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Are Those Glucometer Results

Accurate?

Kristen Scheckel, pa-c

CLINICAL CASE FROM 2009
JF, a 64-year-old man with a 30-
year history of type 2 diabetes
managed with basal and rapid-
acting prandial insulin, started
peritoneal dialysis using icodextrin
dialysis solution. Since starting
dialysis, JF has experienced per-
sistently elevated blood glucose
readings (in the high 200 mg/dL
to high 300 mg/dL range) using his
Accu-Chek Compact glucometer
purchased in 2008. In response,
JF has been taking higher doses
of rapid-acting insulin with meals
and for correction, with two-to-
three-hour postprandial blood glu-
cose readings persistently elevated
(in the high 200s). JF has no fevers,
chills, abdominal pain, or other
signs/symptoms of infection. Urine
ketone testing is negative.

Yesterday, JF's pre-lunch blood
glucose registered at 380 mg/dL
on his glucometer, and he took a
dose of rapid-acting insulin that
was double what he would have
taken prior to starting dialysis.
About 90 minutes after lunch, JF
felt weak and diaphoretic and be-
came unresponsive, with seizure-
like activity. His wife called the
paramedics; when they arrived,
JF's fingerstick glucose level was
28 mg/dL (using a One Touch Ul-
tra glucometer).

JF was treated acutely with IV dex-
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trose and then transported to a
nearby hospital. During his hospi-
talization, his blood glucose level
was maintained in the mid-100 to
high-200 mg/dL range, with ap-
proximately 50% lower doses of
rapid-acting insulin with meals.
Hospital work-up revealed no evi-
dence of secondary causes of hy-
perglycemia. EEG was negative.

Further investigation determined
that JF's Accu-Chek Compact glu-
cometer used GDH-PQQ method-
ology, which is unable to distin-
guish between the blood glucose
level and the maltose metabolite
of icodextrin contained in the peri-
toneal dialysis solution—Ileading
to falsely elevated glucose results.
JF switched to a different glucom-
eter that did not use test strips
containing the GDH-PQQ method,
allowing for more accurate blood
glucose readings and no recurrent
episodes of severe hypoglycemia.

BIOCHEMISTRY OF
GLUCOSE MEASUREMENTS
In 1964, Ernie Adams invented
Dextrostix, a paper strip that de-
veloped varying shades of color
proportional to the glucose con-
centration. In 1970, Anton Cle-
mens developed the first glu-
cometer, the Ames Reflectance
Meter (ARM), to detect reflected
light from a Dextrostix. The ARM
weighed 3 1b and cost $650.!
Modern glucometers analyze
whole blood using both an en-
zymatic reaction and a detector.
The enzyme is packaged in a de-

hydrated state contained in a dis-
posable strip. The glucose in the
patient’s blood rehydrates and
reacts with enzymes in the strip to
produce a detectable product.!

The gold standard for measur-
ing glucose is isotope dilution
mass spectrometry; however, this
is not commonly performed in
clinical laboratories. The accuracy
of glucometers is most commonly
assessed by comparing the glu-
cometer result to a venous plasma
sample collected at the same time
and analyzed by a clinical labora-
tory using multi-analyte automat-
ed instrumentation.’

The two main types of com-
mercially available glucometers
are the glucose oxidase (GO) and
glucose dehydrogenase (GDH)
systems. The GO meters utilize
the GO enzyme to catalyze the
oxidation of glucose into gluconic
acid. The oxidation reaction pro-
duces electrons that generate cur-
rent proportional to the glucose
level in the test sample.'?

With GDH glucometers, sever-
al different enzymes can catalyze
glucose oxidation, including nic-
otinamide adenine dinucleotide
(GDH-NAD), flavin adenine di-
nucleotide (GDH-FAD), pyrrolo-
quinoline quinone (GDH-PQQ),
or mutant glucose dehydrogenase
PQQ (Mut Q-GDH).**5

Measurement of glucose using
the hexokinase enzyme is con-
sidered more accurate than both
the GO and GDH systems and is
commonly used in clinical labo-

ratories. However, the cost of this
continued on page 33 >>
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>> continued from page 29

system is more than that of the
commercially available glucom-
eters, and thus it is not widely
available.?

PERFORMANCE REQUIREMENTS
FOR GLUCOMETER SYSTEMS
There is no single standard for glu-
cometer accuracy. Per Guideline
15197, issued by the International
Organization for Standardization
(ISO) in 2013, the minimum cri-
teria for accuracy is at least 95%
of blood glucose results within +
15 mg/dL of the reference value at
blood sugar concentrations < 100
mg/dL and within + 15% at blood
sugar concentrations > 100 mg/
dL.% For OTC glucometers, the FDA
hasrecommended that atleast 95%
of measurements fall within + 15%
and at least 99% of measurements
fall within + 20% of reference values
across the entire claimed range of
the glucometer system.”

The ISO and FDA both recom-
mend that industry test glucom-
eter accuracy using glucose levels
ranging from < 50 mg/dL to > 400
mg/dL.5" They also recommend
evaluating blood glucose accu-
racy at different hematocrit lev-
els and assessing accuracy in the
presence of interfering substanc-
es, such as acetaminophen, ibu-
profen, salicylate, sodium, ascor-
bic acid, bilirubin, creatinine,
dopamine, maltose, xylose, ga-
lactose, hemoglobin, heparin, L-
dopa, methyldopa, triglycerides,
cholesterol, sugar alcohols, and
uric acid.%” The FDA additionally
recommends testing glucometer
accuracy in the presence of tem-
perature extremes, humidity, and
different altitudes.”

Currently, the premarket eval-
uation of glucometers is a one-
time procedure that is typically
conducted by the manufacturer.
Not all available glucometers cur-
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rently comply with the less strin-
gent ISO accuracy standards from
2003, and most currently avail-
able glucometer systems fail to
meet the more stringent accuracy
criteria outlined by the ISO in
2013 and the FDA in 2014. Fur-
thermore, there can be inconsis-
tency in the measurement quality
between different test strip lots,
adding another variable to as-
sessing glucometer accuracy.®

VARIABLES AFFECTING
GLUCOMETER ACCURACY
Patient and environmental
factors
Both patient and environmental
factors can interfere with obtain-
ing accurate glucometer results.
These include sampling errors,
improper storage of test strips,
inadequate amount of blood ap-
plied to the test strip, improper
meter coding, and altitude.!
Temperature extremes and hu-
midity can denature, inactivate, or

ing the accuracy of glucometer
readings at high altitude is the po-
tential for secondary polycythe-
mia, which can result in underes-
timation of glucose levels.?®

Physiologic factors

Physiologic factors that can cause
inaccurate glucometer results
include hypoxia, abnormal pH,
hyperuricemia, jaundice, polycy-
themia, anemia, peripheral vas-
cular disease, and hypotension
resulting in poor perfusion.”®

Elevated oxygen tension in
patients receiving oxygen thera-
py can falsely lower glucometer
results for GO meters, while hy-
poxia can falsely elevate glucose
results for these meters."?

Low pH (< 6.95), such as in di-
abetic ketoacidosis, falsely lowers
glucose readings in GO meters,
while a high pH falsely elevates
glucose readings."'® Elevated se-
rum uric acid (> 10-16 mg/dL)
and elevated total bilirubin con-

There is no single standard for
glucometer accuracy, although minimum
criteria have been established.

prematurely rehydrate enzymes
and proteins within the test strip.!
GO meters can overestimate glu-
cose levels at low temperatures,
while GDH meters can produce
unpredictable results in increased
humidity.! The detector portion of
the meter is composed of electron-
ics and should be protected from
temperature extremes and exces-
sive moisture as well.!

In high altitude, both GO and
GDH meters can produce unreli-
able results, with a tendency to
overestimate blood glucose lev-
els.® Another variable confound-

centration (> 20 mg/dL) can cause
overestimation of blood glucose
levels due to electrochemical in-
teraction at the electrode site in
GDH-PQQ meters.!!
Polycythemia can result in un-
derestimation of glucose levels,
and glucose levels can be over-
estimated in the setting of ane-
mia.’ In anemia, the reduced red
blood cell volume results in less
displacement of plasma, caus-
ing more glucose molecules to be
available to react with the enzyme
contained in the test strip.'?
Despite manufacturers’ claims
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that glucometers are reliable
to a hematocrit range of 20% to
25%, clinically significant errors
of greater than 20% were ob-
served when the hematocrit level
dropped below 34%, which can
present challenges if glucometers
are used in the ICU."® Mathemati-
cal formulas to correct point-of-
care glucometer measurements
based on the hematocrit level
have been proposed and have

The GDH-PQQ meters can-
not distinguish between glucose
and nonglucose sugars, resulting
in either undetected hypoglyce-
mia or a falsely elevated glucose
result (up to 3 to 15 times higher
than corresponding laboratory
results), which can lead to inap-
propriate medication dosing that
results in potential hypoglycemia,
coma, or death." Laboratory-
based blood glucose assays, the

Review the product insert for
verification of the specific enzymatic
methodology used in the test strip.

demonstrated effectiveness in
decreasing the incidence of hypo-
glycemia in critically ill patients
treated with insulin.'?

Medications
Drugs that most commonly in-
terfere with glucometer measure-
ments include acetaminophen
(especially at a serum concentra-
tion > 8 mg/dL), ascorbic acid,
maltose, galactose, and xylose."!!
Acetaminophen and ascorbic
acid consume peroxide, resulting
in falsely lowered blood glucose
readings in GO meters. In GDH
meters, direct oxidation can oc-
cur at the electrode site in the
presence of acetaminophen and
ascorbic acid, resulting in falsely
elevated glucose levels.%9!2
Maltose, galactose, and xylose
are nonglucose sugars found in
certain drug and biologic formu-
lations, such as icodextrin peri-
toneal dialysis solution, certain
immunoglobulins (Octagam 5%,
WinRho SDF Liquid, Vaccinia Im-
mune Globulin Intravenous [Hu-
man|, and HepGamB), Orencia,
and BEXXAR radioimmunother-
apy agent.'
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GO, and most GDH-FAD, GDH-
NAD, Mut Q-GDH, and hexoki-
nase test strips do not have the
potential for cross-reactivity from
sugars other than glucose.***

It should be noted that in the
United States, most GDH-PQQ
test strips are no longer manufac-
tured for home glucose testing.
However, it is important to review
the product insert contained in
the test strip box for verification of
the specific enzymatic methodol-
ogy used in the test strip.*®

CONCLUSION
Multiple factors affect the accura-
cy of currently available glucom-
eters. Consideration of patient
comorbidities, medication use,
operational technique, and the
conditions under which test strips
are stored is important when uti-
lizing glucometer data to make
medication adjustments in diabe-
tes management. It is important
to refer to specific glucometer and
test strip manufacturer device la-
beling to help select the appro-
priate glucometer for a particular
patient.

The case presentation from

2009, involving falsely elevated
blood glucose readings in a pa-
tient using a GDH-PQQ meter
while receiving icodextrin perito-
neal dialysis solution, highlights
the importance of background
knowledge of glucometer opera-
tional mechanisms. For a full list
of test strips that are compatible
with icodextrin peritoneal dialy-
sis solution, please see the Coun-
try-Specific Glucose Monitor List
at www.glucosesafety.com.’

Examples of specific GO me-
ters include the OneTouch Ul-
tra, iBGStar, and ReliOn meters.
Although the GO meters do not
cross-react with icodextrin, these
meters should be avoided in pa-
tients receiving supplemental
oxygen, due to the potential for
falsely lowered readings.

The GDH-FAD, GDH-NAD, and
Mut Q-GDH test strips may be
used in patients receiving icodex-
trin peritoneal dialysis solution
and those receiving supplemental
oxygen.*®* Examples of GDH-FAD
meters include most currently
available FreeStyle meters, Bayer
Contour meters, and One Touch
Verio meters. The Precision Xtra
meter uses GDH-NAD test strips.
Most Accu-Chek meters currently
use Mut Q-GDH test strips. CR
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RADIOLOGYREVIEW

>> continued from page 10

ANSWER
The radiograph shows a slightly
displaced fracture of the distal
fourth metacarpal head. No other
injuries are present.

The patient’s hand was left in the
splint, and orthopedic evaluation
was obtained. CR

ENDOCRINECONSULT

tor_List.pdf. Accessed November 18, 2015.

6. Freckmann G, Schmid C, Baumstark A, et al.
Analytical performance requirements for sys-
tems for self-monitoring of blood glucose
with focus on system accuracy: relevant dif-
ferences among 1SO 15197:2003, ISO 15197:
2013, and current FDA recommendations.
J Diabetes Sci Technol. 2015;9(4):885-894.

7. FDA. Self-Monitoring Blood Glucose Test Sys-
tems for Over-The-Counter Use: Draft Guid-
ance for Industry and Food and Drug Adminis-
tration Staff (2014). www.fda.gov/downloads/
medicaldevices/deviceregulationandguidance/
guidancedocuments/ucm380327.pdf.
Accessed November 18, 2015.

8. OlatejuT, Begley J, Flanagan D, Kerr D. Effects

clinicianreviews.com

11.

of simulated altitude on blood glucose meter
performance: implications for in-flight blood
glucose monitoring. J Diabetes Sci Technol.
2012;6(4):867-874.

. Rao LV, Jakubiak F, Sidwell JS, et al. Accuracy

evaluation of a new glucometer with automat-
ed hematocrit measurement and correction.
Clinica Chimica Acta. 2005;356(1-2):178-183.

. Tang Z, Du X, Louie RF, Kost GJ. Effects of pH

on glucose measurements with handheld glu-
cose meters and a portable glucose analyzer
for point-of-care testing. Arch Pathol Lab
Med. 2000;124:577-582.

Eastham JH, Mason D, Barnes DL, Kollins J.
Prevalence of interfering substances with
point-of-care glucose testing in a community

12.

13.

14.

hospital. Am J Health Syst Pharm. 2009;66:
167-170.

Pidcoke HF, Wade CE, Mann EA, et al. Anemia
causes hypoglycemia in ICU patients due to
error in single-channel glucometers: methods
of reducing patient risk. Crit Care Med.
2010;38(2):471-476.

Mann EA, Pidcoke HF, Salinas J, et al. Accu-
racy of glucometers should not be assumed.
Am J Crit Care. 2007;16(6):531-532.

FDA. FDA Public Health Notification: Poten-
tially Fatal Errors with GDH-PQQ Glucose
Monitoring Technology (2009). www.fda.
gov/MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/ucm176992.htm.
Accessed November 18, 2015.

DECEMBER 2015 e Clinician Reviews 35



