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Symposium

Inpatient dysglycemia—hyperglycemia, hypoglycemia, and 
increased glycemic variability—is common and is associated 
with increased risk of hospital complications and mortality. 
Several observational studies and intervention trials have 
reported a prevalence of hyperglycemia (> 140 mg/dl) in ~ 
80% of critically ill and cardiac surgery patients1,2 and in 
38%-46% of non–critically ill hospitalized patients.3,4 The 
development of hyperglycemia, in patients with and without 
a history of diabetes, is associated with increased risk of 
complications, mortality, and longer hospital stay.3,5 Like 
hyperglycemia, inpatient hypoglycemia has been associated 
with higher rates of hospital complications, longer hospital 
stay, higher health care resource utilization, and hospital 
mortality, creating a J-shaped relationship between glucose 
levels and mortality rates.6-9 A glucose level < 2.8 mmol/L 
(50 mg/dL) was reported to be associated with a mortality 
rate of 22.2%, compared to 2.3% in patients without hypo-
glycemia.10 Increasing evidence from in vitro and human 
studies has indicated that oscillating glucose levels may be 
more dangerous than stable hyperglycemia, particularly in 
activating the pathways involved in the pathogenesis of dia-
betes complications. Glucose fluctuations result in increased 
oxidative stress11 and vascular inflammation,12 which can 
lead to increased cardiovascular events. Mendez et al13 
recently reported that increased glycemic variability during 
hospitalization is independently associated with longer 

hospital stay and increased mortality in non–critically ill 
patients.

Bedside capillary point of care (POC) testing is recom-
mended as the preferred method for glucose monitoring and 
for guiding glycemic management of individual patients.14 
POC testing is usually performed before meals and at bed-
time for patients who are eating15,16 or every 4-6 hours for 
patients who are not eating or receiving continuous enteral 
nutrition. Among critically ill patients in the ICU, more fre-
quent glucose monitoring is indicated in patients treated 
with continuous intravenous insulin infusion17,18 and in 
patients with frequent episodes of hypoglycemia.15,19 
Unfortunately, the accuracy of most handheld glucose 
meters is far from optimal.20 The Food and Drug 
Administration (FDA) allows for a variance of 20% for 
meter measurements and 10% for central laboratory results 
as compared to the true blood glucose level.16,21 This 
accepted variance can lead to the omission of important 
clinical information or to the use of inappropriate therapies. 
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Furthermore, patient factors such as pH changes, oxygen-
ation status, tissue perfusion, varying hemoglobin concen-
trations, and other interfering hematologic factors in acutely 
ill patients can affect meter measurements.21-23

The use of continuous glucose monitoring (CGM) has 
evolved from being a research tool to serving as a device use-
ful for outpatient clinical care in patients with type 1 and type 
2 diabetes. Designed to successfully improve glucose control 
without the addition of medication in ambulatory patients, 
CGM provides information about glucose concentration, 
direction, and rate of change over a period of several days. 
Because it provides glucose values every 5-10 minutes 24 
hours a day, CGM may have an advantage over POC testing 
with respect to reducing the incidence of severe hypoglyce-
mia in acute care.24,25 Two types of CGM device are com-
mercially available: retrospective and real-time CGM. 
Retrospective CGM is a Holter-type device that measures 
interstitial glucose levels and stores the information over a 
period up to 7 days to facilitate insulin adjustment, recogni-
tion of daily blood glucose (BG) fluctuations, and prevention 
of hypoglycemia.26 Its retrospective nature, however, repre-
sents a significant limitation, because patients are unable to 
react to BG changes before they reach abnormal ranges.27-32 
In contrast, real-time CGM technology provides current BG 
estimates and direction and magnitude of glucose trends, 
thus allowing patients to take necessary actions to reduce 
glycemic excursions outside a target range.26 Real-time 
CGM technology has been shown to facilitate glycemic con-
trol and to reduce hypoglycemia in insulin-treated 
patients.26,33-35 Recent guidelines, however, have recom-
mended deferring the use of CGM in the adult hospital set-
ting until further data on accuracy and safety become 
available. In this study, we review the advantages and disad-
vantages of the use of real-time CGM in the management of 
dysglycemia in the hospital setting.

History of BG Monitoring

Significant progress has been made since James Herrick 
reported in 1901 that the examination of urine for glucose 
was the crucial test for the diagnosis of diabetes mellitus in 
ambulatory patients as well as in patients with infections, 
cardiovascular disorders, and diabetic coma.36 During the 
following decades, several investigators pioneered labora-
tory methods for quantitative BG estimations in the labora-
tory for the diagnosis and critical care management of 
diabetes.37 In 1965, an Ames research team headed by 
Clemens developed Dextrostix, the first BG test strip, 
which was a paper reagent strip that used the glucose oxi-
dase/peroxidase reaction.20 Shortly thereafter, Boehringer 
Mannheim developed the Chemstrip glucose strip. A large 
drop of blood (50-100 μL) was applied to the reagent pad, 
and the pad color was visually assessed against a color 
chart to determine a semiquantitative BG value. Although 
these test strips were designed for use in doctors’ offices, 
they were widely used in clinics, surgery departments, and 

hospital wards to monitor glycemic control. Dextrostix, the 
first quantitative glucose device to use reflectance meters, 
became commercially available in 1970.37 Despite its high 
cost, large size, and weight (1.2 kg) and the need to use the 
wash-and-blot technique to remove red blood cells, it 
became used in emergency departments, because it pro-
vided rapid results and a few studies reported good correla-
tion with laboratory reference methods. Several reflectance 
meters requiring a smaller blood volume (20-30 ul), which 
were more accurate and could be removed simply by wip-
ing with a cotton ball, were developed in subsequent years. 
Dextrometer, the first battery-operated meter with a digital 
display was launched in 1980. Since then, a large number of 
smaller, lightweight, portable, nonwipe technique, battery-
operated, digital reflectance meters have become available 
for glucose monitoring. Glucose meters for self-monitoring 
of blood glucose (SMBG) have been effective in improving 
diabetes control and represent an essential tool for the man-
agement of ambulatory and hospitalized patients with dia-
betes and hyperglycemia.

The concept of the biosensor for measuring glucose levels 
was first proposed in 1962 by Clark and Lyons of the 
Children’s Hospital of Cincinnati.38 The first CGM proto-
types, which became available for research purposes in the 
early 1970s, extrapolated blood through a double-lumen 
catheter used for the development of glucose sensor-con-
trolled insulin infusion systems.39,40

In 1977, Miles Laboratories produced the Biostator, a 
relatively large bedside unit. The Biostator incorporates an 
in-line venous cannula to measure glucose and calculates the 
correct insulin and dextrose infusion rate on the basis of this 
measurement. However, the device has serious limitations in 
clinical practice: it needs constant supervision, is bulky, and 
requires the continuous withdrawing and discarding of 
venous blood to measure glucose levels ex vivo using an 
oxidase-containing membrane.41 In the past 2 decades, con-
siderable technological progress resulted in the regulatory 
approval of different continuous and semicontinuous 
monitors.

The first CGM device made available in the United States 
was the GlucoWatch biographer (no longer in use), approved 
in 1999 by the FDA. This device was worn like a wristwatch 
and provided glucose measurements every 10 minutes via 
transdermal extraction of interstitial fluid by reverse ionto-
phoresis, a process by which a device extracts glucose sam-
ples from fluids in the body by applying extremely low 
electric currents to intact skin.42,43 Several limitations, 
including skipped readings, skin irritation, and inaccuracy, 
kept the device from receiving clinical acceptance. Other 
semi-invasive continuous glucose monitors, consisting of a 
micropump (with a flow rate of 15-100 mL/min) and a bio-
sensor coupled with a microdialysis system, followed. Most 
CGM devices continue to employ subcutaneous sensors to 
determine the glucose concentration in interstitial fluid. 
Therefore, they require frequent calibration by fingerstick 
tests and cannot be used for more than a few days. Some of 
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the recently developed CGM devices are wireless; their sen-
sors are inserted into the subcutaneous tissue of the abdomen 
or upper arm. Important features of available CGM devices 
are listed in Table 1.

Glucose Monitoring in the Non–Critical 
Care Setting

Recent guidelines recommend the use of POC testing as the 
preferred method for guiding the inpatient glycemic manage-
ment of individual patients.44 Matching the timing of POC 
testing with nutritional intake and the diabetes medication 
regimen in the hospital setting is consistent with recommen-
dations for the outpatient setting. POC testing is usually per-
formed 4 times a day: before meals and at bedtime for 
patients who are eating15,16 and every 4-6 hours for patients 
who are NPO or receiving continuous enteral nutrition. More 
frequent glucose monitoring is indicated in patients treated 
with continuous intravenous insulin infusion,17,18 in patients 
with frequent episodes of hypoglycemia,15,19 and after a med-
ication change that could alter glycemic control, such as cor-
ticosteroid use or abrupt discontinuation of enteral or 
parenteral nutrition.45-47

Even though quality control programs are essential to 
meeting FDA requirements and to maintaining the accuracy 

and reliability of BG testing,16 a 20% variance between BG 
measurements derived from POC testing and the laboratory 
value is considered acceptable.16,21 Recent reports have 
advocated improvement or tightening of POC meter accu-
racy standards.21 However, capillary BG values continue to 
vary between POC meters, especially at high or low hemo-
globin levels, at low tissue perfusion, and in the presence of 
some extraneous substances.20,48 Furthermore, POC testing 
involves potential inaccuracies due to issues inherent to the 
technology, variability between different batches of test 
strips, varying hemoglobin concentrations, and other inter-
fering hematologic factors in acutely ill patients.21-23 A study 
of 5 commonly used glucose meters conducted by the Centers 
for Disease Control determined that mean differences from a 
central laboratory method were as high as 32% and found a 
coefficient of variation of 6%-11% in tests performed by 
individual trained medical technologists.21

Use of CGM Devices in the Hospital 
Setting

Comparison studies on the efficacy and clinical benefits of 
CGM devices and SMBG have produced mixed results, in 
part due to small sample sizes and variability across studies, 
including differences in age of subjects, in type of CGM 

Table 1. Advantages, Disadvantages, and Cost of Available Continuous Glucose Monitoring (CGM) Systems.

Device Advantages Disadvantages Cost

Dexcom SEVEN Plus 
(Dexcom)

Lightweight; can be used up to 7 days; water-
resistant; transmits glucose data every 5 
minutes to a handheld receiver within 6-foot 
range; stores glucose data up to 30 days

Invasive; requires calibration 
with blood glucose testing; 
requires a change of the 
sensor after 7 days

$1158 for CGMS and 
$349 for 4 sensors

Dexcom G4TM 
PLATINUM 
(Dexcom)

Lightweight; transmits glucose data every 5 
minutes to a handheld receiver within 20-foot 
range; receiver with alarm alerts for high and 
low glucose levels and for rapidly rising or 
falling glucose levels

Invasive; requires calibration 
with blood glucose testing 
every 12 hours; requires a 
change of the sensor after 
7 days

$1198 for GMS and 
$349 for a 4-pack of 
sensors

Guardian REAL-time 
(Medtronic)

Wireless transmitter attached to a glucose 
sensor; transmits average glucose to the 
monitor every 5 minutes; glucose sensor can 
be used up to 6 days; anticipates and displays 
glucose trends; alarm alerts for high and low 
glucose levels and for rapidly rising or falling 
glucose levels

Invasive; requires calibration 
with blood glucose testing; 
requires a change of the 
sensor after 3 days

$1400 for CGMS and 
$50 for a sensor

FreeStyle Navigator 
(Abbott)

Lightweight; water-resistant; measures glucose 
every 1 minute and transmits glucose data to 
the receiver within 3-meter range; glucose 
sensor lasts up to 5 days; receiver is a stand-
alone unit with integrated blood glucose 
testing; early-warning alarms alert for high and 
low glucose levels

Invasive; requires calibration 
with a built-in blood 
glucose meter; requires a 
change of the sensor after 
5 days

$1000 for the receiver 
and transmitter and 
$375 for a 6-pack of 
sensors

FreeStyle Navigator II 
(Abbott)

Lightweight; sensor can be used for up to 
5 days; measures glucose every 1 minute; 
provides glucose trend and warning alarm 
alerts; transmits glucose data to the receiver 
within 30-meter range; built-in FreeStyle blood 
glucose meter

Invasive; requires calibration 
with built-in blood glucose 
meter; requires a change 
of the sensor after 5 days

$1524 for the receiver 
and transmitter and 
$64.20 for a sensor; 
daily cost of $7.50
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utilized (retrospective versus real time), and in duration of 
follow-up.49,50 In a recent meta-analysis of ambulatory 
patients with diabetes, we reported that CGM is associated 
with significantly better incremental benefit in HbA1c reduc-
tion compared to SMBG.51 Greater benefits of CGM relative 
to SMBG were observed in studies of more than 12 weeks of 
intervention and in subjects > 25 years of age. In addition, 
CGM resulted in less time spent in hypoglycemic ranges 

than did SMBG, but there was no difference in the frequency 
of hypoglycemia.51

Recent studies have suggested that continuous BG moni-
toring devices may be helpful in reducing the incidence of 
severe hypoglycemia in acute care24,25 (Table 1). In some 
small clinical trials, CGM devices have been shown to 
improve hypoglycemia and hyperglycemia detection when 
compared with POC capillary glucose measurements (Table 2).  

Table 2. Clinical Trials Comparing Glucose Monitoring by Point of Care (POC) testing and Continuous Glucose Monitoring (CGM).

Author Population Intervention Outcome

Corstjens et al 
200653

19 medical ICU patients 165 paired samples; CGM sensor 
validated against arterial blood 
gas/glucose analyzer

100% of sensor values within zones A 
and B of Clarke error grid; very good 
correlation (r = .89)

De Block et al 
200654

50 adults (DM = 20, no-DM = 30) 
treated with IV or SC insulin in 
medical ICU

48-hour CGM with SC glucose 
sensor (GlucoDay) vs arterial 
glucose testing

No difference in glucose control

Piper et al 
200655

20 children during cardiac bypass 
surgery

165 paired samples; CGM sensor 
was inserted; arterial blood 
glucose measured by laboratory 
for comparisons

98.8% of sensor values within zones 
A and B; no interference of sensor 
performance with inotrope use or 
body edema

Yamashita  
et al 200956

50 patients scheduled for routine 
surgery were studied in surgical 
intensive care unit (ICU) of a 
university hospital

200 paired samples; CGM sensor 
validated against arterial blood 
gas/glucose analyzer

100% of sensor values within zones A 
and B; very good correlation, r = .96

Rabiee et al 
200957

19 patients on insulin infusion were 
enrolled in this 7-day study (13 
= surgical intensive care unit, 6 = 
burn intensive care unit)

1065 paired samples; CMG sensor 
validated against capillary POC 
values and glucose analyzer

99.25% of sensor values within zones 
A and B

Holzinger et al 
200924

50 ICU patients with circulatory 
shock requiring norepinephrine 
and IV insulin therapy

736 paired samples; CMG sensor 
validated against laboratory 
glucose values

Mean difference between groups was 
0.08 mmol/l; no interference of sensor 
performance with circulatory shock 
or norepinephrine use

Ryan et al 
200958

Case report of a patient with type 
1 diabetes undergoing orthopedic 
surgery treated with basal prandial 
regimen

POC capillary glucose 
measurement plus blinded CGM

Hypoglycemic threshold detected 
with CGM 4.5 hours before severe 
hypoglycemia

Holzinger et al 
201025

Randomized clinical trial in 124 
mechanically ventilated ICU 
patients on IV insulin infusion

63 CGM and 61 POC glucose 
testing

No difference on mean daily glucose 
control; lower rate of hypoglycemia 
with CGM

Rodriguez-
Quintanilla 
et al 201359

Pilot, nonrandomized, unblinded 
clinical trial; 16 patients with acute 
coronary syndrome treated with 
IV insulin infusion

Conventional group with POC 
testing and insulin adjustment 
every 4 hours vs intervention 
CGM and insulin adjustment 
every 1 hour

Conventional group resulted in shorter 
time to achieve normoglycemia

Kopecky et al 
201360

24 postcardiac surgery patients 
treated with IV insulin infusion

CGM compared to glucose 
control in enhanced model 
predictive control (eMPC) 
algorithm

No differences in glucose control 
between groups

Burt et al 
201361

Observational study of 26 DM 
patients with type 1 and type 
2 diabetes in general wards 
treated with basal prandial insulin 
treatment

72-hour CGM and capillary POC 
testing before meals and at 
bedtime

No difference in the mean daily 
glucose levels; higher number of 
hyperglycemia and hypoglycemia 
events detected by CGM

Gomez et al 
201352

Randomized study of 40 insulin-
naïve patients with type 2 in 
general wards treated with basal 
prandial insulin for ≥ 3 days

CGM compared to POC testing; 
blinded CGM data; POC testing 
before and 2 hours after meals, 
at bedtime, and at 3:00 am

No difference in daily glucose; similar 
number of patients with hypoglycemia, 
but CGM detected more events
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The majority of ICU studies have reported good correlation 
between glucose values measured by interstitial CGM and 
arterial/capillary and laboratory measurements, with most 
CGM measurements falling within zones A and B of the 
Clarke error grid. Recent studies in non-ICU wards compar-
ing CGM interstitial glucose testing with capillary POC test-
ing reported no differences in mean daily glucose, but CGM 
testing detected a higher rate of postprandial hyperglycemic 
excursions and of hypoglycemic events (Table 2).

In a recent prospective study, we compared inpatient gly-
cemic control by CGM (Sofsensor iPro 2, Medtronic) and 
capillary POC testing in general medicine patients with type 
2 diabetes treated with a basal bolus insulin regimen for ≥ 3 
days.52 Both patients and hospital staff were blinded to the 
CGM data. POC testing measurements were performed 
before meals, 2 hours after meals, at bedtime, and at 3:00 am. 
The primary outcomes were differences in daily BG and in 
the number of hypoglycemia (< 70 mg/dl) and hyperglyce-
mia (> 180 mg/dl) events between groups. A total of 40 insu-
lin-naïve patients (age: 65.8 ± 8 years, DM duration: 14.7 ± 
9 years, admission BG: 251 ± 9 mg/dl, A1C: 9.7 ± 2.4%, ± 
SD) were treated with glargine and glulisine at a starting total 
dose of 0.4 U/kg/day if BG was between 140-200 mg/dl and 
at a dose of 0.5 U/kg/day if BG was between 200-400 mg/dl, 
given half as glargine once daily and half as glulisine before 
meals. We observed no difference in daily BG after the first 
day of treatment by CGM and POC testing (Table 3). There 
were 10 patients with BG < 70 mg/dl recognized by both 
methods, but CGM detected a higher number of events (55 
versus 12, P < .0001) than POC testing (Table 3), with 40% 
occurring between breakfast and dinner and 60% between 
dinner and 6:00 am. A total of 26.3% of hypoglycemia events 
were asymptomatic, and most of these events (86.7%) were 
identified only by CGM. The proportion of BG >180 mg/dl 
identified by CGM was 36.8%, whereas the proportion iden-
tified by POC testing was 42.1%.52 Our observations were in 
agreement with previous reports and indicated that the use of 
CGM did not improve glucose control, but recognized a 
greater number of hypoglycemic events compared to POC 
testing. Our study indicated the potential benefit of using 
real-time CGM in the hospital to detect hypoglycemia in a 
more timely fashion compared to POC testing. However, 
more studies with a larger number of patients are needed to 
determine the accuracy and reliability of continuous BG 
monitoring devices in hospitalized patients.

In summary, although CGM technology is promising, few 
studies have tested its use in the acute care setting. Therefore, 
the Endocrine Society advises against its use because exten-
sive evidence regarding CGM’s safety and efficacy is lack-
ing.5 This expert committee considered that maintaining 
direct access to the blood on a continuous basis for an 
extended period of time is impractical due to lack of reliabil-
ity in terms of accuracy and the precision of the various sys-
tems, and due to the high cost of the use of CGM devices in 
the general inpatient (non-ICU) setting. In addition, recent 

guidelines on inpatient glycemic control recommended 
against intensive inpatient glucose control for the majority of 
non-ICU patients.14,44 Departing from historic intensive insu-
lin regimes with recent guidelines no longer recommending 
tight glucose targets may also reduce the need to use CGM 
devices in non–critically ill patients.

Abbreviations

BG, blood glucose; CGM, continuous glucose monitoring; DM, dia-
betes mellitus; FDA, Food and Drug Administration; ICU, intensive 
care unit; POC, point of care; SMBG, self-monitoring blood glucose.
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