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Abstract

Background: Current methods of blood glucose (BG) monitoring and insulin delivery are labor intensive and commonly fail
to achieve the desired level of BG control. There is great clinical need in the hospital for a user-friendly bedside device that
can automatically monitor the concentration of BG safely, accurately, frequently, and reliably.

Methods: A |00-patient observation study was conducted at 6 US hospitals to evaluate the first generation of the Intravenous
Blood Glucose (IVBG) System (Edwards Lifesciences LLC & Dexcom Inc). Device safety, accuracy, and reliability were
assessed. A research nurse sampled blood from a vascular catheter every 4 hours for < 72 hours and BG concentration
was measured using the YSI 2300 STAT Plus Analyzer (YSI Life Sciences). The IVBG measurements were compared to YSI
measurements to calculate point accuracy.

Results: The IVBG systems logged more than 5500 hours of operation in 100 critical care patients without causing infection
or inflammation of a vein. A total of 44135 IVBG measurements were performed in 100 patients with 3023 | measurements
from the subset of 75 patients used for accuracy analysis. In all, 996 IVBG measurements were time-matched with reference
YSI measurements. These pairs had a mean absolute difference (MAD) of |1.61 mg/dl, a mean absolute relative difference
(MARD) of 8.23%, 93% met 15/20% accuracy defined by International Organization for Standardization 15197:2003 standard,
and 93.2% were in zone A of the Clarke error grid. The IVBG sensors were exposed to more than 200 different medications
with no observable effect on accuracy.

Conclusions: The IVBG system is an automated and user-friendly glucose monitoring system that provides accurate and
frequent BG measurements with great potential to improve the safety and efficacy of insulin therapy and BG control in the
hospital, potentially leading to improved clinical outcomes.

Keywords
near-continuous glucose monitoring system, Intravenous Blood Glucose (IVBG) system, glucose sensor, accuracy, safety,
critical care glucose monitoring

increased clinical risk and should be

Hyperglycemia, hypoglycemia, and glycemic variability are
strongly associated with increased morbidity and mortality
in hospitalized medical and surgical patients.'™® Nondiabetic
patients that develop hospital-related hyperglycemia second-
ary to the metabolic stress response to injury and illness may
benefit the most from insulin therapy and near-normal blood
glucose (BG) control.”'? There is clinical consensus that pro-
longed/severe hyperglycemia and hypoglycemia lead to

avoided." ™
Hyperglycemia can cause glycosuria,** fluid shifts,** electro-
lyte imbalance,** impaired wound healing,”?* immune dys-
function,”**** and oxidative stress.”**’ Hypoglycemia can
cause intense activation of the sympathetic nervous system
(leading to myocardial ischemia and arrhythmia in suscepti-
ble patients) and cell damage, especially neurons and glial
cells within the central nervous system.”*
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Real-world methods of glucose monitoring and insulin
therapy in the hospital are currently unable to avoid hypogly-
cemia and glycemic variability while attempting to maintain
the concentration of BG in the desired target range. The 2001
prospective randomized study by Van den Berghe et al
revealed a significant reduction in morbidity and mortality in
surgical ICU patients managed aggressively with intrave-
nous (IV) insulin to the target BG concentration of 80-110
mg/dl (4.4-6.1 mmol/L) when compared to a control group
where IV insulin was started only after BG exceeded 215
mg/dl (> 12 mmol/L). The BG in radial artery blood was
measured every 1 to 4 hours using a standardized method of
blood sampling and handling, and an accurate blood gas/glu-
cose analyzer. Despite frequent BG monitoring and adjust-
ments in the IV infusion dose of regular insulin, patients
were outside of the target BG range 30% of the time and 5%
of the intensively managed patients developed severe hypo-
glycemia defined as a BG measurement < 40 mg/dl (< 2.2
mmol/L).**

Numerous follow-up studies were unable to confirm the
significant improvement in clinical outcome from intensive
insulin therapy (IIT) and near-normal BG control reported by
Van den Berghe.””* The large prospective randomized
NICE-SUGAR clinical trial reported that morbidity and
mortality actually increased in the IIT group (mixed medical
and surgical ICU patients) that targeted BG < 108 mg/dl (< 6
mmol/L), when compared to less-intense insulin therapy and
a target BG of 140-180 mg/dl (8-10 mmol/L). Of interest,
BG was maintained within the target range less than 50% of
the time and 6.8% of the intensively managed patients devel-
oped a BG < 40 mg/dl (< 2.2 mmol/L).>* The increase in
hypoglycemia associated with IIT was corroborated by Arabi
et al with an adjusted odds ratio of 50.65 when compared to
conventional therapy.”

Clinical trials using standardized BG measurement meth-
ods are needed to identify the optimal BG target for different
patient groups. These studies require the design of safe and
effective tools that can be used by the bedside nurse to main-
tain the BG level in the target range and minimize glycemic
variability, while eliminating the risk for hypoglycemia.’®>*
To be clinically useful, the tool should provide a BG mea-
surement as frequently as every 10 minutes to capture the
appropriate BG dynamics™ and be automated to decrease the

amount of nursing time and effort required for glucose
monitoring. "%

There is a great clinical need in the hospital for a user-
friendly bedside device that can automatically monitor the
concentration of BG safely, accurately, frequently, and
reliably.”* Edwards Lifesciences LLC and Dexcom Inc
developed an Intravenous Blood Glucose (IVBG) System
for monitoring patients in the operating rooms, intensive
care units, and general floors of the hospital. The real-
time BG measurements and BG trend information will be
used by the bedside nurse to adjust insulin therapy in rela-
tion to changing nutrition, insulin sensitivity, and patient
physiology.

This is the first observational study that evaluated the
first-generation IVBG System in a wide variety of patient
populations and hospital environments. The manufacturer
used this preliminary data to optimize the next generation of
this system. The second generation system, called the
GlucoClear System has obtained the CE Mark in the
European Union.

Materials and Methods

A large prospective non-randomized multicenter observa-
tional study was conducted to evaluate the safety, accuracy,
and reliability of the IVBG System in the critical care envi-
ronment of 6 US hospitals (Table 1). The study was con-
ducted in accordance with the Declaration of Helsinki and
Good Clinical Practices. Edwards Lifesciences sponsored
the study and provided technical assistance to research per-
sonnel. The Institutional Review Board at each site approved
the study as a nonsignificant risk. The patients were informed
about the study methods and risks prior to signing the
informed consent document. Patients enrolled in the study
did not receive any treatment or medication outside the stan-
dard of care prescribed at each hospital for the given proce-
dure and patient. Each patient was managed in the OR, ICU,
and/or general ward of the hospital according to the site’s
standard of care. And whereas some patients remained in the
ICU for the duration of the study, other patients moved from
the ICU to the general ward during the latter portion of the
study. Both clinical and research staff were blinded to IVBG
System glucose measurements during the study.
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Table 1. Subject Enrollment Summary.

Post-roll-in  Efficacy evaluable,

Investigational site Site # Investigator name  Subjects enrolled  Roll-in subjects subjects n (%)?

University of Maryland, Medical 180  Grant Bochicchio 33 4 29 27 (93.1)
System, Baltimore, MD, USA

Washington Hospital Center, 366 Michelle Magee 13 4 9 9 (100.0)
Washington, DC, USA

Jefferson Medical College, 497 Jeffrey Joseph 28 4 24 23 (95.8)
Philadelphia, PA, USA

Franklin Square Hospital 498 James Welker 2 2 — —
Center, Baltimore, MD, USA

International Diabetes Center, 499 Robert Cuddihy 20 4 16 16 (100.0)
Minneapolis, MN, USA

Providence St. Vincent’s 88 Anthony Furnary 4 4 — —
Hospital, Portland, OR, USA

Total 100 22 78 75(96.2)

*The denominator is the number of post-roll-in subjects.
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Figure 1. Subject accountability.

Patient Population

One hundred subjects were enrolled and studied between
July 2009 and April 2010, all of whom were evaluated with
respect to safety (Figure 1). Of the enrolled subjects, 22
were roll-in cases. The roll-in subjects allowed research
personnel at each site to gain experience using the IVBG
System. The remaining 78 subjects were eligible for evalu-
ation with respect to effectiveness (accuracy and reliabil-
ity). Among these 78 subjects, 2 had inadequate data due to

IVBG System issues and 1 had inadequate data because the
subject’s surgical procedure was cancelled and the subject
was discharged before any IVBG data could be obtained,
leaving 75 subjects to be evaluated with respect to
effectiveness.

Inclusion criteria were >18 years of age, hospital admis-
sion for major nonemergent surgery or serious medical ill-
ness, and anticipated treatment in the ICU for at least 24
hours. Exclusion criteria were pregnancy, uncontrolled
hyperglycemia, diabetic ketoacidosis, end-stage organ fail-
ure, contraindication to heparin anticoagulation (brain sur-
gery, brain/spinal cord trauma, and history of
heparin-induced thrombocytopenia), and inadequate
peripheral veins for insertion of a dedicated IV catheter.
Study subject demographics are summarized in Table 2.
Considering the entire study population, 70% of the sub-
jects (70/100) were admitted for elective surgical proce-
dures. Of those, 56% were cardiac procedures (39/70),
27% were pancreatic procedures (19/70), and the remain-
ing 17% included esophageal, hernia, intestinal, spinal,
liver, lung, bladder, and bleeding. Of the subjects, 30%
(30/100) were admitted for trauma (22/30) and unstable
medical conditions such as bleeding, CHF, chemotherapy,
COPD, hypothermia, hypoglycemia, pancreatitis, pneumo-
nia, and poisoning.

Investigational Device: Intravenous Blood Glucose
(IVBG) System

The IVBG System was developed by Edwards
Lifesciences, LLC (Irvine, CA) and Dexcom Inc. (San
Diego, CA) to monitor the concentration of venous BG in
patients hospitalized with serious medical and surgical ill-
nesses. A detailed description of the system and its opera-
tion has been described by Bailey et al.’” Briefly, it
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Table 2. Subject Demographics for the Entire Study Population and for the Subgroup Assessment for Effectiveness (Accuracy).

Category Safety evaluation Effectiveness evaluation
Number of Subjects 100 75

Age (years) 56.5 (13.6) 54.9 (14.2)
Height (cm) 175 (11.3) 175 (11.3)
Weight (kg) 89.6 (20.4) 92.0 (19.6)
BMI 29.3 (6.2) 30.1 (6.0)
Male 68.0% 70.7%
Caucasian 81.0% 78.7%
Black, Hispanic, Asian 17.0% 18.7%
Systolic blood pressure (mmHg) 130.4 (18.3) 130.4 (18.0)
Diastolic blood pressure (mmHg) 714 (12.9) 71.(12.2)
Heart rate (bmp) 80.4 (l6.1) 79.8 (16.0)
Temperature (°C) 36.9 (0.9) 36.9 (1.0)
History of diabetes 27.0% 28.0%
History cardiac disease 62.0% 56.0%
Cardiac surgery 39.0% 36.0%
Pancreas surgery 19.0% 20.0%
Other surgery 12.0% 12.0%
Trauma (no surgery) 22.0% 25.3%
Other medical condition 8.0% 6.7%
Values are percentage or mean (SD).

consists of a peripheral IV catheter, an IV glucose sensor,

a flush solution, and a bedside monitor. The IV catheter s

(Terumo SURFLO® 20G x 1.25") used for sensor place-
ment was standardized across sites for the study. The
IVBG sensor was connected to the IVBG monitor via a
light-weight flexible cable. The IV catheter and IVBG
sensor were connected to the flush solution by flexible
plastic tubing. The IVBG monitor contained a bidirec-
tional rotary pump to control the flow of blood and flush
solution. The IVBG monitor and flush solution were
attached to an IV pole with wheels to facilitate patient
ambulation. The IVBG sensor and tubing were supplied
sterile from the manufacturer (Figure 2).

Each IVBG sensor was inserted inside the lumen of a
commercial 20 gauge, 1.25 inch IV catheter (Figure 3). The
sensor and catheter were continuously flushed with saline
solution containing dextrose (200 mg/dl) and unfractionated
heparin (2 units/ml). The pharmacy at each site was respon-
sible for preparing the flush solution. The IVBG System
withdrew a 50 microliter sample of venous blood into the IV
catheter lumen every 7.5 minutes, measured the glucose con-
centration using an electrochemical sensor, and flushed the
sample back into the bloodstream. The flush solution was
used to produce a l-point calibration between each sensor
measurement and to clean the sensor surface and catheter
lumen. Under normal operating conditions, the [VBG System
infused 4 to 10 ml of flush solution into the peripheral vein
each hour (96-240 ml/day). Thus, the [IVBG System infused
approximately 200 to 480 units of heparin and 200 to 480 mg
of glucose per day into the patient’s peripheral venous circu-
lation. The IVBG sensor was calibrated using a patient

Figure 2. Components of the IVBG system: (1) IVBG sensor and
patient IV catheter, (2) reference solution and IVBG tubing set
(tubing set), (3) IVBG monitor, (4) flow control valve unit, and (5)
patient cable.

venous blood sample and an accurate reference YSI analyzer
approximately 1 hour after start-up and every 24 hours
thereafter.

Reference Device: YSI 2300 STAT Plus

Research personnel obtained a whole blood sample from a
vascular catheter approximately every 4 hours using a



Bochicchio et al

743

Figure 3. IVBG sensor (A) and IVBG sensor in situ (B).

standardized method. The blood was transferred to a hepa-
rinized cuvette and centrifuged at 13,400 revolutions per
minute for 30 seconds. The separated plasma was pre-
sented once to the YSI 2300 STAT Plus Analyzer (YSI Life
Sciences, Yellow Springs, OH). The plasma sample was
mixed within the YSI sampling chamber and analyzed by 2
separate glucose-oxidase electrochemical sensors (referred
to as the White and Black Channels). The YSI automati-
cally recalibrated itself using an internal standard (180 mg/
dl) every hour and external high and low standards (400
and 50 mg/dl) were tested on the YSI every 24 hours to
ensure proper operation when the device was in use. The
average of the glucose measurements from the White and
Black Channels was used as the reference glucose mea-
surement when calculating accuracy.

Since the IVBG sensor was inserted into a peripheral IV
catheter, it would be appropriate to obtain the blood samples
from the same pool of blood for both IVBG System calibra-
tions and reference YSI measurements. However, it was not
possible to reliably sample blood every 4 hours from a
peripheral IV catheter for 72 hours. Therefore, whole blood
for the YSI measurements was sampled from a central venous
catheter (51%), a radial artery catheter (34%), and a periph-
eral IV catheter/venipuncture (15%); according to catheter
availability, patency, and convenience.

YSI and IVBG Measurement Pairing

IVBG measurements were compared to time-matched YSI
measurements. The IVBG System attempted to sample and
measure peripheral venous blood every 7.5 minutes whereas
areference YSI measurement was made approximately every
4 hours. The IVBG measurement whose time was closest to
the reference blood sample draw time was paired with the
reference YSI measurement if the magnitude of this differ-
ence did not exceed 3.75 minutes.

Clinical Assessments by the Research Nurse

Research personnel at the bedside charted subject vital signs,
movement, fluid intake/output, meals, and medications

throughout the study period. The IV catheter site was
observed for signs of inflammation, infection, infiltration,
edema, hematoma, and venous blood flow. Additional blood
was sampled twice per day to measure the partial thrombo-
plastin time (PTT) to determine whether the heparin in the
flush solution produced systemic anticoagulation.

Study Endpoints

Accuracy was evaluated by comparing the [IVBG measure-
ments to time-matched reference YSI measurements
according to the 15/20% criterion described in the
International Organization for Standardization (ISO) stan-
dard 15197:2003.” This Standard required 95% of the
IVBG measurements to be within +15 mg/dl (+0.83 mmol/l)
of YSI measurements <75 mg/dl (<4.17 mmol/l) and +20%
for the YSI measurements > 75 mg/dl (= 4.17 mmol/l).
IVBG System accuracy was also assessed by calculating
the absolute differences and the absolute relative differ-
ences between paired IVBG and YSI measurements, and
performing Bland-Altman and traditional Clarke error grid
analysis.”"

Accuracy was also evaluated in relation to the new ISO
15197:2013 Standard for hospital glucose monitors (blood
gas/glucose analyzers and point-of-care meters). This stan-
dard was accepted and published after data acquisition for
the current study was completed. It requires 95% of the
IVBG System measurements to be within +15 mg/dl (+0.83
mmol/l) of YSI measurements < 100 mg/dl (< 5.55 mmol/l)
and +15% of YSI measurements > 100 mg/dl (= 5.55
mmol/l).”?

IVBG System safety assessments were based on PTT
results and on physical examination of the IV catheter inser-
tion site during the study, on sensor/catheter removal, and at
a follow-up assessment approximately 1 week (7 + 3 days)
after sensor removal. The skin, vein, and subcutaneous tis-
sues were evaluated for the presence of inflammation, infec-
tion, edema, and hematoma.

Statistical analyses were performed using Matlab 2012b
(Mathworks, Inc, Natick, MA), SAS version 9.1.3, and
S-Plus version 8.0.4.
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Figure 4. Clarke error grid.”'

Results and Discussion

Overall, 44 135 IVBG measurements were recorded with
30 231 of those measurements in the 75 patients evaluated
for effectiveness. In the patients evaluated for effectiveness,
the mean glucose concentration of the IVBG System mea-
surements was 119 + 45 mg/dl (with a measurement range 40
mg/dl to 400 mg/dl); 2.9% of the measurements were less
than 75 mg/dl, 66.7% were between 75 and 140 mg/dl,
25.1% were between 140 and 200 mg/dl, and 5.1% were
greater than 200 mg/dl.

IVBG System Accuracy

In all, 996 paired IVBG and YSI measurements were
obtained from 75 subjects. When compared to the YSI mea-
surements, 93.3% of the [IVBG measurements (929/996) met
the ISO 15197:2003 15/20% criteria whereas 86.7%
(865/996) met the ISO 15197:2013 15/15% criteria. The
IVBG System produced a mean absolute difference (+ SD)
of 11.61 + 25.09 mg/dl and a mean absolute relative differ-
ence (= SD) of 8.23% + 10.51%. Clarke error grid analysis
comparing the IVBG System to the YSI revealed 93.2% of
the paired values were in zone A, 5.8 % in zone B, 0.2% in
zone C, and 0.8% in zone D (Figure 4).

The IVBG sensors were exposed to more than 200 dif-
ferent IV and oral medications in the operating rooms,
intensive care units, and general floors of the hospital. All
IV medications were infused through a central venous
catheter or a peripheral IV catheter inserted in the arm

contralateral to the IVBG sensor. No medications were
infused via the peripheral IV catheter that housed the sen-
sor. The medications which included multiple doses of
acetaminophen had no observable effect on IVBG System
accuracy.

IVBG System Safety

A total of 116 IV catheters and IVBG sensors were
inserted into the peripheral arm veins of 100 patients. The
IVBG sensors were easily inserted into the lumen of the
IV catheters without incident. System set-up was uncom-
plicated and required less than 10 minutes of a clinician’s
time.

The IVBG System measured BG for more than 5500
hours in 100 patients without causing infection or significant
inflammation of the surrounding tissue and vein. The mild
edema, erythema, and bruising noted on the physical exami-
nation of some patients were consistent with routine clinical
use of a peripheral IV catheter. No patient developed a seri-
ous adverse event directly related to the study device or study
methods.

The IVBG System infused 10 to 20 units of unfraction-
ated heparin per hour through the sensor and 20G IV catheter
into a peripheral vein. No patient developed evidence of
heparin-induced thrombocytopenia, despite being exposed to
200-480 units of heparin per day for 1 to 3 days. Of interest,
72% of the patients received additional large doses of hepa-
rin as part of their routine clinical care. The small dose of
heparin infused by the IVBG System did not significantly
increase the PTT in any patient.

IVBG System Reliability

The IVBG System consistently measured the concentration
of BG every 7.5 minutes for 60 to 72 hours in the majority of
patients studied. Most of the missed measurements were
single skips, followed by a successful measurement. Overall,
85% of all IVBG System measurement attempts would have
resulted in a displayed BG value on the bedside monitor.
Reliability was satisfactory in the majority of patients stud-
ied, even in the critical care patients that developed dehydra-
tion and/or required catecholamine therapy for low cardiac
output and blood pressure.

The average dwell time for the 116 sensors was 57.7 £
19.2 hours per patient. Fifty-four sensors (46.6%) were
inserted for the full 72 hours of the study period. Ten sensors
(8.6%) were prematurely removed due to suspected sensor
failure and 13 sensors (11.2%) were removed due to sus-
pected loss of peripheral IV catheter integrity. Eight sensors
(6.9%) were removed when research staff could not resolve
problems related to the system. Fourteen sensors (12%) were
prematurely removed because the patient withdrew consent,
12 sensors (10%) were removed due to hospital logistic
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issues. The IV catheter and sensor were accidentally removed
by the patient in 5 cases (4%).

Discussion

The major weakness of this 72-hour study was the need to
sample blood from a variety of blood sources. Ideally, blood
would have been sampled exclusively from a peripheral
venous catheter for calibration and correlation to match the
blood sampled by the IVBG sensor. However, maintaining a
functional peripheral venous catheter for the duration of the
study was not possible. And, although more reliable, the
radial artery catheter was typically removed within 24 to 36
hours after the surgical procedure. Sampling from a central
venous catheter was limited at some sites due to the risk of
infection.

The calculation of IVBG System point accuracy was
decreased because the glucose concentration measured by
the IVBG sensor in peripheral venous blood was compared
to the reference YSI glucose concentration measured in
blood sampled from radial artery, central venous, and
peripheral venous catheters. The concentration of plasma
glucose in peripheral venous blood tends to be 3 to 6 mg/dl
lower than in the radial artery. The difference may increase
to greater than 10 to 15 mg/dl during ambulation, skeletal
muscle shivering, low tissue blood flow, and high plasma
insulin levels. The concentration of plasma glucose in cen-
tral venous (superior vena cava) blood tends to be 4 to 10
mg/dl lower than the concentration of glucose in radial
artery blood. The arterial-central venous BG difference may
widen significantly (>20 mg/dl) in patients with increased
cellular metabolism, increased skeletal muscle blood flow,
high insulin sensitivity, and high plasma insulin levels.
These differences directly impact the calculation of point
accuracy with a glucose monitoring device.”>™*

The calculation of point accuracy of a glucose monitoring
device may be further decreased due to contamination and/or
dilution of reference blood samples with glucose-free or glu-
cose-containing parenteral solutions. Dilution of the refer-
ence blood sample with a glucose-free solution tends to
lower the plasma glucose concentration by a small percent-
age.®**! Contamination of a reference blood sample with any
glucose-containing solution may be problematic because a
D5W solution (5% dextrose in water) has a 5000 mg/dl glu-
cose concentration. There is a high probability that many of
the paired data points with low correlation were caused by
preanalytical and analytical error in the reference YSI glu-
cose measurement, and not an error in the IVBG System glu-
cose measurement.

Prospective randomized trials attempting to evaluate the
clinical effects of insulin therapy and BG control highlight
the technical challenges related to obtaining an accurate BG
measurement in the real-world environment of the ICU, and
the importance of standardizing the methods of blood sample

acquisition, handling, and analysis.**®*® For example, the true
BG measurement of the 2 groups in the NICE-SUGAR Study
will never be known because blood was sampled from mul-
tiple blood sources (radial artery, peripheral vein, central
vein, and finger-stick capillary), handled using a variety of
methods, and analyzed using a variety of point-of-care
meters, blood gas/glucose analyzers, and central laboratory
methods. The large total BG measurement error (preanalyti-
cal plus analytical error) makes interpretation of the NICE-
SUGAR trial data and other clinical trial outcome data
problematic.*

Conclusions

This article describes the first large prospective observa-
tional study to evaluate the safety, accuracy and reliability of
the first-generation IVBG System when used in the operat-
ing rooms, intensive care units, and general floors of 6 US
hospitals. Overall, the first-generation IVBG System was
easy to set up, calibrate, and utilize in a variety of patient
populations and hospital environments. It was found to be
safe and effective when studied for more the 5500 hours in
100 critically ill patients.

The first-generation IVBG System accurately and reliably
measured BG when evaluated in a variety of patient popula-
tions and hospital environments. The data from 4 subjects is
presented in Figure 5. These examples represent the extremes
in sensor accuracy with MARD values ranging from 2.49 to
15.56% (additional performance data is provided in Table 3).
In each case, the IVBG System trends with reference YSI
values although consistent biases were observed in subjects
0057 and 0158. These biases could be the result of either
sampling site differences or error introduced through
calibration.

This study demonstrated the need to improve reliability of
the IVBG System. Engineers used this data to develop a sec-
ond-generation IVBG System (under the trade name
GlucoClear®) with an optimized blood sampling and flush-
ing mechanism. While maintaining reliability, the second-
generation IVBG System has demonstrated improved
accuracy (Table 4).

A safe and user-friendly glucose monitoring system that
provides accurate and frequent BG measurements has great
potential to decrease nursing time/effort while improving the
safety and efficacy of insulin therapy and BG control in the
hospital.* Clinicians in the future may utilize this near-con-
tinuous glucose monitoring system to perform a prospective
randomized clinical trial to determine whether clinical out-
come can be improved (decreased morbidity, mortality,
length of stay, and hospital cost) as a result of optimized
insulin therapy and BG control (avoidance of hyperglyce-
mia, hypoglycemia, and glycemic variability)."”"° A near-
continuous IV glucose monitoring system that is safe,
accurate, reliable, and user-friendly has great potential to be
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Figure 5. Four sensors that represent acceptable (0021 and 0162, panels A and D) and unacceptable (0057 and 0158, panels B and C)
accuracy relative to the 95% criterion in the ISO Standard 15197:2003. Closed blue squares with whiskers represent YSI measurements
with limits imposed by 95% criterion in ISO standard 15197:2003, closed green diamonds represent IVBG measurements, closed red
triangles represent concurrent point-of-care glucose meter measurements, yellow open circles represent IVBG alerts and alarms, green
bars represent IV insulin infusions, open green diamonds represent subcutaneous insulin injections, and magenta bars represent dextrose

infusions.

Table 3. Duration of Use and Metrics for Accuracy and
Reliability for the 4 Sensors Depicted in Figure 5.

Duration I1SO MAD MARD Reliability
Sensor ID  Site (hr)  15/20% (mg/dl) (%) (%)
0021 UMD 680l 100 2.88 2.46 89.08
0057 WHC 5054 62 2084 1556 90.71
0158 TU 56.40 75 1647 1481 74.47
0162 TU 69.08 100 5.13 3.19 82.96

integrated with a computer controller and infusion pumps for
IV insulin and IV glucose to produce a closed-loop in-hospi-
tal artificial pancreas.® %!

Key Messages

1. The IVBG System was able to safely, automatically,
and near-continuously monitor BG concentrations
when attached to a peripheral IV catheter for more
the 5500 hours in the intended-use patient

populations and critical care environments of 6 US
hospitals.

IVBG measurements correlated closely with the
reference YSI measurements. Of the IVBG mea-
surements, 93% met the 2003 15/20% ISO
Standards criteria for point accuracy, the MAD was
11.61 mg/dl, the MARD was 8.23%, and 93% of
the measurements were in zone A of the Clarke
error grid.

Edwards Lifesciences engineers used data from this
observational study to redesign the sensor’s sampling
and flushing system, improving the reliability of
blood sample acquisition when attached to a periph-
eral IV catheter.

Clinical trials are required to determine whether a
device such as the IVBG System with near-contin-
uous BG measurements along with appropriate
alerts and alarms can be used to improve the safety
and efficacy of insulin therapy in the hospital and,
ultimately, demonstrate an improvement in clinical
outcomes.
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Table 4. Summary of the published studies of the First- and Second-Generation IVBG Systems describing the number of subjects,
number of sensor/reference pairs, MAD (mg/dl), MARD (%), and reliability (percentage of measurement attempts would have resulted in

a displayed BG value on the bedside monitor).

Study type Study dates Generation ~ Subjects  Pairs MAD  MARD  Reliability Reference
In-clinic, multicenter 06/2009-07/2009 | 50 2815 10.70 6.60 79.0 87
Perioperative, multicenter 07/2009-04/2010 | 75 996 1.6l 823 85.0 Current study
In-clinic, single site 12/201 1 2 10 1725 7.19 5.04 n/a 88

ICU, single site 01/2012-02/2012 2 10 1393 5.17 5.05 90.0 88
Abbreviations References

AD, absolute difference; ARD, absolute relative difference; BG,
blood glucose; ICU, intensive care unit; ISO, International
Organization for Standardization; IVBG, Intravenous Blood
Glucose system; MAD, mean absolute difference; MARD, mean
absolute relative difference; mg/dl, milligrams per deciliter;
mmol/L, millimoles per liter; PTT, partial thromboplastin time;
YSI, Yellow Springs Instrument.
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