1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Pediatr Crit Care Med. 2011 November ; 12(6): 643-648. doi:10.1097/PCC.0b013e31821926a5.

Value of Continuous Glucose Monitoring For Minimizing Severe
Hypoglycemia during Tight Glycemic Control

Garry M. Steil, PhD1, Monica Langer, MD1, Karen Jaeger, BSN1, Jamin Alexander, BA1,
Michael Gaies, MD?, and Michael SD Agus, MD?

1Department of Surgery and Medicine Children’s Hospital Boston, Harvard Medical School,
Boston, MA

?Department of Pediatrics and Communicable Diseases University of Michigan School of
Medicine, C.S. Mott Children's Hospital, Ann Arbor, Michigan

Abstract

Objective—Tight glycemic control (TGC) can potentially reduce morbidity and mortality in the
ICU but increases the risk of hypoglycemia. The most effective means to avoid hypoglycemia is to
obtain frequent blood glucose (BG) samples, but this increases the burden to nursing staff. The
objective of this study was to assess the ability of a real-time continuous glucose monitor (CGM-
RT) to reduce hypoglycemia (BG<60 mg/dL [3.3 mmol/L]) during standard care (STD) or TGC
effected with a proportional integral derivative (PID) insulin titration algorithm.

Desigh—CGM-RT profiles obtained from an ongoing prospective randomized trial of TGC were
retrospectively analyzed to determine if the continuous glucose measure had prevented instances
of hypoglycemia.

Setting—Cardiac ICU.
Patients—Children 3 years of age or less undergoing cardiac surgery were studied.

Interventions—Intravenous insulin infusion and rescue glucose with guided by CGM-RT and
the PID algorithm in the TGC arm (N=155; target glucose 80-110 mg/dL [4.4-6.1 mmol/L);
CGM-RT in the STD care arm (N=156).

Measurements and Main Results—No reduction in hypoglycemia was observed with CGM-
RT alarms set at 60 mg/dL [3.3 mmol/L] (0 of 19 occurrences of BG<60 mg/dL [3.3 mmol/L]
detected); 18 of 40 subsequent incidences of hypoglycemia were detected after increasing the
alarm threshold to 70 mg/dL [3.9 mmol/L]. In the TGC arm, 8 incidences were reduced in
duration and an additional 8 events were prevented with intravenous glucose. In the STD arm, 3 of
9 occurrences of hypoglycemia were detected with the duration reduced in all cases. On average,
one to two false hypoglycemia alarms were observed in each patient.
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Conclusions—CGM-RT in combination with PID control can reduce hypoglycemia during
TGC. CGM-RT can also reduce hypoglycemia during STD. However, false alarms increase the
overall nursing workload.
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Introduction

Tight glycemic control (TGC) has been shown to improve outcomes in some (1- 3) but not
all studies (4) of tight glycemic control, with several studies having been prematurely halted
(5-7) over concerns related to hypoglycemia. Hypoglycemia during insulin therapy has been
shown to increase the risk of mortality (8-12), but can potentially be minimized with more
frequently monitoring of the blood glucose (BG) level. However, the need for frequent
monitoring adds burden to nursing staff (13) and, in the absence of explicit methodology for
titrating insulin, may produce varying and ultimately non-reproducible results. Continuous
glucose monitoring can potentially reduce the burden associated with frequent blood draws,
but questions remain regarding the reliability, and the incorporation of existing monitors in
the intensive care unit. Many algorithms exist for titrating insulin rates from intermittent BG
measurements (14-17) but none have been explicitly linked to a continuous glucose
monitor. In the ambulatory environment, continuous glucose monitoring in real-time (CGM-
RT) has been combined with a proportional-integral-derivative (P1D) algorithm to effect
stable glucose levels in individuals with type 1 diabetes mellitus (18;19). In the pediatric
ICU, the algorithm has been linked with intermittent BG values (20).

We are currently conducting a two-center prospective randomized control trial to assess the
benefit of TGC in children aged 3 or under undergoing cardiac surgery with
cardiopulmonary bypass. The TGC study uses CGM-RT together with the PID titration
protocol. The study is not scheduled for completion until 2011 with the primary outcome
results to be made available at that time; however, interim data on the performance of CGM-
RT device and the PID titration algorithm has been made available for this report evaluating
whether the device and algorithm can reduce hypoglycemia during TGC.

Materials and Methods

Study design

Children 3 years of age or less undergoing cardiac surgery with cardiopulmonary bypass
were recruited at Children’s Hospital Boston (CHB) and C.S. Mott Children's Hospital
(CSMCH) in Michigan in on-going Trial of Euglycemia following Cardiac Surgery study
(registered NCT00443599). As of 7/1/2009, 311 subjects were studied with 156 randomized
to (standard care) STD and 155 to TGC. Subjects were identified by weekly review of
scheduled elective cardiac surgery patients and by daily monitoring of the operating room
schedule. Informed consent was obtained from parents. Patients with diabetes mellitus or
whose operative plans did not include cardiopulmonary bypass were excluded. Subjects
randomized to TGC were monitored for the period in which an arterial line was maintained,
for subjects randomized to STD monitoring was discontinued after 72 hours if the patient
was clinically stable with no BG <60 mg/dL [3.3 mmol/L] for at least 12 hours. Glucose
levels in subjects randomized to STD were managed according to standard practice at each
institution, with no explicit protocol requirement for initiating insulin or treating
hypoglycemia. In subjects randomized to TGC, glucose levels were managed in accordance
to /nsulin therapy and glucose rescue algorithm described below. Standard nutritional
guidelines were followed at each institution.
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All subjects underwent CGM-RT (Guardian Continuous Glucose Monitor Real-Time
system, Medtronic-MiniMed, Northridge, CA). CGM-RT sensors were inserted at a 45
degree angle into the patient’s lateral thigh after induction of anesthesia. Each sensor was
connected to a wireless transmitter no sooner than 5 minutes after the insertion, and
calibration was performed once the patient arrived in the cardiac ICU (time 0 for all
analyses). Sensors were replaced every 72 hours or sooner as described in the /nsulin
therapy and glucose rescue algorithm below. The device was calibrated using arterial BG
assessed with bedside meters available at the respective institutions (SureStepFlexx,
LifeScan, at CHB and AccuCheck Inform, Roche, at CSMCH) ~3 times per day in STD and
8-18 times per day during TGC, depending on the number of the therapy changes. All
values were used for calibration in the STD arm and a subset of values defined by /nsulin
therapy and glucose rescue algorithm were used in the TGC arm. Arterial BG was also
assessed using central laboratory analyzers as dictated by each institution’s standard practice
(~6 times per day at CHB using a Bayer RapidLab 860 [Tarrytown, NY7];once per day at
CSMCH using a Siemens Advia 2400 analyzer [Deerfield, IL]). A VAMP Jr. (Edwards)
blood sampling system was introduced to reduce blood loss associated with frequent blood
draws. When possible, meter values below 60 mg/dL [3.3 mmol/L] were confirmed by the
central laboratory using an independent blood sample; however, if the meter assessment of
arterial blood glucose was deemed critically low an exogenous glucose bolus, calculated by
the algorithm, was given in advance of performing a second blood draw.

Insulin therapy and glucose rescue algorithm

In the TGC arm, the PID algorithm was used to recommend a variable intravenously (1V)
insulin infusion rate. The algorithm has been previously described (20;21) but was modified
here to allow SG values to be input more frequently (every 0.5 to 1 hour) than BG values
(0.5 to 6 hrs) and for glucose rescue to be given as a bolus rather than an infusion. The
algorithm recommended an intravenous insulin infusion rate in proportion to glucose above
or below target (P; 0.5 U/kg/hr per gram/dL [9 U/kg/hr per mmol/L] with target = 95 mg/dI
[5.3 mmol/L]); the history of glucose above or below target (I; ratio P:I = 300 minutes); and,
the rate-of-change of glucose (derivative D; ratio D:P = 30 minutes). If the sum of P, I, and
D was negative a recommendation to suspend insulin delivery was made; if glucose fell, or
was anticipated by the algorithm to fall, below 60 mg/dL [3.3 mmol/L] a recommendation to
suspend insulin delivery and administer IV glucose was made (1.5 g per U/hr below zero). A
minimum change in insulin delivery (0.003 U/kg/hr and 20%) was set to prevent frequent
minor adjustments requiring blood draws.

Calculations were performed using SG values entered into a spreadsheet at times
recommended by the algorithm based on the glucose value and its rate of change; however if
a change in therapy was recommended an arterial blood sample was obtained and the
recommend insulin delivery rate recalculated using the meter estimate of blood glucose
rather than the sensor value. If possible, two consecutive BG values were used to estimate
the glucose rate of change; if two consecutive values were not available, consecutive SG
values were used. Insulin delivery was suspended during periods in which SG was
unavailable for any reason.

During the study period, four additional changes to the PID algorithm were made. 1) When
first implemented, a 30% difference between SG and BG used to effect therapy resulted in a
request to recalibrate the sensor and any two recalibrations in a three hour period generated a
recommendation to replace the sensor. This rule was removed and decisions to replace
sensors were made on a case-by-case assessment of sensor performance. 2) The factor used
to convert negative requests for insulin delivery to positive recommendations for glucose
boluses was increased by a factor of two if a glucose bolus had been delivered at the
previous sample time. 3) The CGM-RT hypoglycemic alarm threshold was increased from
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60 mg/dL [3.3 mmol/L] to 70 mg/dL [3.9 mmol/L] and a 15 minute forward prediction
feature available on the CGM-RT device was enabled. 4) The maximum insulin delivery
when glucose was within target range and not changing was decreased from 0.1325 U/kg/hr
to 0.03 U/kg/hr. Algorithm changes were made following consultation with the study’s
independent Data Safety Monitoring Board (DSMB), appointed and overseen by the
National Heart Lung and Blood Institute.

Statistical Analysis

Results

CGM-RT sensor performance was evaluated by calculating the mean-absolute-relative-
difference (MARD) between SG and arterial whole BG assessed with bedside meters
(MARD = 100+|BG-SGJ|/BG), and by the regression of SG versus BG. Regression analysis
was performed separately for STD and TGC with differences in slope and intercept used to
assess any difference in sensor performance in the two study arms. Hypoglycemic alarms
were characterized as true-positive (TP) or false-positive (FP), with the analysis performed
separately at the 60 [3.3 mmol/L] and 70 mg/dL [3.9 mmol/L] hypoglycemic thresholds. For
both thresholds, a TP was defined as an alarm with a confirmed BG less than or equal to 60
mg/dL [3.3 mmol/L], and a FP was defined as an alarm with confirmed BG greater than 60
mg/dL [3.3 mmol/L] (i.e., at the 70 mg/dL [3.9 mmol/L] alarm threshold, an alarm with a
confirmed BG between 60 and 70 mg/dL [3.3 and 3.9 mmol/L] was defined as a FP).

To assess whether CGM-RT was effective in reducing hypoglycemia, the number of
occurrences in which the CGM alarmed at a glucose value above 60 mg/dL [3.3 mmol/L],
but was falling at a rate sufficiently fast for the algorithm to anticipate a value below 60 mg/
dL [3.3 mmol/L] within 30 minutes, and which resulted in a glucose rescue bolus in advance
of glucose falling below 60 mg/dL [3.3 mmol/L], were counted as “Sensor Enabled Therapy
Intervention” (SETI) events. Instances where the device alarmed while glucose was above
60 mg/dL [3.3 mmol/L] but where there was insufficient time to allow staff to prevent the
fall in glucose to below 60 mg/dL [3.3 mmol/L], were counted as “Sensor Enabled Therapy
Alerts” (SETA). SETI alarms were deemed to have prevented the hypoglycemic event;
SETA alarms were deemed to have reduced the duration of the event. SETI and SETA
alarms were analyzed separately for the STD and TGC groups.

Average BG profiles were calculated using the central laboratory values obtained each day
as dictated by standard practice (CHB) or using bedside meter values (CSMCH). Values
were interpolated on a 30 minute interval before averaging. Time-to-target (first value
within 80-110 mg/dL [4.4 to 6.1 mmol/L]), time-in-target, and histograms of glucose
concentration were calculated from the interpolated curves. Severe hypoglycemia was
quantified as the percentage of subjects with any occurrence of BG<40 mg/dL [2.2 mmol/L].
Mild hypoglycemia was quantified as the percentage of subjects with an occurrence of BG
greater than or equal to 40 and less than 60 mg/dL [3.3 mmol/L]. Statistical analyses
(significance of regression slopes, differences in regression lines, 2 confidence intervals for
percentages, unpaired t-test for other comparisons), were performed using GraphPad Prism
version 5.00 (GraphPad Software, San Diego California USA) with P<0.05 considered
significant. Data are reported as mean and standard error of the mean (SEM) unless
otherwise stated. The study protocol was approved by the CHB and CSMCH institutional
review boards.

Subject Enrollment

Consent was obtained from 318 families. Five subjects became ineligible during surgery due
to operations performed off bypass, one subject was withdrawn by the surgeon immediately
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after surgery for severity of illness, and one subject was withdrawn by the investigators prior
to surgery based on staff availability. These subjects did not receive any study intervention,
including CGM-RT, and did not have data available for analysis. For the remaining 311
subjects, age, weight, severity of illness, and gender were similar between STD and TGC
(Table 1). Data reported here exclude a preliminary ten subject pilot phase.

Glucose Control

BG was not different in the two treatment groups at time 0 (149 + 3.92 mg/dl vs. 145 + 4.11,
[8.3 £ 0.2 mmol/L vs. 8.1 + 0.2 mmol/L] STD versus TGC respectively; p=0.22).
Thereafter, patients undergoing TGC achieved target glucose significantly faster
(5.96£0.594 vs. 15.0£1.56 hrs; p<0.0001) and were within target range significantly longer
(48£1.8% of time vs. 30+2.0%; p<0.0001; Figure 1) than patients undergoing STD. The
percent of subjects with severe hypoglycemia during TGC was 3.2% (5 of 155 TGC
subjects; 95% Confidence Interval [CI] 1.2 to 7.5%) with one instance of BG < 40 mg/dL
[2.2 mmol/L] observed in the STD arm. No subject had more than one hypoglycemic event.
In the TGC arm, there were 8 instances of CGM-RT alarming with BG > 60 mg/dL [3.3
mmol/L] but falling at a rate sufficient for the algorithm to recommend a rescue glucose
bolus (Table 2; SETI alarms). For these alarms, an example shown in Figure 2 with an alarm
at ~59 hours, the SG value was typically confirmed within 20 minutes (23 minutes in Figure
2) and an IV glucose bolus given to prevent any further fall in glucose. In 8 additional
instances, the alarm occurred in advance of glucose falling below 60 mg/dL [3.3 mmol/L],
but with insufficient time for the BG level to be confirmed and the 1V glucose bolus given to
prevent the glucose level from falling below 60 mg/dL [3.3 mmol/L] (Table 2; SETA
alarms). There were 3 SETA alarms in the STD arm.

Sensor Performance

MARD was 16.0%. Regression analysis (Figure 3) indicated slopes less than 1 (0.81 + 0.027
and 0.78 + 0.011) and intercepts greater than 0 (24 + 1.3 mg/dL [1.3+ 0.072 mmol/L] and 25
+ 3.6 mg/dL [1.4£0.2 mmol/L ; p<0.05, STD and TGC respectively), with the STD and
TGC regression lines different from each other (p<0.05). In STD, the regression line
intersected the SG=BG line at BG=132 mg/dL [7.3 mmol/L] (95% CI 130-135 mg/dL
[7.22-7.5 mmol/L]) and in TGC the intersection was at 113 mg/dL [6.3 mmol/L] (95% ClI
112-114 mg/dL [6.2-6.3 mmol/L]). In each case the intersection point was not different
from the average BG value used for calibration (128 mg/dL [7.1 mmol/L] with 95% CI 124—
131 mg/dL [6.9-7.3 mmol/L] for STD; 113 mg/dL [6.3 mmol/L] with 95% CI 112-114 mg/
dL [6.2-6.3 mmol/L] for TGC). From the regression lines, the expected SG value at the
hypoglycemic threshold of 60 mg/dL [3.3 mmol/L] was estimated to be 71 mg/dL [3.9
mmol/L] (95% CI 67 to 75 mg/dL [3.7 to 4.2 mmol/L]) in STD and 72 mg/dL [4.0 mmol/L]
(95% CI1 70 to 73 mg/dL [3.9-4.1] mmol/L) in TGC. Thus, with the CGM-RT hypoglycemic
alarm-threshold set at 60 mg/dL [3.3 mmol/L] (subjects 1-64) 0 of 19 hypoglycemic
excursions below 60 mg/dL [3.3 mmol/L] were detected. Increasing the alarm threshold to
70 mg/dL [3.9 mmol/L] and adding a 15 minute forward prediction improved the detection
rate to 43% (Table 2) but generated 16-17 false-positive alarms for every true positive
(between 1 and 2 false alarms per subject).

Discussion

Our analysis indicates that the incidence and/or duration of hypoglycemia following cardiac
surgery in children aged 3 or less can be reduced by CGM-RT. However, this conclusion is
based on retrospective analysis of CGM-RT alarms in an ongoing trial of TGC designed to
assess nosocomial infection rate with and without TGC, rather than a prospective study of
hypoglycemia during with and without continuous glucose monitoring. With these analyses,
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it is not possible to ascertain definitively if all patients predicted to become hypoglycemic
would have done so had we not administered a glucose bolus. As well, in cases where the
alarm occurred near a scheduled blood sample it is difficult to determine if the duration of
an individual event was reduced. Nonetheless, the results show that CGM-RT, when
combined with an explicit insulin titration algorithm, allows TGC in the 80-110 mg/dL
[4.4-6.1 mmol/L] glucose range to be achieved without substantially increasing the risk of
hypoglycemia. This requires the CGM-RT alarms be set to the expected sensor value at the
hypoglycemic alarm threshold. We estimated that at a hypoglycemic threshold of 60 mg/dL
[3.3 mmol/L], the CGM-RT sensor would read ~70 mg/dL [3.9 mmol/L]. Increasing the
alarm threshold however, results in a substantial number of false alarms.

False alarms, or any other sensor value falsely indicating the need for a change in therapy,
increased nursing workload in this study, as each instance required the nurse to obtain a
confirmatory blood glucose sample. While any individual blood sample may only take 2-3
minutes to obtain, repeated alarms interrupt the flow of work and add substantially to the
total effort. The increase in workload has to be weighed against the benefit of preventing or
reducing hypoglycemia. We estimated ~33% of our subjects benefited by the use of CGM-
RT. We arrived at this estimate by examining the hypoglycemic incidence rate with the
alarm threshold set at 70 mg/dL (Table 2). At this threshold, we observed 38 instances of
mild hypoglycemia and 2 instances of severe hypoglycemia in 125 patients undergoing
TGC. We estimated that an additional 8 instances would have occurred had the CGMS-RT
system not been used to effect a glucose rescue bolus (SETI alarms), and that the 8 alarms
that occurred without sufficient time to prevent the fall in glucose to below 60 mg/dL
(SETA alarms) may still have reduced its duration. Thus, 16 of the 48 (33%) total possible
hypoglycemic events were prevented or reduced in duration. In the STD arm, we observed 8
instances of mild hypoglycemia and 1 instances of severe hypoglycemia in 122 patients. In 3
of these 9 instances (33%), the duration may have been reduced by the SETA alarms.

The CGM-RT device also failed to detect hypoglycemia in a substantial number of cases
(Table 2). The inability of the CGM-RT device to detect hypoglycemia was largely due to a
bias in the regression line relating sensor glucose to blood glucose (Figure 3). The bias may
be related to an offset in sensor current (23) as this would also explain the observation that
the regression lines were different in the STD and TGC groups. That is, bias in regression
slope resulting from offset current is a function of the average glucose value used for
calibration (24). In this study, the average calibration value was higher in the STD arm than
the TGC arm. The observation that the CGM-RT has a different regression bias in the two
treatment arms argues that it cannot be used to compare time spent hypo- or hyperglycemic,
as these times will be under or overestimated to different degrees.

The use of point-of-care (POC) meters may also have contributed to the bias as well as the
overall error. The MARD between the CGM-RT monitor and the point-of-care meter
observed here is lower than the value we previously reported in the ICU (16.0% versus
17.6%; (25)), but ambulatory studies have reported still lower values (14% for reference
glucose values 121-180 mg/dL (26)). Bias in the regression line has been also been shown
in some (19) but not all (18) ambulatory studies. It is difficult to determine what the relative
contribution of POC-meter error was to the total MARD. In this study, we introduced a
closed blood sampling system designed protect against blood loss. With the closed blood
draw system, which we found to improve the consistency of blood draws, we estimate the
MARD between BG determinations taken with five minutes of each other to be 6.2%
(Children’s Hospital Boston site). We also observed a small, but statistically significant, bias
between the POC-meter and laboratory analyzer (regression slope and offset 0.98 and 4.9
mg/dL), but do not believe this small bias in slope (2%) can account for the much larger bias
(~20%; Figure 3) observed between the sensor and point of care meter. However, any
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improvement in the point of care meter accuracy, or decrease in the time required to obtain a
glucose value from a central laboratory, can be expected to improve the accuracy of a
continuous monitor that uses either value for calibration.

The present study linked the CGM-RT device to a proportional p/us integral p/us derivative
(PID) insulin titration algorithm (20;21). The algorithm required the target glucose value be
set to an acceptable range (80-110 mg/dL). The algorithm has an implicit target rate-of-
change of glucose ([BG-target]/300 in units of mg/dL per minute; 300 minutes being the
ratio P:1). The target range chosen in our study matches the target set in the original Van den
Berghe adult trial (2;27) but is higher than the range used by that group in their subsequent
pediatric trial (3). Neither the target range, nor how fast it should be achieved is well
established at this time. Achieving target more rapidly is generally viewed as a desirable
characteristic of insulin titration algorithms (28), but it is unclear if the target needs to be
achieved more rapidly than the rate chosen here. Hypoglycemia can intuitively be expected
to increase whenever the target is lowered, or the desired rate at which it is to be achieved
made faster (21).

The percentage of subjects with severe hypoglycemia (3.2%) in this study was
approximately one-half that reported in the NICE-SUGAR study (6%; (4)), and far less than
the rates reported in the Volume Substitution and Insulin Therapy in Severe Sepsis study
(VISEP (5); 17%) or the Study Comparing the Effects of Two Glucose Control Regimens by
Insulin in Intensive Care Unit study (GluControl (6); 9.8%), both of which were stopped
over concerns related to hypoglycemia. The study most comparable to that reported here is
the pediatric ICU study by Vlasselaers et al. (3) in which 75% of subjects were post cardiac
surgery. That study (3) showed an ~ 50% reduction in 30 day mortality but reported a 25%
incidence rate of severe hypoglycemia (44% in subjects below one year of age). The study
did however target a lower glucose range (50-80 mg/dL in children <1 year of age and 70—
100 mg/dL in children >1 year). Thus, while the overall hypoglycemic rate reported here is
lower than other TGC trials, the comparisons is confounded by differences in patient
populations, target glucose ranges, and the algorithms used to adjust insulin. Prevention of
hypoglycemia in our study was due to a combination of CGM-RT and the use of PID
algorithm and it is difficult to evaluate the relative contribution of each. A single center RCT
study effecting the same titration algorithm with and without CGM observed a reduction in
the incidence of hypoglycemia over a 72 hour period, but did not observe an improvement in
mean glucose level achieved (29). Still, that study and the results report here support the
argument that CGM-RT can reduce the incidence of hypoglycemia.

Conclusions

Use of CGM-RT can prevent some but not all instances of hypoglycemia. The reliability of
the hypoglycemia detection can be improved by increasing the alarm threshold but this
increases the rate of false alarms, and adds to the nursing workload. Using CGM-RT to
improve glucose control in the ICU requires the continuous glucose measurement be
combined with an insulin titration algorithm, preferable one that allows for glucose rescue in
response to unexpected hypoglycemia. The PID algorithm is well suited to this task, as the
target and the rate at which the target is to be achieved, is easily adjusted. The algorithm also
provides a systematic means to correct hypoglycemia. Frequent blood glucose values are
still required however to protect against sensor error. Still, we reason that until the long-term
neurobehavioral consequences of hypoglycemia are better understood, CGM-RT is
warranted despite the time required to obtain these samples.
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Figure 1.

a) Glucose profiles (meantsem) obtained over the first 24 hours of tight glycemic control
(TGC) and standard care (STD). b) Histogram of all glucose levels assessed individually
from the start of continuous glucose monitoring, c) Time to target glucose assessed

individually.
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Figure2.

a) Example subject in which hypoglycemia was deemed to have been prevented by
predictive hypoglycemic alarm (square symbol) and glucose rescue bolus (green bar). Grey
bar indicates target glucose, yellow shading indicates mild hypoglycemia, and light red
shading indicates severe hypoglycemia b) Insulin delivery recommendations made by the
Proportional Integral Derivative (PID) algorithm.
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Regression of sensor glucose (SG) versus arterial blood glucose (BG). Bias in regression
slope and offset results in overestimation (yellow) of BG at low values and underestimation
(blue) at high values of BG. Intersection of SG=BG and regression lines indicates the point
at which the sensor is unbiased. Significant differences in STD and TGC regression lines
were observed (p<0.05) with SG overestimating BG below 132 mg/dL in the STD group and
below 109 mg/dL in the TGC group.
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Characteristics of patients undergoing standard care (STD) and tight glycemic control (TGC); data reported as
mean + standard deviation. Severity of illness was assessed using the Risk Adjusted Congenital Heart Surgery

(RACHS) score (42) and time spent on Cardio Pulmonary Bypass (CPB)

Minutes on CPB

STD TGC p-value
Total N 156 155
Female (N) 70 67 P=0.82
Age (Mo) 86+9.0 | 82+9.2 | P=0.70
Weight (kg) 6.6+29 | 6.2+£3.0 | P=0.23
Severity of lllness | 28+1.2 | 27+1.1 | P=0.42
RACHS Score 116 +73 | 113+62 | P=0.69
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