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Clinical Impact of Sample Interference on Intensive Insulin
Therapy in Severely Burned Patients: A Pilot Study
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G. Passerini, PhD?, Julian Cheng, BS2, and Morgan Ingemason, BS?

1Department of Pathology and Laboratory Medicine, University of California, Davis, School of
Medicine

?Department of Biomedical Engineering, University of California, Davis

Abstract

Objective—Severely burned patients benefit from intensive insulin therapy (11T) for tight
glycemic control (TGC). We evaluated the clinical impact of automatic correction of hematocrit
and ascorbic acid interference for bedside glucose monitoring performance in critically ill burn
patients.

Methods—The performance of two point-of-care glucose monitoring systems (GMS): (a) GMS1,
an autocorrecting device, and (b) GMS2, a non-correcting device were compared. Sixty remnant
arterial blood samples were collected in a prospective observational study to evaluate hematocrit
and ascorbic acid effects on GMS1 vs. GMS2 accuracy paired against a plasma glucose reference.
Next we enrolled 12 patients in a pilot randomized controlled trial (RCT). Patients were
randomized 1:1 to receive IIT targeting a TGC interval of 111-151 mg/dL and guided by either
GMS1 or GMS2. GMS bias, mean insulin rate, and glycemic variability were calculated.

Results—In the prospective study, GMSL1 results were similar to plasma glucose results (mean
bias: —0.75[4.0] mg/dL, n=60, P=0.214). GMS2 results significantly differed from paired plasma
glucose results (mean bias: —5.66[18.7] mg/dL, n=60, P=0.048). Ascorbic acid therapy elicited
significant GMS2 performance bias (29.2[27.2], P<0.001). RCT results reported lower mean bias
(P<0.001), glycemic variability (P<0.05), mean insulin rate (P<0.001), and frequency of
hypoglycemia (P<0.001) in the GMS1 group than the GMS2 group.

Conclusions—Anemia and high dose ascorbic acid therapy negatively impact GMS accuracy
and TGC in burn patients. Automatic correction of confounding factors improves glycemic
control. Further studies are warranted to determine outcomes associated with accurate glucose
monitoring during I1T.

Keywords
Ascorbic acid; hematocrit; point-of-care testing

INTRODUCTION

Successful tight glycemic control (TGC) is vital to burn critical care. Intensive insulin
therapy (11T) for TGC significantly reduces mortality and morbidity in critically ill
patients.22 Glycemic dysregulation is associated with impaired wound healing and
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mortality.1:34 Burn patients stand to benefit from TGC by minimizing glycemic excursions
and improving outcomes.>6

Point-of-care glucose monitoring systems (GMS) provide the primary means for guiding T
and maintaining appropriate TGC. The underlying analytical principles behind GMSs are
identical to electrochemistry-based hospital laboratory methods (Figure 1).”~19 However,
sample types differ between GMS and laboratory glucose testing methods. Laboratory
samples consist of plasma, while GMSs are constrained to arterial, venous, or capillary
sample types. Plasma samples are considered the “gold standard” due to the lack of
confounding factors such as hematocrit, oxidizing substances (e.g., ascorbic acid), and
oxygen tension effects.8-10

Inaccurate glucose measurements during Il T precipitate dangerous glycemic excursions and
poor outcomes as highlighted by the 2009 NICE-SUGAR study.!! Follow-up analyses
reported the GMSs used for treatment were inappropriate for critical care and susceptible to
known confounding factors.12:13 Abnormal hematocrit and oxidizing substances may
contribute to these erroneous results. For example, high hematocrit falsely lowers GMS
results, and low hematocrit falsely elevates results when compared to a plasma reference.914
Ascorbic acid, a well-known antioxidant and another confounding factor, falsely depresses
measurements in comparison to laboratory results by electrochemically interfering with the
glucose biosensor.8

Burn patients are at high-risk from glucose testing hematocrit interference.
Hemoconcentration commonly occurs during the acute burn shock phase and is exacerbated
by inflammation-mediated fluid redistribution and evaporative water loss. Moreover, burn
patients routinely lose 2% of their blood volume for every percent body surface area
surgically excised. Therefore, a patient with 20% total body surface area (TBSA) burns will
lose 40% of their blood volume during surgical wound excision and grafting.

Burn patients may also be at risk for erroneous glucose readings due to ascorbic acid
interference. High dose intravenously ascorbic acid therapy is believed to reduce fluid
requirements by mitigating oxidative stress during burn shock.12:16 In this manner, both
hematocrit and ascorbic acid interference lead to dangerous GMS errors during 1T in burn
patients. We hypothesize that automatic correction for hematocrit and ascorbic acid
interference optimizes I1T and improves TGC in patients with severe burns.

MATERIALS AND METHODS

Prospective

We conducted a prospective observational study followed by a pilot randomized controlled
trial comparing an auto-correcting modified glucose oxidase-based GMS (GMSL1, StatStrip
Glucose, Nova Biomedical, Waltham, MA) versus a non-correcting glucose dehydrogenase-
based GMS (GMS2, AccuChek Advantage, Roche Diagnostics, Indianapolis, IN).” GMS1
incorporates a novel 4-well gold biosensor that autocorrects for hematocrit, oxidizing
substances, and oxygen tension effects.”.1” GMS2 is currently used for routine care at our
institution. The hospital clinical chemistry laboratory analyzer (Synchron LX20, Beckman
Coulter, Brea, CA) served as the plasma glucose reference method. All three systems
measure glucose via electrochemical techniques (Figure 1). The local Institutional Review
Board approved the study.

Observational Study

The goal of the prospective observational study was to quantify the effect of hematocrit and
high dose ascorbic acid therapy on GMS measurements. Sixty unique remnant arterial blood
gas samples were tested using GMS1, GMS2, and the laboratory analyzer. Hematocrit was
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determined in parallel using the hospital laboratory hematology instrument. Additionally,
samples from two burn patients receiving high dose ascorbic acid therapy as part of routine
care were tested on all 3 devices. Only laboratory analyzer results were used for patient care.

Randomized Controlled Trial

The goal of the pilot randomized controlled trial was to determine the clinical effect of auto-
corrected GMS measurements during I1T. Twelve severely burned (=20% TBSA) adult
patients (age =18 years) were enrolled. Patients were randomized 1:1 to have IIT guided by
either GMS1 or GMS2. The existing hospital IIT protocol targeting a TGC interval of 111 to
151 mg/dL was used for the study. GMS testing was performed every hour, while paired
plasma glucose measurements were performed every 12 hours on the laboratory analyzer.
All GMS and plasma glucose samples were derived from arterial blood collected from
existing lines.

Data Collection—Age, burn size, presence of inhalation injury, gender, presence of
diabetes, and disease severity as calculated by the multiple organ dysfunction score (MODS)
were collected. Hourly GMS results, plasma glucose, hematocrit, and insulin infusion rates
were recorded.

Glycemic Variability Measurement—NM-value targeting an “ideal glucose value” of
131 mg/dL (i.e., median value for our TGC range), interquartile range (IQR), standard
deviation (SD), coefficient of variation (CV), mean amplitude of glycemic excursions
(MAGE), mean of daily differences (MODD), and the continuous overall net glycemic
action (CONGA,) for hourly (n = 1 hour intervals) glucose measurements were used to
calculate glycemic variability (Table 1).18-24 These seven methods represent proposed
measures of glycemic variability as reported in current literature. We developed a MATLAB
(Version R2012b, Mathworks, Natick, MA) computational engine to analyze the large
glucose dataset and apply these seven methods for determining glycemic variability.

Data Analysis

A modified Bland-Altman analysis was performed on the prospective observational study
data comparing the bias (GMS — laboratory analyzer results) on the y-axis versus the sample
hematocrit on the x-axis. Glucose data were stratified into three hematocrit ranges for
anemia (<25%), normocythemia (25 to 45%), and polycythemia (>45%). R statistical
package (www.r-project.org) was used for data analysis. One-way analysis of variance
(ANOVA) compared GMS1, GMS2, versus the laboratory analyzer results from the bench
study. Tukey’s HSD post-hoc analysis was performed to determine significant pair-wise
comparisons. Time-series data (e.g., hourly glucose measurements) were analyzed using
repeated measures ANOVA. The 2-sample t-test compared independent continuous
variables. Discrete variables were analyzed by the Fisher’s Exact test. We defined
hypoglycemic excursions as glucose values <70 mg/dL, severe hypoglycemic excursions as
glucose <50 mg/dL, and hyperglycemic excursions as glucose values >151 mg/dL. The
desired glycemic range was defined as our TGC interval of 111 to 151 mg/dL.

RESULTS

Prospective Observational Study

Figure 2 illustrates GMS1 and GMS2 biases versus sample hematocrit. Sample hematocrit
ranged from 19 to 60% and glucose from 59 to 296 mg/dL. An inversely proportional
relationship between GMS2 results and hematocrit was observed. In contrast, GMS1 was
unaffected by hematocrit. GMSL1 results were also similar to paired laboratory analyzer
results (mean [SD] bias: —0.75 [4.0] mg/dL, n = 60, P = 0.214). GMS2 results were

J Burn Care Res. Author manuscript; available in PMC 2015 January 01.
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significantly higher than paired laboratory measurements (mean bias: —=5.66 [18.7] mg/dL, n
=60, P = 0.048). Mean GMS2 bias for anemic samples was 9.6 [8.7] mg/dL. For
normocythemic and polycythemic samples, mean GMS2 bias was —3.9 [9.2] and -21.8
[18.9] mg/dL respectively.

Two additional patients received high dose ascorbic acid therapy (500 mg/mL in 1L
Lactated Ringers) during the course of the prospective observational study. The ascorbic
acid was infused over 24 hours following admission and titrated based on urine output.
Figure 3 illustrates GMS1 and GMS?2 results measured every 2 hours and compared to the
laboratory analyzer. GMS2 results were significantly lower than laboratory results (mean
bias: 29.2 [27.2], n = 15 paired measurements, P < 0.001). In comparison, results were
similar between the laboratory analyzer and GMS1 (mean bias: 0.58 [4.3], n = 15 paired
measurements, P = 0.564).

Interventional Study

Twelve patients were successfully recruited with 6 randomized to the GMS1 group and the
remaining 6 randomized to the GMS2 group. Age, gender, burn size, and admission MODS
were similar between the two study groups (Table 2). No cases of inhalation injury or high
dose ascorbic acid therapy were reported. Diabetic status was similar between the two study
groups. No study related adverse events were observed and all patients completed the study
per protocol.

Between study group comparisons are shown in Table 2. In brief, mean hematocrit was
similar between the two study groups. Patients in the GMS2 group had significantly higher
mean bias (P < 0.001), mean insulin rates (P < 0.001), and hypoglycemic excursions (P <
0.001), including 4 severe hypoglycemic events. Glycemic variability was significantly
lower in the GMS1 group versus the GMS2 group as revealed by MAGE (P = 0.049),
MODD (P = 0.009), and CONGA (P = 0.035) values.

Figure 4 highlights two example cases from the randomized control trial illustrating the
impact of anemia on GMS1 and GMS2 when compared to paired plasma reference
measurements performed every 12 over the initial 14 days in the intensive care unit. GMS2
exhibited significant mean bias (9.7 [6.4], n = 15 paired measurements, P < 0.001). By using
the observed 9.6 mg/dL GMS2 bias obtained from our observational study data to correct
GMS2 measurements; the apparent bias was reduced (0.11 [6.4], n = 15 paired
measurements, P = 0.948). In contrast, GMS1 was not adversely affected by hematocrit.

DISCUSSION

Factors such as hypermetabolism, extensive wounds, and a high prevalence of sepsis make
IIT and TGC instrumental to the survival of critically ill burn patients. However, these
patients are frequently anemic from pathologic and iatrogenic mechanisms, and receive
adjunctive therapies that cause erroneous glucose measurements, presenting additional
challenges in maintaining TCG. Our study compared hourly glucose measurements
performed using an auto-correcting GMS (GMS1) versus a traditional non-correcting GMS
(GMS2) and reports the clinical effect of inaccurate glucose measurements in the burn
patient population. We demonstrate the potential of hematocrit auto-correction to reduce
glycemic variability, insulin rates, and hypoglycemia.

Our findings also support the recent United States Food and Drug Administration statement
that current glucose meters should “not be used for patients who are dehydrated,
hypotensive, in shock, critically ill, or in a hyperosmolar state.”2® These characteristics are

J Burn Care Res. Author manuscript; available in PMC 2015 January 01.
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all too common in the burn population. For example, in our study cohort, hematocrit <25%
was common and representative of other surgical critical care populations.

We also characterize the clinical effect of high dose ascorbic acid therapy on POC glucose
monitoring in burn patients. The antioxidant capacity of ascorbic acid had the inadvertent
effect of significantly depressing GMS2 measurements. In contrast, GMS1 automatically
corrected glucose measurements to yield accurate results. A consequence of ascorbic acid
interference as reported by previous bench studies8, was that glucose measurement was
limited to the laboratory at our institution and IIT discontinued for these patients, since TGC
was infeasible with slower laboratory testing methods.

Seven measures of glycemic variability were evaluated in this study. Standard deviation is a
common and convenient method for measuring glycemic variability.* However, only
MAGE, MODD, and CONGA were found to be significantly lower in the GMS1 group
versus the GMS2 group. In contrast, other methods including SD were not significantly
different between the two groups, suggesting that method- and/or population-specific
considerations are necessary when measuring glycemic variability. For example, CV, IQR,
and SD, all global determinants of variability, are unable to evaluate day-to-day or hour-to-
hour burn patient glycemic variability.28 In contrast, MAGE, MODD, and CONGA are most
sensitive to hourly and daily variations as suggested by their mathematical derivation and
our study data. Therefore, MAGE, MODD, and CONGA measurements may be compatible
with burn patient pathophysiology.

CONCLUSION

Anemia is common in surgical critical care and is exacerbated in the burn patient population.
The study reports the implementation of an auto-correcting POC GMS robust to
confounding factors enables proper IIT and improves glycemic control. Automatic GMS
hematocrit correction reduced glycemic variability, insulin rates, and hypoglycemic events.
Moreover, in patients receiving high dose ascorbic acid therapy, the auto-correcting GMS
reported results comparable to “gold standard” plasma glucose values. In contrast, the non-
correcting GMS generated erroneous results that could lead to excessive insulin dosing and
increased risk for hypoglycemic events. We recommend caution when using non-correcting
POC GMS’s in burn patients with anemia and/or receiving high dose ascorbic acid therapy.
Larger clinical studies are warranted to verify the utility of various measures of glycemic
variability and determine outcomes associated with highly accurate GMS testing in the burn
patient population.
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Figure 1. Electr ochemical Glucose Biosensor L ayout

The figure illustrates a typical glucose oxidase-based electrochemical glucose biosensor.

Biosensor components are identified on the right. Examples of confounding factors and the
effect on each biosensor component are shown on the left.
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Figure 2. Hematocrit Effectson GMS1 and GM S2
The figure shows data from the prospective observational study comparing GMS1 and

GMS?2 against paired plasma glucose values from the hospital laboratory. GMS bias for
anemic, normocythemic, and polycythemic samples are identified. Bias is defined as the
GMS minus the plasma glucose value.
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Figure 3. High Dose Ascorbic Acid Therapy I nterference Case Examples

The figure shows two case examples of high dose ascorbic acid therapy interference on
GMS1 vs. GMS2 when compared to paired hospital plasma glucose results. Panel A is a
case involving a 21 year old woman with poly-trauma including 90% TBSA burns. Panel B
is a case involving a 29 year old man with 90% TBSA burns. Arrows indicate the start and
stop times for the high dose ascorbic acid therapy. Ascorbic acid dosing was 500 mg/kg in
1L of Lactated Ringers solution infused over a 24 hour period.
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Figure 4. Hematocrit Correction During Intensive Insulin Therapy

Two case examples illustrating hematocrit effects on GMS1 vs. GMS2 when compared to
paired hospital plasma glucose measurements. Paired hematocrit measurements are also
reported. All measurements were made every 12 hours. Panel A is a case involving a 37 year
old man with 37% TBSA burns assigned to the GMS1 group. Panel B is a case involving a
38 year old woman with 45.5% TBSA burns assigned to the GMS2 group. GMS2
measurements exhibited significant bias. GMS2 bias was mitigated by applying the
correction factor derived from the prospective observational study and representative of the
patient’s mean hematocrit (—9.6 mg/dL for anemic samples).
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