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Abstract: Introduction: Altera-
tions in blood glucose levels are
common and an important deter-
minant of a patient's admission
outcomes, point-of-care glucome-
ters, which are affected by a vari-
ety of factors, are increasingly
used in clinical care. In this study
we compared blood glucose levels
determined by two commonly
used glucometers (One Touch®
and Accu-check®) with those of a
standard laboratory method and
determined the effect of haema-
tocrit on glucose readings
Methods: Blood glucose levels
were measured with One Touch®
and Accu-Check® glucometers
and the glucose oxidase method at
the same time in 295 children
aged 0 to 15 years over a 6-month
period. Bland-Altman and correla
tion analysis were used to explore
biases among the three methods.
For all dtatistical tests, a p-value
of less than 0.05 was considered
statistically significant.

Results: Most were males (51.2%)
and the median (range) age was 1

based glucose oxidasetest in
deter mining blood glucose

year (1 day, 12 years). There was a
significant correlation between
each of the glucometer methods
and laboratory blood sugar, and
the correlation between the two
glucometers was strong and sig-
nificant. This correlation remained
statistically significant even after
controlling for haematocrit values.
There was an acceptable level of
bias (3.9 mg/dL) between the One
Touch® and Accu-check® glu-
cometers, but each had a remarka-
bly large bias compared with the
glucose oxidase method.

Conclusion: The use of a tested
glucometer in clinical settings can
aid in rapid decision-making, but
there is a need to periodically cross
-check with the glucose oxidase
method in the laboratory to opti-
mise treatment outcomes for chil-
dren with dysglycaemia.

Key words. Comparison, glu-
cometers, glucose, laboratory-
based glucose oxidase test

Introduction

Alteration in glucose homeostasis is a common meta-
bolic emergency especialy in the neonatal unit and the
Children’s emergency room and is an important deter-
minant of patient outcomes.*® In Nigeria, the prevalence
of hypoglycaemia among children admitted into a typi-
cal paediatric emergency ward could be as high as 6.2%
and it is commonly associated with severe malaria, sep-
ticaemia, pneumonia, and protein energy malnutrition.’
To prevent severe complications and improve patient
outcomes, it is necessary to reliably determine the blood
glucose levels as quickly as possible and institute inter-
vention when needed. Point of care testing using the
glucose meters have become increasingly available in
most clinical settings and it plays significant role in pa-
tient management. The use of glucose meter requires
very little blood sample and give immediate results ex-

pediting the decision-making process.

In most devel oping countries glucose meters are increas-
ingly available and becoming a part of standard of care
in paediatric emergency rooms and neonatology unit.
These devices are fraught with errors which can lead to
wrong clinical judgment and interventions.? In a study to
evaluate accuracy of 27 glucose meters Freckmann et a
8 found 40% of them did not meet the required stan-
dards. Similar findings have been reported by other in-
vestigators and some inaccuracies have been associated
with dire conseguences on patient health and indeed
some fatalities.® In addition, glucose meter readings are
affected by factors like haematocrit, hypoxia, ambient
temperature, and hypotension amongst others. >0

With the increasing availability of glucose meters in
developing countries we evaluated the accuracy of two
commonly used glucose meters in hospitals in Nigeria,
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Accu-Check® and One-Touch®, compared to standard
laboratory-based glucose oxidase method. We also in-
vestigated the effect of haematocrit on the glucose
readings

M ethods
Sudy Design and Subjects

In a cross-sectional design, we enrolled neonates and
children less than 15 years old over a 6-month period,
presenting to the emergency room and outpatient clinics
after parental consent. The settings of this study were
the children's emergency and outpatient clinics of two
large hospitals, University College Hospital and Adeoyo
Maternity Teaching Hospital, in Ibadan, Southwest Ni-
geria.

Glucose and Haematocrit Measurements

For each study participant, 1-1.5 mls of blood was col-
lected into bottles with fluoride oxalate and blood glu-
cose readings were obtained using two glucose meters,
One-Touch® (OT) and Accu-check® (AC) glucometers.
Two readings were obtained from each glucometer, and
the average was calculated. The remaining blood sample
was used to obtain reference blood glucose in the labora-
tory using the standard glucose oxidase method. The
glucose oxidase (GO) based random plasma glucose
(RPG) results were available for 173 children and 295
for both Accu-Check® and OT. Venous blood was col-
lected into two capillary tubes for haematocrit assess-
ment and the average of the two samples was taken. The
packed cell volume (PCV) results were available for 265
patients.

Data analysis

The blood sugar values obtained from the glucose oxi-
dase method laboratory were regarded as the gold stan-
dard against which the results of the two glucometers
were compared. Bland-Altman plots were used to
graphically display the bias and 95% confidence interval
(CI) of the results of the two glucometers from the labo-
ratory method (gold standard). In addition, a Pearson
correlation analysis was carried out to examine relation-
ships among the three methods, while a partial correla
tion was carried out to explore the effect of haematocrit
levels on the relationships. The statistical package SPSS
for Windows version 16.0 (SPSS Inc, Chicago, IL,
USA) was used to analyse the data. All statistical tests
were two-tailed, and a p-value of less than 0.05 was con-
sidered statistically significant.

Ethical Consideration

The study was approved by the University of Ibadan/
University College Hospital, Ibadan joint Ethics Review
Committee and done in line with the Helsinki Declara-
tion of 1975, as updated in 2000.

Results

Of the 295 children who participated in the study, 144
(48.8%) were females, median age was 1 year (range =
1 day to 12 years). The RPG ranges for glucose oxidase
method were 33 mg/dl to 169 mg/dl, Accu-Check® was
15 mg/dl to 337 mg/dl, and OT was 43 mg/dl to 356 mg/
dl. The mean glucose oxidase method, Accu-Check®,
and One-Touch® RPG were respectively 87.7 mg/di
(20.3), 94.1 mg/dl (28.2), and 98.4 mg/dl (30.4). The
packed cell volume (PCV) results ranged from 19%-—
69% with a mean (SD) of 38.7% (9.3).

There was a significant correlation between RPG levels
obtained from each of the glucometer methods and the
glucose oxidase method, while the correlation between
Accu-Check® and One-Touch® values was strong and
significant (Table 1). Even when haematocrit values
were considered, the correlation between each glucome-
ter method and lab blood sugar remained statistically
significant.

Pair-wise assessment of agreements between methods

Bland Altman plots of difference versus average of RPG
levels from laboratory and Accu-check® shows the mean
of differences (bias) between Accu-check® and labora-
tory values readings was 14.3 mg/dl (95% limits of
agreement = -17.0 to 45.6) as shown in Figure 1. There
were 5.8% (10 out 173) of the readings outside the limit
of agreement. The average lies between 43.0 mg/dl and
174.0 mg/dl.

Similarly, the mean of differences (bias) between One
Touch® and laboratory values readings was -19.7 mg/dl
(95% limits of agreement = -10.4 to 49.9) as shown in
Figure 2. There were 4.1% (7 out 173) of the readings
outside the limit of agreement. The average lies between
44.5 mg/dl and 174 mg/dl.

Also, the mean of differences (bias) between Accu-

check® and One Touch® was -3.9 mg/dl (95% limits of
agreement = -31.1 to 23.2) (Figure 3). There were 4.1%
(12 out 294) of the readings outside the limit of agree-
ment. The average lies between 41.5 mg/dl and 179.0
mg/dl.

Table 1: Correlation between blood sugar levels obtained by
laboratory method and glucometers.

Pearson Correlations Partial Correlations
Metho Laboratory One-touch Laboratory One-touch
d r p r p r P r p
Accu- 0513 <00 08 <00 050 <00 08 <00
check 01 85 01 2 01 92 01
One- 0546 <00 053 <00
touch 01 7 01




Comparison of point-of-care glucometers and laboratory based glucose oxidase test in determining 268

blood glucose levels Babatunde Oluwatosin Ogunbosi et al

Fig 1: Blend-Altman plot of agreement between Accu-
Check and glucose oxidase method
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Fig 2: Blend-Altman plot of agreement between One-
Touch and glucose oxidase method
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Fig 3: Blend-Altman plot of agreement between Accu-
Check and One-Touch

1000 .
3
S
= @0
g <
j
U B0
.

) 400 s ? Upger imit of agresmart
@ L yoa
§ ;o .-:'."".' gl -
E 2 o i ..o"'. Tn. L
8 Bpog— = B W p A S —— L]
PRL - #}# - e a .
<] O L) ’.‘ .. "y 3t B .
=
2 . sa®_ 8 . [
2 . e ¥ Lower imil ol egreement
g o0
g . .
£ .
Q600

40.0 B0.0 80.0 100.0 120.0 400 160.0 1820

Averege of One-Touch® anc Accu-Check® (mgd.,

Discussion

This study showed that among children presenting to
emergency or outpatient clinic settings in Nigeria, there
was a significant correlation between RPG values meas-
ured by standard laboratory and point-of-care glucose
meters. The observed correlation aso did not vary

across a wide range of age at presentation and pack cell
volumes. The observed significant correlation was
greater between the two glucometers tested than be-
tween glucose oxidase and any of the glucometer- based
RPG in this study. This is not unexpected as glucose is
unstable in whole blood and glycolysis continues in red
blood cells after sample collection. This is increased in
sepsis and leucocytosis. Inhibitors of glucolysis, eg.
fluoride, have a 1-2 hour lag before crossing the cell
membrane and reaching optimal activity™. In the study,
efforts were made to transport the samples to the labora-
tory within 30 minutes to 1 hour of collection, but it
cannot be ascertained how soon after reaching the labo-
ratory the samples were processed.

This study supports the use of glucometers in paediatric
in-patient and out-patient settings in the face of chal-
lenging laboratory services, and the two glucometers
evaluated in this study had good correlation and can be
used in our setting. Thisisimportant because as many as
41% of glucometers may not meet the specified stan-
dards® and a recent review found a significant proportion
did not meet the current 1SO standards.™® Glucose me-
tabolism disorders are a recognised risk factor for mor-
tality in children, and the availability of point-of-care
glucometers, which provide reliable blood glucose
measurements for interventions, will significantly im-
prove outcomes in these children.**® Disturbances of
glucose metabolism are aso common accompanying
presentations in neonates and children with severe ma-
laria, sepsis, and diabetes mellitus in developing coun-
tries.® Prompt recognition of this and early intervention
can be lifesaving. Unfortunately, in most resource-
limited settings, laboratory backup for prompt and ade-
guate patient care is either lacking or results are often
returned too late to have an impact on patient care. The
provision of point-of-care diagnostics like glucose me-
tres can thus be lifesaving.

In the clinical setting, there are various pre-analytical,
analytical, and post-analytical factors that could affect
the accuracy of point-of-care glucometers®*. Pre-
analytical factors include operator or strip related factors
like particles on the test finger, wet or too dry fingers,
wrong sample site selection, expired or strip exposed to
humidity. Analytical factors include test performance of
the glucometer, environmental factors like temperature,
altitude, humidity, and altered patient physiologic states.
Temperature changes, especially hypothermia, increase
the glucometer blood glucose reading on glucometers,
while high altitude and humidity cause a reduction in
reading.® Also, a number of drugs, such as mannitol,
acetaminophen, ascorbic acid, dopamine, and maltose,
cause a fictitious increase in glucose reading.”>**%*" |n
post analysis, errors may arise in the display, reading, or
recording of results'” The results from our study
showed good correlation across a wide range of PCV, 16
—69%, in the study population. Extremely low PCV has
been associated with increased readings and increased
PCV with reduced readings™. In neonates, the haema-
tocrit has been found to be the most important factor
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responsible for the poor performance of glucometers,
especialy at extremely low glucose levels.'™! Therefore,
this should be borne in mind when using glucometers in
this population, and there might be a need for follow-up
testing in the laboratory. However, the observed good
correlation in this study was not affected across the PCV
range in the study population. The minimum observed
PCV of 16% approximates the 15% cut off for WHO
defined severe malaria anaemia, a common feature in
our setting. Also, hematocrit above the maximum ob-
served hematocrit in the study population of 69%, often
seen in patients with cyanotic cardiac disease and some
neonates, is seen in only a fraction of patients in our
clinical setting.

Although this study was conducted in children, the find-
ings may be applicable to adults, as previousy re-
ported.*® An exception to thisisin the intensive care unit
setting, where various physiologic states may influence
the clinical accuracy of the glucometer, e.g., oedemaand
shock. In addition, various intraoperative patient physi-
ologic dynamics that change, at times rapidly, can affect
the accuracy, especially temperature, perfusion, blood
volume, PCV, sympathetic discharge, and peripheral
vasoconstriction.” Hence, glucometer use is not recom-
mended in these settings by the Food and Drug Admini-
stration.®

A limitation of our study is the inability to evaluate the
effects of extremely low or high PCV on test perform-
ance in our clinical setting, especially in specific popula-
tions like neonates. However, the study was conducted
among a randomly selected group of patients in the
emergency and outpatient settings, as patients who pre-
sented were enrolled irrespective of their clinical state.
This might very well represent the general population
mix of patientsin these settings, and so the results of the

study remain relevant in such settings. Another limita-
tion of this study was the inability to analyse the effects
of altered patient physiologic states and medications that
might affect the performance of the glucometers. In our
emergency room, hypoxaemia is seen in about 28.6% of
patients®, and hypoxaemia may lead to a falsely low
glucose reading by glocosemeters. Glucose requires
oxygen to complete a chemical reaction that generates a
proportional electric current reported by the glucometer.
In hypoxic states, the amount of chemical reaction gen-
erated and thus the glucose reading reported is re-
duced.®®

In spite of the favourable performance of most meters,
over 90% of inaccuracies are due to operator error.*
This stems from mistakes with sample site selection,
wiping the site with alcohol or using a wet finger, bub-
bles in the sample, inadequate blood samples, etc. Also,
as most glucometers are shared amongst patients in most
clinical settings like ours, the risk of transmission of
bloodborne infections remains a threat.!*? It is therefore
important to educate operators on its use to ensure maxi-
mum utility is derived from the test procedure while
minimising risk to the patients. This is particularly im-
portant in emergency room settings, where stress levels
can be rather high and the pace of activities quite fast.
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