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Abstract

The article published by Kevin Cowart in this issue of the Journal of Diabetes Science and Technology (JDST) is a detailed overview
of the clinical trial data and analysis used to demonstrate the safety and effectiveness of the Eversense continuous glucose
monitoring (CGM) System for regulatory approval and clinical acceptance. The article describes the published study results
for safety, accuracy, reliability, ease of insertion/removal, adverse events, and ease of diabetes patient-use for controlling
their glucose levels short and long term. The author nicely compares Eversense CGM System safety and performance with
the short-term subcutaneous tissue CGM systems being commercialized by Dexcom, Medtronic Diabetes, and Abbott
Diabetes. This comparison may help the clinician define which type of patient with diabetes might benefit the most from the
long-term implantable CGM system. The majority of studied patients describe a positive experience managing their diabetes
with the Eversense CGM System and request implantation of a new sensor 90 or 180 days later.
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People with type 1 diabetes are able to safely use real-time
continuous glucose monitoring (CGM or glucose sensor) sys-
tems to more effectively control their blood glucose levels.'™
The real-time CGM systems measure, analyze, and display the
interstitial fluid glucose concentration, direction of change,
and rate of change of the glucose trend data. Commercial
CGM systems produce audible, visual, and/or vibration sig-
nals to alert the patient when they detect or predict hypergly-
cemia or hypoglycemia—135 to 30 minutes into the future.*
Real-time CGM system has become the standard of care
for patients with type 1 diabetes and end-stage type 2 diabe-
tes attempting to minimize diabetic complications using
intensive insulin therapy.”!" Improved long-term glucose
control decreases the incidence and severity of microvascu-
lar disease (diabetic retinopathy, diabetic kidney disease,
peripheral neuropathy, autonomic neuropathy, cardiomyopa-
thy, dementia, etc.).'? Improved long-term glucose control
also decreases the incidence, time of onset, and severity of
macrovascular disease (ischemic heart disease, myocardial
infarction, stroke, and peripheral arterial disease).!*"!18
Severe and prolonged hypoglycemia is a feared complica-
tion, causing many patients to live with a chronically ele-
vated glucose level.'"” Almost all patients practicing intensive
insulin therapy using finger stick blood samples and a glu-
cose meter/test strips develop one or more serious episodes

of hypoglycemia every year, defined as a seizure, loss of
consciousness, or rescue by a family member or emergency
personnel. Many patients require treatment in the emergency
room and hospital for severe hypoglycemia, uncontrolled
hyperglycemia, diabetic ketoacidosis (DKA), and hypergly-
cemic hyperosmolar syndrome. Severe hypoglycemia can
cause brain damage, cardiac arrhythmias, and death.!-2*

Using real-time CGM system’s data and open-loop con-
trol methods, patients with diabetes learn how to titrate insu-
lin doses in relation to meals, exercise, sleep, and illness.
Clinical use of the real-time CGM system enables many
patients to significantly improve their overall glucose con-
trol, defined as increased time in the desired glucose range
(eg, 70 to 180 mg/dL); lower % HbA 1c; lower glycemic vari-
ability; and decreased incidence, magnitude, and duration of
hypoglycemia.'**
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The clinical benefits of using real-time CGM system can be
achieved using multiple syringe injections of insulin each day
(MDI or multidose insulin therapy) and insulin pump therapy
using a continuous subcutaneous infusion of insulin.?>2
Clinical trials have clearly demonstrated that patients need to
use the real-time CGM system to manage their diabetes a high
percentage of the time, and adjust insulin doses in response to
changing CGM system’s trend data, in order to achieve effec-
tive intensive insulin therapy.?’-3°

Real-time CGM systems that are coupled with an insulin
pump having a “low glucose suspend” software algorithm
can significantly decrease the incidence and severity of
hypoglycemia, without causing DKA, rebound hyperglyce-
mia, and increased % HbA1c.?®

Real-time CGM systems that are coupled with an insulin
pump having a “hybrid closed-loop” software algorithm also
significantly decrease the incidence and severity of hypergly-
cemia, hypoglycemia, and glycemic variability. This so-called
artificial pancreas automatically adjusts the amount of rapid
acting insulin delivered into the subcutaneous tissue every five
minutes. The concept of closed-loop insulin delivery is called
automated insulin delivery. Patients with diabetes comment
that waking up most mornings with their glucose concentra-
tion in the desired range (eg, 100 * 30mg/dL) greatly
improves their quality of life and overall glucose control. Of
note, these hybrid systems require the patient to manually pro-
gram an appropriate bolus of rapid acting insulin prior to each
meal, to minimize postprandial hyperglycemia.3!-3

Advanced CGM systems that are coupled with an insulin
pump having a “fully closed-loop” software algorithm are
being developed that automatically deliver a meal insulin
bolus based on the CGM system’s trend data, without man-
ual input from the patient.>”-*® Some closed-loop AP systems
under development monitor the intensity and duration of
exercise, and automatically adjust the rate of insulin delivery
to avoid postexercise hypoglycemia.** One closed-loop sys-
tem utilizes a dual pump that automatically delivers insulin
and glucagon into the subcutaneous tissue.*’

There are two types of CGM systems that are Food and
Drug Administration and CE Mark approved for monitoring
the tissue fluid glucose concentration with sufficient accuracy
to dose insulin: (1) real-time CGM systems with a subcutane-
ous tissue electrode inserted short term (=10days) and (2)
real-time CGM systems that are implanted long term within
the subcutaneous tissue (90 or 180 days). A variety of new and
novel short-term and long-term implantable CGM systems
are currently being developed by academia and industry.

Real-Time CGM Systems With a
Subcutaneous Tissue Electrode

Dexcom, Medtronic Diabetes, and Abbott Diabetes manu-
facture CGM systems with a subcutaneous tissue electrode
that uses an enzyme with specificity for the glucose mole-
cule, and electrochemistry to measure the concentration of

glucose in the interstitial fluid surrounding the sensor. All of
the CGM systems are factory calibrated and do not need any
finger stick self-monitored blood glucose (SMBG) measure-
ments to recalibrate a sensor. Food and Drug Administration
labeling, however, continues to require that the patient per-
forms an SMBG if the CGM system’s data does not match
their clinical situation, for added safety.*

The Dexcom and Medtronic CGM systems continuously
measure and analyze the glucose sensor’s output signal, then
displays the glucose concentration every five minutes on a
cell phone or smart watch. Data are reliably transmitted to
the phone’s software application using low-energy Bluetooth.
Clinical decisions are made by the patient using the dis-
played current glucose value; the glucose direction of
change; the glucose rate of change trend data; and alerts for
hypoglycemia, hyperglycemia, and rapid rate of change. The
patient’s cell phone can automatically transmit the glucose
data and alerts to the cell phone of multiple family members,
friends, and caregivers.®’

A Medtronic CGM system reliably communicates with a
Medstronic insulin pump (Enlite sensor with a 530G, 630G,
or 670G pump) that contains control software for “low-glu-
cose suspend” or “hybrid closed-loop.” A Dexcom CGM
system (G5 and G6) reliably communicates with a variety of
commercial insulin pumps (Tandem Diabetes Care t:slimX2,
Insulet OmniPod, Roche Accu-Chek Spirit Combo, and
Animas Vibe) that contain similar glucose control software
algorithms.%’

The current Abbott CGM system continuously measures
and analyzes the glucose sensor’s output signal, but only dis-
plays the glucose concentration when the patient manually
downloads sensor data to a software application on their cell
phone.® Abbott is currently developing a real-time CGM sys-
tem with threshold and predictive alerts and alarms, similar
to the Dexcom and Medtronic CGM systems.

The real-world performance of commercial subcutaneous
tissue glucose sensors has significantly improved over the
last 30years, due to optimization of their electrode’s size,
flexibility, porous membranes, enzyme electrochemistry,
automated insertion, and data analytics. Despite these tech-
nological advancements, the accuracy, stability, reliability,
and longevity of an individual CGM sensor can be signifi-
cantly lower than required for safe and effective intensive
insulin therapy. Improved manufacturing and quality control
methods have significantly decreased the incidence of an
individual CGM sensor that produces an inaccurate glucose
measurement or fails prematurely.*! All of the commercial
CGM systems routinely measure the concentration of glu-
cose with sufficient accuracy for safely dosing insulin into
the subcutaneous tissue (mean absolute relative difference
[MARD)] approximately 9% to 11%).42-4¢

An individual glucose sensor’s performance is directly
affected by the individual patient’s subcutaneous tissue cel-
lular and humoral immune response to glucose sensor elec-
trode insertion and maintenance. Insertion of a glucose



Joseph

169

sensor needle and electrode through the skin into the subcu-
taneous tissue damages cells, connective tissue, and extracel-
lular matrix. Damaged capillaries release plasma, red blood
cells, white blood cells, and activated platelets into the tissue
surrounding the implanted electrode. Damaged adipose cells
release nuclei, organelles, plasma membranes, and triglycer-
ide molecules into the adjacent subcutaneous tissue.
Neutrophils and macrophages infiltrate the area of thrombus
and adjacent tissue to actively phagocytize bacteria and
debris from damaged cells, connective tissue, and extracel-
lular matrix. Fibroblasts, lymphocytes, and mast cells may
infiltrate the damaged tissue to modulate the acute inflam-
matory reaction and produce new fibrous connective tissue.
Current CGM systems do not display a glucose reading for
two or more hours after implantation due to variable sensor
stability. A layer of inflammatory tissue that becomes thick,
continuous, and dense with metabolically active cells may
decrease a CGM system’s accuracy and stability, and increase
lag time. Current commercial CGM systems need to be
removed and replaced with a new CGM system at an alter-
nate location every 6 to 14days, due to this foreign body
immune response to electrode insertion.*!47-63

Real-Time CGM Systems That are
Implanted Long-Term Within the
Subcutaneous Tissue

Senseonics, Inc. manufactures a long-term implantable sub-
cutaneous tissue CGM system (Eversense CGM System)
that measures the concentration of interstitial fluid glucose
every five minutes and displays the measurements on the
patient’s cell phone for 90days (United States) or 180days
(Europe and South Africa). The Eversense System measures
the concentration of glucose over the 40 mg/dL to 400 mg/dL
range with accuracy similar to the other commercial systems.
However, the implanted sensor requires a finger stick SMBG
measurement approximately every 12 hours for recalibration,
in order to accurately measure the concentration of intersti-
tial tissue fluid glucose (MARD 8.5% to 11.5%). The CGM
system is designed to replace finger stick blood glucose test-
ing for diabetes treatment decisions.?30:43:66-73

The Eversense CGM System consists of an implantable
optical sensor, an external transmitter worn on the skin sur-
face directly above the sensor, and a software application
located on the patient’s smartphone, watch, tablet, or PC.
The implanted sensor does not have a battery, and is powered
on once every five minutes by the external transmitter, and
lies dormant the rest of the time. The external transmitter and
sensor use an inductive link to communicate across the skin
(near-field communication or NFC), consisting of a mag-
netic-coupled coil pair that wirelessly powers the sensor’s
optics and electronics, and transfers data between the two
devices. The transmitter analyzes the optical sensor’s output
signal to calculate the concentration of glucose and detect an

alert condition, then transmits the data via low-energy
Bluetooth to the Senseonics application on the patient’s
smartphone. The wearable transmitter will vibrate to alert the
patient when it detects or predicts the onset of hypoglycemia
or hyperglycemia. Data can be easily transmitted to multiple
caregivers and the manufacturer’s cloud-based platform for
advanced analysis and display.”¢-¢

The sterile sensor (3.3 mm diameter X 15mm length) is
implanted within the subcutaneous tissue of the upper arm by
a trained physician or a nurse practitioner during an office
procedure using local anesthesia and a novel implantation
tool. The small skin incision is easily closed with steri-strips
and covered with a sterile bandage until healed.

The miniature optical sensor consists of a microfluorom-
eter encased in a translucent polymer capsule. The rigid cap-
sule is coated with a soft hydrogel that contains proprietary
chemicals that increase in fluorescence when bound to glu-
cose molecules, with good specificity. This chemical layer is
covered with a proprietary porous membrane designed to
enhance biocompatibility with the adjacent subcutaneous tis-
sue. In addition, the external surface of the implanted sensor
has a silicone collar that slowly releases the glucocorticoid
steroid dexamethasone acetate into the adjacent subcutane-
ous tissue to suppress inflammation and the foreign body
immune response.

The fluorometer consists of a light-emitting diode (LED),
two photodiode light detectors, microelectronics, and an
antennae. The LED is briefly turned on once every five min-
utes to energize or excite the fluorescent chemistry, causing
the hydrogel to fluoresce. The photodiodes measure the
degree of fluorescence, which is directly proportional to the
concentration of glucose within the hydrogel layer.?%¢-%

Clinical decisions are made by the patient using the dis-
played current glucose value; the glucose direction of change;
the glucose rate of change trend data; and alerts for hypogly-
cemia, hyperglycemia, and rapid rate of change. The external
transmitter and adhesive tape are removed every 24 to
72hours for recharging the battery (takes 10 to 20 minutes),
then readhered to the skin surface above the sensor (Figure 1).

A trained health care worker needs to surgically remove the
Eversense sensor after 90 and 180 days of implantation in the
United States and outside of the United States, respectively.
The incision can be easily closed with steri-strips and a ban-
dage. The manufacturer recommends a new sterile sensor be
implanted into the subcutaneous tissue of the opposite upper
arm, allowing the prior wound time to heal. There is real-
world data that a new sensor can be inserted into the same arm
near the prior insertion site, with good clinical performance.
However, there is limited data to support implanting a new
sensor in the same tissue capsule that formed around the previ-
ous sensor. There is also limited long-term data demonstrating
the feasibility of using only the upper arm location for implan-
tation, due to the possible formation of avascular fibrous scar
throughout the subcutaneous tissue.”’*"!
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Figure |. Miniature optical sensor for long-term implantation within the subcutaneous tissue of the upper arm (a and b), external
transmitter adhered to the skin surface above the implanted sensor with 3M silicone adhesive tape (c), and Apple iPhone with Eversense
System software application—displaying the glucose concentration; direction of change; rate of change; target glucose range; and
markers for the timing of meals, insulin, and calibration (d) (www.Senseonics.com).

Removal requires a small skin incision and dissection to
fish the sensor out of the tissue and surrounding fibrous cap-
sule. Clinicians typically close the incision with steri-strips
and a bandage. Sensor removal, however, may be difficult in
a small number of patients, requiring assistance from a sur-
geon. The overall benefits of the real-time Eversense CGM
System exceed the short-term discomfort following implan-
tation and the small risk of infection, hematoma, skin irrita-
tion, and premature sensor failure.

The Eversense CGM System does not display glucose
measurements for 24 hours after implantation due to the
changing physiology of the damaged tissue adjacent to the
sensor. The sensor may be less accurate for several days
after implantation due to the acute inflammatory response
to tissue damage and presence of a foreign body. The CGM
system requires a finger stick SMBG measurements
approximately every 12 hours to ensure accuracy, due to the
changing tissue environment around the sensor’s electrode.
Errors in calibration may significantly affect sensor accu-
racy until the next recalibration.”

A layer of fibrous tissue may form around the implanted
sensor over time, depending upon the age and immune status
of the individual. Glucose diffusion from adjacent capillaries
into the sensor’s hydrogel chemistry may be inhibited by this
fibrous layer.*-%> The reasons why some implanted sensors
fail to function before the 90 or 180days of expected wear
time may be due to this immune response and possible deg-
radation of the fluorescent chemistry.

Of interest, the company Glysens, Inc. is developing a
long-term implantable CGM system with multiple enzyme-
based electrochemical glucose electrodes and oxygen elec-
trodes that accurately measure the concentration of interstitial
fluid glucose every five minutes, with data transmitted to an
external receiver for display.’”* Surgeons implant the Glysens
CGM system into the subcutaneous adipose tissue of the
lower abdomen, using local anesthesia and IV sedation. The

Figure 2. The Eclipse ICGM System was developed by Glysens,
Inc. The implantable continuous glucose monitoring system (left)
accurately measures the concentration of tissue fluid glucose,
remains stable between infrequent recalibration periods, and
reliably communicates with an external transmitter-receiver
(right) using low-energy Bluetooth for more than one year (www.
glysens.com).

implanted CGM system is small, thin, and unobtrusive once
implanted under the skin. The sensor’s outer membrane was
designed to minimize biofouling and enhance vascular tissue
in-growth. The implanted CGM system has functioned reli-
ably with satisfactory accuracy for more than one year dur-
ing animal and human clinical trials, while requiring
infrequent recalibration once the tissue surrounding the sen-
sor has healed. Recent clinical trials demonstrated satisfac-
tory CGM system’s performance when a new sensor was
immediately implanted with the fibrous capsule formed by
the previously inserted sensor (Figure 2).747°

The article published by Kevin Cowart, PharmD, MPH,
BCACEP, CDE in this issue of the Journal of Diabetes Science
and Technology (JDST) entitled “A review of the first long-
term implantable continuous glucose monitoring system
available in the United States” is a detailed overview of the
clinical trial data and analysis used to demonstrate the safety
and effectiveness of the Eversense CGM System for regula-
tory approval and clinical acceptance.
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The article describes the published study results for safety,
accuracy, reliability, ease of insertion/removal, adverse
events, and ease of diabetes patient-use for controlling their
glucose levels short and long term. The author nicely com-
pares Eversense CGM System safety and performance with
the short-term subcutaneous tissue CGM systems being
commercialized by Dexcom, Medtronic Diabetes, and
Abbott Diabetes. This comparison may help the clinician
define which type of patient with diabetes might benefit the
most from the long-term implantable CGM system. A thor-
ough review of this article is therefore highly recommended
for all clinicians taking care of patients with diabetes using a
CGM system.®

The number of patients with diabetes being implanted
with the Eversense CGM System is increasing rapidly world-
wide due to the safety profile; recent regulatory approvals;
insurance coverage for the device and implantation/explanta-
tion procedures; and the education of many endocrinologists,
diabetes educators, and nurse practitioners. The majority of
studied patients describe a positive experience managing
their diabetes with the Eversense CGM System and request
implantation of a new sensor 90 or 180 days later.”

In conclusion, although many patients with diabetes will
choose the long-term implantable Eversense CGM System
for their day-to-day glucose control, the current system
requires two finger stick blood glucose measurements per
day for recalibration to ensure accuracy good enough for
intensive insulin therapy. There is also limited clinical data
demonstrating the feasibility of implanting the sensor in the
upper arm subcutaneous tissue multiple times. Additional
clinical trials are also needed to demonstrate the safety and
efficacy of combining the Eversense CGM System with a
smart insulin pump or insulin/glucagon pump containing a
closed-loop or hybrid closed-loop control algorithm provid-
ing automated insulin delivery.
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