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Abstract

Background:

Although tissue hemorrhages, with resulting blood clots, are associated with glucose sensor implantation,
virtually nothing known is about the impact of red blood cells and red blood cell clots on sensor function in
vitro or in vivo. In these studies, we tested the hypothesis that blood can directly interfere with glucose sensor
function in vitro.

Methods:

To test this hypothesis, heparinized human whole blood (HWB) and nonheparinized human whole blood
(WB) were obtained from normal individuals. Aliquots of HWB and WB samples were also fractionated
into plasma, serum, and total leukocyte (TL) components. Resulting HWB, WB, and WB components were
incubated in vitro with an amperometric glucose sensor for 24 hours at 37°C. During incubation, blood glucose
levels were determined periodically using a glucose monitor, and glucose sensor function (GSF) was monitored
continuously as nanoampere output.

Results:

Heparinized human whole blood had no significant effect on GSF in vitro, nor did TL, serum, or plasma-
derived clots from WB. Sensors incubated with WB displayed a rapid signal loss associated with clot formation
at 37°C. The half-life was 0.8 £ 0.2 hours (n = 16) for sensors incubated with WB compared to 3.2 £ 0.5 (n = 12)
for sensors incubated with HWB with a blood glucose level of approximately 100 mg/dl.

Conclusion:

These studies demonstrated that human whole blood interfered with GSF in vitro. These studies further
demonstrated that this interference was related to blood clot formation, as HWB, serum, plasma-derived clots, or
TL did not interfere with GSF in vitro in the same way that WB did. These in vitro studies supported the concept that
the formation of blood clots at sites of glucose sensor implantation could have a negative impact on GSF in vivo.
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Introduction

Significant effort has been invested in developing
subcutaneously implantable glucose sensors. Although
most of these glucose sensors show excellent to
satisfactory sensor performance upon implantation,-®
a signipcant number of sensors also experience a delay
of sensor functionality postimplantation. This delay of
sensor functionality, which is also referred to as the
run-in time of implantable biosensors and is defined
as the time from implantation of the biosensor to the
actual stabilization of the sensor baseline signal,” can
last a few hours to several days. The exact mechanisms
or substances involved in this delay of functionality
are still unknown, but it is generally believed that
this initial delay in sensor functionality is thought to
be the consequence of biofouling of sensors by tissue
response to sensor implantation. Biofouling of glucose
sensors is induced by influxing leukocytes, which are
known to accumulate in high numbers at sites of sensor
implantation and bind to protein-coated sensors.”®

Currently, virtually all methods of sensor implantation
cause tissue trauma and frequently tissue hemorrhage.
Although hemorrhage, with associated blood clot formation,
is frequently associated with glucose sensor implantation
and movement of sensors in the tissue, virtually nothing
is known about the impact of hemorrhage and blood clots
on sensor functionality. Therefore, for the present study
we tested the hypothesis that blood and blood clots can
directly interfere with glucose sensor function in vitro.
To test this hypothesis, heparinized whole blood (HWB)
and nonheparinized whole blood (WB) were obtained
from normal nondiabetic individuals. Aliquots of HWB
and WB samples were also fractionated into plasma,
serum, and total leukocyte (TL) components. Next,
resulting HWB and WB components were incubated in
vitro with an amperometric glucose sensor for 24 hours
at 37°C. During incubation, blood glucose levels were
determined periodically using a standard FreeStyle®
blood glucose monitor (Abbott Diabetes Care, Alameda,
CA), and glucose sensor function (GSF) was monitored
continuously. These studies demonstrated that human
blood clots interfere with GSF in vitro. These studies
further demonstrated that this interference was related
to blood clot formation, as HWB, serum, plasma-derived
clots, or TL did not interfere with GSF in vitro in the
same way that WB did. These in vitro studies supported
the concept that the formation of blood clots at sites of
glucose sensor implantation could have a major impact
on GSF in vivo.

Experimental Section

Blood and Blood Components

Heparinized whole blood and nonheparinized WB
were obtained from normal, nondiabetic individuals.
In addition, HWB and WB were also fractionated into
platelet-rich plasma (PRP) and platelet-poor plasma (PPP).
PRP was prepared by centrifuging blood (HWB or WB)
at 150 g for 5 minutes at 4°C. Using a plastic pipette,
the resulting cell-free fluid (PRP) was transferred to a
plastic container and placed on ice until used. PPP was
prepared by centrifuging blood (HWB or WB) at 1500 g
for 15 minutes, and the resulting cell-free yuid (PPP) was
transferred to a container and placed on ice until used.
Because no anticoagulant is present in WB, WB-derived
plasma clotted when warmed to 37°C. Plasma-derived
clots from WB were designated as platelet-rich plasma
clots (PRC) and platelet-poor plasma clots (PPC). In
order to investigate the effect of increasing blood glucose
levels on sensor functionality, WB was spiked with an
increasing amount of glucose prior to the start of the
experiment. University of Connecticut Health Center
institutional review boards (Farmington, CT) approved
all human blood studies.

Isolation of Total Blood Leukocytes

For studies of the effect of human leukocytes on sensor
function in vitro, human leukocytes were isolated from
4 milliliters of HWB as described previously.® Briefly,
HWB was centrifuged and PRP was removed and
discarded. The remaining solution was placed on ice for
10 minutes to lyse red blood cells (RBC). Total leukocytes
were recovered (5 minutes at 500 g) and washed three
times with Hanks’ balanced salt solution (HBSS)/4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
buffer (1x HBSS, 20 mM HEPES, pH 7.2) minus calcium
and magnesium. Leukocytes were reconstituted at their
original concentration of 5 x 10%/ml in PRC or PPC and
tested for their effect on sensor function in vitro. The
viability of the leukocyte preparation was greater than 98%
as observed by Trypan blue staining. PRC + leukocytes
and PPC + leukocytes were incubated in vitro with an
amperometric glucose sensor for about 24 hours at 37°C.
In addition, WB with a leukocyte count of 5 x 10%/ml
(same donor as HWB) was also incubated in vitro with a
glucose sensor.

Evaluation of Sensor Function

The continuous glucose monitoring (CGM) system
used for these studies is presented in Figure 1. Abbott
Diabetes Care provided all glucose sensors used in these
studies.’®* In order to protect the sensor “wiring” from
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