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Glucose meters are a fast and convenient way to measure cir-
culating blood glucose. Like many technologies in healthcare, 
the use of glucose meters within the hospital has evolved 
significantly over the last few decades. This change has been 
driven predominantly by changes in the approach to glyce-
mic control for critically ill patients. Both glycemic control in 
the intensive care unit (ICU), and use of glucose meters to 
manage insulin dosing during glycemic control, are likely to 
remain controversial topics in the years to come. This review 
will elaborate on the evidence for and against use of glucose 
meters in the ICU to monitor glucose concentrations during 
glycemic control, and provide some tips for point of care pro-
grams on how to evaluate glucose monitors for this purpose. 
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INTRODUCTION

Glucose meters have been used in the hospital 
setting for decades. Traditionally glucose me-
ters were used in the hospital to dose subcuta-
neous insulin for patients with diabetes when 
they were hospitalized. As even well-controlled 
diabetic patients will have their insulin needs, 
diet and caloric requirements change during 
periods of acute illness; glucose must be mea-
sured frequently (four or more times per day) 
before meals and/or insulin dosing in the hos-
pital. Although most hospital laboratories offer 
a measurement of serum or plasma glucose, 
hospitals and healthcare systems find it both 
convenient and efficient to measure capillary 
whole blood glucose at the bedside in order 
to expedite insulin dosing. This can help insure 
that glucose values are taken before (rather 
than after) meals are consumed, as it is the pre-
prandial blood sugar value that is most often 
used to dose insulin. 

In 2001 Dr. Van den Berghe and colleagues 
changed the landscape of glucose control in the 
hospital by studying the impact of tight glycemic 
control (maintaining blood glucose between 80-
110 mg/dL) among critically ill patients (both 
diabetic and non-diabetic) after cardiovascu-
lar surgery. Dr. Van den Berghe’s original study 
sought to determine whether closely controlling 
glucose levels in patients in a surgical intensive 
care unit (ICU) would improve patient outcome. 
In the study 1500 patients were divided into 
two groups: one control group that received 
what was conventional treatment of hypergly-
cemia in the ICU at that time (subcutaneous or 
intravenous insulin to keep glucose levels less 
than 200 mg/dL), and an experimental group 
that received intravenous insulin to keep blood 
glucose at relatively normal levels of 80-110 
mg/dL. The experimental group that received 
intravenous insulin to keep blood glucose rela-
tively normal had much better health outcomes 

than the control group (mortality decreased 
34%, renal failure 41%, bloodstream infections 
46%)1. The outcomes were startling to critical 
care experts, and almost overnight changed the 
standard of care in critical care medicine from a 
relaxed attitude towards hyperglycemia in the 
ICU to vigilant glucose monitoring and insulin 
treatment to maintain normal or near-normal 
blood glucose levels. 

Subsequent studies found that depending upon 
the patient population (medical vs. surgical 
ICU), ICU nutrition practices, and protocols to 
dose insulin and monitor glucose; intensive gly-
cemic control was of either benefit in only some 
ICU patients or not beneficial at all2-4. Finally, in 
2011 a multi-center trial called NICE-SUGAR 
was performed to determine what level of gly-
cemic control was optimal in the ICU setting. 
Unlike the preliminary studies done by Dr. Van 
den Berghe, NICE-SUGAR did not compare “con-
ventional treatment” to more rigorous manage-
ment of glycemic control; as by that time some 
active management of glucose levels in the ICU 
was standard of care. Rather, NICE-SUGAR com-
pared two different glucose management strat-
egies—one aimed at controlling glucose levels 
among critically ill patients to near-normal lev-
els (similar to the Van den Berghe strategy) and 
one that aimed for slightly higher (140-180 mg/
dL) glucose levels. NICE-SUGAR, performed in 
over 40 medical centers, found that patients 
assigned to the higher (< 180 mg/dL) glucose 
target had significantly better health outcomes 
than those whose glucose target was near-nor-
mal (81-108 mg/dL)5. 

Among the reasons why more moderate glucose 
targets may be beneficial to critically ill patients, 
rates of hypoglycemia are most commonly cit-
ed. All studies of intensive glucose control in the 
ICU, including the original studies by Dr. Van den 
Berghe, found that rates of hypoglycemia are 
higher among patients whose glucose levels are 
controlled actively with intravenous insulin. In 
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fact, studies have shown that intravenous insu-
lin therapy increases the rate of hypoglycemia 
among ICU patients on average 5-fold4. This is 
significant because even a single episode of hy-
poglycemia in the ICU may increase the odds of 
death in the hospital up to two-fold6. Thus the 
need to control glucose levels in the ICU must 
be balanced against the risk of hypoglycemia. 

While the original study (showing the most pos-
itive outcomes) by Dr. Van den Berghe and col-
leagues used more accurate blood gas analyzers 
for all glucose measurements; the subsequent 
studies often used less accurate glucose meters 
for measurement of blood glucose. This has fu-
eled considerable controversy over whether 
glucose meters, originally intended for use in 
diabetic patients to monitor glucose and dose 
subcutaneous insulin, are accurate enough to 
manage intravenous insulin in critically ill hospi-
talized patients7, 8. 

Traditionally, accuracy requirements for glucose 
meters were developed based upon the level 
of accuracy needed for safe and effective sub-
cutaneous insulin dosing in the routine care of 
diabetes. These specifications are often visu-
ally displayed in an error grid, a tool developed 
by collecting the opinions of endocrinologists 
and other healthcare providers about the im-
plications of various amounts of glucose mea-
surement error on the safety and efficacy of 
subcutaneous insulin dosing. These error grid 
observations were codified in a set of guidelines 
issued by the International Organization for 
Standardization (ISO) and Clinical and Laborato-
ry Standards Institute (CLSI) some years ago, and 
until recently used by some regulatory agencies 
as the measure of required glucose meter ac-
curacy. One such commonly cited guideline, ISO 
15197, required that 95% of glucose meter val-
ues fall within ± 15 mg/dL of the true or refer-
ence glucose value for serum glucose values < 
75 mg/dL; and ± 20% of the reference value for 
serum glucose values ≥ 75 mg/dL9.

Because glucose meter use in the hospital has 
changed as glycemic control strategies have 
changed, most experts now feel that the original 
ISO guideline is not appropriate as an accuracy 
guideline for hospital use glucose meters7, 8. To 
address these concerns, more stringent criteria 
for glucose meter accuracy have been proposed 
by both National Academy of Clinical Biochem-
istry (NACB) and CLSI. The guidelines are similar, 
and require 95% of glucose meter results to be 
within either ± 15 mg/dL (NACB) or ± 12 mg/dL 
(CLSI) of reference glucose for glucose values < 
100 mg/dL, and within ± 15% (NACB) or 12.5% 
(CLSI) for glucose values ≥ 100 mg/dL)10, 11.

The case against glucose meter use in the ICU

Several studies have documented that some 
glucose meters have limited accuracy when 
used on critically ill patients such as those on 
intravenous insulin in the ICU. The degree to 
which glucose meters correlate with labora-
tory glucose measurement varies between glu-
cose meter technologies12; and correlation in 
the hypoglycemic and hyperglycemic ranges is 
poor for some meters currently available13, 14. 
In addition, patients in the ICU are on multiple 
medications, and often have abnormal hemato-
crit and/or oxygen tension, all of which may af-
fect the performance of some glucose meters12, 

15, 16. Finally, target glucose concentrations are 
narrower for this patient population than they 
are for patients using handheld meters to dose 
subcutaneous insulin, logically suggesting that 
improved accuracy of glucose measurement 
might be required. A number of studies have 
examined glucose meter accuracy and its im-
pact on insulin dosing in the context of glyce-
mic control, and concluded that glucose meters 
could not be safely and effectively used to man-
age critically ill patients on intravenous insulin 
in the ICU13, 17, 18.

Because studies examining glucose meter accu-
racy in the ICU have been relatively small studies 
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using different meters and reference methods, 
the larger question of the impact of glucose me-
ter error on patient outcomes during glycemic 
control remains difficult to address. The prima-
ry manner this has been overcome is by utiliz-
ing simulation studies to model the effects of 
various levels of glucose meter error on insulin 
dosing decisions and glycemic control. 

Boyd and Bruns first established the use of sim-
ulation modeling as a tool to examine the re-
lationship between glucose meter performance 
(bias and precision) and insulin dosing errors19. 
The initial study was based upon glucose values 
and insulin doses used for conventional subcu-
taneous insulin dosing for diabetic patients. The 
authors used Monte Carlo simulation to relate 
glucose meter bias and imprecision to insulin 
dosing errors during conventional subcutane-
ous insulin dosing. They found that glucose me-
ters available at that time had sufficient accu-
racy and precision to avoid large insulin dosing 
errors in the context of traditional subcutane-
ous insulin dosing regimens19. 

Another study, designed to specifically mod-
el glucose meter use during glycemic control 
in the ICU, was based upon 29,920 observed 
glucose values among patients on intrave-
nous insulin therapy in 2 ICU units within one 
healthcare institution. As expected, most of the 
values were in a narrow range of glucose value 
(102-135 mg/dL), such that insulin dose would 
change with every 20 mg/dL glucose increment 
according to the insulin dosing protocol in use. 
The authors found that allowing 20% total er-
ror in glucose meter measurements (previous 
ISO 15197 criteria) allowed for rare large (3 or 
more insulin dosing categories) insulin dosing 
errors; those that are most likely to produce 
hypoglycemia20. Decreasing allowable error to 
15% eliminated large insulin dosing errors; but 
still allowed for 2-5% of insulin dosing decisions 
to be in error by 2 insulin dosing categories. Re-
ducing error tolerance to 10% further reduced 

the rate of 2 category insulin dosing errors to 
less than 0.2%. The authors concluded that 20% 
glucose measurement error was not safe and 
effective for intravenous insulin dosing proto-
cols that sought to maintain glucose values at 
normal or near-normal concentrations (tight 
glycemic control)20. 

After the publication of the NICE-SUGAR study, 
many institutions changed the glucose target 
values for ICU patients on intravenous insulin 
therapy to more moderate glucose values. To 
investigate whether glucose meter accuracy 
requirements for more moderate glycemic pro-
tocols differed from those suggested for tight 
glycemic control, the authors repeated the 
simulation studies using 25,948 observed glu-
cose values in 1503 ICU patients on a moder-
ate glycemic control protocol (110-150 mg/dL 
target value)21. Although the median glucose 
value was significantly higher among patients 
on moderate (134 mg/dL) compared to tight 
(116 mg/dL) glycemic control, most glucose val-
ues among patients on the moderate glycemic 
control protocol still fell into insulin dosing cat-
egories where insulin dose changed with every 
20 mg/dL increment in glucose value. Rates of 
insulin dosing errors as a function of meter bias 
and precision were nearly identical to those 
predicted for the population of patients on tight 
glycemic control. This suggests that the ob-
served relationship between glucose meter and 
insulin dosing errors can be generalize to insulin 
infusion protocols where insulin dose changes 
with every 20 mg/dL change in glucose value21. 

Simulation models suggest that 20% error is too 
much for glucose meters used to manage pa-
tients on intravenous insulin therapy. Because 
some studies of glucose meter accuracy in the 
ICU observed that glucose meter error exceed-
ed 20% when used on critically ill patients17, 21, 

22, the simulation models have been used as 
evidence that glucose meters do not have the 
level of accuracy required for safe and effective 
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management of critically ill patients placed on 
intravenous insulin (glycemic control). 

Only a small number of simulation studies have 
gone beyond relating glucose meter accuracy to 
insulin dosing errors; and attempted to relate 
meter error to the short-term patient outcomes 
such as rates of hypoglycemia, rates of hypergly-
cemia, or glycemic variability (rate and extent of 
change in glucose levels over time). One simula-
tion model used a complex algorithm to predict 
the impact of glucose meter error over many 
days on rates of hypoglycemia, hyperglycemia 
and glycemic variability when glucose meter re-
sults were used to dose subcutaneous insulin in 
the context of diabetes self-management. The 
authors found that there was a threshold be-
tween 10-15% meter error that was predicted 
to result in increased incidences of hypogly-
cemia, hyperglycemia and increased glycemic 
variability23. One additional study used simula-
tion modeling to assess the impact of both glu-
cose measurement frequency and precision on 
predicted rates of hypoglycemia in the context 
of glycemic control in the hospital. Using hourly 
glucose monitoring to adjust insulin dose, the 
simulation model predicted that increasing im-
precision above 10% CV would result in pro-
gressively increased rates of hypoglycemia (glu-
cose < 60 mg/dL). The same simulation models 
suggested that using hourly glucose monitor-
ing rates of hyperglycemia (> 160 mg/dL), time 
within intended target glucose range, and gly-
cemic variability were all detrimentally affected 
when precision increased beyond 5-10% CV24. 
These studies differed in the type of insulin dos-
ing modeled (subcutaneous vs. intravenous), 
glucose target ranges assumed, and frequency 
of glucose monitoring. However both raise con-
cerns about the use of glucose meters to man-
age patients on intravenous insulin in the ICU. 
Both studies suggest a threshold effect of either 
glucose meter total error23or imprecision24; with 
a suggested minimum total error of 10-15% and 

imprecision of < 5%. Because a number of pre-
vious studies demonstrated total error greater 
than 10-15% when glucose meters are used 
on ICU patients13, 17, 21, this has fueled concern 
about their use in this context.

The case for using glucose meters in the ICU

While studies of glucose meter use among criti-
cally ill patients have demonstrated both sys-
tematic differences (generally positive bias)17, 25, 

26 and variability13, 14, 18 between glucose meter 
and laboratory glucose values, a few studies 
have concluded that the use of glucose meters 
during glycemic control may be appropriate. 
One study used Parke’s error grid analysis to as-
sess the clinical impact of glucose meter errors 
when arterial, venous or capillary samples were 
used to dose glucose meters. These authors con-
cluded that glucose meters may be appropriate 
for use in glycemic control protocols when ar-
terial or venous (but not capillary) samples are 
used26. However it is not clear whether use of 
the Parke’s error grid is appropriate for assess-
ing the clinical impact of glucose meter errors 
in the context of intravenous insulin therapy 
during ICU glycemic control protocols. Another 
study also examined differences between glu-
cose meter and laboratory glucose when either 
arterial, venous or capillary samples from criti-
cally ill patients were used. This study examined 
the number and magnitude of insulin dosing er-
rors when glucose meter (compared to labora-
tory glucose) results were used to make insulin 
dosing decisions using the institutional glycemic 
control protocol (target glucose 80-110 mg/dL). 
This study found that errors in the measure-
ment of both venous catheter and capillary 
glucose resulted in more frequent large (2 or 
more insulin dosing categories) dosing errors; 
whereas use of arterial catheter whole blood 
on the glucose meter resulted in predominantly 
one category dosing errors25. Finally one study 
used consensus error grid and Bland Altman 
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analysis to study whole blood glucose accuracy 
using several different devices; and found that 
by limiting sample type to arterial blood that 
some glucose meters were accurate enough to 
be used during glycemic control27.

In assessing the appropriateness of glucose 
meter use in the ICU, choice of sample type is 
an essential consideration. A number of stud-
ies have demonstrated that capillary glucose 
can be highly inaccurate in patients in shock, or 
patients with edema or poor tissue perfusion 
13, 28-30. Several studies have also demonstrated 
systematic overestimation of glucose values 
when venous catheters are used to obtain ve-
nous whole blood for analysis on some glucose 
meter technologies31-34. Arterial whole blood is 
very likely the best sample choice for monitor-
ing whole blood glucose in critically ill patients. 
In considering the evidence for and against use 
of glucose meters in the ICU, one should pay 
special attention to sample source as a poten-
tial cause for poor glucose meter performance. 

Other investigators have studied whether other 
factors may be more important than glucose 
monitor accuracy in determining the effective-
ness of a glycemic control protocol. One study 
compared use of a standardized insulin infusion 
protocol to physician-directed intravenous insu-
lin dosing in a mixed medical/surgical ICU. Use 
of the standardized infusion protocol reduced 
the rate of hypoglycemia from 16% to 4%, and 
also reduced the frequency of dextrose res-
cue22. Patients using the standardized protocol 
reached target glucose faster and maintained 
blood glucose in the target range (81-110 mg/
dL) longer. Glucose in this study was monitored 
using capillary samples on a glucose meter, per-
haps the least desirable sample for critically ill 
patients. Even with this limitation, the study 
demonstrated that execution of a standardized 
infusion protocol can improve at least short-
term outcomes (hypoglycemia, time in thera-
peutic range)22. Another study demonstrated 

that by using an insulin infusion protocol that 
focused on velocity of glucose change (rather 
than absolute glucose levels), glucose meters 
could be used to maintain blood glucose in the 
range of 100-139 mg/dL with very little (0.3% of 
all glucose values < 60 mg/dL) hypoglycemia35.

Another investigator has described a collab-
orative approach to establishing both glucose 
target ranges and insulin infusion algorithms 
based upon practice and nursing leader opin-
ions about what could be safely accomplished. 
Using this approach they implemented an initial 
glycemic control protocol to keep glucose lev-
els among critically ill patients below 140 mg/
dL. They used hourly capillary glucose meter 
and/or laboratory serum/plasma glucose for all 
patients on intravenous insulin and observed a 
rate of severe hypoglycemia (glucose < 40 mg/
dL) of 0.38%36. When staff in the ICU was com-
fortable with the “under 140” protocol, the tar-
get glucose range was decreased to 80-125 mg/
dL with only a modest increase in severe hypo-
glycemia (0.92%). The authors concluded that 
by taking an incremental approach to glycemic 
control, starting with a higher target range and 
lowering the range only after staff demonstrat-
ed they could reliably execute the protocol, safe 
and effective glycemic control was possible us-
ing glucose meters for some monitoring36. 

A more common approach to improving out-
comes during glycemic control is to use infor-
mation technology solutions to computerize 
insulin doses based upon trended (rather than 
individual) glucose values. This approach miti-
gates the risk of hypoglycemia from a single ab-
errant glucose meter value. Using this approach 
one study demonstrated that rates of severe hy-
poglycemia were 4.25% when mostly capillary 
whole blood glucose meter values were used 
to dose insulin among 4588 critically ill patients 
managed on a glycemic control protocol with 
an 81-110 mg/dL target range37. These authors 
went on to investigate causes of hypoglycemia 
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among all incidents where glucose fell below 40 
mg/dL. The authors found that ~ 70% of hypo-
glycemic episodes could be attributed to delay 
in obtaining glucose measurement; suggesting 
that human error (rather than measurement er-
ror) is responsible for the most insulin-induced 
hypoglycemia during traditional tight glycemic 
control protocols37. The same authors com-
pared the computerized infusion protocol to 
a paper-based protocol and found that using 
a computerized protocol improved the time in 
therapeutic range, mean blood glucose level, 
and percent of blood glucose measurements 
below 70 mg/dL38. 

Finally a study over a one month period in three 
intensive care units at one institution found that 
using arterial whole blood to dose glucose me-
ters, and relying upon consistent hourly glucose 
measurements performed by laboratory (rather 
than nursing) staff, rates of severe hypoglycemia 
were 1.4% despite a relatively low glucose tar-
get range of 80-130 mg/dL. In addition, 86% of 
severe hypoglycemic episodes observed were 
due to protocol violations (missed hourly glu-
cose measurements or failure to change insulin 
infusion rate according to protocol instructions) 
39. When the glucose target range was changed 
to 110-150 mg/dL (with no change in glucose 
meter used or measurement frequency), no 
episodes of hypoglycemia were observed in 
211 patients over one month39. A larger study 
(three months, 1503 patients) within the same 
ICU units found a rate of severe hypoglycemia 
of 0.25 % 21. 

Collectively these studies highlight several key 
points that must be considered before deter-
mining the appropriateness of glucose meters 
for managing glycemic control in the ICU. The 
choice of sample type (arterial whole blood 
preferred) may be as or more important than 
the type of glucose monitor used for whole 
blood glucose measurement. Glucose meters 
have been used in effective glycemic control 

protocols demonstrating both low rates of se-
vere hypoglycemia and reliable glycemic control 
in the ICU. Elements of effective protocols are 
computerized (rather than paper-based) insulin 
dosing algorithms, collaboration and teamwork 
to determine the appropriate glucose target for 
a given hospital or ICU population, and use of 
frequent (often hourly) arterial whole blood 
sampling for all patients on intravenous insulin. 

The FDA draft guidance 
on glucose meter accuracy

While many studies demonstrating poor perfor-
mance of glucose meters in critically ill patients 
used older glucose meter technologies, newer 
technologies with improved accuracy have re-
cently become available40-43. Some recent stud-
ies have demonstrated that newer glucose 
meter technologies can meet even the more 
stringent CLSI POCT12-A3 accuracy guidelines 
(± 12.5% for values above 100 mg/dL) when 
used in the intensive care unit 41, 42. Meters that 
meet more stringent accuracy guidelines such 
as POCT12-A3 would be performing within the 
10-15% total error allowance predicted to mini-
mize large insulin dosing errors in the context 
of ICU glycemic control. With the improved per-
formance of newer glucose meters, one might 
think that the issue of glucose meter accuracy 
in the ICU was close to resolution.

To add fuel to the ongoing controversy about 
glucose meter use in the ICU, the Food and Drug 
Administration (FDA) released draft guidelines 
suggesting that improved accuracy was neces-
sary for any future glucose monitors intended 
for hospital use. While the guidelines are still in 
draft form at the time of this review, FDA draft 
guidance criteria suggested that 99% of glucose 
meter values should be within 10% of the refer-
ence or true glucose value44. There is concern 
among some that tightening accuracy criteria 
to this level could impede the development of 
new meters and monitors, without improving 
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the quality of care delivered in the ICU during 
glycemic control.

Tips for point of care programs

Amidst this cloud of confusion and controver-
sy surrounding glucose meter use in the ICU, 
what is the point of care program to do? First 
and foremost, consider the entire glycemic con-
trol protocol in use within your institution, and 
the role that glucose meters play in the overall 
scheme of glycemic control. Eliminating the use 
of glucose meters in support of intravenous in-
sulin protocols, without first considering alter-
natives and implications, would almost certainly 
have an adverse effect on patient care. Under-
stand the effectiveness of the glycemic control 
protocol (rates of hypo and hyperglycemia, time 
within intended glucose range) as implement-
ed, and the systematic issues that may be lead-
ing to adverse outcomes such as hypoglycemia. 
If the major issues are remembering to obtain 
glucose values in a timely manner to facilitate 
insulin dosing decisions, or communicating glu-
cose results to providers in a timely manner, 
then changing glucose measurement devices 
(especially away from the bedside) would not 
be expected to improve outcome. If spurious 
glucose results have been observed in some ICU 
patients, determine whether common inter-
ferences (low hematocrit, some medications) 
in the ICU environment may be affecting the 
glucose meter technology in use. If user errors 
such as incorrect strip codes or under-dosing 
of strips are suspected; consider switching to a 
glucose meter technology that reduces the like-
lihood of these errors and examining training 
and competency systems.

Hospitals and point of care programs should 
also consider the sample type (capillary, arte-
rial or venous whole blood) routinely used for 
bedside glucose measurements, before mak-
ing a decision to switch technologies or glucose 
measurement devices. If capillary sampling is 

being used as the predominant sample type, 
switching to arterial whole blood may improve 
measurement accuracy without requiring large 
changes in workflow or testing processes. Fi-
nally, consider evaluating the accuracy of the 
device being used by comparing whole blood 
glucose meter values to laboratory serum or 
plasma glucose obtained from ICU patients. If 
the vast majority of glucose meter values are 
not within 15% of lab glucose values, then it 
is likely that more accurate glucose measure-
ments are both possible and desirable. 

CONCLUSION

Glucose meter use in the ICU environment will 
continue to be a controversial issue. Simulation 
models have provided the best evidence avail-
able to relate glucose meter accuracy to insulin 
dosing errors during glycemic control in the ICU. 
However they do not provide a way to mea-
sure the impact of glucose meter error on pa-
tient outcome. Studies directly relating glucose 
monitor accuracy to glycemic control outcome 
(mortality, infections, transfusions, etc) or ef-
fectiveness (hypoglycemia, hyperglycemia, time 
in therapeutic range) are needed to understand 
the level of glucose meter accuracy required for 
management of critically ill patients on intrave-
nous insulin therapy.
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