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CLINICAL IMPACT OF ACCURATE POINT-OF-CARE GLUCOSE
MONITORING FOR TIGHT GLYCEMIC CONTROL IN SEVERELY
BURNED CHILDREN
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Steven E. Wolf, MD2, and Tina L. Palmieri, MD, FACS, FCCM3
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2Department of Surgery, University of Texas Southwestern Medical Center
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Abstract

Objective—The goal of this study was to retrospectively evaluate the clinical impact of an
accurate autocorrecting blood glucose monitoring system (BGMS) in children with severe burns.
BGMS accuracy is essential for providing appropriate intensive insulin therapy (11T) and
achieving tight glycemic control (TGC) in critically ill patients. Unfortunately, few comparison
studies have been performed to evaluate the clinical impact of accurate BGMS monitoring in the
high-risk pediatric burn population.

Design—Retrospective analysis of an electronic health record system.
Setting—Pediatric burn intensive care unit at an academic medical center.

Patients—Children (age<18 years) with severe burns (=20% total body surface area [TBSA])
receiving 11T guided by either a non-correcting (BGMS-1) or an autocorrecting BGMS
(BGMS-2).
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Measurements and Main Results—Patient demographics, insulin rates, and BGMS
measurements were collected. Frequency of hypoglycemia and glycemic variability was compared
between the two BGMS groups. A total of 122 patient charts from 2001-14 were reviewed. Sixty-
three patients received 1T using BGMS-1 and 59 via BGMS-2. Patient demographics were similar
between the two groups. Mean insulin infusion rates (5.1+3.8 U/hour, n = 535 paired
measurements vs. 2.4+1.3 U/hour, n = 511 paired measurements, P<0.001), glycemic variability,
and frequency of hypoglycemic events (90 vs. 12, P<0.001) were significantly higher in BGMS-1
treated patients. Compared to laboratory measurements, BGMS-2 yielded the most accurate results
(meanzSD bias: —1.7+6.9 mg/dL [-0.09£0.4 mmol/L] vs. 7.4+13.5 mg/dL [0.4+0.7 mmol/L]).
BGMS-2 patients achieve glycemic control more quickly (5.7+4.3 hours vs. 13.1+6.9 hours,
P<0.001) and stayed within the target glycemic control range longer compared to BGMS-1
patients (85.2+13.9% vs. 57.9+29.1%, P<0.001).

Conclusions—Accurate autocorrecting BGMS optimizes IIT, improves TGC, and reduces risk
for hypoglycemia and glycemic variability. The use of an autocorrecting BGMS for IIT may
improve glycemic control in severely burned children.

Keywords

Centers for Medicare and Medicaid Services; Food and Drug Administration; hypermetabolism;
intensive insulin therapy; pediatrics; point-of-care testing

INTRODUCTION

Intensive insulin therapy (11T) for tight glycemic control (TGC) in severely burned patients
decreases infection rates and mortality and remains the standard of care in this high-risk
population. (1) Normoglycemia accelerates donor site healing time and attenuates the acute
phase response in burn patients. (1-4) Tight glycemic control aims to counteract the
hyperglycemia and glycemic variability associated with the significant hypermetabolism and
inflammation that occurs following burn injury. Increased glycemic variability has been
shown to be predictive of mortality in critically ill burn patients—highlighting the
importance of TGC in this population. (5) Unfortunately, IIT remains controversial due to
reports of increased risk for hypoglycemia and mortality in non-burned intensive care unit
(ICU) patients. (6,7) Follow-up studies suggest point-of-care (POC) blood glucose
monitoring system (BGMS) inaccuracy contributes to hypoglycemia and glycemic
variability during I1T. Klonoff et al. (8) revealed many BGMS’s involved with the seminal
NICE-SUGAR (9) study were not approved for the critically ill population. This notion has
been further codified by the United States Food and Drug Administration (FDA) draft
guidelines released on January 2014 requiring BGMS manufacturers to prove acceptable
performance in critically ill populations in order to be used in the ICU. (9) These FDA
guidelines were later reinforced on November 21, 2014 by the Centers for Medicare and
Medicaid Services (CMS) memorandum on BGMS’s not cleared for use in critically ill
patients in the United States — placing health care facilities under threat of citation for using
“off label devices”. (10)

Blood glucose monitoring system inaccuracy is attributed to endogenous and exogenous
confounding factors summarized in Table 1. (11-15) Numerous studies have quantified the
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impact of these confounding factors on BGMS performance (11-15) and reporting poor
outcomes such as severe hypoglycemia and significant glycemic variability (5). Advances in
biosensor technology have enabled the development of BGMS’s that autocorrect for these
confounding factors. (5, 16—18) The unique autocorrecting features of recent BGMS’s are
based on the simultaneous measurement of hematocrit and oxidizing/reducing substances
during the testing process—allowing these biosensors to adjust for interferences.
Additionally, these autocorrecting BGMS’s incorporate modified glucose oxidase enzymes
that are not susceptible to the same oxygen tension affects found in older generation devices.
Despite numerous investigations supporting the use of autocorrecting BGMS’s critically ill
patients, few have evaluated these devices in the high-risk pediatric burn population. 7o this
end, the goal of our studly is to evaluate the clinical impact of an autocorrecting BGMS
compared to a traditional non-correcting BGMS in children with severe burn injury.

MATERIALS AND METHODS

Patient Population

We conducted a retrospective study evaluating the clinical impact of accurate glucose
monitoring in severely burned children admitted to Shriners Hospital for Children of
Northern California (Sacramento, CA) between 2001 and 2014. The local Institutional
Review Board committee approved the study. Patient medical chart inclusion criteria
included: (a) age < 18 years and (b) burn size = 20% TBSA. Chart exclusion criteria
included: (a) incomplete medical record (/.e., missing laboratory data), (b) patients not
requiring 1T, and (c) patients without BGMS testing.

Glucose Testing and Intensive Insulin Therapy Protocol

Point-of-care glucose measurements were collected using a non-correcting BGMS
(BGMS-1, AccuChek Inform I, Roche Diagnostics, Indianapolis, IN) from 2001 to 2008 and
an autocorrecting BGMS (BGMS-2, StatStrip Glucose Connectivity Meter, Nova
Biomedical, Waltham, MA) from 2008 to 2014. Intensive insulin therapy targeted a TGC
range of 80 to 130 mg/dL for both BGMS groups. Paired plasma glucose measurements
(clinical laboratory) were made using a hexokinase-based Xpand Chemistry Analyzer
(Siemens Medical Solutions, Malvern, PA).

Data Collection

Hourly BGMS results were collected for each patient over the course of their ICU stay.
Patient demographics (age, gender), TBSA burned, presence of inhalation injury, diabetes
status, hourly insulin rates, mechanical ventilator days, ICU length-of-stay (LOS),
procedures (e.g., dialysis), nutritional support (/.e., parenteral vs. enteral feedings),
medications (e.g., steroids, epinephrine infusions), and paired (+ 5 minutes) laboratory
plasma glucose results, and percent hematocrit were collected. Hypoglycemic events were
also recorded and classified as moderate (40 to 69 mg/dL [2.2 to 3.8 mmol/L] or severe (<
40 mg/dL [2.2 mmol/L]). The mean multiple organ dysfunction score (MODS) was
calculated for each patient group.

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 September 01.
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Data Analysis

Paired BGMS and laboratory measurements were compared using Bland-Altman plots. Bias
was calculated for each paired measurement and is defined as the BGMS result minus the
laboratory method. Glycemic variability between the BGMS-1 and -2 populations was
determined by measuring the coefficient of variation (CV), continuous overall net glycemic
action (CONGA), interquartile range (IQR), “M-value”, mean amplitude of glycemic
excursions (MAGE), mean of daily differences (MODD), and standard deviation (SD)
methods as reported previously using a MATLAB (Mathworks, Natick, MA) program (Table
2). (5) Data distribution was evaluated using the Ryan-Joiner test for normality. The 2-
sample ttest compared independent variables (e.g., demographics, measures of glycemic
variability). For non-parametric analysis, the Mann-Whitney U test was performed
comparing medians between each group. Repeated measures analysis of variance (ANOVA)
compared time-series data (hourly glucose measurements). Frequency of hypoglycemic
events between groups was analyzed using the Fishers Exact Test. Multivariate logistic
regression (MLR) determined mortality predictors controlling for age, TBSA, and presence
of inhalation injury. Predictors for the logistic regression model included CV, CONGA, IQR,
M-value, MAGE, MODD, SD, LOS, and hypoglycemia which were evaluated based on P <
0.10. Akaike and Schwarz information criteria were used to identify optimal MLR models.

RESULTS

Patient Demographics and Outcomes

A total of 122 patient charts meeting the study inclusion criteria were reviewed. Sixty-three
patients received 11T using BGMS-1 and 59 patients using BGMS-2. Mean (SD) age, TBSA,
ICU LOS, mechanical ventilator days, MODS, inhalation injury status, nutritional support,
relevant medications affecting glycemic control (e.g., steroids, vasopressors,
immunosuppressants), and gender were similar between the two groups (Table 3). Mortality
was similar (p = 0.764) for BGMS-1 (11.0%, 7/63) and BGMS-2 (8.4%, 5/59) groups. Mean
hematocrit was also similar (25.7 £ 5.2% versus 23.2 + 4.9%, p = 0.910).

BGMS Performance and Mean Insulin Rates

Median (range) frequency of glucose measurements per day was similar between BGMS-1
versus BGMS-2 groups (2.0 [0 to 4] vs. 2.5 [0 to 3], P = 0.381). BGMS-1 performance
significantly differed from the paired plasma glucose reference method (mean bias of 7.4

+ 13.5 mg/dL [0.41 + 0.75 mmol/L], n = 535, P<0.001). In contrast, BGMS-2 results were
similar to paired plasma glucose measurements (=1.7 £ 6.9 mg/dL [0.09 £ 0.38 mmol/L], n
=511, P = 0.349) (Figure 1). The average delay between paired BGMS measurements and
plasma glucose testing by the laboratory was 2.5 + 1.2 minutes. Mean insulin rates
significantly differed between BGMS-1 and 2 groups (5.1 £ 3.8 U/hour, n =535 vs. 2.4

+ 1.3 U/hour, n =511, P<0.001). A significantly higher frequency of hypoglycemic events
based on laboratory plasma glucose results was observed in the BGMS-1 group compared to
the BGMS-2 group (90 vs. 12, P<0.001). Specifically, of the 90 hypoglycemic events
recorded, 28 were less than 40 mg/dL (2.2 mmol/L). In contrast, the BGMS-2 group, 12
moderate hypoglycemic events were recorded. No severe hypoglycemic events were
observed in the BGMS-2 treated group.

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 September 01.
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Glycemic Variability

Compared to the BGMS-2 group, BGMS-1 patients exhibited significantly higher glycemic
variability based on CONGA, MAGE, and MODD alone. In non-surviving BGMS-1
patients, glycemic variability was significantly higher as determined by CONGA (49.4
+29.6 mg/dL [2.7 £ 1.64 mmol/L] vs. 35.3 + 14.5 mg/dL [2.0 £ 0.80 mmol/L], P = 0.011),
CV (32.6 + 16.0 % vs. 23.2 + 15.1%, P < 0.001), MAGE (87.2 £ 56.1 mg/dL [4.8 £ 3.1
mmol/L] vs. 59.2 + 21.4 mg/dL [3.3 £ 1.2 mmol/L], P < 0.001), and SD (42.9 £ 23.1 mg/dL
[2.4 £ 1.3 mmol/L] vs. 30.3 = 15.2 mg/dL [1.7 + 0.83 mmol/L], P = 0.029). High glycemic
variability was also seen in the non-survivor BGMS-2 subgroup based on CONGA (25.3

+ 3.1 mg/dL [1.4 + 0.17 mmol/L] vs. 19.3 + 13.1 mg/dL [1.07 £ 0.72 mmol/L], P<0.001),
MAGE (82.8 + 22.6 mg/dL [4.6 + 1.25 mmol/L] vs. 35.7 £ 29.9 mg/dL [1.97 £ 1.65
mmol/L], P<0.001), and MODD (33.2 £ 4.3 mg/dL [1.83 £ 0.24 mmol/L] vs. 10.7 £ 8.1
mg/dL [0.59 + 0.45 mmol/L], P<0.001). Multivariate logistic regression revealed MAGE
was predictive of mortality when controlled for age, TBSA, and inhalation injury presence
for both BGMS-1 (OR 1.10, 95% CI 1.0 — 1.09, P = 0.030) and BGMS-2 patient groups (OR
1.09, 95% CI 1.0 — 1.12, P = 0.022).

Glycemic Control Success

On average, BGMS-2 patients achieved glycemic control significantly faster than BGMS-1
patients (5.7 + 4.3 hours vs. 13.1 = 6.9 hours, P < 0.001). Additionally, a larger proportion of
glucose measurements in the BGMS-2 group stayed within the targeted TGC range of 80 to
130 mg/dL (4.4 to 7.2 mmol/L) compared to patients in the BGMS-1 group (85.2 + 13.9%
vs. 57.9 £ 29.1%, P<0.001).

DISCUSSION

The goal of this study was to retrospectively determine the clinical impact of an
autocorrecting BGMS in children with severe burns. Analytical performance of the
autocorrecting BGMS was superior to its non-correcting counterpart. On average, BGMS-1
exhibited a significant positive bias likely due to known hematocrit and drug interference for
this device (4, 11) when compared to the central laboratory. Consequently, patients receiving
IIT based on BGMS-1 results, experienced significantly higher mean insulin rates, and a
greater frequency of moderate and severe hypoglycemic events—potentially due to the
device’s inherent falsely elevated glucose measurements. Conversely, we observed
significantly lower mean insulin infusion rates and far fewer hypoglycemic events in
BGMS-2 patients, and did not identify any values falling below 40 mg/dL (2.21 mmol/L).
Glycemic variability was also significantly higher in the BGMS-1 group as determined by
CONGA, MAGE, and MODD methods. MAGE was predictive of mortality as shown by our
previous adult burn study—suggesting this measure of variability, which treats peaks and
nadirs equally compared to other methods, better represents glycemic excursions
encountered in severely burned children. (5) Interestingly, BGMS-2 patients achieved TGC
more quickly and maintained patients within the targeted 80 to 130 mg/dL (4.4 to 7.2
mmol/L) range longer compared to individuals in the BGMS-1 group.

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 September 01.
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BGMS accuracy for [T and TGC remains controversial due to recent FDA guidelines
reinforcing existing laws as defined by the Clinical Laboratory Improvement Amendment of
1988 (CLIA). The CMS memorandum regarding “off-label” device use further exacerbates
this controversy. Although the CMS memorandum has since been temporarily retracted and
offered as a draft for public feedback, CLIA’88 requirements remains unchanged and are
still enforced. Many facilities have changed their IIT protocols to target higher TGC
intervals in an effort to minimize hypoglycemic risk. Unfortunately, these IIT protocols
potentially increase rates of hyperglycemia and glycemic variability. (17) In the face of strict
FDA and CMS BGMS guidelines and the concern for inaccurate bedside measurements,
several institutions have removed these devices from patient care areas (19). Upon review of
the FDA MAUDE database, we have found regulatory concerns to be well justified and
highly relevant to critical care medicine. (20) The MAUDE database entries for the top five
commercially available POC BGMS from 1997 to 2014 showed over 1,094 entries with 557
reports of erroneous measurements compared to central laboratory methods, and 28 device-
associated adverse events including at least 13 deaths. Confounding interfering substances
may have contributed to these events including those related to maltose interference and
improper capillary fingerstick testing in patients with severe shock. Recent studies
evaluating the effects of interfering substances on contemporary POC BGMS devices
unfortunately continue to demonstrate inadequate performance by non-correcting devices.
(21,22)

The implementation of an autocorrecting POC BGMS by our pediatric burn center has
significantly improved glycemic control in this high-risk patient population. Automatic
correction of interfering substances and abnormal hematocrit in critically ill patients enables
BGMS’s to be comparable to central laboratory plasma glucose measurements. Additional
studies have reported similar findings in adult patient populations. (5, 16, 17) As such, the
MAUDE database entry for BGMS-2 yielded only 28 total entries, with four erroneous
measurements and no adverse events or deaths since the device’s release in 2006. One of
these four erroneous BGMS-2 measurements was due user error where capillary fingerstick
specimens were improperly obtained in a patient with severe hypotension. In September
2015, BGMS-2 became the first and only device to receive FDA clearance for use in all
hospital populations including critically ill patients. (9) It must be noted that the MAUDE
database is a good post-market surveillance tool, however, there may be inherent biases due
to the self-reporting nature of the database. For example, newly released devices (e.g.,
BGMS-3) or instruments that are not widely used (e.g., BGMS-4) may be underrepresented.

Point-of-care testing is not an excuse for inaccuracy. Blood glucose monitoring systems,
although convenient, must meet performance requirements to facilitate safe dosing of
intravenous insulin in the critically ill. Use of inaccurate BGMS’s and/or frame shifting
TGC ranges to avoid hypoglycemia does not provide optimum care. Specifically, hospitals
should validate inaccurate devices in a clearly defined critically ill populations, remove off-
label devices from the bedside, or adopt an FDA cleared autocorrecting BGMS. The future
of IIT and TGC may involve the use of emerging continuous glucose monitoring (CGM)
devices, however, there are substantial analytical limitations that remain unaddressed
including accuracy, precision, drift, and need to calibrate after a certain time. Firstly,
subcutaneous systems measure glucose from interstitial fluid, which are not adequate for

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 September 01.
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TGC. Conversely, CGM from indwelling catheters provides higher quality results.
Unfortunately, the overall analytical performance characteristics of CGM devices are not
comparable to existing laboratory methods or even BGMS’ studied in this paper due to
biosensor degradation. Biosensor degradation is the result of prolonged interaction in the
complex milieu of the human body—resulting in analytical drift and potential erratic
performance (23,24). Our study provides the first, to our knowledge, data evaluating the
clinical impact of accurate glucose measurements using an autocorrecting biosensor in the
severely burned pediatric population. Study limitations include the retrospective nature of
our analysis the time span of the data collection required to have sufficient number of
severely burned children who received I1T, and small sample size associated with a single-
site investigation. Although BGMS-2 exhibited more accurate performance, the clinical
ramifications of accurate versus inaccurate BGMS measurements remain highly
controversial.

CONCLUSIONS

Glucose remains one of the most important and frequently measured analytes in the clinical
setting. In critically ill patients, the use of IIT and TGC has potential benefits; however, this
ideally requires accurate POC devices. Our study reports the clinical impact of accurate
glucose monitoring in a high-risk pediatric burn population and provides healthcare
providers with alternative evidence-based solutions for the recent FDA and CMS
requirements. Improved glucose monitoring optimizes insulin therapy and reduces risk for
hypoglycemia and glycemic variability as determined by the MAGE method. We
recommend pediatric burn centers to work closely with their clinical laboratory to identify
appropriate BGMS devices that meet the FDA guidelines and improve the quality of patient
care, while being aware of potential confounding factors that may compromise glucose
monitoring performance.
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http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
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Figure 1. Bland-Altman Analysis of Paired Glucose M easurements
Figure 1 illustrates two Bland-Altman plots for BGMS-1 (Panel A, n = 535) versus BGMS-2

(Panel B, n = 511) respectively when compared to paired laboratory plasma glucose
measurements through. Plasma glucose measurements are shown on the x-axis, and bias
(BGMS - plasma glucose) are identified on the y-axis. The glucose in mmol/L = 0.552 x
glucose in mg/dL.
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TABLE 1

CONFOUNDING FACTORS OF GLUCOSE MONITORING SYSTEMS

Factor

Hematocrit

Non-glucose sugars

Oxidizing and reducing

Oxygen tension (pO2)

Sample pH

Temperature

User error

M echanism of Action

Red blood cell concentration alters the apparent glucose measured by biosensors. Specifically, anemic specimens
yield falsely elevated results due to increased diffusion of glucose into the biosensor. Alternately, polycythemic
specimens yield falsely low results due to mechanical impedance of glucose diffusion.

Sugars such as galactose, lactose, and maltose are Indistinguishable to certain glucose biosensors (e.g., glucose
dehydrogenase) and generating falsely elevated results. Galactose may be encountered in neonates with
hypergalactosemia. Maltose can be found in patients receiving peritoneal dialysis and icodextrin.

Electrochemical glucose biosensors rely on oxidation and reduction reactions. The presence of oxidizing and
reducing substances (e.g., ascorbic acid) affect these electrochemical reactions and produces erroneous results.

Sample partial pressure of oxygen may alter electrochemical reaction kinetics in glucose biosensors that rely on an
oxygen intermediate.

Glucose biosensors rely on enzymatic reactions to convert glucose into a readable signal. Abnormal pH may impair
enzyme function and therefore impact glucose results.

Both abnormal sample and environmental temperatures may affect glucose biosensors. Temperature may alter the
enzymatic reaction required to produce glucose results.

Inadequate blood volume, incorrect sample type, or collection of capillary blood samples in patients with systolic
blood pressure of less than 90 mmHg yield inaccurate glucose results.

Pediatr Crit Care Med. Author manuscript; available in PMC 2017 September 01.
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