra, Verio, Optium, and StatStrip,
included insufficient volume in the strip chamber,
incorrect application of the sample, and defective
strips. Verio and Hemocue failed to measure 1 hyper-
and 1 hypoglycemic sample, respectively.

Accuracy

Mean differences in glucose concentrations (mean
and SD) obtained with the reference method and the 9
PBGM assessed (both for WB and plasma) are dis-
played in Table 2. WB glucose concentration was
lower for all PBGMs compared with the reference
method (175.30 [SD 115.74] mg/dL), though the Aviva
PBGM was the most accurate (155.98 [SD 105.79] mg/
dL) (P < .005). Regarding plasma samples, the most
exact were Freestyle (174.41 [SD 111.70] mg/dL)
(P = .665) and StatStrip (179.22 [SD 129.16] mg/dL)
(P = .148).

When evaluating the different glycemic intervals in
WB (Table 2), in the hypoglycemic range, only 2
devices showed similar values to the hexokinase
method (51.38 [SD 14.98] mg/dL), Aviva (P = .678)
and Hemocue (P = .605), whereas Verio reached the

Table 2. Deviation from “trueness”: Reference mean values and devices’ mean differences from reference [mg/dL
(SD)] for WB and P, for the whole range and per glycemic interval.

Device

Blood

Source

Mean difference with reference (SD)

Whole Range

(N = 100)

Hypoglycemia

(N = 15)

Normoglycemia

(N = 38)

Hyperglycemia

(N = 47)

Reference value Mean (SD) 175.30 (115.74) 51.38 (14.98) 106.15 (22.30) 265.04 (106.39)

Aviva WB 19.32 (28.19) 1.38 (12.61)d 8.87 (13.05) 32.67 (33.67)d

P �10.90 (15.20) �6.54 (3.48) �5.69 (6.40) �16.31 (19.82)

FreeStyle WB 74.15 (55.24) 18.69 (13.60) 40.38 (21.09) 116.60 (48.83)

P 0.89 (20.48)b �2.00 (4.95)d 1.49 (9.85)d 1.19 (28.21)d

Glucocard WB 48.18 (30.84) 25.54 (10.62) 40.64 (11.60) 60.44 (39.02)

P 28.10 (20.21) 15.46 (5.97) 24.97 (6.62) 34.06 (26.97)

Hemocue WB 47.83 (49.15)a 2.75 (20.93)d 22.08 (15.92) 80.02 (51.00)

P �10.79 (32.66) �19.15 (9.61) �18.49 (7.85) �2.27 (45.07)d

Ultra WB 38.7 (30.99) 16.92 (13.16) 27.15 (13.53) 54.23 (36.56)

P �64.71 (43.32) �6.62 (11.41)d �40.87 (17.16) �99.81 (31.91)

Verio WB 29.96 (32.45)a 6.77 (11.19)d 14.44 (10.09) 49.25 (37.28)

P �13.19 (14.42)a �5.42 (5.47) �8.38 (7.16) �19.17 (17.81)

Vita WB 38.82 (30.95) 16.46 (12.69) 25.15 (11.56) 54.58 (36.25)

P �59.61 (40.45) �3.61 (9.61)d �35.80 (13.71) �94.13 (26.76)

Optium WB 38.57 (34.76) 10.85 (14.96) 19.03 (15.32) 61.96 (34.78)

P �48.56 (31.95) �13.46 (9.67) �39.00 (11.99) �65.83 (35.90)

StatStrip WB 33.28 (30.28) 12.62 (11.09) 20.44 (15.21) 49.26 (34.57)

P �3.92 (26.87)c 4.85 (4.78) 5.62 (7.32) �14.04 (35.64)

WB, whole blood; P, plasma; PBGMs, portable blood glucose meters.
aOne hundred determinations were obtained for all devices, except Verio (99 WB and 98 P samples) and Hemocue (99 WB samples).

Normoglycemia is defined between 73 and 143 mg/dL.
b,cAll PBGMs showed significant differences with the reference in both whole blood and plasma, for the whole glucose range, with the

exception of bFreestyle (P = .665) and cStatStrip (P = .148) in plasma samples, and Vita and Ultra for the same samples in the hypogly-

cemic range (P = .200 and P = .059, respectively) and Hemocue (P = .729), in hyperglycemia.
dP > .05 (nonsignificant) compared with reference by glycemic ranges.
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limit of statistical significance (P = .05). For the nor-
moglycemic and hyperglycemic intervals, all devices
showed significantly lower values than the reference
(P < .005).

For the corresponding plasma samples (Table 2),
Freestyle and StatStrip were similar to the reference
(175.30 [SD 115.74] mg/dL) for all glycemic intervals
(P = .686 and P = .148, respectively), Vita and Ultra,
in the hypoglycemic range (P = .200 and P = .059,
respectively) and Hemocue (P = .729), in the hypergly-
cemic range.

None of the devices fulfilled ISO 15197:2013 accu-
racy requirements for WB (95% of values within the
global glycemic range) (Fig 1A). The most accurate
PBGM was Aviva with 74% of total measurements
within the limits. For plasma, standards were only
achieved by Aviva, and approached by FreeStyle and
Verio with 97%, 92%, and 91.92% of values within
limits, respectively (Fig 1B).

Even the previous, somewhat laxer, ISO 15197:2003
accuracy requirements, were not fulfilled by any

device. The 2 most accurate, Aviva and Verio, showed
82% and 64% of total measurements within the limits,
respectively. For plasma, the requirements were
achieved by Aviva, FreeStyle, and Verio with 99%,
95%, and 99% of values within limits, respectively,
and were approached by StatStrip, with 92% of the
values within the limits.

Regarding the EG analysis for WB (Fig 2), most
satisfied the requirements, with all (Aviva, Verio, and
StatStrip) or 99% of the values (Optium, Ultra, and
Vita) falling within zones A and B. The rest of the
devices approached the EG requirements (Fig 2). In
plasma, all of the PBGM passed the analysis with
99% of values in zones A–B for Optium and Hemocue
and 100% for the rest (data not shown).

According to Passing-Bablok linear regression analy-
sis, 6 devices showed both proportional and constant
errors (Glucocard, Hemocue, Ultra, Verio, Vita, and
StatStrip) in WB and in plasma (Aviva, Glucocard,
Hemocue, Vita, Optium, and StatStrip). Constant
errors alone were shown in WB for Aviva, Freestyle,

Fig 1. Bland-Altman plots representing accuracy of portable blood glucose meters for whole blood (A) and plasma (B) for ISO

15197:2013. On the x axis, are the reference glucose values, plotted against the absolute errors for each corresponding value. The stan-

dard required limits defined by the red symmetric lines: at �15 mg/dL from the reference value for glucose determinations <100 mg/dL

and at �15% from the reference for glucose ≥100 mg/dL. Percentages express the number of samples within limits when reference was <
or ≥100 mg/dL and for the total number of measurements (central% value).
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and Optium, and in plasma for Freestyle, Ultra, and
Verio.

Additional accuracy analyses were performed and
similar results were obtained regardless of whether the
samples were pretreated (incubation at room tempera-
ture or addition of glucose) or not (data not shown).

Precision

Figure 3 summarizes the results of precision assess-
ment. Aviva and Verio had the smallest coefficient of
variation (CV) both in WB (CV = 4.5% [SD 2.7%]
and CV = 4.8% [SD 2.3%] respectively, range 0.8–
59.9%) and in plasma (CV = 2.7% [SD 1.2%] and
CV = 2.9% [SD 2.4%], range 0.47–27.8%).

Hematocrit Interference

Hematocrit was assessed in 90 samples (glucose 34–
489 mg/dL), with 17 in the low (35 [20–40]%), 71 in
the normal (45 [37–54]%), and 2 in the high hemato-
crit range (59.5 [59–60]%). When mean differences
were compared, only Hemocue showed smaller errors

in the low hematocrit range (�29.53 [SD 54.92] mg/
dL) when compared with the normal (�49.34 [SD
41.91] mg/dL) and high intervals (�64.5 mg/dL [SD
20.51]) (P = .018). Negative correlations of the error
with hematocrit were found for Freestyle, Hemocue,
Ultra, and Vita (r = �0.243 � [�0.371]; P < .021).

Discussion

In this assessment of PBGM in dogs, all devices
showed significantly lower average WB glucose values
than the reference and none fulfilled previous or cur-
rent ISO accuracy requirements. Only Aviva achieved
the requirements in plasma and was the most accurate
of the devices tested. The EG analysis in WB was
passed by 6 of the devices and, in plasma, by all. Like-
wise, Aviva was the most precise PBGM, followed by
Verio, both with CV below 5% in WB. CV was
reduced in most of the glucose meters by the use of
plasma samples (Fig 3). Constant error, a type of bias
that could potentially be corrected by calibration, was
shown in WB for Aviva, Freestyle, and Optium, and
in plasma for Freestyle, Ultra, and Verio.

Fig 1. (Continued)
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These results, in agreement with previous studies,
support the need to assess accuracy and precision in
every PBGM before it is used in dogs for clinical or
research purposes.3,9 Not only inappropriate therapeu-
tic decisions could be made when using inaccurate
PBGM, but, when used for research, results might also
lead to false conclusions. Indeed, most often, no infor-
mation is given on the accuracy or precision of the
PBGM in animal research studies.16–18

Portable blood glucose meters are often selected
based on their brand or series of models, assuming
that there are no differences in accuracy among
them.16,19 However, as interpreted by previous
results,2–6,8,9,20 and in accordance with this study, there
is not a preferred brand to recommend and every
PBGM should be evaluated independently (Fig 1a,b).

This study also assesses the effect of hematocrit on
PBGM accuracy. Previous studies have shown that
PBGM yield higher glucose concentrations than the

reference method in euglycemic, anemic dogs and
cats.5,7,8,20 In this study, 90 samples with a wide glu-
cose (34–489 mg/dL) and hematocrit range (20–60%)
were included. Four PBGM (Freestyle, Hemocue,
Ultra, and Vita) showed interferences by hematocrit.

Although clinical glucose control may not be as
tight in dogs as in humans, the accuracy requirements
for glucose meters should not be laxer.7 This percep-
tion of permissive glucose control can lead PBGM to
be judged as “acceptable” for clinical use,7–9,20 espe-
cially if evaluations are mostly based on less stringent
approaches, such as error grid analysis. The current
15197:2013 standard requires both analytical and EG
criteria to be fulfilled, but the latter seem to be redun-
dant in this study. Indeed, most of the devices fulfilled
the EG criteria for WB without satisfying the analyti-
cal accuracy demands and, if a device fulfilled the ana-
lytical ISO requirements, it also passed the EG
analysis. In fact, clinical consequences depend on the

Fig 2. Error grid analysis representation for whole blood for each device with the percentage of values within A–B zones. The reference

glucose values (“true” glucose value), on the x axis, are plotted against the blood glucose by the glucose meter (y axis). The different

zones designate the magnitude of risk derived from the determination: no effect on clinical action (zone A), altered clinical action – little

or no effect on clinical outcome (zone B), altered clinical action – likely to affect clinical outcome (zone C), altered clinical action – could

have significant medical risk (zone D) and altered clinical action – could have dangerous consequences (zone E).14 ISO 15197:2013

requires that 99% of the values fall within zones A–B for a device to be considered accurate.
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specific needs of patients and their circumstances.
Indeed, the amplitude of the acceptable limits can be
crucial in some cases, such as in tight glycemic control
protocols, where an imprecision and bias below 2%
have been estimated to be needed to achieve 95%
accuracy in insulin administration.21 Thus, although
optimal glucose control is less feasible in animals,
accuracy should be strictly evaluated with rigorous
analytical criteria.

The ISO 15197:2003 and 15197:2013 are standard-
ized systematic evaluations approved by the CEN and
followed by manufacturers that get the Conformit�e
Europ�eenne (CE) mark for their products.12,13 The
methodology and statistical tests in previous studies
have been essentially the same2–9 as those used here.
In fact, the ISO includes these accepted analytical tests
with tightening standards.22 Its detailed methodology
makes it a reliable tool also in veterinary medicine and
allows direct comparison among studies. Of the 9
devices assessed in this study, only Optium had been
previously evaluated in dogs,5 with similar results to
those here reported.

Most of the devices analyzed in this study fulfill the
ISO 15197:2003 and 2013 for human capillary
blood.12,13 We are not aware of a known explanation
for this interspecies gap in accuracy, but given the dif-
ference in performance between WB and plasma sam-
ples, we suggest that the cellular fraction must contain
the source of error in canine samples. Furthermore,
some interference with hematocrit was detected in 4 of
the devices. Overall, when assessed in dogs, Aviva is
the best option, regarding both accuracy and precision.
Freestyle, Verio, and StatStrip were accurate in plasma
samples, but were less precise.

There were several limitations in this study: the use
of a single device of each PBGM, the use of venous
(instead of capillary) blood, the incubation of or glu-
cose addition to samples, the use of lithium-heparin
anticoagulant for many samples and the lack of spe-
cific PBGM for animals.

To assess more than 1 device of the 9 different
PBGM would not have been feasible with the

resources available. Indeed, assessing all the devices
simultaneously was already a challenge. Multiple
potential sources of error such as temperature, alti-
tude, humidity, sample volume, hemolysis, or pharma-
cological factors have been described to interfere with
the measurements.23,24 Although not all can be
accounted for, in this study, we obtained and pro-
cessed the samples in relatively stable conditions and
in very similar conditions to those of routine clinical
practice.4 Finally, incubation of or glucose addition to
the samples, despite being accepted by the ISO, might
also be considered as sources of error. Nevertheless,
after performing the additional accuracy evaluations
for the untreated and treated samples, the similarity in
the results obtained after stratification support that
this was not the fact in this study.

In humans, small but significant differences have
been found between capillary and venous glucose.21,25

In fact, PBGM are calibrated to show venous-equiva-
lent concentrations. Thus, some additional inaccuracy
should be expected when venous samples are used
instead of capillary blood.25 Different ways to obtain
capillary blood have been developed in small ani-
mals,7,19 but venous sampling remains the most usual
way to obtain blood in veterinary practice. This fact
allowed us to obtain the necessary number of sam-
ples from routine clinical practice. The OneTouch
devices were the only ones specifically recommended
for capillary blood only (Table 1). Despite this, (One-
Touch) Verio showed the second most accurate
results for whole venous blood. Differences between
capillary and venous samples in dogs have been eval-
uated before, proving negligible for most of the
devices and glucose concentrations assessed (2–6 mg/
dL).5,7

Blood collection with sodium-fluoride as a glycolysis
inhibitor is considered the gold standard for glucose
determinations.26 However, we intended to reproduce
what is most frequently done in our routine veterinary
practice, where samples often are collected into lith-
ium-heparin tubes before analysis. Early processing
limited potential glucose consumption by the blood

Fig 3. Precision evaluation: Coefficients of variation (%) for all devices in whole blood (dark) and plasma (light) with bars showing

respective standard deviations.
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cells. In fact, according to the manufacturers, lithium
heparin is an appropriate anticoagulant for all the
devices27–35 and, in previous studies, it did not inter-
fere with the results.3,4,8

Conclusions

When glycemic control is assessed, advantages of
PBGM are to obtain easy, fast, and relatively cheap
measurements with minimal volumes. However, even
for humans, important variability in accuracy has been
demonstrated. The disparity among devices in this
study confirms the need of accuracy evaluations before
its use in dogs and the ISO 15197:2013 is an excellent
tool for this purpose in animals, as it is in humans.
Although none of the PBGM fulfills the ISO require-
ments for whole venous blood, overall, AccuChek Avi-
va Nano is the best option among those evaluated,
given its accuracy, precision, and lack of interference
by hematocrit.

Footnotes

a Roche Diagnostics, Mannheim, Germany
b Abbott Diabetes Care Ltd., Witney, Oxon, UK
c Arkray-Menarini Diagnostics, Shiga, Japan
d Hemocue AB, €Angelholm, Sweden
e LifeScan Inc., Milpitas, CA
f Nova Biomedical, Waltham, MA
g IDEXX Laboratories, ME
h Siska WD, Rosen NK, Christian JA, Taddeo DA, DeNicola

DB. Vet Clin Pathol. Proceedings of the 13th Annual Congress

of the European Society for Veterinary Clinical Pathology;

2011 September 1–3; Dublin, Ireland. American Society for

Veterinary Clinical Pathology, 2011
i Sigma-Aldrich Chemie Gmbh, Steinheim, Germany
j IBM SPSS Statistics Version 20; SPSS Inc., Chicago, IL
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