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Current glucose monitoring technology appears inadequate for the management of diabetic surgical and
in critically ill patients requiring intensive insulin therapy. Subcutaneous sensors measure interstitial
fluid glucose, and this technology has not yet been shown to provide the timely and accurate
measurements necessary for intravenous insulin administration in surgical and critical care patients on
intensive insulin therapy. Technologies under development that may be more suitable for surgical and
intensive care unit patients are the automated intermittent type glucose monitors and central catheter glucose
monitors. Improved accuracy, patient safety, incorporation of control algorithms, and alleviation of added
nursing labor are important factors for consideration with future acute care glucose monitors. Hospital costs
for these monitors are difficult to estimate but may be relatively low if their use can be related to better patient
outcome, reduced labor costs, and increased job satisfaction for the nursing staff.

Introduction

The deficiency in current glucose monitoring technology
may be most evident during cardiac surgery in
diabetics'? and in critically ill patients requiring intensive
insulin therapy (IIT) to maintain normoglycemia. Much
like capnography and pulse oximetry emerged from the
need to “think like a lung,”** this form of insulin therapy
requires clinicians to “think like a pancreas,” hence the
need for continuous glucose information. The future
of IIT will be with glucose sensors or other forms of
automated blood sampling systems that will eventually
feedback to a controller.® It is encouraging to note the

recent Food and Drug Administration (FDA) approval
of three subcutaneous continuous glucose monitors as
significant technological developments that can spare
diabetes patients the discomfort of multiple needle sticks.®
However, subcutaneous sensors measure interstitial fluid
glucose, and this technology has not yet been shown to
provide the timely and accurate measurements necessary
for intravenous insulin administration in surgical and
critical care patients on IIT.® These needle-type sensors
require equilibration and calibration procedures that
make their use less practical in acute care settings.
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It is unknown how those types of sensors will perform
in surgical patients experiencing rapid fluctuations
in blood glucose, changes in blood flow distribution,
temperature, or various pathologies (i.e., morbid obesity,
burns, sepsis)’® Issues such as calibration drifts from
membrane fouling, measurement delays (blood to
interstitial fluid), statistical handling of continuous
data, and prediction of future glucose information are
only beginning to receive the needed consideration in
the evaluation and approval of these systems. In the
meantime, other related technologies have been developed
to facilitate the implementation of intravenous insulin
protocols in acute care patients. The Glucommander,
developed in the early 1980s by Davidson and Steed,
works as an open loop insulin delivery system using
a glucometer and insulin infusion with delivery rates
determined by a computer program receiving manually
entered blood glucose information. The algorithm was
shown to be helpful in assisting clinicians manage
hospitalized patients on insulin infusions and has
been adapted to a palm-sized device."? Other glucose
monitoring technologies under development that may
be more suitable to surgical and intensive care unit
(ICU) patients are the automated intermittent-type
glucose monitors. Via® Blood (Via Medical Corporation,
Austin  TX),® STG-22™  (Nikkiso, Tokyo, Japan)"
OPTImus (IntelliDx Corporation, Santa Clara, CA)®
and other similar devices offered by Cascade Metrix
(Indianapolis, IN), Luminous Medical (Carlsbad, CA),
and Optiscan Biomedical Corporation (Hayward, CA)*
are envisioned to be completely automated blood glucose
monitors. These devices will be capable of performing
blood draws at preprogrammed intervals, or on demand,
when connected to a peripheral vein or central venous
catheter. Blood draws from a peripheral blood vessel
require low negative pressure to avoid collapsing the
blood vessel, as well as selection of an appropriate limb
vein. Although gentle negative pressure is desirable,
manufacturers will need to limit duration of the blood
draw to avoid clotting, as routine heparin use in carrier
fluids is no longer recommended in ICUs in the United
States. However, vessel collapse should not be an issue
when the device is connected to a central access catheter.
Some foreseen advantages of those technologies are
their capability to measure whole blood glucose, thereby
overcoming the accuracy limitations of subcutaneous
interstitial fluid sensors and reduce, if not eliminate,
multiple daily finger sticks in patients receiving IIT.
Another advantage of these monitors will be the significant
reduction in nursing time spent implementing T
protocols. The accuracy of some of these devices will be
partly based on the selection of the strip and the meter
technology used by the device manufacturer. If other

non-FDA-approved glucose measurement technologies
are used (e.g., optical), the accuracy of the method
might require testing for validation of the method.
Potential limitations of these systems are the lack of
truly continuous glucose information and dependence
on a peripheral venous access site, although early data
from peripheral and central catheter samplings have
been encouraging.®> Other considerations are that blood
draws from central catheters might require pausing
infusions running through other catheter ports to avoid
sample dilution or contamination. It is anticipated that
such systems will be approved for 72 hours of use with a
peripheral venous catheter in order to remain compliant
with hospital infection practices.” When used with a
central access catheter, these glucose monitors would
have more extended use for as long as a central catheter
is indicated.

Another type of technology specific to surgical and
critically ill patients is the central catheter glucose
monitor. Use of a glucose sensor incorporated into a
central venous catheter is not novel, as early investigations
reported some success with long-term glucose oxidase
sensors placed in circulating blood.”® The biofouling of
the sensor surface was a recognized problem, requiring
biomaterials research to find suitable protective membranes
that would allow long-term sensor performance in vivo.*?
This approach, now being revitalized by Edwards
Lifesciences (Irvine, CA) and GluMetrics Inc. (Irvine, CA),
will provide continuous or periodic blood glucose
measurements from a sensor built into the catheter.
Early data from a European study by Verbrugge et al.*
on five human subjects undergoing open heart surgery
showed good correlation and low bias between the
Edwards continuous glucose central catheter compared
to reference. The Edwards Lifesciences sensor is described
as an amperometric glucose oxidase type, whereas the
GluMetrics is a fluorescent-type sensor.

The blood glucose monitors just described should
facilitate the management of critically ill and surgical
patients on IIT.

At present, implementation of IIT requires constant
attention from the nursing staff* and often, as in this
institution, assigning additional personnel to perform
the glucose measurements. The decision to initiate, admit,
or discharge a patient on IIT can be complicated by
daily resource allocation considerations facing nursing
supervisors.” These operational difficulties suggest that
glucose monitors could alleviate the added nursing
labor from IIT implementation. Considering the more
predictable kinetics of intravenous insulin, compared to
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subcutaneous insulin administration,” it should come as
no surprise if second- or third-generation hospital glucose
monitors provide options for semiclosed loop feedback
systems for hospitalized patients receiving IIT. Manual
input/intervention might be required in situations where
an algorithm may not be able to select the correct insulin
infusion rate, such as with certain drug administration
(e.g., steroids, epinephrine), hyperalimentation, or during
surgery (e.g., cardiopulmonary bypass).?® Measurement
accuracy, reliability, ease of use, safety, and efficacy
demonstrated by good studies® will determine the rate
of acceptance of these technologies. The ability to reduce
the risk of hypoglycemia will always be ranked as the
highest patient safety concern,® although this risk can be
viewed from two perspectives with respect to technology:
(1) current technology limits the practice of tight glycemic
control when trying to maintain a blood glucose
range of 80-120 mg/dl because of an increased risk of
hypoglycemia and (2) control algorithms may not initially
provide the desired degree of blood glucose control, but
the higher frequency of blood glucose measurements can
reduce the risk of hypoglycemia. “Smart early warning”
hypoglycemia alarms could be programmed based on
glucose trend information and setting of safe lower
glucose limits, which should increase patient safety.

The application of engineering knowledge to diabetes is
of great significance,®® as demonstrated by recent human
testing of early closed loop systems®**® in critical
care patients. Multidisciplinary collaborations between
control theorists and biomedical scientists in academia
and industry have resulted in improved algorithms,
advancing the important pioneering work of Kadish®
and Clemens and colleagues who later developed the
Biostator.” However, progress in artificial pancreas
development has been relatively slow and underfunded
when considering the more than 40 years of research in
the midst of a steady rise in diabetes. Increasing sensor
accuracy and long-term signal stability are still major
goals of artificial pancreas development.®* An interesting
concept introduced at the 2007 Diabetes Technology
Meeting (DTM) in San Francisco was the use of multiple
sensors to reduce errors from faulty or failed sensors.
Ward and Hipszer reported on the use of multiple glucose
sensors in animals and humans using voting, ranking,
and averaging procedures (DTM 2007 abstracts). These
interesting results demonstrated that overall accuracy may
be improved, although the approach is not yet practical
with current sensor designs. Perhaps microneedle
sensor arrays or other microelectromechanical system-
based sensors might offer more suitable platforms for
improving accuracy with multiple sensing units.

The drive to develop hospital continuous glucose monitors
was primarily a result of the increasing evidence that
patient outcome can be improved when keeping glucose
in the physiologic range.* One cannot help but wonder
whether such revolutionary changes in the technology
could be dampened if new evidence were to suggest less
pronounced benefits from tight blood glucose control
in critically ill and surgical patients.***" The analysis
of Malhotra*? and results from other less conclusive
outcome studies have raised questions regarding
the blood glucose range necessary to affect outcome.
Interestingly, one can still observe a decreased tolerance
for elevated glucose levels across most institutions,*
therefore making it even more difficult for future studies
to show differences in outcome. It would seem logical to
expect that facilitating the titration of a dangerous drug
with improved monitoring will continue to be demanded
by health care professionals. Hospital costs for these
future monitors are difficult to estimate** but may be
relatively low if their use can be related to better patient
outcome,”” reduced labor costs,** and increased job
satisfaction for the nursing staff.
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