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I naccuracy of glucometer measure-
ment is an often discussed but
poorly understood phenomenon, in
part, because of the plethora of vari-

ables that can affect performance. Many of
these exert effects only under specialized
circumstances, and relevance to the major-
ity of intensive care unit (ICU) patients is
unknown. Here, we identify the single most

important factor affecting glucometer per-
formance in hemodynamically stable ICU
patients and we describe the impact of glu-
cometer error on hypoglycemia.

Glucometer performance is an impor-
tant issue in the care of ICU patients be-
cause, although the demonstrated benefits
of intensive insulin therapy (IIT) changed
therapy around the world (1, 2), problems

with implementation are generating con-
troversy. Hypoglycemia is a recognized
complication of insulin treatment and, as
we previously showed, can be related to the
effects of anemia on glucometer perfor-
mance (2). This is not a trivial problem; in
severe cases, hypoglycemia can lead to sei-
zures, coma, and death (3, 4). Recent Eu-
ropean trials (GLUCONTROL and VISEP)
designed to confirm and extend the find-
ings of the original Van den Berghe study
were closed before completion due to un-
acceptable increases in prevalence of hypo-
glycemia (5, 6).

IIT requires frequent glucose mea-
surement to maintain patient safety; sin-
gle-channel point-of-care (POC) whole
blood glucometers are used almost uni-
versally to direct care as they are inex-
pensive, require small blood volumes,
and have rapid response times compared
with laboratory analysis (7). Recent stud-
ies, however, question whether they are
sufficiently accurate and reliable for use

Objective: Intensive insulin therapy in the critically ill reduces
mortality but carries the risk of increased hypoglycemia. Point-
of-care blood glucose analysis is standard; however, anemia
causes falsely high values and potentially masks hypoglycemia.
Permissive anemia is practiced routinely in most intensive care
units. We hypothesized that point-of-care glucometer error due to
anemia is prevalent, can be corrected mathematically, and cor-
rection uncovers occult hypoglycemia during intensive insulin
therapy.

Design: The study has both retrospective and prospective
phases. We reviewed data to verify the presence of systematic
error, determine the source of error, and establish the prevalence
of anemia. We confirmed our findings by reproducing the error in
an in vitro model. Prospective data were used to develop a
correction formula validated by the Monte Carlo method. Correc-
tion was implemented in a burn intensive care unit and results
were evaluated after 9 mos.

Setting: Burn and trauma intensive care units at a single
research institution.

Patients/Subjects: Samples for in vitro studies were taken
from healthy volunteers. Samples for formula development were
from critically ill patients who received intensive insulin therapy.

Interventions: Insulin doses were calculated based on pre-
dicted serum glucose values from corrected point-of-care glu-
cometer measurements.

Measurements and Main Results: Time-matched point-of-care
glucose, laboratory glucose, and hematocrit values. We previously
found that anemia (hematocrit <34%) produces systematic error
in glucometer measurements. The error was correctible with a
mathematical formula developed and validated, using prospec-
tively collected data. Error of uncorrected point-of-care glucose
ranged from 19% to 29% (p < .001), improving to <5% after
mathematical correction of prospective data. Comparison of data
pairs before and after correction formula implementation demon-
strated a 78% decrease in the prevalence of hypoglycemia in
critically ill and anemic patients treated with insulin and tight
glucose control (p < .001).

Conclusions: A mathematical formula that corrects erroneous
point-of-care glucose values due to anemia in intensive care unit
patients reduces the prevalence of hypoglycemia during intensive
insulin therapy. (Crit Care Med 2010; 38:471–476)

KEY WORDS: glucose; insulin; anemia; point-of-care systems;
hematocrit; glucose oxidase; critical care; intensive care unit;
glucometer; glucose measurement

*See also p. 703.
From the United States Army Institute of Surgical

Research (HFP, CEW, EAM, JS, BMC, JBH, SEW), Fort
Sam Houston, TX; and the Department of Surgery
(HFP, CEW, JBH, SEW), University of Texas Health
Science Center - San Antonio, San Antonio, TX.

Supported, in part, by Grant 1 R01 GM063120-04
from the National Institutes of Health (NIH) and The
Technologies for Metabolic Monitoring/Julia Weaver Fund,
a Congressionally Directed Program Jointly Managed by the
US Army Medical Research and Materiel Command, NIH,
NASA, and the Juvenile Diabetes Research Foundation and
Combat Casualty Care Division United States Army Medical
Research and Materiel Command.

The opinions or assertions contained herein are
the private views of the authors and are not to be

construed as official or reflecting the views of the
Department of Defense or United States Government.
The authors are affiliated with or employed by the U.S.
government. This work was prepared as part of their
official duties and, as such, there is no copyright to be
transferred.

The authors have not disclosed any potential con-
flicts of interest.

For information regarding this article, E-mail:
heather.pidcoke@amedd.army.mil

Copyright © 2010 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e3181bc826f

471Crit Care Med 2010 Vol. 38, No. 2



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
01 FEB 2010 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Anemia causes hypoglycemia in intensive care unit patients due to error
in single-channel glucometers: methods of reducing patient risk 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Pidcoke H. F., Wade C. E., Mann E. A., Salinas J., Cohee B. M., Holcomb
J. B., Wolf S. E., 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
United States Army Institute of Surgical Research, JBSA Fort Sam
Houston, TX 78234 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

UU 

18. NUMBER
OF PAGES 

6 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



in critically ill patients (8, 9). According
to the American Diabetes Association
guidelines (10, 11), error rates in glucose
measurement should not exceed 5%, but
actual rates �25% have been reported (9,
12, 13). Given the narrow glucose target
of 80 mg/dL to 110 mg/dL associated with
IIT, this degree of measurement error
can have a significant clinical impact.

Error in POC analysis is multifactorial
and the literature describing causative
factors is extensive; yet, before this study,
the relative clinical contribution of indi-
vidual sources of error was unclear. Re-
ported causes of poor glucometer perfor-
mance include abnormal hematocrit, low
oxygen tension, acetaminophen, uric
acid, ascorbic acid, maltose, galactose, xy-
lose, lactose, operator inexperience, age
of strips, heat, and humidity. Anemia re-
sults in error because the estimated vol-
ume of plasma equivalent used to calcu-
late glucose concentrations are based on
expected plasma displacement associated
with normal erythrocyte content (12, 14).
In anemic samples, the degree of dis-
placement is overestimated, the plasma
volume is underestimated, and the re-
ported glucose concentration is thus ar-
tificially high. Laboratory analyzers are
not subject to this error as plasma rather
than whole blood is measured.

Given the effect of anemia on glucom-
eters and their widespread use, imple-
mentation of IIT has resulted in a poten-
tially dangerous clinical scenario due to
the coincident adoption of restrictive
blood transfusion therapies in response
to the landmark work of Hébert and col-
leagues (15). Lower transfusion thresh-
olds have increased the prevalence and
depth of anemia in the ICU (15–20), but
the impact on glucometer performance is
poorly recognized (12, 14). We previously
showed that significant error is found in
four of the most widely used glucometers
and that the error was associated with
anemia (2, 6). This study examines cau-
sation and seeks to identify the most im-
portant source of glucometer error in he-
modynamically stable patients. We further
studied the effect of glucometer error cor-
rection on occult hypoglycemia and hypo-
glycemia frequency, and its role in prevent-
ing excessive insulin administration in
anemic patients who receive IIT.

MATERIALS AND METHODS

This study was conducted at Brooke Army
Medical Center/United States Army Institute
of Surgical Research, Fort Sam Houston, TX.

This study was approved by the Institutional
Review Boards from Brooke Army Medical Cen-
ter and the University of Texas Health Science
Center - San Antonio. The risk of study partici-
pation was considered minimal and formal con-
sent was waived by the Institutional Review
Board, except in the case of healthy volunteers
who signed consents before enrollment.

All POC whole blood glucometer measure-
ments were made with the SureStepFlexx glu-
cometer (Lifescan, Milpitas, CA) except as
noted, and laboratory glucose values were ob-
tained from plasma samples, using the Vitros
Fusion analyzer (Ortho Clinical Diagnostics,
Rochester, NY). The intra- and interassay co-
efficient of variations for the Vitros analyzer
range from 0.5% to 1.2% and 1.2% to 3.5%,
respectively (21). The POC glucometer uses
reflectance-based glucose oxidase technology,
as does the laboratory analyzer (14). Glucom-
eter measurements were made, according to
manufacturer’s specifications on undiluted
whole blood. Samples for glucose analysis were
sent to the laboratory in additive-free, or sodium
fluoride and potassium oxalate-containing evac-
uated tubes filled with whole blood.

Frequency of Glucometer Error

Our first task was to establish the fre-
quency of systematic glucometer error in ICU
patients. To do so, we analyzed glucometer
and laboratory glucose (used as the reference
in our study) paired by recorded collection
time. Data from 19 ICU subjects over 4 con-
secutive mos were analyzed to determined the
prevalence of error. The source of blood could
not be determined in this retrospective review.
Error rates found in the retrospective data
were confirmed with prospective data. POC
glucometer glucose measurements from pa-
tients in the medical, surgical, and burn ICUs
were collected and compared with reference.

Cause of Glucometer Error

Once glucometer error was defined and
found to be consistently present, we con-
ducted a literature search, which identified
multiple potential sources of error. These in-
cluded suboptimal environmental and opera-
tor-related conditions, sample degradation, in-
terfering substances, and low oxygen tension,
which were eliminated as confounders (data
not shown).

We assessed hematocrit effect due to ane-
mia as a causative factor by adding time-
matched hematocrit values to the retrospec-
tive data from the 19 ICU subjects, almost all
of whom were anemic. The association of glu-
cometer error with abnormal hematocrit was
examined by comparison with data from hos-
pitalized patients over the same time period
with normal hematocrits, and confirmed with
an in vitro model in which five glucose and

three hematocrit concentrations were artifi-
cially constructed from the blood of healthy
volunteers stored in sodium heparin-contain-
ing evacuated tubes. POC glucometer, refer-
ence laboratory, and hematocrit analysis was
conducted on the resulting samples.

Once anemia was confirmed as a signifi-
cant cause of glucometer error in our ICU
populations, the additional contribution of in-
terfering substances and low oxygen tension
was evaluated by comparing results from a
traditional single-channel glucometer cor-
rected for error due to anemia alone, with
measurement of the same samples using a
new, commercially available multi-channel
glucometer (StatStrip, Nova Biomedical,
Waltham, MA) that corrects for the effects of
anemia, low oxygen tension, acetaminophen,
uric acid, ascorbic acid, maltose, galactose,
xylose, and lactose. Whole blood samples pro-
spectively collected from anemic critically ill
patients in the medical, surgical, and burn
ICUs were used for testing. Arterial blood was
preferentially used unless arterial access was
unavailable; in these cases, the research team
used careful collection techniques in obtaining
venous blood to avoid contamination with glu-
cose-containing intravenous infusions. Capillary
blood was not used. Error rates for each meter
model were calculated by comparing POC re-
sults with reference laboratory values.

Hematocrit Threshold of Error

The threshold of low hematocrit giving
rise to measurable differences in POC and lab-
oratory glucose testing was determined
through analysis of a large number of retro-
spectively collected hematocrit, laboratory
glucose, and POC glucose measurements. We
plotted the ratio of laboratory/glucometer glu-
cose vs. hematocrit, and filter curve analysis
defined the lower limit of the 95% confidence
interval where glucometer error reached sta-
tistical significance. The percentage of POC
glucometer measurements in the burn, surgi-
cal, and medical ICUs associated with hemat-
ocrit below this level defined the level of risk
to patients in each unit. The upper limit was
not assessed as polycythemic patients are rare
in the ICUs studied and available data were
insufficient for meaningful analysis.

Formula Development

Blood samples (n � 196 measurements)
from ICU patients were collected in evacuated
tubes containing sodium fluoride and potas-
sium oxalate and sent for laboratory glucose
analysis. Results were matched with complete
blood count quantification from evacuated
tubes in ethylenediaminetetraacetic acid
(EDTA) sent within 12 hrs of glucose sample
collection. Additive-free whole blood from the
same collection specimen was used simulta-
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neously for single-channel POC glucometer
measurement. Arterial blood was used prefer-
entially and venous blood was used if arterial
access was unavailable. Capillary blood was
not used for POC glucose measurements, as
several studies have demonstrated that glu-
cometer capillary blood measurement is less
reliable than arterial blood (22–25). Glucom-
eter linearity tests were performed, according
to manufacturers’ instructions, every 24 hrs
using high and low glucose control solutions.
No glucometer used in the study failed the
linearity test at any time. Glucometer analysis
was performed by operators trained in the use
and maintenance of the device. The mathe-
matical relationship between POC glucom-
eter, laboratory glucose, and hematocrit val-
ues was defined, using regression analysis of a
logarithmic-based model. The predictive value
of the resulting equation was validated, ac-
cording to the Monte Carlo method (26). Per-
cent error of glucometer data relative to lab-
oratory glucose analyzer results was also
tested both before and after correction, using
POC glucose values from samples not used in
the correction formula derivation.

Effect of Correction on
Incidence of Hypoglycemia

The research team initiated a staff educa-
tion program to disseminate information
among intensive care providers regarding the
risk of hypoglycemia in ICU patients receiving
intensive insulin therapy managed by single-
channel glucometers. We analyzed the clinical
impact of the model by comparing the inci-
dence of hypoglycemia in the burn ICU before
and after formula implementation. Correction
was not instituted in the surgical ICU, which
provided a negative control. Differences solely
reflected the effect of the formula because staff
education in both units was similar. Matched
sets of glucometer and laboratory glucose
measurements were collected over 4-mo peri-
ods before and after implementation of the
formula, and the delta in hypoglycemic epi-
sodes was calculated.

Data Analysis

Data were analyzed, using linear and loga-
rithmic regression analysis. Error was defined
as percent deviation in glucometer values
from laboratory analyzer quantification of glu-
cose. Quantitative variables were analyzed
with Student’s t test, and qualitative variables
were analyzed with the chi-square test. Signif-
icance was set at p � .05. Variability in sample
sets was reported as standard deviation (SD)
except where specifically noted.

RESULTS

Frequency of Glucometer Error

We quantified glucometer error in 300
glucometer and laboratory (reference)
glucose data pairs from patients admitted
to the burn ICU. Glucometer values were
on average 21 � 16% higher than refer-
ence glucose values. The regression equa-
tion from a random subset of patients
(n � 9 subjects, 154 data pairs) was ap-
plied to glucometer measurements for
the second subset (n � 10 subjects, 146
data pairs), correcting the error in the
latter group (data not shown). This anal-
ysis served to show that the error in this
population was systematic, reproducible,
and consistently in the direction of glu-
cometer overestimation. Linear models
including subject as a random effect re-
vealed no significant variation in the
slope (p � .64) or intercept (p � .43)
within subjects. To confirm the findings,
glucometer and reference glucose sam-
ples were collected prospectively from 41
hemodynamically stable subjects (n �
196 samples). Glucometers overesti-
mated the reference value on average by
19 � 7%, confirming the reproducibility
and direction of systematic error.

Cause of Glucometer Error

To examine the effect of anemia on glu-
cometer accuracy, we reanalyzed the initial
retrospective data set with regard to hemat-
ocrit and compared percent error from ICU
samples with that from non-ICU patients
with normal hematocrit (n � 56, 75 data
pairs). Percent error was correlated in-
versely with hematocrit (Fig. 1); effects of

polycythemia were not assessed due to in-
sufficient data. Average hematocrit in the
ICU group was 25 � 7% compared with
42 � 2% in the non-ICU group (selected for
normal hematocrit). Hematocrit analysis
yielded similar results in the prospectively
collected sample set (data not shown). Ane-
mia was confirmed to be a significant
source of error by reproducing it in an in
vitro model that tested the effect of differ-
ent hematocrit concentrations on glucom-
eter performance. As expected, low hemat-
ocrit resulted in inappropriately high
glucometer values (data not shown).

The effects of interfering substances
(acetaminophen, uric acid, ascorbic acid,
maltose, galactose, xylose, lactose) and low
oxygen tension were eliminated as signifi-
cant contributors to error by comparison of
glucometer results corrected for anemia
alone with those from a new four-channel
glucometer, which corrects for hematocrit
effect and all substances listed above. The
average hematocrit for samples tested was
26.6 � 5.2%. Uncorrected single-channel
glucose measurement error was 22 � 9.4%
compared with reference; however, correc-
tion improved the error to levels similar to
that from the multi-channel device (4.36 �
5.6% vs. �4.25 � 5.3%, p � .88). The two
analyzers were within the set zone of indif-
ference of � 5% (�0.67%, 95% confidence
interval � �1.79–0.45). The demonstrated
noninferiority between methods is evidence
that contributions to single-channel glu-
cometer error were primarily due to the
effect of anemia.

Hematocrit Threshold of Error

A very large retrospective data set
(n � 12,800 measurements) was analyzed

Figure 1. Percent error in glucometer measurements (reference � laboratory glucose) inversely
correlated with degree of anemia in intensive care unit (ICU) patients; the lowest hematocrit group,
significantly different from that of normal hematocrit in non-ICU patient samples collected during
same time period (p � .001). IIT, intensive insulin therapy.
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to determine the level of hematocrit at
which correction for anemia becomes
necessary. The laboratory/glucometer
glucose ratio was plotted against hemat-
ocrit; error was significant at hematocrit
levels of �34% (p � .05). A subanalysis of
measurements from ICU patients under-
going frequent glucose quantification re-
vealed that 64%, 79%, and 92% of glu-
cometer measurements in the medical,
surgical, and burn ICUs were associated
with a hematocrit �34% threshold, pos-
ing a significant risk of hematocrit error
and occult hypoglycemia to patients in
those units.

Formula Development

Samples were collected prospectively
from 41 hemodynamically stable ICU
subjects (n � 196 measurements), using
hematocrit measurement within 6 hrs of
phlebotomy for analysis. POC glucometer
error rates � SD in the prospective data
were 19 � 7% (average hematocrit �
25%). This was similar to error found in
the retrospective samples (21 � 16% er-
ror � SD, average hematocrit � 25 �
7%). The linear equation derived from
regression analysis was:

LGP � 0.21(POCG) � LN(3.32 � HCT)

� 11.39, (r2 � 0.97)

where LGP is the laboratory glucose pre-
dicted by correction, POCG is the whole
blood glucose measurement before cor-
rection, LN is the natural log, and HCT is
the hematocrit. The predictive validity of
the formula was tested with randomly
extracted subsets of data; the formula re-
duced average error to �0.02 � 4.78%.
Corrected POC glucometer data were
highly correlated with laboratory glucose
measurements (r2 � .97) and conformed
closely to the line of identity. An addi-
tional 205 prospectively collected,
matched glucometer and reference values
(average hematocrit � 23 � 5%) were
used to test adequacy of correction. Ap-
plication of the formula improved the er-
ror rate in this data set from 29 � 13%
(p � .001) to 5 � 11%, resulting in
corrected glucometer values that did not
differ statistically from laboratory analy-
sis (p � .43). Bland-Altman analysis re-
vealed negligible measurement size effect
on error after correction (Fig. 2).

Effect of Correction on
Prevalence of Hypoglycemia

Uncorrected glucometer analysis un-
derestimated the number of glucose val-
ues below target (80–110 mg/dL) in the
above data set by 86% and overestimated
those above target by 93%, undoubtedly
leading to excessive insulin infusion (Fig.
3). To determine whether correction of
glucometer results decreased the fre-
quency of low glucose measurements, we
reviewed data from 4-mo periods before
and after the formula was implemented
in the burn ICU. The surgical ICU served
as a control in this analysis. Laboratory
measurements in the low (�80 mg/dL)
and hypoglycemic (�60 mg/dL) glucose
ranges were reduced by 58% (Fig. 4) and
78%, respectively in the burn ICU (p �
.001), but not in the surgical ICU.

DISCUSSION

Anemia is common in the ICU, and
low hematocrit significantly affects the
accuracy of POC glucose measurement
(8, 22, 27). In our study, hematocrit effect
was the overriding cause for glucometer
error, and the false results masked hypo-
glycemia. Furthermore, we demonstrated
that a mathematical formula corrects this
error within clinically acceptable limits.
Finally, application of this formula de-
creased significantly the prevalence of hy-
poglycemia in critically ill patients
treated with insulin.

Previous studies cautioned critical
care specialists on the risks of using glu-
cometers for IIT (4, 8, 9); however, a
low-cost, practical alternative offering
ease of testing and minimal blood volume
was not available. When institutions si-
multaneously adopted IIT and restrictive

Figure 2. Bland-Altman plot with laboratory glucose as the reference measurement and corrected
glucometer glucose as the test measurement. Units on the x and y axes are mg/dL.

Figure 3. Percent measurement of glucose values below, in, and above the glucose target as measured
by glucometer, corrected glucometer, and laboratory analysis. Glucometer measurement significantly
underestimates glucose below target compared with laboratory measurement (*p � .001), but
improves with correction. Data were collected before implementation of the glucometer correction
formula.
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transfusion strategies (1, 3, 15), the like-
lihood of concomitant hypoglycemia and
anemia increased. Glucometer error
drives glucose to a lower range by report-
ing glucose concentrations that are
higher than actual. The likely result is an
increase in administered insulin. Hypo-
glycemia is associated with higher mor-
tality and other complications in the ICU,
and its association with IIT is increas-
ingly recognized (4, 28). Our low-cost
mathematical formula produces results
equivalent to those from a multi-channel
glucometer. Regardless of the method
used, eliminating low hematocrit error
improves patient safety by reducing hy-
poglycemia and its attendant risks.

This study had several limitations. Pa-
tient diagnosis and the percentage of
samples derived from arterial vs. venous
blood were not evaluated, and these are
variables that can affect POC measure-
ments. The level of oxygenation was not
recorded; however, no significant differ-
ence was found between results from a
four-channel glucometer that corrects
for low oxygen levels and the single-
channel glucometer/mathematical cor-
rection method. This finding suggests
that low oxygen levels are not a signifi-
cant source of error in hemodynamically
stable ICU patients, such as those in our
study. Retrospective data were used to
identify potential causes of error; how-
ever, because all findings were confirmed
with prospective and in vitro data, this is
not considered a limitation of the study.

The focus in this paper is not to advo-
cate one method over the other but
rather to highlight the prevalence of ane-
mia in ICU patients receiving IIT and
emphasize the risk of glucometer error in

this population. In a previous paper, we
showed that anemia is a significant cause
of glucometer error (2). Here, we further
demonstrate for the first time that ane-
mia is the primary cause of glucometer
error in hemodynamically stable adult
ICU patients and that eliminating hemat-
ocrit error decreases the frequency of
hypoglycemia.

Hypoglycemia can cause severe injury
or death and the association with strict
glucose control has become a major
source of concern (9, 29). Given that im-
pact of anemia on glucometer performance
(Fig. 3) remains largely unaddressed, the
true prevalence of hypoglycemia in patients
treated with IIT is likely even higher than
generally feared. We previously quantified
error in four widely used POC glucometers
and found that error rates between models
were comparable (2), and thus concluded
that glucometer error likely poses a risk to
anemic patients receiving IIT at multiple
institutions besides our own.

The emphasis of the work described
here was to raise clinician awareness that
single-channel glucometers currently in
use do not correct for hematocrit, with
the consequence that the data used to
drive patient care overestimate the actual
glucose concentration and may contrib-
ute to the higher rates of hypoglycemia
associated with IIT. Hematocrit effect
may be the reason why the GLUCONTROL
and VISEP studies reported high rates of
hypoglycemia (5, 6), eventually leading to
the discontinuation of both trials. The
inability to reproduce the benefits re-
ported by Van den Berghe and associates
has been widely discussed, and the root
cause may lie in glucose measurement
error due to anemia. In this study, we

found that four-channel glucometers,
which use proprietary software to correct
hematocrit error before reporting a re-
sult, perform at least as well as our cor-
rection formula. Critical care providers
should be aware of the potential for un-
recognized hypoglycemia with the use of
single-channel glucometers, and that
four-channel glucometers do not pose
the same risks to anemic patients.

CONCLUSIONS

Anemia is the major cause of glucom-
eter error in ICU patients receiving IIT,
and correction with a mathematical for-
mula decreased the frequency of low glu-
cose values. This provides evidence that
low hematocrit indirectly results in hypo-
glycemia, which if severe could reduce or
even negate the known benefits of IIT.
Clinicians should be aware that the use of
single-channel glucometers is contrain-
dicated in anemic patients and they
should consider using mathematical cor-
rection or multi-channel analyzers to
manage IIT in this patient population.

ACKNOWLEDGMENTS

We thank Joel Michalek, PhD, and John
Jones, BS, for their help with statistical
analysis, as well as the following individuals
for their invaluable assistance in the execu-
tion of this study: Nikolaos Kypreos; Jesus
Morales; Roger Price; Claudia Romero; Vir-
gil Moore; Glen Rossman; Linda Speights;
Esther Juarez; David Zahn; Nancy Molter,
PhD; Elizabeth Frail; Peggy Bielke; Kari
Williams; Juliette Castillo; Annette McClin-
ton, MA; Todd Silliman; Amy Newland; and
John Jones.

REFERENCES

1. Van den Berghe G, Wouters P, Weekers F, et
al: Intensive insulin therapy in the critically
ill patients. N Engl J Med 2001; 345:
1359–1367

2. Mann EA, Salinas J, Pidcoke HF, et al: Error
rates resulting from anemia can be corrected
in multiple commonly used point-of-care
glucometers. J Trauma 2008; 64:15–20

3. Van den Berghe G, Wilmer A, Hermans G, et
al: Intensive insulin therapy in the medical
ICU. N Engl J Med 2006; 354:449–461

4. Wintergerst KA, Buckingham B, Gandrud L,
et al: Association of hypoglycemia, hypergly-
cemia, and glucose variability with morbidity
and death in the pediatric intensive care
unit. Pediatrics 2006; 118:173–179

5. Devos P, Preiser JC: Current controversies
around tight glucose control in critically ill

Figure 4. Difference in percent measurements requiring a reduction or discontinuation of intravenous
insulin infusions (�80 mg/dL) before and after implementation of the glucometer correction formula
(burn intensive care unit, *p � .001) compared with no implementation of glucometer correction (surgical
intensive care unit, p � NS). SICU, surgical intensive care unit; BICU, burn intensive care unit.

475Crit Care Med 2010 Vol. 38, No. 2



patients. Curr Opin Clin Nutr Metab Care
2007; 10:206–209

6. Brunkhorst FM, Engel C, Bloos F, et al: In-
tensive insulin therapy and pentastarch re-
suscitation in severe sepsis. N Engl J Med
2008; 358:125–139

7. Mann EA, Pidcoke HF, Salinas J, et al: The
impact of intensive insulin protocols and re-
strictive blood transfusion strategies on glu-
cose measurement in American Burn Asso-
ciation (ABA) verified burn centers. J Burn
Care Res 2008; 29:718–723

8. Finkielman J, Oyen L, Afessa B: Agreement
between bedside blood and plasma glucose
measurement in the ICU setting. Chest 2005;
127:1749–1751

9. Kanji S, Buffie J, Hutton B, et al: Reliability
of point-of-care testing for glucose measure-
ment in critically ill adults. Crit Care Med
2005; 33:2778–2785

10. American Diabetes Association: Consensus
statement on self-monitoring of blood glu-
cose. Diabetes Care 1987; 10:95–99

11. American Diabetes Association: Self-moni-
toring of blood glucose. Diabetes Care 1995;
18:47–52

12. Barreau PB, Buttery JE: The effect of the
haematocrit value on the determination of
glucose levels by the reagent-strip methods.
Med J Aust 1987; 147:286–288

13. Bekefi D, Szolnoki J, Koranyi J, et al: Reflec-
tometric blood glucose determination in the
neonatalogical intentive care unit: Haemat-

ocrit dependence. Exp Clin Endocrinol 1984;
83:178–183

14. Singh Dhatt G, Agarwal M, Bishawi B: Eval-
uation of a glucose meter against analytical
quality specifications for hospital use. Clin
Chim Acta 2004; 343:S217–S221

15. Hébert PC, Wells G, Blajchman MA, et al: A
multicenter, randomized, controlled clinical
trial of transfusion requirements in critical
care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care
Trials Group. N Engl J Med 1999; 340:
409–417

16. Moore FD, Peacock WC, Blakely E, et al: The
anemia of thermal burns. Ann Surg 1946;
124:811–839
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