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Abstract

Background: Among postsurgical and critically ill patients, malglycemia is associated with increased complications.
Continuous glucose monitoring (CGM) in the inpatient population may enhance glycemic control. CGM
reliability may be compromised by postsurgical complications such as edema or vascular changes. We utilized
Clarke Error Grid (CEG) and Surveillance Error Grid (SEG) analysis to evaluate CGM performance after total
pancreatectomy with islet autotransplantation.

Materials and Methods: This subanalysis evaluated Medtronic Enlite 2 CGM values against YSI serum glucose
in seven post-transplant patients (86% female; 38.6+9.4 years) on artificial pancreas for 72 h at transition from
intravenous to subcutaneous insulin. Sensor recalibration occurred for absolute relative difference (ARD) >20%
x2, 230% x1, or by investigator discretion based on trend.

Results: Sensor analysis showed mean absolute relative difference (MARD) of 11.0%+11.5%. The sensors
were recalibrated 8.3 times/day; active sensor was switched 1.4 times/day. Calibration factor was 7.692+
3.786 mg/nA -dL (target=1.5-20 mg/nA-dL). CEG analysis showed 86.1% of pairs in Zone A (clinically accurate
zone) and 99.4% of pairs in Zones A+B (low risk of error). SEG analysis of hypoglycemia/hyperglycemia risk
showed 92.22% of pairs in the “‘no risk’ zone, 5.96% of pairs in the *‘slight lower™ risk zone, 1.01% of pairs in
the “‘slight higher” risk zone, and only 0.81% of pairs in the ‘““moderate lower™ risk zone.

Conclusions: Overall performance of the Medtronic Enlite 2 CGM in the post-transplant population was
reasonably good with “‘no risk” or “‘slight lower”” risk by SEG analysis and high CGM-YSI agreement by CEG
analysis; however, frequent recalibrations were required in this intensive care population.

Introduction

YPERGLYCEMIA, HYPOGLYCEMIA, AND malglycemia

(combination of hyperglycemia, hypoglycemia, and
increased glycemic variability') are detrimental to not only
the type 1 diabetes (T1D) population but to other groups of
nondiabetic patients as well. Among critically ill patients,
malglycemia is associated with increased incidence of bac-
terial infection and sepsis, increased length of hospital stay,
and increased overall morbidity and mortality." Mal-
glycemia is particularly detrimental immediately following

allogenic or autologous islet transplantation when islets,
which have been stripped off their native blood supply, are
reliant on diffusion to supply nutrients and oxygen.®’ During
this time period, overstimulation by hyperglycemia contrib-
utes to beta-cell loss.>® Usual care for postsurgical, critically
ill, and post-transplant patients is to obtain intermittent
glucometer whole blood glucose (BG) values every 1-4h
dependmg on the acuteness of their condition and the clinical
protocol. 911 With continued refinement, improvement, and
clinical acceptance of continuous glucose monitoring (CGM)
systems, these populations may stand to benefit from

Departments of '"Pediatrics and *Surgery, University of Minnesota Medical Center, Minneapolis, Minnesota.
Barbara Davis Center for Childhood Diabetes, University of Colorado Denver, Denver, Colorado.
“Center for Diabetes Technology, University of Virginia, Charlottesville, Virginia.

455



456

ascertainment of continuous rather than intermittent BG
values.''?

CGM systems measure interstitial fluid glucose concen-
trations through subcutaneously placed glucose-sensing
probes operating with a glucose-oxidase enzyme-based tech-
nology that is similar to the operation of glucometers.'*'*
Current commercially available devices require calibration
against concurrent BG values, based on the assumption that
glucose concentration in the interstitial fluid is directly related
to BG concentration and that this relationship is stable.'* In
addition, there is a notable temporal lag between changes in
plasma glucose and interstitial glucose, which may range from
4 to 50min according to some studies.'*'> FDA-approved
CGM placement sites are the abdomen and/or the upper but-
tocks depending on the device manufacturer.'®'” As CGM use
extends from relatively healthy out-patient T1D patients to
postsurgical and intensive care unit (ICU) patients, there is
concern that factors such as postsurgical edema may hinder
CGM function. To date, there has been only one published
study investigating this concern, which found good perfor-
mance of the Guardian RT CGM system in 20 children after
cardiac bypass surgf:ry.18 In addition, two randomized
controlled trials comparing CGM and point-of-care glucose
measurements have been conducted and have shown re-
duced nursing workload and decreased rates of hypoglyce-
mia in the CGM groups compared to the point-of-care
groups.'®?% It should be noted that clinicaltrials.gov cur-
rently lists 11 additional completed/recruiting studies on
CGM use in ICUs.*!

Evaluation of the accuracy of a given glucose meter or
CGM device has traditionally been performed by error grid
analysis. The most widely used error grid is the Clarke Error
Grid (CEG).22’23 The CEG describes the clinical accuracy of
an experimental BG testing device (BG meter or CGM)
against a reference standard across the range of measured
glucose values taking into account the measured values, their
relative difference, and the clinical significance of this dif-
ference.?”> The CEG is divided into five zones: Zone A re-
presenting glucose values that are clinically accurate with
error of <20%, Zone B representing values that are inaccurate
by 220% but would lead to benign treatment assumptions,
Zone C representing values that would result in overcorrect-
ing elevated BG, Zone D representing potentially dangerous
failure levels, and Zone E representing totally erroneous
measurements.”*

Starting in 2012, a multidisciplinary Error Grid Panel de-
veloped a new Surveillance Error Grid (SEG) based on ques-
tionnaires of 206 clinicians and an advanced mathematical
interpretation of the results.”** The SEG aims to evaluate the
perceived level of risk for hypoglycemia or hyperglycemia due
to measurement error associated with glucose measurement
errors.” Risk for each is coded on a scale from 0 to 4 with
O representing no risk, 1 representing slight risk, 2 representing
moderate risk, 3 representing great risk, and 4 representing
extreme risk.>* Rather than being defined by discrete zones as
with the CEG, the SEG uses a gradual spectrum of risk within
each zone defined by a range of risk scores.?* In this way, SEG
analysis allows for a more complex, but more complete,
analysis of the risk of errors in CGM or glucometer readings
beyond simply a percentage agreement to a validated risk as-
sessment of the potential clinical errors associated with real-
world measurement errors.
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This project represents a substudy of a larger randomized
controlled clinical trial to evaluate the safety and efficacy of a
closed loop (CL) artificial pancreas (AP) system in patients
after total pancreatectomy with islet autotransplantation
(TPIAT).?® This study marked the first clinical trial using the
Medtronic Enlite 2 subcutaneous glucose sensors as part of a
CL system. It was also one of the first studies to use CGM in a
postsurgical patient population and in patients with some level
of endogenous islet function. Transient abdominal and pe-
ripheral edema was anecdotally observed by the researchers
during this pilot study with possible low signal strength as a
result. As such, we decided to investigate the accuracy and
calibration frequency of the Medtronic Enlite 2 sensor in pa-
tients after TPIAT, using both the classical CEG and the new
SEG methods. This represents the first application of the SEG
to CGM analysis.

Materials and Methods
Patient population

Participants in this substudy were adult (age 21-64 years),
nondiabetic patients with chronic pancreatitis undergoing
TPIAT at the University of Minnesota (UMN) between Feb-
ruary 2014 and March 2015. Patients with pre-existing dia-
betes mellitus by the American Diabetes Association criteria,
those who required acetaminophen (which is known to pro-
duce erroneous CGM measuremnts?”) or corticosteroids, and
those with significant psychiatric disease or developmental
delay impacting ability to provide informed consent were
excluded.

The clinical trial was approved by the UMN Investiga-
tional Review Board (IRB; #1307 M37923); informed con-
sent was obtained from all participants. As the study involves
the use of an investigational device, an Investigational De-
vice Exemption (IDE) was obtained from the United States
Food and Drug Agency (FDA; #G130178). The study is
registered with clinicaltrials.gov (NCT01945138).

Total pancreatectomy and islet autotransplantation
procedure

All participants underwent total pancreatectomy as previ-
ously described®° along with infusion of the patient’s own
islet cells into a tributary of the portal vein, or if elevated
portal pressures prevented infusion of all the islets in-
traportally, the remaining islets were transplanted into the
peritoneal cavity. Immediately after surgery, all patients were
started on a continuous intravenous (IV) insulin infusion
protocol with the goal of maintaining BG in the range of 80—
125 mg/dL. As per the standard management protocol for
TPIAT recipients at our institution, patients had no oral in-
take after surgery or during the subsequent study period due
to postsurgical gastroparesis; all nutrition was delivered by
continuous enteral feeds administered through a jejunal tube.
IV insulin was discontinued and subcutaneous (SQ) insulin
started once patients reached full enteral nutrition (generally
4-8 days after surgery).

All patients in this subanalysis received SQ insulin as
directed by the Medtronic ePID 2.0 Control Tool System.
Participants in this group wore a Medtronic Paradigm
REAL-Time insulin pump loaded with insulin as part, as
well as two Enlite 2 Glucose Sensors attached to MiniLink
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REAL-Time Transmitters. One sensor was active, provid-
ing glucose values to the CL algorithm, and the other was a
backup. Which sensor was active and which was backup
was able to be switched at the investigator’s discretion.
Sensor glucose levels were calculated based on a calibration
factor estimated from the slope, a linear regression, with
intercept set at 0, of plasma glucose and filtered sensor
current with a fixed sensor delay time of 10 min to account
for delayed BG shifts between the IV and interstitial com-
partments.'>'> The Proportional-Integral-Derivative (PID)
portion of the controller then used a series of equations to
determine the insulin requirements for a given minute based
on the sensor data and updated the rate of insulin delivery
every minute in real time.

CGM methods

The study protocol called for sensor recalibration for two
values in a row with an absolute relative difference (ARD) of
220% or one value with an ARD of 230%. Device recali-
bration and switching of the active sensor were also per-
missible at the investigator’s subjective discretion based on
consistent trend of ARD above or below the reference values.
To evaluate CGM performance in this pilot study, a post hoc
analysis was conducted of CGM bias, mean absolute relative
difference (MARD), calibration values, recalibration fre-
quency, active sensor changes, and CEG and SEG analysis.
CEG analysis was conducted using standard regional bounds
defined by Clarke et al.>*' Methods for creating a CEG
using current software can be found online.*' SEG analysis
was performed with an Excel Macro using bounds defined
by Kovatchev et al.>>*? Additional MARD analysis was
conducted by computing the MARD as a function of the
reference glucose level and then determining a best-fit fourth-
order polynomial to express this nonlinear relationship as
previously described by Rodbard.*® The effect of the rate of
change of glucose on MARD was also investigated by
comparing the MARD against categorical rates of change of
sensor glucose as described by Pleus et al.**

Recalibration frequency analysis

As this study was not originally designed to minimize the
frequency of recalibrations, additional analysis was con-
ducted to investigate the necessity of recalibration more
frequently than every 3 h in this population. CGM data were
divided into two segments: time where recalibration occurred
more frequently than once every 3 h and time where recali-
bration occurred at intervals of 3 h or greater. These segments
were analyzed for differences in MARD, calibration factor,
and % time in each zone for both the CEG and SEG.

Data analysis

Study data were collected and managed using REDCap
electronic data capture tools hosted at UMN.3?3 Data are
presented as mean t standard deviation or as percentage
(95% confidence interval), except where otherwise noted.
Analysis was conducted using PC SAS (version 9.4). Sig-
nificance testing was conducted with two-sided Student’s z-
test assuming equal variance or with chi-square testing for
categorical variables.
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TABLE 1. PATIENT CHARACTERISTICS, PRETRANSPLANT
MEASURES, AND ISLET YIELD

Age (years) 38.6+9.4
Sex, M/F (% male) 1/6 (14)
Wt at Tx (kg) 66.1+10.3
BMI at Tx (kg/m?) 253+4.5
Hemoglobin Alc (%) 5.1£0.2
Fasting BG (mg/dL) 89+6
Fasting C-peptide (ng/mL) 2.0+0.6
Peak MMTT C-peptide (ng/mL) 64122
Islet yield (IEq/kg) 6619 +3357
Intraportal (IEq/kg) 5930+2577
Intraperitoneal (IEq/kg) 689+ 1423
Days on drip (days) 5.1x1.1
Avg BG on insulin drip (mg/dL) 1154
Primary etiology of CP
Identified genetic mutation (PRSS1, 3 (43%)
SPINKI, CFTR)
Mechanical dysfunction (pancreatic 3 (43%)
divisum, sphincter of oddi dysfunction,
annular pancreas)
Idiopathic pancreatitis 1 (14%)

BG, blood glucose.

Results

Patient population, demographics,
and pretransplant history

CGM data from the seven patients randomized to the CL
AP system were used in this analysis, as this subset were
the patients with every 30-min reference glucose values for
device accuracy comparison. Included patients consisted of
one man and six women with an average age of 38.6+9.4
years. Demographic and pretransplant characteristics are
presented in Table 1.

CGM analysis

Subanalysis of sensor performance of the Enlite 2 sensors
in the seven patients was conducted correlating every 30-min
reference YSI BG values with calibrated sensor readings
10 min later to account for interstitial glucose lag, using 990
paired YSI-CGM sets over seven patients totaling 21 days of
observations. Overall, sensor analysis showed MARD of
11.0% % 12.2%, with substantial variability across different
patients (Table 2). Excluding the first 12h after sensor

TaBLE 2. CGM Bias AND MARD

Bias (mg/dL) ARD (%)

Patient Mean SD SEM Mean SD SEM
CLTPIATO1 0.6 12.6 1.1 8.83 7.81 0.68
CLTPIATO3 -3.3 171 14 1045 10.27 0.85
CLTPIATO5S -0.5 243 2.1 16.59 17.16 1.46
CLTPIATO6 7.6 126 1.0 109 932 0.76
CLTPIAT09 -1.3 16.7 14 1094 10.62 091
CLTPIATI11 4.7 137 1.2 10.18 9.09 0.77
CLTPIAT13 -0.1 13.7 1.1 9.08 16.21 1.34
Overall 1.2 16.6 0.5 11.0 12.2 0.39

CGM, continuous glucose monitoring; MARD, mean absolute
relative difference; SD, standard deviation.
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TABLE 3. CGM CALIBRATION DATA

Cal factor (mg/nA x dL)

Patient Average SD SEM Recalibrations per 24 h* Active sensor changes per 24 h*
CLTPIATO1 5.597 0.652 0.010 9.2 1.6
CLTPIATO03 11.115 9.923 0.151 5.6 0.4
CLTPIATOS 7.492 4.550 0.069 14.0 2.8
CLTPIATO06 9.495 2.531 0.039 7.6 0.0
CLTPIAT09 11.091 7.042 0.109 12.4 24
CLTPIATI11 4.500 0.886 0.013 5.6 1.6
CLTPIATI13 4.552 0.916 0.014 3.6 1.2
Average 7.676 5.703 0.033 8.3 14

?Over the 72-h study period excluding the initial 12 h.

placement, the sensors were recalibrated an average of 8.3
times/day and the active sensor was switched an average of 1.4
times/day (Table 3). During the first 12h, the sensors were
calibrated an average of 6.9 times or once every 1.75h.
Average calibration factor across all patients was
7.692+3.786 mg/nA-dL with an acceptable range being 1.5—
20 mg/nA-dL. The CGM requiring calibration in the middle of
this range indicates a more optimal and accurate performance,
whereas calibration values above this range indicate poor
signal strength observed by the CGM and likely erroneous
measurements.

Traditional CEG analysis was conducted as displayed in
Figure 1A and Table 4. With regard to the CEG analysis,
sensor performance had 86.1% of all pairs in Zone A (clini-
cally accurate measurements) and 99.4% of all pairs in Zones
A or B (clinically accurate or no risk from error). SEG analysis
is displayed in Figure 1B and Table 5. This analysis showed
92.22% of values in the dark green “‘no risk’” zone (no risk for
hypo- or hyperglycemia as a result of measurement errors),

5.96% of values in the light green “‘slight lower™ risk zone,
1.01% of values in the yellow “‘slight higher” risk zone (very
low risk and low risk for hypo- or hyperglycemia as a result of
measurement errors), and only 0.81% of values in the light
orange ‘‘moderate lower”” risk zone (moderate risk of hypo- or
hyperglycemia as a result of measurement errors). No values
were in the moderate higher, greater, or extreme risk zones,
which would indicate risk to the patient as a result of mea-
surement errors. A composite of the CEG and SEG analysis
methods is displayed in Figure 1C.

Further CGM analysis investigated the MARD as a func-
tion of the reference glucose level (Fig. 2.) by plotting a
fourth-order best-fit regression curve to the data. This anal-
ysis shows good linear fit of the CGM values through the
target range of 70-140 mg/dL, but nonlinear fit with glucose
values in the hypoglycemic range. MARD analysis broken up
by segments of <70, 70-140, and =140 mg/dL showed very
large MARD (57.2% £41.7%) for the hypoglycemic range
with better MARD values for the target (10.8% £ 11.1%) and

A Clarke Error Grid Analysis B Surveillance Error Grid Analysis . C Overlaid CEG and SEG
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FIG. 1. CGM Error Grid analysis. (A) CEG analysis: Zone A represents glucose values that are clinically accurate with

error of <20%, Zone B represents values that are inaccurate by 220% but would lead to benign treatment assumptions, Zone
C represents values that would result in overcorrecting elevated BG, Zone D represents potentially dangerous failure levels,
and Zone E represents totally erroneous measurements. (B) SEG analysis: Clinical risk for errors in measurement is coded
continuously from 0 to 4 with O representing no risk, 1 representing slight risk, 2 representing moderate risk, 3 representing
great risk, and 4 representing extreme risk. (C) Overlaid CEG and SEG analysis: The discrete CEG and the continuous SEG
are overlain for direct visualization of their relative presentations of the CGM data. BG, blood glucose; CEG, Clarke Error
Grid; CGM, continuous glucose monitoring; SEG, Surveillance Error Grid.
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TABLE 4. CLARKE ERROR GRID ZONES

Region
EGA metrics A B C D E Total
Points 852 132 1 5 0 990
% 86.1 133 0.1 05 0.0 100.0
% A+B 99.4

Zone A values are clinically accurate with error of <20%, Zone B
values are clinically inaccurate by >20% but would lead to benign
treatment assumptions, Zone C values would result in overcorrecting
elevated BG, Zone D values are potentially dangerous failure levels,
and Zone E values are totally erroneous measurements.

hyperglycemic (7.2% % 6.4%) ranges (Table 6). In addition,
the rate of change of sensor glucose was broken into eight
categories and the MARD for each category was determined
(Table 7). This analysis showed very poor MARD for rapidly
falling BG with rate of change <-3 mg/dL/min (MARD=
19.8% £ 16.1%), but more reliable values for flat and even
rapidly rising rates of change.

Recalibration frequency analysis

Comparison of time segments with recalibration frequen-
cies of less than and more than 3-h intervals is presented in
Table 8. The same sensors were used during both time seg-
ments, and this is thus a comparison of those time periods,
and not of the sensors themselves. This analysis shows that all
aspects of sensor performance were significantly worse dur-
ing periods of frequent recalibration supporting the need
for CGM recalibration during these times. The average BG
values were not significantly different between the <3 and
>3-h recalibration segments (111.9+4.8 vs. 114.86.5; P=
0.3525); however, the glycemic variability, as evidenced by
standard deviation in glucose, was significantly more during
the <3-h recalibration period compared to the >3-h recali-
bration period (22.8+6.4 vs. 16.6 +4.0; P =0.0489).

Discussion

An important aspect of CL system performance is contin-
uous glucose monitor performance. This technology has been
mainly designed for outpatient use among healthy patients
with T1D and is not currently approved for use in hospitalized
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patients. In this study, CGMs were used in a critically ill
postsurgical population. CGM devices are recommended to be
worn on the abdomen or the upper buttocks as an alternate site
for some devices. Concern arose among the investigators
during this pilot investigation that transient edema could be
markedly effecting the CGM sensor strength and contributing
to more frequent recalibrations in this population. For this
reason, a subanalysis was conducted among the seven CL
patients (selected as these patients had every 30-min reference
glucose values to use for comparison) looking at CGM per-
formance during the 72-h investigational period.

A traditional CEG was constructed looking at the relative
agreement between calibrated sensor reading and reference YSI
serum BG. These data demonstrated that with recalibration,
Enlite 2 sensor performance in this population was very good
with >85% of values in Zone A and >99% of values in Zones
A or B. SEG analysis showed a similar continuous risk profile
with >98% of values in the ‘“‘no risk or “slight lower’” risk
zones. Further analysis of MARD between the reference and
CGM values revealed correlation at 11.0% MARD overall,
which is in the middle of the range reported b;/ similar studies
that have shown an MARD of 7%-15%."%*%" Segmented
analysis of MARD as a function of reference glucose showed
very large MARD in the hypoglycemia range, although rel-
atively few values were used to make this determination.
Analysis of MARD by rate of change of sensor glucose
showed large MARD for rapidly falling BG, but surprisingly
good values for flat and even rapidly rising sensor glucose
values.

An additional variable that merits consideration in this
context is the supervisory rigor required to achieve this level
of system correlation. While the accuracy of the CGM was
excellent under the study conditions, a high degree of su-
pervisory rigor was required to achieve this level of corre-
lation. Medtronic recommends a calibration factor for the
Enlite 2 in this system between 1.5 and 20 mg/nA-dL and
recommends recalibration for two values in a row with an
ARD of 220% or one value with an ARD of 230%. In clinical
practice, healthy outpatients with diabetes typically perform
a calibration 2-3 times/day. To more closely replicate true
clinical utility, sensors were placed in this study just before
SQ transition rather than a day in advance, as is done in many
other studies. Sensors were frequently recalibrated during the
first 12 h, considered the initial “‘settling time’’ for the sensor.
After the first 12 h, sensors in this study were recalibrated an

TABLE 5. SURVEILLANCE ERROR GRID ZONES

Absolute No. of hypo No. of Hypoglycemia Hyperglycemia Total
Degree of risk value Color glycemia  hyperglycemia Total (%) (%) (%)
None 0-0.5 D. Green 466 404 913 47.07 40.81 92.22
Slight lower >0.5-1.0 L. Green 34 25 59 343 2.53 5.96
Slight higher >1.0-1.5 Yellow 6 4 10 0.61 0.40 1.01
Moderate lower >1.5-2.0 L. Orange 5 3 8 0.51 0.30 0.81
Moderate higher >2.0-2.5 D. Orange 0 0 0 0.00 0.00 0.00
Great lower >2.5-3.0 L. Red 0 0 0 0.00 0.00 0.00
Great higher >3.0-3.5 D.Red 0 0 0 0.00 0.00 0.00
Extreme >3.5 Brown 0 0 0 0.00 0.00 0.00

Degree of clinical risk for hypo/hyperglycemia as a result of measurement error is coded on a scale from 0 to 4 with 0 being no risk and 4

being extreme risk.
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A Mean Absolute Relative Difference as a Function of Reference Glucose
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FIG. 2. MARD as a function of reference glucose: (A) Best-fit regression: The ARD between CGM glucose and reference
glucose is plotted as a function of reference glucose values. A fourth-order best-fit regression curve is displayed to emphasize
the nonlinear nature of this relationship. Measurements with an ARD of 0 were included in regression analysis. (B) Log;o of
MARD: Confidence limits for the regression curve and prediction limits are displayed for the Log;, of the MARD to display the
uncertainty at high and low glycemic extremes. Measurements with an ARD of 0 were not included as their Log; is undefined
(4 of 991 measurements). ARD, absolute relative difference; MARD, mean absolute relative difference.

average of 8.3 times/day or roughly once every 3 h, including
overnight. Furthermore the active sensor was switched 1.4
times/day. In outpatient use, patients typically recalibrate
their sensors 2-3 times/day or once every 8—12h and wear
only one sensor that is changed every 7 days. The level of

rigor in this study achieved a very good calibration factor of
7.692 mg/nA-dL across the entire investigational period.

A significant limitation of this study is that it was a post hoc
investigation of pilot data, and no protocols were in place
during the study to minimize recalibrations or active sensor
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TABLE 6. ABSOLUTE RELATIVE DIFFERENCE
BY REFERENCE GLUCOSE SEGMENTS

Reference

glucose range No. of Mean ARD ARD
(md/dL) observations ARD (%) SD (%) SE (%)
<70 8 57.2 41.7 14.8
70-140 930 10.8 11.1 0.4
2140 52 7.2 6.4 0.9

ARD, absolute relative difference; SE, standard error.

changes. Analysis of recalibration time segments suggests
that, however, frequent recalibration was necessary during
certain time periods of the study. This analysis showed that
during periods of high glycemic variability, as evidenced by
significantly larger standard deviation of sensor glucose,
more frequent calibration was required. As such, the level of
physician and nursing supervision and involvement in this
pilot and development project is not sustainable for a com-
mercialized device. Further work on CGM and AP use in the
post-TPIAT and other postsurgical populations will require
more rigorous criteria for recalibrations and testing of sys-
tems using only one CGM device, with calibration limited to
2-4 times/day. As AP and CGM system refinement continues
to an outpatient T1D population, improved systems will
likely provide greater benefit to the postsurgical and islet
transplant populations as well.

Only within the past 1-2 years have published studies in-
vestigated the role of CGM technology in postsurgical popu-
lations, most often cardiac surgery patients. A recent study
from Siegelaar et al. investigated CGM use after cardiac sur-
gery.”® They found MARD values of 11% and 14% for the
Navigator and Guardian sensors investigated. They placed
sensors on the abdomen the day before surgery and calibrated
devices according to the manufacturers’ instructions. No in-
formation on calibration factors was provided. Saur et al. also
investigated CGM after cardiac surgery using the Symphony
CGM system and found 99.6% of readings in Zones A and B
with an MARD of 12.3%.'° They calibrated the sensors every
4 h. Schuster et al. have also recently published an analysis of
CGM data in a broader surgical ICU population and found an
MARD of 15.9% with 71.3% of values in Zone A and 98.9%
of values in Zones A and B.* Their study used only three
calibrations per day. Overall, the findings from this study

TaBLE 7. MARD AND SD IN EAcH
RATE-OF-CHANGE CATEGORY

Rate of Change

(mg/dL/min) MARD (%)  SD ARD (%) n

<3 19.8 16.1 20
>3 to <2 12.0 5.4 12
>2 to <1 10.2 12.9 59
>—1 to <0 11.1 113 457
>0 to <1 10.3 11.7 362
>1 to <2 12.8 21.2 46
>2 to <3 10.1 7.0 13
>3 9.7 9.2 21
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TABLE 8. CALIBRATION FREQUENCY SEGMENT ANALYSIS

Recalibration Recalibration

<3 hours =3 hours P
MARD (%), 15.0£17.1 9.3+8.8 <0.0001
average + SD
CGM glucose mean 111.9+4.8 114.8+6.5 0.3525
(mg/dL) (%),
average + SD
CGM glucose SD 22.8+6.4 16.6£4.0  0.0489
(mg/dL) (%),
average + SD
Calibration factor 8.38+6.07 7.46+5.60 0.0215
(mg/mA-dL) (%),
average + SD
CEG zone (%) <0.0001
A 77 90
B 22 10
C 0.3 0.0
D 1 0.3
SEG risk zone (%) <0.0001
None 85.47 95.1
Slight lower 10.14 4.18
Slight higher 2.03 0.58
Moderate lower 2.36 0.14
Moderate higher 0.00 0.00
Great lower 0.00 0.00
Great higher 0.00 0.00
Extreme 0.00 0.00

reveal similar MARD and Zone A and B percentages although
with a higher calibration frequency than other recent studies.

Conclusions

The overall performance of the Medtronic Enlite 2 CGM in
the post-TPIAT population was reasonably good with “‘no
risk” or “‘slight lower” risk by SEG analysis and high CGM-
YSI agreement by CEG analysis, indicating a correlation
between CGM and reference glucose with no or very low risk
of producing hypo- or hyperglycemia. This high degree of
agreement required a significant amount of investigator su-
pervision and recalibration in this pilot trial. However, con-
sidering that these were critically ill patients being treated in
the intensive care or step-down unit, calibrating the sensor
every 3 h may not be an excessive requirement. Future work
may involve the use of the new Enlite 3, Dexcom G5, or
FreeStyle Libre CGM devices in this population with the goal
of less frequent calibration. Expanded use of CGM technol-
ogy in postsurgical populations is likely to continue and full
understanding of these devices is necessary to achieve opti-
mal benefit for patients in this setting.
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