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Abstract Point-of-care (POC) testing of glucose (glu-

cometers) represents a convenient alternative to monitor

glycemia since the measurement procedure is performed

without delay after sampling of the capillary blood, thereby

avoiding the metabolism by the blood cells of glucose

present in plasma. Likely because of sample instability,

there is no proficiency test provider in Brazil for this type

of POC sample. In this context, this study aimed to eval-

uate the analytical performance of glucometers used in a

tertiary care hospital. The glucometers used were the Accu-

Chek Performa� model from Roche Diagnostics, which use

the principle of amperometry. The reference method was

the reaction with modified hexokinase/glucose-6-phosphate

in a Dimension� device. The stability evaluation of the

control samples showed that it can be performed up to

90 min after the collection of whole blood samples. In the

two rounds performed, only one result of the 17 glu-

cometers evaluated was out of the threshold of two

standard deviation. Thus, this method for control of glu-

cometers met the expectations and enabled comparing the

glucometers in a hospital. Given the current quality

guidelines, daily internal quality control of glucometers is

recommended, besides at least two annual comparisons

between the results of the glucometers and the reference

method and one EQA every 3 months.
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Introduction

The persistence of high blood glucose levels raises the

chances of complications in inpatients, just as hypoglycemia

is harmful and should be avoided [1–3]. In this sense, point-

of-care (POC) tests for glucose, the so-called glucometers,

represent a convenient alternative for monitoring capillary

glycemia in inpatients given its easy handling and low vol-

ume requirement of the biological sample. Moreover, they

yield quicker results compared to the conventional

methodology with plasma, which speeds up the medical

decision regarding the treatment. Nevertheless, it is crucial

that POC results have a good correlation with the results of

reference laboratory equipment [4, 5]. POC handling seems

simpler; however, the professionals that operate such devi-

ces do not have laboratory training and do not easily detect

analytical sources of error. Hence, there is great concern in

hospitals regarding the errors in these devices due to the large

number of operators and POCs that must be supervised [6].

Furthermore, evidence shows the need for education, train-

ing, and oversight of these activities by healthcare

professionals [7]. In Brazil, the National Health Surveillance

Agency (ANVISA) mandates internal and external quality
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control for all laboratory tests [8]. Nonetheless, likely due to

the instability of the samples, there is no proficiency test

provider in Brazil that supplies control samples for this type

of POC.

In this context, this study aimed to systematize the

production of control samples and to standardize an alter-

native form of accuracy assessment for capillary glycemia

performed in glucometers. The purpose of this control is

not to replace or to compete with the internal quality

control, but allow comparing the results of glucometers

from different units of the hospital considering that the

inpatients are transferred among them.

Materials and methods

A brand-new glucometer (reference glucometer), model

Accu-Chek Performa� from Roche Diagnostics, Germany,

was used to determinate the reference concentration of

sample panels for the accuracy assessment. This device was

approved in the internal quality control performed with the

control sample provided by the manufacturer. For the cap-

illary glycemia test, a drop of fresh blood (venous, capillary,

or arterial) collected with EDTA or heparin is required. The

principle of the glucometer test is based on amperometry, in

which the enzyme glucose dehydrogenase impregnated

onto the test strip converts the glucose from the blood

sample into gluconolactone in the presence of the coenzyme

pyrroloquinoline quinone (PQQ). This reaction creates a

harmless continuous electric current that the monitor

interprets as the glycemia [9]. In order to employ the new

glucometer as reference glucometer, the results from whole

blood samples were compared with results produced

simultaneously by the reference equipment from the plasma

of the same samples. The reference method used in the

comparison was the reaction with modified hexokinase/

glucose-6-phosphate in the Dimension� (Siemens, USA)

equipment, which is assessed by an External Quality

Assessment program for the glucose measurement. The

variation between the results of both methods was within

the range admitted according to the criteria defined by the

International Organization for Standardization (ISO) [10]

and by the Clinical and Laboratory Standards Institute [11].

For the purpose of comparing the analytical perfor-

mance of the 17 glucometers of the hospital, the average

result yielded by the control sample panel obtained with the

reference glucometer was considered the target value for

the glucometers evaluated. For the production of control

sample panels, blood samples were collected with vacuum

EDTA tubes through venipuncture in the anterior surface

of the arm (cubital, median, or cephalic veins) from healthy

volunteers that signed a term of free and informed consent

and whose hematocrit levels were within the reference

range (between 36 % and 47 % for women and between

40 % and 52 % for men). Samples whose hematocrit levels

were out of these ranges were excluded from the study.

In order to determine the correlation between capillary

glycemia and plasma glucose and the stability of the control

samples in the panels regarding the glucose consumption by

the blood cells over time, glucose concentration was mea-

sured with the reference glucometer and with the reference

method in 20 venous blood samples at the initial (zero) time

and at 30 min, 60 min, and 90 min after collection with the

samples stored at room temperature (20 �C–25 �C). At each

time, an aliquot was taken from the whole blood sample for

analysis by the glucometer and another aliquot, for cen-

trifugation (3500g for 10 min) for plasma obtention and

evaluation by the reference method. Thus, the percentage of

glucose level reduction in the samples was verified

according to the contact time of the plasma with the cells

and the maximum time between collection and accuracy

assessment with no significant change in the glucose level

was defined. The analysis of the samples at time zero was

performed 10 min after collection, the time needed for

sample centrifugation to obtain the plasma.

To evaluate the 17 glucometers of the University Hospital

(UH) of the Federal University of Santa Catarina (UFSC),

two panels were prepared with control samples with different

glucose levels (high and low). Each panel required 10 ml of

venous blood. The whole blood sample was split into two

8-ml aliquots using two 15-ml polystyrene tubes. In one of

the tubes, a quick glucose test was performed with the ref-

erence glucometer and, as the result was above 3.892 mmol/

l, the sample was left to sit at room temperature for long

enough so that the glucose was naturally consumed by the

blood cells, which yielded the low-glucose control sample

(control sample 1). The time required to obtain control

sample 1 depended on the initial glucose level and was cal-

culated from the information that the initial glucose level in

the sample decreases by 5 %–7 % per hour at rest at room

temperature [12, 13]. The control sample with high glucose

level (control sample 2) was prepared shortly before the

beginning of the accuracy assessment tests by adding a

concentrated glucose solution (18.515 mmol/l) (Glucup

100, NewProv, Brazil) to the sample. By the end of sample

preparation, their concentrations were measured in triplicate

with the reference glucometer. Afterwards, 1 ml of the ref-

erence sample was separated and centrifuged to obtain the

plasma, and then the glucose concentration was measured

using the reference method.

Two accuracy assessment rounds were carried out in the

hospital, in December 2013 and January 2014, following this

standardized control sample preparation. The rounds eval-

uated 17 Accu-Chek Performa� glucometers from Roche

Diagnostics, Germany. For each round (Gluco1 and Gluco2),

17 panels were produced, made up of two Eppendorf tubes
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with 0.4 ml whole peripheral blood each (one with low

concentration and the other with high concentration of glu-

cose), two 1-ml Pasteur pipettes, two gauzes, and one sheet to

write down the results. The panels were stored in polystyrene

boxes with recyclable ice, so that the ice did not contact the

samples, and each box was sent to one sector of the hospital.

Each panel was handed to a nursing staff professional, who

ran the tests and wrote down the results. All panels were sent

out and measured within 30 min of preparation. The analyses

were performed within as short time as possible in order to

minimize the analytical difference due to variations in the

samples’ glucose concentration. Every control sample were

tested in duplicate with each of the 17 glucometers using

reactive strips from three different batches in order to

decrease the chance of interference of a particular lot. In

order to compare the results produced in each glucometer,

the result of each one was compared to the mean of all glu-

cometers, as an External Quality Assessment.

Statistical analysis

Sample stability was assessed using analysis of variance

(ANOVA) with a significance level of p\ 0.05. A study

was performed to detect outliers results using the SPSS

(Statistical Package for the Social Sciences) Statistic Data

Editor version 17.0, IBM (Chicago, USA) and then the

average, standard deviation, errors (mmol/l and percent-

age), and standard deviation index (SDI) were calculated.

This index is the classic method to compare results from

different devices and represents the number of standard

deviations that separate the result of the glucometer eval-

uated from the average obtained by all glucometers. In

general, an SDI variation in range of ±2 is considered

acceptable [14]. Bland–Altman test was performed to

compare groups, using MedCalc version 12.0.3.0, Micro-

soft Partner (Ostend, Belgium).

Results

The analysis for detection of outliers was carried out for

all the data, but no results were excluded from the study.

The Bland–Altman analysis showed no statistically

significant difference between the three different batches

of test strips used in this work (results not showed). In the

stability analysis of control samples, the reduction in

glucose concentration in the 20 blood and plasma samples

read at 0, 20, 60, and 90 min from collection can be seen

in Table 1.

ANOVA showed that these variations are not statisti-

cally significant (p[ 0.05). Thus, the present study

considered that the distribution of the glucometer assess-

ment panels performed within 90 min does not

significantly impacts the precision of the results.

Moreover, the comparison between the glucose con-

centration measurements in the normoglycemic samples

with the reference glucometer (whole blood) and with the

reference method (plasma) showed results 7.3 % lower, on

average, in the glucometer. The glucose results obtained

with the 17 glucometers evaluated were also compared to

the value obtained in the plasma glucose concentration

measurement of the samples that made up the panels

(Table 2). This comparison aimed to verify whether the

difference in the results is within the one admitted by the

guidelines. The result of each glucometer is the mean of six

repeated measurements with the same sample.

The differences in the results shown in Table 2 were

compared with those admitted by the guidelines (prepared

by several organizations such as the International Stan-

dards Organization (ISO) [10], the Clinical and Laboratory

Standards Institute (CLSI, USA) [11], the American Dia-

betes Association (ADA, USA) [5], and the Food and Drug

Administration (FDA, USA) [15] for glucometer perfor-

mance) (Table 3).

Two accuracy assessment rounds were carried out,

labeled Gluco1 and Gluco2. The former evaluated 15

glucometers, while the latter evaluated 17. In Gluco1

(Table 4), the results obtained with the glucometers eval-

uated with control sample 1 had maximum differences of

±0.167 mmol/l (±3.8 %) when compared with the average

result of all glucometers evaluated. With control sample 2,

the differences varied between ?0.964 mmol/l (6.2 %) and

-1.037 mmol/l (-6.7 %). Regarding the SDI data of the

results produced by the glucometers tested compared with

the average of all tested devices, all results have a SDI

within the range of ±2.

Table 1 Reduction in glucose concentration in whole blood and plasma samples left to sit for 30, 60, and 90 min from the first measurement

Sample Percentage of reduction in glucose concentration after the first measurement (time zero)

Reduction in 30 min

mean ± SD (%)

Reduction in 60 min

mean ± SD (%)

Reduction in 90 min

mean ± SD (%)

Whole blooda (reference glucometer) 3.5 ± 1.5 4.2 ± 1.7 7.9 ± 2.1

Plasma (reference method—Dimensiona) 2.5 ± 3.2 4.9 ± 4.1 7.1 ± 4.7

SD Standard deviation
a Blood anticoagulated with disodium EDTA
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In Gluco2 round (Table 5), the results obtained with the

glucometers evaluated with control sample 1 differed by up

to ?0.566 mmol/l (13.2 %) and -0.324 mmol/l (-7.6 %)

when compared with the average result of all glucometers

evaluated. In the comparison between the individual results

and the average results of the glucometers using control

sample 2, the maximum differences were ?0.853 mmol/l

(4.2 %) and -0.815 mmol/l (-4.1 %). Regarding the SDI,

only one result (glucometer 6), when measuring control

sample 1, went over the limits of ±2, which was removed

from service and sent to the maintenance.

Discussion

In order to produce the control samples, some aspects of

their stabilities were tested and the results of this assess-

ment showed that the decrease in glucose in the sample

over time matched the results found by Bruns and Knowler

[13]. The glucometer measurement from whole blood had

results 7.3 % lower than the glucose concentration with the

reference method in the plasma fraction of the same sam-

ples. This result was lower than in some studies that show

variations between 10 % and 15 % [16, 17]. This dis-

crepancy could derive from the use of normoglycemic

samples [18] in the present study. The analysis of the

results produced by samples with extreme glucose con-

centrations (control sample 1 and control sample 2) showed

that the difference found was higher (12 %), which is more

compatible with the results in similar studies [16, 17].

Therefore, the variation deriving from the matrix must be

taken into account when results produced by glucometers

and laboratory equipment are used as synonymous [17].

The difference between the plasma and whole blood is the

most important variable that physicians must consider

when setting glycemia control goals for inpatients [18].

The quality norms for glucometers usually set fixed limits

of variation for low glucose concentration and percentage

limits for higher ranges (Table 3). According to the quality

specifications for glucometers suggested by the CLSI

(2013) [11] and by the FDA (2014) [15], 94 % and 41 % of

the glucometers, respectively, met the goals for control

Table 2 Result of the glucose concentration performed with the glucometers with whole blood and the difference from the plasma glucose

concentration performed with the reference method (automated equipment—Dimension�)

Glucometer Glucose concen-

tration (mmol/l)

Control sample 1a

Difference in mmol/l (%) from

reference method (plasma)b

Control sample 1

(3.670 mmol/l)

Glucose concen-

tration (mmol/l)

Control sample 2a

Difference in mmol/l (%) from

reference method (plasma)b

Control sample 2

(21.184 mmol/l)

1 3.264 -0.406 (-11.1) 18.376 -2.808 (-13.3)

2 3.380 -0.290 (-7.9) 18.448 -2.736 (-12.9)

3 3.392 -0.278 (-7.6) 18.570 -2.614 (-12.3)

4 2.986 -0.684 (-18.6) 18.448 -2.736 (-12.9)

5 3.392 -0.278 (-7.6) 18.609 -2.575 (-12.2)

6 3.375 -0.295 (-8.0) 18.337 -2.847 (-13.4)

7 3.319 -0.351 (-9.6) 18.348 -2.836 (-13.4)

8 3.364 -0.306 (-8.3) 18.476 -2.708 (-12.8)

9 3.297 -0.373 (-10.2) 18.559 -2.625 (-12.4)

10 3.236 -0.434 (-11.9) 18.476 -2.708 (-12.8)

11 3.253 -0.417 (-11.4) 18.237 -2.947 (-13.9)

12 3.186 -0.484 (-13.2) 18.582 -2.602 (-12.3)

13 3.153 -0.517 (-14.0) 18.776 -2.408 (-11.4)

14 3.186 -0.484 (-13.2) 18.921 -2.263 (-10.7)

15 3.180 -0.490 (-13.4) 18.487 -2.697 (-12.7)

16 3.141 -0.528 (-14.4) 18.804 -2.380 (-11.2)

17 3.130 -0.540 (-14.7) 18.748 -2.436 (-11.5)

Average -0.420 (-11.4) -2.643 (-12.5)

SD 0.112 0.179

SD Standard deviation
a Average of six consecutive glucose concentration measurements from the same sample with each glucometer tested
b Plasma glucose concentration from the same sample with the Dimension� device
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sample 1 and none of the 17 devices evaluated met the

specifications for samples with high glucose concentration

(control sample 2). The new quality standards set by the

CLSI in 2013 and by the FDA in 2014 could mean better

safety for the patient since they would pressure manufac-

turers to adapt to more rigid criteria by producing more

accurate glucometers that yield results with as much

quality as laboratory equipment [19].

Regarding accuracy assessment rounds for glucometers,

given the time limit between producing the panels and

carrying out the glucose tests in whole blood samples, no

provider supplies proficiency test panels in Brazil. Hence,

each laboratory must create alternative control measures,

besides periodically comparing the results obtained with

the glucometers using the reference method [5]. In the two

rounds performed, only one result was out of the SDI limits

of ±2 from the average results with control sample 1 in

Gluco2 round. In this sense, many variables may impact

the accuracy of the glucometer such as the variation of the

equipment operator, incorrect storage of the reactive strips,

equipment misuse, among other clinical variables. Thus,

the more it is known about the method’s limitations and the

better glucometers are controlled, the greater the benefits

will be for patient safety [20–22]. In addition, the partici-

pation in another control program enables assessing the

magnitude of the systemic error, i.e., the inexactitude of the

analytical system. This way, it is also important to compare

equipment among sectors in a hospital, since patients are

very commonly transferred between units [23]. Staff

training is a requirement to reduce the sources of opera-

tional error in such equipment, as well as the daily use of

internal controls to verify the performance of the

Table 3 Comparison of the differences between results obtained with the different glucometers and with the reference method and the

performance standard of international organizations

ADA:1996 [5] ISO 15197:2003 ISO 15197:2013 [10] CLSI:2013 [11] FDA:2014 [15]

Performance limits for glucose concentration measurements (mmol/l)

Criteria All ranges/\5 % \4.17/±0.834

[4.17/±20 %

\5.56/±0.834

[5.56/±15 %

\5.56/±0.667

[5.56/±10 %

\4.17/±0.3897

[4.17/±10 %

Percentage (and number) of glucometers that met the expected result range

Control sample 1 12 % (2/17) 100 % (17/17) 100 % (17/17) 94 % (16/17) 41 % (7/17)

Control sample 2 0 % (0/17) 100 % (17/17) 100 % (17/17) 0 % (0/17) 0 % (0/17)

Table 4 Results of Gluco1 round of glucometers at UH/UFSC

Glucometer Control sample 1 Control sample 2

Glucose

concentration

(mmol/l)

Difference from

the average

in mmol/l (%)

Standard

deviation

index

Glucose

concentration

(mmol/l)

Difference

from the average

in mmol/l (%)

Standard

deviation

index

1 4.392 0 (0) 0.0 14.512 -1.037 (-6.7) -1.7

2 4.504 0.112 (2.6) 1.1 16.124 0.575 (3.7) 1.0

3 4.448 0.056 (1.3) 0.5 15.735 0.186 (1.2) 0.3

4 4.448 0.056 (1.3) 0.5 16.235 0.686 (4.4) 1.1

5 4.337 -0.055 (-1.3) -0.5 15.290 -0.259 (-1.7) -0.4

6 4.281 -0.111 (-2.5) -1.1 16.513 0.964 (6.2) 1.6

7 4.559 0.167 (3.8) 1.6 15.512 -0.037 (-0.2) -0.1

8 4.448 0.056 (1.3) 0.5 15.512 -0.037 (-0.2) -0.1

9 4.281 -0.111 (-2.5) -1.1 15.179 -0.370 (-2.4) -0.6

10 4.281 -0.111 (-2.5) -1.1 15.512 -0.037 (-0.2) -0.1

11 4.226 -0.166 (-3.8) -1.6 14.790 -0.759 (-4.9) -1.3

12 4.337 -0.055 (-1.3) -0.5 14.623 -0.926 (-6.0) -1.6

13 4.392 0 (0) 0.0 16.180 0.631 (4.1) 1.1

14 4.392 0 (0) 0.0 15.846 0.297 (1.9) 0.5

15 4.559 0.167 (3.8) 1.6 15.679 0.130 (0.8) 0.2

Average 4.392 15.549

SD 0.103 0.597
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equipment aiming to guarantee reliable results [24]. Given

the different variables that may impact accuracy in glu-

cometer results, and since POCs are performed away from

the strict laboratory control, the Joint Commission on

Accreditation of Healthcare Organizations (JCAHO, USA),

the College of American Pathologists (CAP, USA), and the

Brazilian Society of Clinical Pathology and Laboratory

Medicine (SBPC/ML) recommend comparisons every

semester between the results obtained with POCs and those

from the clinical laboratory in order to guarantee test

quality and competency of the staff that performs them [23,

25, 26].

Conclusion

The stability evaluation of the control samples showed that

accuracy evaluation can be performed up to 90 min after

the collection of whole blood sample to produce control

sample panels. The alternative control method for glu-

cometers fulfilled the needs and enabled comparing the

glucometers in a hospital. Finally, given the current quality

guidelines, daily internal quality control of glucometers is

recommended, besides at least two annual comparisons

between the results of the glucometers and the reference

method and one EQA every 3 months.
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