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Pre- and Postoperative Accuracy and Safety 
of a Real-Time Continuous Glucose Monitoring System 
in Cardiac Surgical Patients: A Randomized Pilot Study

Susan J. Logtenberg, M.D.,1 Nanne Kleefstra, M.D.,1,2 Ferdinand T. Snellen, M.D.,3

Klaas H. Groenier, Ph.D.,4,5 Robbert J. Slingerland, Ph.D.,6

Arno P. Nierich, Ph.D.,3 and Henk J. Bilo, Ph.D.1,5,7

Abstract

Background: Our objective was to evaluate the accuracy and safety of a real-time (RT) continuous glucose mon-
itoring system (CGMS) in patients before and after cardiothoracic surgery and to investigate whether activa-
tion of the alarm function of the RT-CGMS had an effect on glucose control.
Methods: Patients scheduled for elective cardiothoracic procedures, without a history of insulin-requiring dia-
betes, were perioperatively monitored with RT-CGMS for 72 h and were randomized into two groups: with or
without the alarm function (set at 4 and 10 mmol/L) of the device activated. Sensor values were compared
with capillary, arterial, and venous blood glucose values. Percentages of time spent in various glucose ranges
were compared between groups.
Results: There were no adverse effects of the RT-CGMS. Of the 1,001 sensor value comparisons with capillary
or arterial measurements, 96.6% fell within Clarke Error Grid zones A and B, with relative absolute differences
ranging from 15% (preoperative period) to 12% (intensive care unit period) to 14% (postoperative period on
the ward). Seventeen (7.9%) arterial and 16 (2.0%) capillary comparisons fell within zone D or E. Whether or
not the alarm function, as used in this pilot study, was activated did not affect time spent in different glucose
ranges.
Conclusions: Although the RT-CGMS is safe and accurate according to accepted standards, there are still small
aberrations, which in our opinion preclude unlimited use in its present form in a clinical setting. The effect of
the alarm function at different glucose levels remains to be investigated.
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Introduction

VAN DEN BERGHE ET AL.1 reported that strict glycemic con-
trol in patients admitted to an intensive care unit (ICU)

resulted in reduction of morbidity and mortality by 42.5%.
Based on the results of this landmark trial, protocols in ICUs
have become stricter regarding blood glucose values, and in
order to strive for target values between 4.4 and 6.1 mmol/L,
frequent glucose monitoring and insulin dose adjustments
are required, which is time intensive.2

Implementing strict glucose control may be facilitated by
a real-time (RT) continuous glucose monitoring system
(CGMS), when continuous glucose readings can help iden-

tify and prevent periods of hypoglycemia or hyperglycemia,
without increasing workload or burden for patients.3,4

CGMS was shown to be accurate and reliable in critically ill
patients admitted to the ICU.4 That study, however, was per-
formed using retrospective instead of RT glucose data.4

Recently, a new RT-CGMS received U.S. Food and Drug
Administration approval (Paradigm® REAL-Time, Medtronic
MiniMed, Northridge, CA). The RT-CGMS has proven to be
effective in reducing hyperglycemic and hypoglycemic
episodes in ambulatory patients with type 1 diabetes.5,6 How-
ever, there is conflicting evidence from randomized controlled
trials about the effect on hemoglobin A1c.7,8 Piper et al.9 re-
ported about the performance of RT-CGMS during and after
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2Langerhans Medical Research Group, Zwolle, The Netherlands.

Departments of 4General Practice and 7Medicine, University Medical Center Groningen; and 5University of Groningen, Groningen, The
Netherlands.
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cardiac surgery in pediatric patients and found RT-CGMS to
perform well in hypothermia, inotrope use, and edema when
compared to 6-h arterial laboratory glucose values.

To our knowledge, this is the first study evaluating the ac-
curacy and safety of RT-CGMS before and after cardiotho-
racic surgical procedures in adult patients. A second objec-
tive was to investigate the effect of the alarm function of a
RT-CGMS on glucose control.

Research Design and Methods

Thirty-one patients over 18 years of age, undergoing elec-
tive cardiothoracic surgery without use of insulin before sur-
gery, were included in this study conducted in the Isala Clin-
ics, Zwolle, The Netherlands. Approximately 1 week before
the scheduled surgical procedure, eligible patients received
a letter with information about the study and were informed
that on the day before that procedure, they would be con-
tacted by a researcher for further explanation of the trial, af-
ter which informed consent was asked. After admission to
the hospital, a clinical history was taken, patients underwent
physical examination including measurement of blood pres-
sure, weight, and height and waist circumference, and the
Euroscore was calculated. The Euroscore provides an esti-
mate of cardiac surgery mortality risk and is based on a range
of patient- and procedure-related characteristics.10 Higher
scores indicate increased risk.

In general, after surgery, patients would be admitted to
the ICU for 1 or 2 days, after which they would be trans-
ferred to the (medium care) ward for further recovery. To
test whether the additional alarm function of the RT-CGMS
would have an effect on glucose control, patients were ran-
domized to RT-CGMS with the alarm setting activated or 
deactivated (Alarm group and Blind group, respectively).
Randomization was done using sealed nontransparent en-
velopes. Randomization took place after informed consent
was obtained. This study was conducted with approval of
the local ethics committee.

RT-CGMS

The RT-CGMS consists of a needle-type sensor that is in-
serted in the subcutaneous tissue. The sensor is composed
of a microelectrode with glucose oxidase. The sensor con-
tinuously converts small amounts of glucose from the inter-
stitial fluid into an electronic signal, the strength of which is
proportional to the amount of glucose present. The sensor is
connected directly with a small oval (�3- � 4-cm) transmit-
ter, which wirelessly sends data to a monitor. The sensor per-
forms an interstitial glucose measurement every 10 s and
stores a mean value every 5 min. The sensor lasts a maxi-
mum of 72 h. Calibration is required at least every 12 h.
Alarms can be programmed in such a way that the RT-CGMS
alerts whenever a sensor value is below or above a preset
value.

For the present study, calibrations were performed three
or four times per 24-h period (i.e., after insertion, before sur-
gery, after arrival at the ICU, before breakfast [8 a.m.], be-
fore dinner [4 p.m.], before bedtime [10 p.m.]). Alarms were
set at 4.0 and 10.0 mmol/L (during the night on the ward at
3.0 and 15.0 mmol/L).

RT-CGMS use was started the day before the planned sur-
gical procedure. The sensor was inserted aseptically in the

subcutaneous tissue of the abdomen. Sensors were calibrated
as recommended by the manufacturer, using a capillary
blood glucose value measured with a point-of-care system
(Accu-Chek Inform® System, Roche Diagnostics, Basel,
Switzerland).

Point-of-care systems are used in our hospital both on the
ward and the ICU to facilitate strict glucose control with reg-
ular glucose monitoring. In our study, all blood glucose mea-
surements were performed with this system. Laboratory
analysis of glucose as a control and calibration of the point-
of-care system were performed on a regular basis. Capillary,
arterial, and venous blood glucose measurement with the
Accu-Chek Inform has proven to be accurate during ICU ad-
mission.11,12 Capillary blood glucose values were obtained
at regular prespecified times. During the ICU period, in ad-
dition to capillary measurements, arterial and venous blood
glucose measurements were performed at the same time as
the capillary measurements.

In the Alarm group, whenever the RT-CGMS would alert,
a blood glucose value was to be determined (either capillary
and/or arterial). Treatment decisions were to be taken based
on blood glucose values, according to the ICU Insulin/Glu-
cose protocol (see Appendix); no treatment adjustments were
based on sensor values. A continuous intravenous insulin
regimen was started preoperatively at induction of anesthe-
sia and was continued at the ICU aiming at a glucose level
of 4.4–6.1 mmol/L.1 On the ward, continuous or intermittent
insulin infusion was initiated postoperatively at the discre-
tion of the attending physician or the consulting internist.
Whenever a sensor failed during the initiation phase, a new
sensor was inserted. Whenever a sensor was removed dur-
ing surgery, a new sensor was placed at arrival at the ICU.
Total sensor time did not exceed 72 h in any of the patients.

Statistical analysis

Descriptive statistics include mean (standard deviation
[SD]) or median (interquartile range). All data were reviewed
for normality using Q-Q plots, and parametric and non-
parametric tests were used as appropriate. Two-tailed tests
were used, and an � of 0.05 was used as a threshold of sig-
nificance.

To test accuracy, all matched points (within 5 min) from
both groups were plotted on Clarke Error Grids.13,14 Clarke
Error Grid analysis was originally developed to evaluate the
accuracy of capillary blood glucose testing systems taking
the relevance of differences between reference and measured
values into account. The reference blood glucose value is
plotted on the x-axis against the sensor value on the y-axis.
The graph is divided into five zones. Comparison points
within zone A represent sensor values that differ from the
reference value by no more than 20%. Zone B includes com-
parison points that differ by �20% but do not result in an
alteration in treatment. Comparison points in zone C would
result in an overcorrection of acceptable glucose values.
Points in zone D would result in failure to detect and treat
errors. Comparisons in zone E would result in opposite
treatment decisions. When over 95% of points are in zones
A and B, generally a system is considered accurate.14,15

Furthermore, the relative absolute difference (RAD) (ab-
solute difference between sensor and reference glucose value
divided by reference value expressed as a percentage) was
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calculated for capillary values in all periods. This statistic is
valued as an easy to interpret measure of accuracy.16

To test glucose control, glucose values were divided into
five ranges (all in mmol/L): �3.9; 4.0–4.3; 4.4–6.1; 6.2–10.0;
and �10.1. Percentages of time in each range were compared
between groups in all periods.

Results

A total of 31 patients were enrolled from June until Octo-
ber 2007, of which 30 completed the study (Fig. 1). One pa-
tient withdrew during the initiation phase of the sensor (first
2 h after sensor insertion) because of increased nervousness

due to anticipated sensor alarms. Patient characteristics are
presented in Table 1. There were more males and patients
with type 2 diabetes in the Blind group.

Median duration of sensor placement was 70.9 (69.9–71.5)
h. Sensors were well tolerated in all patients, without oc-
currence of serious adverse skin reactions, infections, or
bleeding.

Duration of preoperative sensor placement was 17.5
(15.3–19.2) h; duration of postoperative sensor reading was
46.3 (43.8–48.8) h. Median time of sensor reading on the ICU
was 20.3 (17.6–22.5) h (n � 29; one sensor provided too few
sensor readings during the ICU stay). Duration of postoper-
ative sensor reading on the ward was 28.6 (26.3–29.8) h (n �
26; four patients stayed on the ICU for the complete post-
operative study period).

RT-CGMS: accuracy

Throughout the study 818 capillary blood glucose values,
216 arterial blood glucose values, and 136 venous blood glu-
cose values were compared with sensor values, resulting in
39 comparisons per patient on average (range, 24–52).

Median RAD (absolute difference between sensor and cap-
illary glucose value divided by capillary value, expressed as
a percentage) during the preoperative period was 14.6%
(range, 7.1–25.9%), during the ICU period was 12.3%
(4.7–24.8%), and during the postoperative period on the
ward was 14.1% (7.0–25.4%).

Clarke Error Grids of the comparison of sensor and refer-
ence values in the difference periods are shown in Figure 2.
For the comparisons with capillary glucose measurements,
96.0–99.5% fell into grid zones A and B, the acceptable zones.
However, 12 capillary points (1.6%) were in zone D, indicat-
ing that the sensor value would not trigger treatment when
the reference value would. Four points (0.5%) were in zone E.

RT-CGMS BEFORE/AFTER CARDIOTHORACIC SURGERY 33

TABLE 1. PATIENT CHARACTERISTICS

Alarm group Blind group
Characteristic All (n � 30) (n � 15) (n � 15)

Age (years) 67.8 (9.4) 66.2 (10.3) 69.3 (8.4)
Male (n) 24 10 14 
BMI (kg/m2) 26.6 (3.4) 26.6 (3.3) 26.6 (3.6)
Waist (cm) 99.9 (10.7) 98.4 (9.7) 101.4 (11.8)
BP (mm Hg)

Systolic 121.3 (15.8) 118.2 (17.4) 124.3 (14.1)
Diastolic 68.1 (10.9) 64.4 (9.4) 71.9 (11.3)

Heart rate (bpm) 69.3 (14.6) 71.8 (12.4) 66.9 (16.6)
Type 2 diabetes (n) 6 1 5 
Plasma glucose at admission 5.8 (5.0–6.9) 5.5 (5.0–6.6) 5.9 (4.8–7.8)

(non-fasting; mmol/L)a

Smoking (n) 5 3 2 
Euroscore 5.7 (3.0) 5.7 (2.8) 5.8 (3.3)
Planned procedure (n)

CABG 2 3 
VP 3 5 
VS 2 1 
RM — 1 
Combined CABG-VP/VS/RM 4 3 
Combined VP/VS/RM 4 2 

Data are mean (SD) values unless otherwise indicated. BMI, body mass index; BP, blood pressure; bpm, beats per minute; CABG, coronary
artery bypass graft; RM, rhythm management; VP, valve procedure; VS, vascular surgery.

aMedian (interquartile range).

FIG. 1. Number of participants in stages of the trial. Re-
produced with permission from the CONSORT flow dia-
gram.17
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Zone E represents sensor values that would trigger opposite
treatment change than the reference value would. Comparison
of sensor with arterial glucose measurements was less accu-
rate, with 92.1% (n � 199) of comparison points in zones A and
B. Comparison of sensor with venous glucose measurements
was the least accurate, with 21 (15.4%) of comparison points
outside zones A and B. Points in zones C–E were present in
24 subjects, ranging from one to six points per subject.

RT-CGMS: glucose control

Preoperative period. Mean glucose as measured with the
sensor in the preoperative period was 6.5 � 2.0 mmol/L in
the Alarm group and 6.2 � 0.9 mmol/L in the Blind group
(P � 0.51). Mean capillary glucose was 6.8 � 1.0 mmol/L in
the Alarm group and 7.2 � 1.6 mmol/L in the Blind group
(P � 0.47). Figure 3a shows time in glucose ranges for both
groups in the preoperative period. Time spent in euglycemia
(4.0–10.0 mmol/L) was 97.2% (88.7–100.0%) in the Alarm
group and 97.2% (82.8–100.0%) in the Blind group (P � 0.71).
Exclusion of patients known with diabetes before admission
did not change outcome (data not shown). During this pe-
riod, only six alarms (two “High”) occurred, in three sub-
jects. On average, the same number of capillary measure-
ments was performed in the preoperative period (Alarm
group, 8.5 � 1.2; Blind group, 9.3 � 2.4; P � 0.31).

LOGTENBERG ET AL.34

FIG. 2. Clarke Error Grids of glucose measurements. Each grid shows the comparison of sensor values on the y-axis with
glucose values obtained with reference method on the x-axis: (A) capillary measurements in the preoperative period; (B)
capillary measurements in the ICU period; (C) capillary measurements in the postoperative period on the ward; (D) arte-
rial measurements in the ICU period; and (E) venous measurements in the ICU period.

Postoperative period. Mean sensor glucose on the ICU was
6.5 � 0.8 mmol/L in the Alarm group and 7.7 � 1.5 mmol/L
in the Blind group (P � 0.015). When patients with pre-ad-
mission diabetes were excluded, this difference was not sta-
tistically significant (Alarm group, 6.5 � 0.9 mmol/L; Blind
group, 7.4 � 1.5 mmol/L; P � 0.08). Mean capillary glucose
was 6.7 � 0.8 mmol/L in the Alarm group and 7.5 � 1.7
mmol/L in the Blind group (P � 0.11; all subjects included).
Neither arterial nor venous measurements differed between
groups (either with or without pre-admission diabetes pa-
tients included). Median time in target glucose range (4.4–6.1
mmol/L) was 34.8% (17.1–63.2%) and 20.2% (3.2–38.0%) in
the Alarm group and in the Blind group, respectively (P �
0.27). Overall, percentage of time spent in the different glu-
cose ranges did not differ significantly (Fig. 3b).

Mean sensor glucose on the ward was 8.6 � 1.7 mmol/L
in the Alarm group and 9.5 � 1.7 mmol/L in the Blind group
(P � 0.21). Time in euglycemia was 81.6% (55.4–96.9%) and
61.2% (30.7–86.3%) in the Alarm group and Blind group, re-
spectively (P � 0.15). Overall, the percentage of time spent
in the different glucose ranges did not differ significantly
(Fig. 3c). Exclusion of pre-admission diabetes patients did
not change outcome (data not shown).

In the postoperative phase, 104 alarms occurred (90
“High”). Interestingly, the number of reference measure-
ments performed per hour was not statistically different be-
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tween groups. During the ICU period, a median of 0.42
(0.37–0.48) capillary and 0.30 (0.27–0.42) arterial measure-
ments per hour were performed in the Alarm group and 0.42
(0.36–0.44) capillary and 0.31 (0.26–0.43) arterial measure-
ments in the Blind group (P � 0.88 and P � 1.00, respec-
tively).

During the postoperative period of the study on the ward
a median of 0.48 (0.44–0.56) capillary measurements per hour
were performed per patient in the Alarm group, as compared
to 0.41 (0.39–0.74) in the Blind group (P � 0.41).

Conclusions

RT-CGMS proved to be safe regarding local complications
or adverse events and is accurate when compared with cap-
illary reference values, based on accepted measures of accu-
racy. However, when arterial or venous glucose measure-
ments are used as reference, accuracy is only borderline
acceptable or not acceptable, respectively. The alarm func-
tion of the RT-CGMS, as used in this pilot study, had no ad-
ditional effect on glycemic control.

Our results are in line with previous reported accuracy
rate of CGMS; Garg et al.6 reported 96% in Clarke Error Grid
zones A and B, and Guerci et al.18 reported even 98.8% in
the acceptable zones. Our median RAD ranged from 12.3%
to 14.6%. Piper et al.9 reported a mean RAD of 17.6% in their
report about the use of RT-CGMS in pediatric critical ill pa-
tients after surgery using arterial glucose values for calibra-
tion, and others also found comparable RADs.4,18 To date,
there is no uniform upper limit of acceptable deviation for

these devices, and interpretation of reported accuracy dif-
fers. Some apply the American Diabetes Association re-
quirements for home blood glucose meters (all measure-
ments within 5% of the reference value)19 and conclude that
accuracy is too low.18 Others regard 15% as acceptable ac-
curacy.6

In our opinion, sensor readings in the ICU setting need to
be more accurate than the Clarke Error Grid currently re-
quires, because the intended glucose target range is narrower
than in ambulatory patients. Moreover, from a safety point
of view, the occurrence of sensor readings in zones C, D, and
E is not acceptable, and one can even argue (as De Block et
al.20 did) that points in zone B, indicating more than 20% de-
viation from the reference value, are also not acceptable for
ICU standards.

Overall, median time in target glucose range on the ICU
was 22.8%, which is in accordance with previous published
data regarding glucose control on the ICU.20,21

The lack of difference in the number of capillary mea-
surements between groups could be due to the relatively
high number of scheduled measurements by protocol, but
could also be one of the reasons for not finding an effect of
the alarm function on glucose control, i.e., alarms did not
elicit the required actions and reactions.

There are some limitations to our study. We used capil-
lary measurements to calibrate the RT-CGMS throughout the
study. This could have influenced the reported accuracy of
the sensor compared to arterial and venous references mea-
surements on the ICU. As can be deduced from Figure 2D,
points in zone D of the Clarke Error Grid are close to the
border with zone B, and one can speculate that when cali-
bration would have been done using arterial glucose values,
at least some of these points would fall in zone A or B, adding
to the accuracy.

Regarding the effect on outcome, we would like to em-
phasize that our study was not powered to detect a pre-
specified difference, but was only explorative. Furthermore,
it is possible that the applied alarm setting was too wide.
However, setting alarms at a narrower target might have re-
sulted in too many unnecessary alarms whereby nurses’
workload and the burden for patients would become unac-
ceptably high. Furthermore, it was possible, because of the
alarms not being very loud, that alarms were missed when
patients moved around freely on the ward or were masked
by other alarms and sounds on the ICU. This could have led
to a delay in action. Second, although a strict glucose proto-
col was used at our ICU, we noticed that blood glucose lev-
els slightly above the target range were accepted by the ICU
staff and that nurses and physicians were not eager to initi-
ate insulin therapy on the ward in the postoperative period
in patients without pre-admission diabetes. On the ward,
higher blood glucose values were accepted, which meant
that, even when a “High” sensor value was confirmed by the
reference glucose, no action was taken (or at least not im-
mediately). Our pilot study was not intended to interfere
with the current glucose protocols and insulin treatment reg-
imens on the ICU and the ward, and therefore therapy ad-
justments on the ward were taken after the nurse consulted
with the attending physician. This may also have affected
the outcome of the study, since no proper action was taken
to initiate ore alter insulin dosage after every sensor alarm
all the time.

RT-CGMS BEFORE/AFTER CARDIOTHORACIC SURGERY 35

FIG. 3. Comparison of percentage of time spent in differ-
ent glucose ranges during the three different study periods
for both groups (white columns � alarm group; black
columns � blind group): (A) preoperative period; (B) post-
operative period on the ICU; and (C) postoperative period
on the ward.
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We did not measure any severely hypoglycemic glucose
values. This might suggest that the fear of hazardous hypo-
glycemia during efforts directed towards strict metabolic
control is not supported by clinical reality. In a similar pa-
tient population, Schmeltz et al.22 reported 1.2% of glucose
values �3.3 mmol/L without any episode being considered
severe. Because of the limited number of blood glucose val-
ues in that range, we cannot provide a definite conclusion
about the performance of the sensor in the hypoglycemic
range.

We conclude that RT-CGMS can be used safely in the pe-
rioperative setting. However, with the attitude within our
clinic towards perioperative glucose control, use of the RT-
CGMS with alarm function, as used in this study, does not
have a different effect than standard glucose monitoring on
the ICU or on the medium care ward in the postoperative
period. Therefore, introducing RT-CGMS does not add to-
wards a further improvement of proper glucose control, at
least not when only used as a registry device, without
promptly and aggressively adapting the insulin regimen.
Combining RT-CGMS with automated adjustments of in-
sulin and/or glucose administration might change this con-
clusion. Nevertheless, in our opinion even the small amount
of discrepant measurements outside the ranges set will im-
pede, if not prevent, the introduction of such a computed-
guided combination. Furthermore, the method of calibrating
such devices is of utmost importance, and we would want
to highlight its effect on accuracy and propose a head-to-
head comparison of a capillary-calibrated RT-CGMS with an
arterial-calibrated RT-CGMS.
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