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u

Glucose sensors (CGM)
Insulin pump basics

Integrated pumps/sensors

— Partially closed-loop systems
— Artificial pancreas

Other available technologies

In-hospital use of diabetes technology

Diabetes Technology Timeline

Q

Discovery
of insulin

First disposable
glass syringe

First CGM
FDA approved

isCGM
launched

First i.v. insulin
pump

First glucose
meter

First insulin

pen /

=

7

=

First Bionic
iLet pancreas

Mallik R, Kar P, Mulder H, Krook A. Diabetologia. 2024 Aug 30. doi: 10.1007/s00125-024-06235-z.
Online ahead of print. PMID: 39212678
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Use of Technology in Insulin Therapy )

Many available options:

. o,
— Vials R
PenS ‘”z"x % Cap Insulin reservoir
* Disposable (prefilled cartridges) Outer needlecap—&
. ) Dosage window
* Reusable (Connected Insulin pens/smart pens) RrnssEg—l Dosage knob

Needle— Injection button

— Insulin pumps/CSlI

» Sensor Augmented pumps l J

« Closed loop/hybrid systems -
" w
— Disposable insulin patch-like delivery ) fpe——
- —
— Inhaled Insulin 't i VA R

Patients with type 2 diabetes on
intensive insulin therapy will
need frequent glucose
monitoring

» To ensure patient safety
 To guide regimen modification

« Often needed before meals,
before driving, bed time, post
meals, after correcting
hypoglycemia, before exercise...
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Continuous Glucose Monitoring (CGM) U
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Figure: Cengiz and Tamborlane. Diabetes Technol Ther. 2009. Jun;11 (Suppl 1)
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Why Is CGM Important? )
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Ajjan R, Slattery D, Wright E. Continuous Glucose o
Monitoring: A Brief Review for Primary Care s > I T 5 T . T T s PRETES ATESS TESS
Practitioners. Adv Ther. 2019 Mar;36(3):579-596. doi: Time (days)
10.1007/s12325-019-0870-x. Epub 2019 Jan 18. PMID:
30659511; PMCID: PMC6824352. Fig. 1 Differences in glycemic variability over 15 days for Reproduced from Kovatchev and Cobelli [16] © 2016 by
two patients with similar HbAlc levels. BG blood glucose, the American Diabetes Association
GV glycemic variability, HbAlc glycated hemoglobin Ac
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7. Diabetes Technology

General Device Principles

7.1 Diabetes devices should be offered to people with diabetes. A

7.2 The type(s) and selection of devices should be individualized based on a person’s
specific needs, circumstances, preferences, and skill level. In the setting of an individual
whose diabetes is partially or wholly managed by someone else (e.g., a young child or a
person with cognitive impairment or dexterity, psychosocial issues, and/or physical
limitations), the caregiver’s skills and preferences are integral to the decision-making
process. E

7.3a When prescribing a continuous glucose monitoring (CGM) device, ensure that people
with diabetes and caregivers are offered initial and ongoing training and education as
indicated by individual circumstances. Education should include utilization of data, including
uploading or sharing data to monitor and adjust therapy. C

7.3b When prescribing an automated insulin delivery (AID) system, people with diabetes
and their caregivers must receive education on how to use and troubleshoot the system.
This education should occur at regular intervals as needed. Education should include
utilization of the integrated system and its data, including uploading or sharing data to
monitor and adjust therapy. C A American

Diabetes
Association.

Standards of Medical Care in Diabetes—2026. American Diabetes Association. Diabetes Care 2026 Jan; Volume 49, Issue Supplement 1
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7. Diabetes Technology

General Device Principles (Continued)

7.4 Health care professionals working with people with diabetes should be aware of
available technologies and seek additional support when needed. E

7.5 People with diabetes using CGM, continuous subcutaneous insulin infusion (CSll),
and/or AID for diabetes management should have continued access to devices across third-
party payors, regardless of age or A1C levels. E

7.6 Children and adolescents should be supported at school in the use of diabetes
technology, such as CGM systems, CSlI, connected insulin pens, and AID systems. E

7.7 For adults with diabetes using diabetes technology, reasonable accommodations in
educational and work settings should include having sufficient time to manage their devices
and respond to high and low glucose levels. E

American
A Diabetes
Association:
Standards of Medical Care in Diabetes—2026. American Diabetes Association. Diabetes Care 2026 Jan; Volume 49, Issue Supplement 1

L i e Y S BSOS s SR P LA AN R e A Ve B SR M SRl T M o A S S R TR A
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7. Diabetes Technology

General Device Principles (Continued)

7.8 Consider early initiation, including at diagnosis, of CGM, CSII, and AID depending on a
person’s or caregiver’s needs and preferences. C

7.8a There should be no requirement of C-peptide level, B the presence of islet
autoantibodies, B or duration of insulin treatment C before initiation of CSII or AID.

7.9 Standardized reports for all CGM, CSlI, AID, and connected insulin devices with a
minimum of a single-page report, such as the ambulatory glucose profile and weekly
summary, should be available and utilized. Options for daily and weekly reports and raw
data should be available. E

American
Diabetes
- Association.

Standards of Medical Care in Diabetes—2026. American Diabetes Association. Diabetes Care 2026 Jan; Volume 49, Issue Supplement 1
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Personal CGM Devices
Prescribed
Guardian Connect
G7 Libre 2 | Libre 3 and Guardian 4 Eversense
Insulin T:Slim X2, iLet, T:Slim X2, iLet,  T:Slim iLet, Minimed 780G None
pump Mobi, Omnipod  Mobi, Omnipod X2 (2+) Twiist (3+)
compatibility ® 5
Maximum 10 days 10.5 days 14 days (15 days 7 days 1 year
wear time’ with Libre2+ and 3+)
Warm-up 2 hours 30 min 1 hour Up to 2 hours 24 hours
time
Calibrations 0 0 0 At least 2/day 2/day for 21 days,
required then 1/day
Water depth 8 feet, 24 hours 8 feet, 24 hours 3 feet, 30 min 8 feet, 30 min 3.28 feet, 30 min
Data Dexcom Clarity LibreView Carelink Eversense Data
Platform Management System
Product User Guides
12
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Eversense CGM | U

* Implantable sensor

— Inserted subcutaneously upper arm ’fW i
— Transmitter worn over sensor E"""""‘"‘r 10
— Mobile app displays data 1 09 ":1

— Up to 12-month sensor life (USA) —— O

— Phone and on-body alerts

R

Smart Transmitter Eversense App

https://www.eversensediabetes.com/healthcare-professionals/
Kropff, J., Choudhary, P., Neupane, S., Barnard, K., Bain, S. C., Kapitza, C., ... & DeVries, J. H. (2017). Accuracy and longevity of an implantable
continuous glucose sensor in the PRECISE study: a 180-day, prospective, multicenter, pivotal trial. Diabetes Care, 40(1), 63-68. (PRECISE I).
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Personal CGM Devices
Prescribed, Cont

_“_ Guardian Connect | _Eversense __|

Abdomen Upper arm Upper arm Upper arm, abdomen Upper arm

approved sites (ages 2+) (ages 7+) Upper buttocks (ages
Upper Upper 2-13)
buttocks buttocks

(ages 2-17) (ages 2-6)
Approved in No Yes Yes No No
pregnancy
Transmitter 3 months Disposable Disposable Charge weekly Charge daily
FDA- 22 =2 >4 (22 with Libre2+ > 2, Guardian 4 218
approved ages and 3+) 214, Guardian Connect
(years)
Drug Hydroxyurea Hydroxyurea Vitamin C Acetaminophen, Tetracycline antibiotics,
interactions (less with Libre 2+ hydroxyurea mannitol

and 3+)

Product User Guides

14
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Type

Maximum wear time

Warm-up time

Fingerstick calibrations required
Sharing data

FDA approved sites
Transmitter
FDA cleared use

Water depth
Drug interactions
Cost

OoTC

rtCGM

14 days

1 hour
No
NA

Back of upper arm
Disposable

Adults 18+ with prediabetes or type 2
diabetes who do not use insulin.

3 feet, 30 min
Vitamin C

$49 for 1 sensor, $89 for 2 sensors

Product User Guides

Personal CGM Comparison

| lngolingoRo | Swo |

rtCGM

15 days

<30 min
No

Dexcom Clarity

Disposable

Adults 18+ with prediabetes or type 2
diabetes who do not use insulin.

8 feet, 24 hours
Hydroxyurea

$99 for two sensors (a 30-day supply)
with a 10% discount for monthly
subscription.

15
Factors Influencing CGM System Preference
+ Cost
* Duration of wear
» Location for use
+ Size
+ Ease of use
» Compatibility with other devices/mobile apps
* Remote monitoring
16
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Good Candidates for Personal CGM )

Patients with the following diagnoses are considered good candidates for CGM.

GOOD CANDIDATES FOR CGM

Patients with the following diagnoses are considered good candidates for CGM.

Diagnosis Type 1 diabetes Type 2 diabetes
Diabetes mellitus with hyperglycemia E10.65 E11.65

Diabetes mellitus with hypoglycemia without coma E10.649 E11.649
Diabetes mellitus with hyperglycemia during 024.011-024.013 | 024.111-024.113
pregnancy

Labile blood glucose R73.09

https://www.aafp.org/pubs/fpm/issues/2021/0300/p7.html

17

CMS CGM Coverage

Meet at least one of the following criteria:

@ Treated with insulin
ICD-10 code?: E16.A2

@ Documented history of problematic hypoglycemia  hypoglycemialevel2

Recurrent level-2 hypoglycemic events (glucose <54 mg/dL)

CMS

CENTERS FOR MEDICARE & MEDICAID SERVICES
Despite 2 or more attempts to adjust medication or modify

treatment plan ICD-10 code?: E16.A3

hypoglycemia level 3

A history of one level-3 hypoglycemic event (glucose <54 g/dL)

Requiring third-party assistance for treatment of hypoglycemia

18
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The reimbursement information provided is intended to assist you with billing for your services related to continuous glucose monitoring (CGM). It is intended for informational purposes only and is not a g

Interpret Data, Evaluate the Plan and Bill

2024 Continuous Glucose Monitoring CPT Coding Reference"t+:5.1

Medicare
physician office Private payert
fee schedule”

CPT 95251
CGM Interpretation

Relative value unit (RVU)
non-facility*

Ambulatory continuous glucose

monitoring of interstitial tissue fluid

via a subcutaneous sensor for a $34.29 $98.00 1.03
minimum of 72 hours; analysis,

interpretation and report.

Do not bill 95251 more than 1 time per monthll

rantee of coverage and payment.
ing the total non-facility RVUs in the CY 2024 Ph ‘ee Schedule rule Addendum B and the conver: hese numbers are not adjusted for
mbers provided are the 50th percentile of the Usua stomary (UCR) charges. Note that these are charges and not actual reimbursed amounts
Fee Schedule Relative Value Files under Total Non: ity RVUs. SCPT is a registered trademark of the American Med: sociation. !'Frequency

cian fee schedule numbers fact
fective for services on o

/alue unit (RVU) Non-
ry by individual payo

rrent procedural

resent estimated 2024 physician payment amount
ter March 9, 2024. 'PMIC Medical Fees Director;
ity reference the numbers found in the 2024 Phys
h individual payor for specifics.

VU, relative value unit.

minolo;

1 CPT 2024 Professional Edition / American Medical Association. Fourth edition, revised 2023. American Medical Association; 2023.
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—— 11% Very High

250
24% High
@ 15 Feb 2018 - 01 Mar 2018 14.5 days 180
2 % Time CGM is Active 70.6%
i} Average Glucose 156 mg/dL Time In
(2] _ " Ranges
e Glucose Management Indicator (GMI) 7.0% (mg/dL) 55% In Target
8 (70-180 mg/dL)
E Xxam p | e 8 Coefficient of Variation (GV) 46%
o Standard Deviation (SD) 72 mg/dL 7o I
CGM Report o e oy
p Curves/plots represent glucose frequency distributions by time regardless of date. 4% Very Low
350
300 .
2 S
g 250 90% |2
o 2
%3
2 2 200 75% |um
o X
3 [100 = 3 g 5
I !, — N 50% |(&
. . > £150 C
Ajjan R, Slattery D, Wright E. s ¢ o | 1
Continuous Glucose Monitoring: A ] ’g, 2 25% s
Brief Review for Primary Care 3 £100 = ‘, = 3
Practitioners. Adv Ther. 2019 E lzo _ 10% E
Mar;36(3):579-596. doi: 50 8
10.1007/s12325-019-0870-x. Epub
2019 Jan 18. PMID: 30659511;
PMCID: PMC6824352. 0 T —— T T
12AM 3AM 6AM 9AM 12PM 3PM 6PM 9PM
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CGM Time-in-Range (TIR) Targets U
TID&

T2D 1Beck RW, Bergenstal RM, Cheng P, Kollman C, Carlson A, Johnson M, Rodbard D,

TAR <5% >250 mg/dl Relationship Between TIR and Hyperglycemic Metrics and HbAlc

>13.9 mmol/I I Diabetes Sci Technol 2019;13:614-626
TAR <252 >180 mg/dl = . .

% 10,0 mmoi 1. ( TIR-A1C correlation! ] 2. 70% TIR is achievable

TIR 70% = A1C 7% in practice:

0/ ~ 0, .

e (T1D with HCL therapy &

s 10% ATIR = 0.5% AA1C

TIR >70% 70-180 mg/dl T2D following algorithm)
3.9-10.0 mmol/I

TIR Targets vary for Special Populations — for instance:

TBR <4% <70 mg/dl Pregnancy & DM-- TIR >70% but for 63-140 mg/dL target zone

J <3.9 mmol/I
B TBR <1% <54 mg/dI
<3.0 mmol/l

Battelino T, Danne T, Bergenstal RM, et al. International TIR Consensus
Diabetes Care 2019;42:1593-1603

Older/High Risk-- TIR >50% TIR 70-180 ; <1% <70 mg/dL

21

. Derived TIR and Microvascular Complications @

Validation of Time in Range as an 2% & e i teomel,

Outcome Measure for Diabetes —r
Clinical Trials

https://dol.org/10.2337/dc18-1444

Relationship between TIR (70-180) and Eye & Kidney Complications
(TIR: derived from 7-point SMBG profiles on 1,440 patients in DCCT performed 4 times/yr for up to 10 yrs)

=
0%, 58% 5

: £

% 50% 2

£ T o

2w 3% 35y g 27%

< S ao%

g o - . e

FE] g * 3% 2% 3%

= . 10% 8% 9% 5% g
10 E =

! '
< 109 1020% 2030%  30s40%  40S50%  S0se0%  60sTO% : 70%
N=110  N=206  N=242  N=291  N=261  N=114
Percent Time in Range (70-180 mg/dL) J

10520% 20s30% 30<40% 40s50%  S0S60%  60s70%

10%  wi na wesoo  weizs 70%

T
Percent Time in Range (70-180 mg/dl) )

/

/

For each 10% less TIR, retinopathy progression increased by 64% (95% CI: 51-78),

and microalbuminuria outcome by 40% (95% Cl: 25-56); p<0.001 for each

Beck RW, Bergenstal RM, Riddlesworth TD et al. Diabetes Care. 2019,42:400-5.
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TIR and Macrovascular Complications v

Time in Range in Relation to s Wi ol ot B0

. Wei zhu," Gang Hu,” Tian Xia,* and
All—Cal.lse a,nd C?ardlovagcular Jian Zhou' 6,225 T2D - CGM (72 hrs)
Mortality in Patients With Type 2 +  Followed 10years  (2005-2015)
Diabetes: A Prospective Cohort ¢ Association baseline TIR & Mortality

Study Diabetes Care 2021 Feb; 44(2): 549-555

o All cause & CV mortality

A All-cause mortality Cardiovascular mortality 3.0
100 == TIR > 85% 00 == TIR > 85%

Y TR 7185% " T = — TIR 71-85% >
TIR 51-70% > N\ TIR 51-70% =
— TIR § 50% N — TIRS50% £
1 N 2

3:‘, 96-{ \\\ c 20
= S @
F L . 3
1 i
fg' 16| \ N s
2 N 8

= \ 5 1.0

3 \ K
£ =
- \| E
5] \ 9 -E
\ T
0.0 9
[} 20 40 60 80 100
H 2 8 1 b Time in range (%)

€ 8 C
Years of follow-up

Years of follow-up

Figure 1—Multivariate-adjusted cumulative survival curves of all-cause [4) and cardiovascular (B) mortality by different levels of TIR. Adjusted for
age, sex, BMI, diabetes duration, systolic blood pressure, triglyceride, HDL cholesteral, LDL cholesterol, smoking status, history of cancer and CVDs, and

using antihypertensive drugs, aspirin, and statins.
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. J
CGM Patient Example )
57-year-old man with type 2 diabetes for 10 years. Initially
treated with metformin but regimen steadily intensified over time
—Med Hx:  HTN, HL, CAD, OSA
—Surg Hx:  Chole, Appendectomy
— Fam Hx: Diabetes, stroke, CAD
— Soc Hx: No smoking , no alcohol, banker
— Diet: 2 meals, 1 snack at times, avoids simple sugars
— Exercise: Walks the dog daily
24
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CGM Patient Example

* Current medications:
— Empagliflozin 25 mg daily
— Metformin 1000 mg BID
— Glargine 20 units QHS
- Lisinopril, ASA, Carvedilol
* Physical examination:
—BP 117/80, HR 70, Wt. 70 Kg, BMI 29

 Labs: A1c 9%, Cr 1.0, eGFR 60

Wednesday, February 11, 2026

[l

Glucose Statistics

CGM Patient Example

Average Glucose Time in Range

R 6% Very High
55% High
mg/dL 29% In Range

Standard Deviation

41 .ou

Avg Glucose
mg/dL

208

Glueose Exposure

0% Low
- 0% Very Low

GMI Target Range:

Sensor Usage

Days with CGM data

53.

8/15

Avg. calibrations per day

70-180 mg/dL
N/A 0.0
Very Low Low In Target Range High Very High Coefficient of SD
Variation mg/dL
<S4mg/dl | <70mgrdl | 70180 mg/dL > 180 mg/dL » 250 mg/dL
0.0% 0.0% 28.8% 71.2% 16.1% 19.6% 41
Glucase Ranges Glucase Variability

[l

% Time CGM
Active

Jennifer Green, MD
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CGM Patient Example )

cGM 50% - Median 25/75% - 1QR 10/90% Target Range
Curves/plots represent glucose frequency distributions by time regardless of date
1 400
-
)
E
350
90%
2 300 75%
& 50%
E 250 25%
E] 10%
]
E‘ 200
;; e —
E 150
100
50
0k B A ! o e 1
12AM  2am 4AM BAM 8AM 10am  12PM  2Pm 4PM 6PM 8PM 1orm 12AM
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SGM Patient Example — After Regimen Adjustment

Average Glucose Time in Range Sensor Usage
<1% Very High Days with CGM data
25% High 93
mg/dL 74% In Range
0% Low 13114
0% Very Low

Standard Deviation GMI Target Range: Avg. calibrations per day

31 _— N/A 70-180 mg/dL 0.0

Avg Glucose Very Low Low In Target Range High Very High Coefficient of sD % Time CGM

] mg/dL Variation mg/dL Active

% cSimo/dl | <70 mgrdL 70- 180 ma/dL > 180 mg/dL > 250 mag/dL

i

v

g 159 0.0% 0.0% 73.9% 26.1% 0.2% 19.8% 31 81.3%
E|

© | Glucose Expasure Glucose Ranges Glucose Variability Data Sufficiency

Jennifer Green, MD
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M Patient Example — After Regimen Adjustment v

50% - Median 25/75% - 10R 10/90% Target Range
CGM P

Curves/plots represent glucose frequency distributions by time regardless of date

90%
75%
50%
25%
150 10%

Ambulatory Glucose Profile

0 1

12AM  2am 4AM 6AM 8AM 10aM  12PM  2pm 4PM 6PM 8PM 1opm 12AM

29

Cost Comparison LU

Figure 2: Reduction in estimated costs of severe hypoglycemic
Patients on Intensive Insulin Therapy events for patients with type 1 and type 2 diabetes

» Acquisition cost of Flash CGM is <000 Il svec [l Fiesh monitoring
lower than SMBG in patients checking
BG = 3 times per day 5,000
» Costs associated with severe .
hypoglycemia expected to be lower z
with Flash CGM & 3,000
* More significant in T1DM than 8
2,000 uction —
T2DM o cost
$852
1,000
Lizheng Shi, Richard Hellmund. Cost Comparison of Flash 0
Continuous Glucose Monitoring with Self-monitoring of Blood T1DM T2DM
Glucose in Adults with Type 1 or Type 2 Diabetes Using Intensive
Insulin—From a US Private Payer Perspective. DOI: PPPY = per patient per year; SMBG = self-monitoring of blood glucose;
https://doi.org/10.17925/USE.2020.16.1.24 T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

30
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Real-World Outcomes with Flash CGM | U

74,011 patients in France with TIDM or T2DM starting Flash CGM

A Type 1 diabetes B Type 2 diabetes

7.0 -49.0% 7.0
a 6.37% 3
= <
g 60 g 6.0
3 3
g 8
§ 5.0 g 50
© ©
a a
5 40 & 40
[ L
g g
o ]
g 30 5 30 IEXD
8 K]
© ©
5 20 5 20 1 AR
R Eﬂa R
: z m E=3
2 40 2 10 0%
< g =

0.0 0.0 _—

C erglyce! DKA Hypoglycemia  Comas  Hyperglycemia

. 12 months prior to FreeStyle Libre - 12 months following FreeStyle Libre

of the FreeStyle Libre system. Data show percentage of patients with at least one acute diabetes complication in the 12 months before and after
FreeStyle Libre initiation.

| Figure 2—Annual percentage of patients with type 1 diabetes-related (A) and type 2 diabetes—related (B) acute events before and after initiation

Roussel R et al. Important Drop Rate of Acute Diabetes Complications in People With Type 1 or Type 2 Diabetes After Initiation of Flash Glucose Monitoring in France:
The RELIEF Study. Diabetes Care. 2021 Apr 20:dc201690. doi: 10.2337/dc20-1690. Epub ahead of print. PMID: 33879536

US Real-World Outcomes with Flash CGM v

» IBM Watson Health MarketScan Commercial Claims and
Medicare Supplemental databases

» 2463 adults with T2DM who were on short- or rapid-acting
insulin therapy, who had started a Flash CGM system

» Outcomes were changes in acute diabetes-related events
(ADE) and all-cause inpatient hospitalizations (ACH), 6 months
pre and post acquiring CGM

« ADE = hypoglycemia, hypoglycemic coma, clinical
hyperglycemia, diabetic ketoacidosis, and hyperosmolarity.

Bergenstal RM et al. Flash CGM Is Associated With Reduced Diabetes Events and Hospitalizations in Insulin-Treated Type 2
Diabetes. J Endocr Soc. 2021 Feb 2;5(4):bvab013. doi: 10.1210/jendso/bvab013. PMID: 33644623; PMCID: PMC7901259.
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US Real-World Outcomes with Flash CGM U

A Acute Diabetes Events B All-Cause Inpatient Hospitalizations
(Inpatient or Outpatient Emergency)
0.20+
0.08
= -
C c . eat
2 Pre-Acquisition 2 .15+ Pre-Acquisition
w 0.064 = -~
o a -
. . -~
3 3
«» 0.044 o 0.104
= - P=4
c 7 c
L) -— (1) PR
3 o 3 Post-Acquisition
0.024 0.05+
- - -
0 HR: 0.39[0.30, 0.51] P: <0.001 0+ HR: 0.68 [0.59, 0.78] P: <0.001
L] L] L] L] L] L} T T T T
Days from index Days from index
Pre 0 -45 -90 -135 -180 Pre 0 -45 -90 -135 -180
Post 0 45 90 135 180 Post 0 45 90 135 180
Patients at risk Patients at risk
Pre 2,463 2,463 2,463 2,463 2,463 Pre 2,463 2,463 2,463 2,463 2,463
Post 2,463 2,421 2,370 2,276 2,186 Post 2,463 2,421 2,370 2,276 2,186
Bergenstal RM et al. Flash CGM Is Associated With Reduced Diabetes Events and Hospitalizations in Insulin-Treated Type 2
Diabetes. J Endocr Soc. 2021 Feb 2;5(4):bvab013. doi: 10.1210/jendso/bvab013. PMID: 33644623; PMCID: PMC7901259.
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Insulin Pump Basics LU

Insulin Storage Reservoir

L3

*Some pumps are tubeless

34
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Advantages to Insulin Pump Therapy U

» More closely approximates physiologic insulin secretion
« Can administer very small doses of insulin accurately

* Flexibility in insulin dosing to accommodate lifestyle needs (i.e.
reduced basal rates for physical activity)

« Improved quality of life for many patients
* Improvement in glycemic control
« Reduction in rates of severe hypoglycemia and DKA*

*Some studies have shown increased rates DKA

Eitler,K. et a \C ntin bcutaneousinsulm' on versus multiple daily insulin n patients with
diabef l smell( sysf I ma( review and meta-; \ s. Diabetologia51, 941-951 (2008) P bM d Article CAS
Google Schol.

F tou h M. M. et al. Clinical review: hyp g\y cemia with inten: sulin therapy: a systematic review and meta-
Iy of randomized tri; I of contin cutaneous insuli sion versus multiple daily i J ections. J. Clin.
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Rationale and Indications for CSll in T2DM U

* Insulin pump therapy can be offered for diabetes
management to youth and adults on multiple daily
injections with type 2 diabetes who are capable of using
the device safely (either by themselves or with a
caregiver).

» The choice of device should be made based on patient
circumstances, desires, and needs.

Diabetes Care 2017;40: 715-722

Diabetes Technology &Therapeutics 2016; 18:22-28

Diabetes Obes Metab. 2020; 22: 434-441

Diabetes Care. 2023 Jan 1;46(Suppl 1):549-S67. doi: 10.2337/dc23-5S004
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CGM Integration

InPen smart pen Medtronic 670G

37

Components of Artificial Pancreas System U
| Artificial Pancreas System & A i Th ree M ai n
: () Components
*G,m 1 e \ » Continuous glucose
(R e ey B monitor (CGM)
177 /\\ » Glucose control
C !m:tinunm _ I I J,-‘ ,r*.; "\\. \'.I .
m;nitor(s) e | i algorllth.m(s).
— | * Insulin infusion
Other I E
sensor(s) -+ - = E pump

Blauw et al, Annals of Biomedical Engineering, Vol. 44, No. 11, November 2016 pp. 3158-3172
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JDRF Roadmap to the Artificial Pancreas

First Generation

Wednesday, February 11, 2026

Second Generation

u

Third Generation

Very-Low-Glucose
Insulin Off Pump
Pump shuts off
when user not
responding to
low-glucose alarm

Hypoglycemia
Minimizer
Predictive hypo-
glycemia causes
alarms, followed
by reduction or
cessation of insulin
delivery befare
blood glucose

Hypoglycemia/
Hyperglycemia
Minimizer

Same product as
#2 but with added

feature allowing in-

sulin dosing above

high threshold (e.g.

200 mg/dL)

(5 )

Automated
Basal/Hybrid
Closed Loop
Closed loop at all
times with meal-
time manual-assist

bolusing

—

Fully Automated
Insulin Closed
Loop

Manual meal-time
bolus eliminated

Fully Automated
Multihormone
Closed Loop

gets low

The JDRF six developmental stages of artificial pancreas device systems

39

Example Available Hybrid Closed-Loop Device @

Tandem Control 1Q

Insulin Pump

* Approved for use with
Dexcom G6 CGM

» Hybrid Closed Loop system
(Control 1Q) automatically
adjusts insulin levels based
on CGM readings

» Can deliver correction
boluses

3:24 PM

November 14

mnmn =

<400
sso 88

mgl/dL

https://www.tandemdiabetes.com/products/t-slim-x2-insulin-pump
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Artificial Pancreas

* Challenges: &
—Food intake and exercise <

-
v

-

» Bihormonal (insulin + glucagon) systems -

» Use of accelerometer, heart rate monitor /{

« Adjunctive therapies / |
—pramlintide, GLP-1RA, DPP4i . ‘

— Time delay between insulin delivery and action

» Use of more rapidly absorbed insulin (e.g. FiAsp) Y
* Intraperitoneal delivery of insulin
£

.

Blauw et al, Annals of Biomedical Engineering, Vol. 44, No. 11, November 2016 pp. 3158-3172

Bihormonal Artificial Pancreas U

» Glucagon should reduce risk hypoglycemia, but

— Adds device complexity (separate reservoirs, infusion sets)
— Glucagon stability issues

« Bihormonal AP reduced risk hypoglycemia overall
and during exercise compared to insulin-only AP
— Review of 6 trials
— Additional study needed: trials limited in size, duration

- Companies working toward device availability

— e.g. Beta Bionics, SFC Fluidics in US; Inreda Diabetic B.V.
in the Netherlands

Taleb et al. Diabetes Obes Metab 2017; 19(1):13-23

Taleb et al. DIABETES TECHNOLOGY & THERAPEUTICS Volume 19, Number 10, 2017
Peters et al. Diabet. Med. 35, 450459 (2018)
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ARTIFICIAL PANCREAS s s oA o
RESEARCH PROJECTS IN HUMAN TRIALS IN HUMAN TRIALS BY COMPANY

OUT OF 471 ACTIVE T1D PROJECTS

39 ARE ARTIFICIAL PANCREAS

Numbe
MOST ADVANCED STAGE IN HUMAN TRIALS BY COMPANY

PHASE | PHASE Il PHASE Ill

xxxxx

L ] ¢ 060 L
NEX ‘ ¥ ©
POINTS OF o e 2 o
DIFFERENCE I + == 29, Juvenile Diabetes
DiaHommne Rechapeile  Srwhe Tboks/Pukh  SnsSie  Agotbr oo e Cure Allance
Battery/Green mpatile  Insulin Delrvery Complenty Compatibie ke M o e

http://thejdca.org/artificial-pancreas-projects-2018 Data as of September 27, 2018
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What’s Ongoing v

NIDDK has funded numerous AP projects

* International Diabetes Closed-Loop Trial (iDCL)
— Multiple CL protocols

» Day and Night (DAN) CL in Young People with T1DM
— Up to 150 youth; APS using smartphone as a component

* Fuzzy Logic Automated Insulin Regulation (FLAIR)

— >100 youth; compares PID control hybrid APS to PID plus fuzzy
logic APS to further improve prandial glycemic control

* Bionic pancreas system
— Single, dual hormonal capabilities

https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin

44

Jennifer Green, MD
Use of Technology in Diabetes Treatment


http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
http://thejdca.org/artificial-pancreas-projects-2018
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin
https://www.nih.gov/news-events/news-releases/four-pivotal-nih-funded-artificial-pancreas-research-efforts-begin

Essentials in Primary Care Winter Conference Wednesday, February 11, 2026

Bionic Pancreas System )

The iLet Bionic Pancreas system has received FDA
clearance for use in patients aged 6 and older with T1DM

Combines the iLet ACE pump with Dosing Decision
Software and are paired with a CGM

Only system that determines 100% of all insulin doses
To start, just enter body weight

Meal announcement feature = meals are small, medium,
or large —carb counting not required

https://www.bu.edu/articles/2023/fda-clears-bionic-pancreas-for-type-1-diabetes/

iLet Bionic Pancreas System )

https://www.bu.edu/articles/2023/fda-clears-bionic-pancreas-for-type-1-diabetes/

46

Jennifer Green, MD
Use of Technology in Diabetes Treatment




Essentials in Primary Care Winter Conference Wednesday, February 11, 2026

Telehealth in T2DM Management v

Some evidence of improved patient satisfaction, glycemic outcomes

Type of What is the service? | HCPCS/CPT Patient
Service Code Relationship
with Provider
Medicare Visit with provider uses -99201-99215 (office) For new or established
telecommunication systems G0425-G0427 (telehealth  patients
Telehealth between provider and patient  consultations, ED, initial Grant AK, Golden L.
ViSitS patients) Technological it
G0406-G0408 (follow up e Ty 2
Inpatlent telehealth Diabetes. Curr Diab
consultations) Rep. 2019 Dec
20;19(12):163. doi:
Virtual A brief (5-10 min) check in with HCPCS code G2012 For established patients 10.1007/511892-019-
practitioner via telephone or HCPCS code G2010 ;igg';o?’”[’:
Check-In telecom. to decide if office i

visit or service is needed.
Remote evaluation of recorded
video and/or images submitted
by an established patient

E-Visits A communication between a -99421 For established patients
patient and their provider -99422
through an online patient -G2061
portal -G2062
-G2063
® hitps Jwww cms gov/newsroom/fact-sh 1 health-¢; -proviger-fact-sheet
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Other Technologies in T2DM Management U

* Glucose Meters that sync with Apps

— Dario Health SmartMeter, One TouchVerio, Flex, Accu-chek Aviva
Connect Meter, and Contour Next One Smart Meter

* Educational and remote support services
— with glucose meter use (One Drop and Livongo)
* Wellness Apps and Devices
— MyFitnessPal, Loselt, Fitbit, AppleWatch

Grant AK, Golden L. Technological Advancements in the Management of Type 2 Diabetes. Curr Diab Rep.
2019 Dec 20;19(12):163. doi: 10.1007/511892-019-1278-3. PMID: 31863200.
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Smart Insulin Pens

Can track timing, dosing, and administration of

short-acting mealtime insulin

Can dispense “standing” doses of mealtime

insulin
Have dosing memory

Contain bolus-dose calculators that can provide
insulin dose recommendations for patients who

are carb counting

Wednesday, February 11, 2026

u

» Link to cellphone apps and exportable
logbooks/reports
» Option of smart pen caps that integrate with CGM
system to recommend insulin dose in real time
Grant AK, Golden L. Technological Advancements in the Management of Type 2 Diabetes. Curr Diab Rep.
2019 Dec 20;19(12):163. doi: 10.1007/511892-019-1278-3. PMID: 31863200.
49
Insulin Pumps in the Hospital )
Patient With Insulin Pump Admitted to Hospital
Undergoi ical ]
o Critically ill ndergoing surgica Noncritically ill
8 procedure
o s
=
= ! .
e Able to Notable to
_E 2 operate operate
s £ insulin pump insulin pump |
23
L]
5
E Transition to IV Long procedure | | Short procedure Continue Transition to
o insulin infusion | <— (>2 hours) (<2 hours) — insulin basal-bolus
—/ pump regimen
Changes to Pump Therapy With Imaging Studies
X-ray/CT Pump should be covered by lead apron
Umpierrez GE, Klonoff DC.
MRI Pump and metal infusion set should be removed Diabetes Technology
Update: Use of Insulin
Uit No need to remove pump but transducer should not be pointed Pumps and Continuous
rasound N P
directly at the pump Glucose Monitoring in the
Hospital. Diabetes Care.
Cardiac catheterization Pump should be covered by lead apron 2018 Aug;41(8):1579-1589.
doi: 10.2337/dci18-0002.
Pacemaker/automatic implantable Epub 2018 Jun 23. PMID:
cardioverter defibrillator (AICD) Pump should ba covered by lead apron 29936424; PMCID:
PMC6054505.
Colenoscopy/EGD Pump can remain in place
Laser surgery Pump can remain in place
50
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7 Contraindications to Insulin Pump Use in Hospital Q"“

» Impaired level of consciousness (except during short-term anesthesia)

» Patient’s inability to correctly demonstrate appropriate pump settings

« Critical illness requiring intensive care

» Psychiatric illness that interferes with a patient’s ability to self-manage
diabetes

— Including patients at risk for suicide

» Diabetic ketoacidosis and hyperosmolar hyperglycemic state

» Refusal or unwillingness to participate in self-care

» Lack of pump supplies

» Lack of trained health care providers, diabetes educators, or diabetes
specialist

* Health care decision

Umpierrez GE, Klonoff DC. Diabetes Technology Update: Use of Insulin Pumps and Continuous Glucose
Monitoring in the Hospital. Diabetes Care. 2018 Aug;41(8):1579-1589. doi: 10.2337/dci18-0002. Epub 2018
Jun 23. PMID: 29936424; PMCID: PMC6054505.

CGM Use in Hospital During COVID LU

Small Pilot Study

CGM use in “critically ill patients with COVID-
19 in the ICU proved to be feasible, reliable,
and accurate for real-time glucose trending and
as an adjunct to POC-BG to reduce HCP
exposure and PPE use during this pandemic.”

Sadhu AR et al. Continuous Glucose Monitoring in Critically Ill Patients With COVID-19: Results of an
Emergent Pilot Study. J Diabetes Sci Technol. 2020 Nov;14(6):1065-1073. doi:
10.1177/1932296820964264. Epub 2020 Oct 16. PMID: 33063556; PMCID: PMC7645121.

52

Jennifer Green, MD
Use of Technology in Diabetes Treatment



Essentials in Primary Care Winter Conference Wednesday, February 11, 2026

In-Hospital Diabetes Management by a Diabetes Team and Insulin Titration Algorithms A é{la'nggtceasn
Based on Continuous Glucose Monitoring or Point-of-Care Glucose Testing in Patients . Association.
with Type 2 Diabetes (DIATEC): A Randomized Controlled Trial

The DIATEC trial investigates the glycemic and clinical effects of POC-arm cGM-arm
inpatient continuous glucose monitoring (CGM)-guided insulin titration — — 1.3% peoo1
by diabetes teams. 11.2%

— 13.9 mmol/L 18.5% p=.013

Methods

. . . . . . . 25.9%
This two-center trial randomized 166 non-intensive care unit patients
B TAR > 13.9 mmoliL

with type 2 diabetes. Diabetes management was performed by regular TAR 10.0-43.8 mmoiiL

staff, guided by diabetes teams using insulin titration algorithms based [~ 10:0mmol/t = TRag00mnolL
. . . . .9-3.9 mmoliL

on either point-of-care (POC) glucose testing or CGM. The primary I TER <3.9 mmollL

outcome was the difference in time in range (TIR) (3.9-10.0 mmol/L)

between the two arms

Conclusions

In-hospital CGM increased TIR by a clinically significant 15%-points,
mainly by reducing time above range (TAR). CGM also lowered time
below range (TBR), glycemic variability, prolonged hypoglycemic
events, insulin usage, and in-hospital complications. 0.0%
0.0%

0.0%
0.0%

3.9 mmol/L
3.0 mmol/L

-

DIATEC, Diabetes Team and CGM in Managing Hospitalized Patients With Diabetes.

Diabetes Care. 2025;48(4):569-578. doi:10.2337/dc24-2222

53
Work Still Needed U
 Enhanced user acceptance
— Reduced user burden and increased trust
* Real-world experience
— Role for registries, other RWE databases
* More info re: use in under-studied populations and settings
* Prescriber, insurer acceptance
54
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Risk of a Technology Divide U

Barriers to Technology Use in
Underserved Communities

Societal/Policy

National or State
laws and regulations

| ~Lack of CGM or pump due to insurance policy. |

Community
Local organizations, ~Lack of adult endocrinologists in rural

neighborhood area or community. ~Lack of resources

characteristics for people with T1D about diabetes
support, supplies, or programs.

Interpersonal
Relationships:
Family, networks,
interactions with ~Pravider-level implicit bias. ~Lack
health providers of social networks with others living

with T1D.

Individual

Knowledge, beliefs, ~Lack of knowledge about diabetes self-

P"q'-"'e:‘ﬁs; and management and high levels of diabetes distress.
skills

Walker AF et al. Barriers to Technology Use and Endocrinology Care for Underserved Communities With Type
1 Diabetes. Diabetes Care. 2021 May 17:dc202753. doi: 10.2337/dc20-2753. Epub ahead of print. PMID:
34001535.
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Patient Case #3

58-year-old man with T2DM and obesity
Current medications:

— metformin 1000 mg BID

— Insulin glargine 80 units daily

* Weight 250 lbs; BMI| = 38
 BP:145/92

* He reports fasting glucose of 130 -140 mg/dl but
glucose is often >250 later in the day

e Alc=8.0%

(©) CONTINUING EDUCATION COMPANY
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Patient Case #3
AGP Report Name

MRN
26 Feb 2019-10 Mar 2019 13 days . o )
% Time CGM is Active 99.9% ~—— Very High2s0mgidl).................. 20% (4h 48min)
Glucose Ranges Targets [% of Readings (Time/Day)] 250
Target Range 70-180 mg/dL ......Greater than 70% (16h 48min) : o ;
Below 70 mg/dL . " Less than 4% (s8min) High (181-250mglel)........................ 23% (5h 31min)
Below 54 mg/dL.. Less than 1% (14min) 180
Above 180 mg/dL Less than 25% (6h)
Above 250 mg/dL.... ...Less than 5% (1h 12min) Target Range (70-180 mg/dL) ....... 47% (11h 17min)
Each 5% increase in time in range (70-180 mg/dL) is clinically beneficial.
Average Glucose 173 mg/dL 70

....4% (58min)
....6% (1h 26min)

Glucose Management Indicator (GMI)  7.6% =t :.Iow (5:'69 mgfaL)...
Glucose Variability 49.5% ery LOW (<54 mg/dL) .

Defined as percent coefficient of variation (%CV); target £36%

Diabetes Care 2019;42:1593-1603

Patient C #3
AMBULATORY GLUCOSE PROFILE (AGP)
AGP is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if occurring in a single day.
350
95%
250} - .
)
3
S
g | /\ -
= \/ \
x' 50%
&
79 25%
S4f e 5%
o
12 am 3am 6am 9am 12 pm 3pm 6 pm 9 pm 12 am
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What Is the Next ‘Nj]\\/ -
Best Step? | -

. Add mealtime insulin

. Add a sulfonylurea

. Add a GLP-1 receptor agonist

. Decrease insulin glargine dose

OO0 w >

(©) CONTINUING EDUCATION COMPANY

Patient Case #3 | U

Too much basal insulin -> drop in blood sugar overnight

AMBULATORY GLUCOSE PROFILE (AGP)
AGP is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if occurring in a single day.

350

250

1~ &t

ma/dL

Target Range

25%

15%

0
12 am 3am 6am 9am 12 pm 3pm 6 pm 9 pm 12 am

Also having hyperglycemia after meals — but address hypoglycemia first!

Jennifer Green, MD
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Patient Case #3 )

Over-basalization

DAILY GLUCOSE PROFILES

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
26 127 ' 128 A o1 (02 ' 103 /\l«
M /\ [\/\V A —
S " v N/ A
12 am 12 pm 12 am 12‘pm l;am Iszm 12; 12 pm m llem 12;m 1219m 12 am 12Lm 12 am
(04 o5 ' (o6 ' 08 09 AN 10 '

m ‘ lZaA
'

N 2 f,
J \ A/ M N

Each daily profile represents a midnight-to-midnight period.

Patient Case #3 )

What is the next best step?

A.

B.
C.
D

Add mealtime insulin
Add a sulfonylurea
Add a GLP-1 receptor agonist

Decrease insulin glargine dose

Decrease insulin glargine to
eliminate lows, then

reevaluate and add GLP-1RA

if still high after meals (likely)
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