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Le Diabéte Insulinoprive
Un Probleme Thérapeutique Non Reésolu

Une hyperglycémie
chronique a risque de
complications severes

Des épisodes
hypoglycémiques iatrogenes
recurrents invalidants

Une variabilite glycemique
non contrblée

Une qualité de vie altérée

* Une insulinothérapie peu
flexible et exigeante

* Un monitoring glycemique
obsédant

« Des besoins insuliniques
toujours changeants

* Une vigilance de tous les
iInstants




La AGP Report: C
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AGF is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if they occumed in a single day.




Il etait une fois, le pancréas artificiel au lit du malade

1974



The Quest for the Artificial Pancreas
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Figure 3. Photograph of the glucose analyser appara
the bed-side. The glucose analyser is composed
of an AutoAnalyser (pump, dialyser, colorimeter,

and chart recorder) from Technicon Instruments,
Now shown in the photograph is the pump control
unit from Life Science Instruments.
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Mirouze J et al, Diabetologia; 13: 273-278, 1977



Diabetologia. 1977 May;13(3):273-8. doi: 10.1007/BF01219712.

Evaluation of exogenous insulin homoeostasis by the artificial pancreas in
insulin-dependent diabetes

J Mirouze, J L Selam, T C Pham, D Cavadore

PMID: 873095 DOI: 10.1007/BF01219712

Abstract

With the artificial pancreas used by the authors, insulin was delivered through a venous
infusion and the rate of delivery was adjusted according to data provided by a
continuous blood glucose monitor. After different trials we selected control algorithms s A, soRITHME PID
integrating two parameters: instantaneous blood glucose concentration and increasing
or decreasing patterns of blood glucose. A constant basal insulin infusion rate was

added and improved the control of glycaemic excursions. Different parameters DUREE D’INSULINE
concerning exogenous insulin homoeostasis were determined. The delay to reach an ACTIVE =
insulin effect was 18+/-2 min and was shortened by a priming-dose at the beginning of SENSIBILITE A
the infusion. The insulin effect remained for 28+/-2 min after the infusion had been o L'INSULINE
stopped, but differences were noted in the morning (21+/-2 min), in the afternoon VARIABLE SUR 24H

(32+/-2 min) and during the night (25+/-3 min). Insulin needs were evaluated during RATIOS
meals. Related to the amount of carbohydrates, the doses fell from 0.53 units/hr/g of = \\ o /51 INE/GLUCIDES
carbohydrate for breakfast to 0.15 for dinner. From these data, it appears that the VARIABLE
efficiency of exogenous insulin exhibits a circadian rhythm.



Feedback Control (PID)
in order to Mimic Physiology

Insulin infusion Plasma glucose
R (p) ® G (p)
@ Well adapted for closed-loop P
control using reactive systems T |
@ Insulin delivery is modulated / LTI
. measurement
according to:
4-
@ Difference between current glucose
level and target glucose level =
(proportional component) )
@ Time during which current glucose c 21
level is different from target glucose é
level (integral component) £ 11 Basal
@ Variation of blood glucose on short- «— insulin
term 0 infusion
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Le BIOSTATOR: Premier Modele de Pancréas Artificiel
Commercialisé

Pfeiffer EF et al, Horm Metab Res; 6: 339-342,1974



“Can we get it smaller,
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The Long-Term Sensor System (LTSS):
A Fully Implantable Automated Insulin Delivery System

Renard E. Implantable closed loop glucose-sensing and insulin delivery: the future for
insulin pump therapy. Curr Opin Pharmacol, 2: 708-716, 2002



Fully Implantable Glucose Sensor (LTSS):
an Option for IV Sensing
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LONG-TERM IV GLUCOSE SENSOR (LTGS)
(Medtronic-MiniMed)

The current ratio Iglu/Toxy provides
the basis for glucose measurement

Glucose Sensitive O, Electrode (Ig(t))
Glucose Permeable Window

Reference O, Electrode (Io(t))

Glucose Oxidase
Matrix

glucose
oxidase

SC SENSORS
measure




Long-term Accuracy of Glucose Sensing With LTSS
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CLOSED-LOOP GLUCOSE CONTROL USING LTSS AT
NIGHT-TIME (12 AM - 6 AM)

CLOSED LOOP # 3 Patient AXM - SIN 7037
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sz ol !nserm LTSS StUdy (2000'2007)

Institut national

CIC 1 41 1 de la santé et de Ia recherche médicale

During
Closed 1.oop

I.ess Than 70 mg/dl 5.9 ©6
Between 70 and 42.0 %o
120 mg/dl
Between 120 and S50.1 %o
240 mg/dl
Above 240 mg/dl 2.0 %o
Average Glucose 131 mg/dl
Insulin Use 51 U/day

Renard E, Curr Opin Pharmacol, 2002



CLOSED-LOOP GLUCOSE CONTROL USING LTSS
BETWEEN NOON AND MIDNIGHT (12 PM - 12AM)

CLOSED LOOP # 3 Patient AXM - SIN 7037
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DELAYED SENSING AND INSULIN DELIVERY EXPLAIN POST-MEAL HYPERS



Instituts

'''''' glieglll Hybrid PID Closed-Loop System, 2008-2010

Institut national
C IC 1 41 1 de |a santé et de la recherche médicale

SC Glucose Sensor + IP Insulin Infusion
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Renard E, et al. Diabetes Care 2010;33:121-7.
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http://www.medgadget.com/archives/img/img_MED_GuardRT_prod.jpg

Le probleme de la boucle fermée en SC: Les délais !

Insulin Absorption .
Delay ~30-100 min | Subiect@

/ \ Plasma
Insulin j.r /‘\\

Glucose
>

Controller

Pump

Insulin Action Delay:
Periphery ~20 min
Liver ~100 min

L3

Interstitium-Plasma
Delay ~5-15 min

Cobelli C, Renard E, Kovatchev B. Artificial pancreas: past, present, future. Diabetes 60: 2672-82, 2011




Full Closed-Loop Using SC Glucose Sensing and Insulin
Infusion with a PID Algorithm
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= 10 type 1 diabetic patients, closed-loop for 30 hours vs. open-
loop for 3 days

= Blood glucose: 133 = 63 vs. 133 = 52 mg/dlI

= Time spent b/w 70 and 180 mg/dIf 75 vs. 63%_

* Blood glucose£< 60 mg/dl: similar

Steil GM et al. Diabetes 2006; 55:3344-50.



Fully Avtomated Closed-Loop Insulin
Delivery Versus Semiautomated Hybrid

Control in Pediatric Patients With Type 1
Diabetes Using an Artificial Pancreas

Mabetes Care 31:034-030, 2008
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Figure 2—Glucose control in FCL control versus HCL control. Glycemic excursions under FCL
(L1~ — L)) versus HCL(@——@®). Horizontal dashed line, target glucose level (100 mg/dl from

6 AM. to 10 p.M. and 120 mg/dl from 10 P.M. to 6 AM.); A, meal markers.

Systéemes de Boucle Fermée HYBRIDES




Meal Announcement Improves Percent Time in Target Range
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Doyle FJ lll et al, Diabetes Care 2014



La Solution: Modéliser I’action de I'insuline
et créeer un modele predictif

ﬁ Silico Subject \

Meal = Sensor Model
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Cobelli C, Renard E, Kovatchev B. Artificial pancreas: past, present, future. Diabetes 60: 2672-82, 2011




L’Algorithme Model Predictive Control
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The Cambridge Experience of MPC Closed-Loop at Night-
Time in Type 1 Diabetic Children and Adolescents:
Minimized Time Spent in Hypoglycaemia

=
2
-
E
L
m
L
[
T
=1
fi1o)
-
-—
L,
=
E
=
)

plasma glucose (mmol/l)

Hovorka R. et al, Lancet 2010



Subcutaneous Glucose Sensing, Algorithm Management,
and Subcutaneous Insulin Delivery: UVA, UCSB, Padova & Montpellier System

lnstitut5||: I
~z2zll Inserm

UCSB/Sansum APS®

Study
Participant

~

Artificial Pancreas System

UCSB/Sansum APS ©

Artificial Pancreas System
OmniPod Insulin Attending

Management System Physician PC running

Model Predictive Control




Multi-national study of subcutaneous MPC closed-
loop control in Adults with T1DM

5-fold reduction in nocturnal hypoglycaemia
with better overall glucose control within target range

Overnight time (%) within the Nocturnal hypoglycaemic
target range of 70-140 mg/dL episodes (BG <70 mg/dL)

Open-Loop Closed-Loop Open-Loop Closed-Loop

Kovatchev B, Cobelli C, Renard E et al, J Diabetes Sci Technol 2010



MPC Meal Control remains the Weak Point

CAT Trial - subject 04 - Algorithm OL - 29 Jun 2011
500

SEVENTH FRAMEWORK
PROGRAMME

uaztzae 11 !nserm

Institut national

C IC 1 41 1 de la santé et de la recherche médicale

30 Jun

CAT Trial - subject 04 - Algorithm AP - 15 Jun 2011
s00

CAT Trial - subject 04 - Algorithin CAM - 20 Jul 2011

Ljuif YM et al, Diabetes Care; 36: 3882-7, 2013



Modular Algorithms Allow Increased
Safety of Glucose Control

Initialization & Adaptation (Run-to-Run Control)
(works initially, and then episodically, to suggest/correct changes O detects | mm | nent hypog chem ia

to basal rate & pre-meal boluses and tune closed loop control)

* intercepts boluses potentially
requiring additional carbohydrate

Range Control Module
(works when needed, to regulate glycemia)

Model Predictive Control ; System State Estimation Data Retrieval RC M

« computes the optimal insulin

infusion to control glucose
Modular Closed-Loop Control of Diabetes’

Safety Supervision Module

e poglycemia, improves the safety of insulin pump and the accuracy of CGM)

Insulln Pump




Improved Time in Range and Mean Blood
w1l Inserm Glucose with MPC Modular Algorithm

Institut national

C I C 1 41 1 de |a santé et de |a recherche médicale
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Breton M, Farret A, Bruttomesso D et al, Diabetes 2012; 61: 2230-7



The Needed Tool to Go Home with AP




The Home AP
System

One-way 3G connection
to remote server.

DiAs - the Diabetes | —EETE e, |
Assistant platform | G\E
running user interface | £ S=Sis=s=sas 1%

and control algorlthms [ = n’

Low- power
Bluetooth
connection.

AP Communication S —
System (APCS) -
portable implementatio
of the APS®.

S
Artificial Pancreas System

ANT+ and/or
Bluetooth
connection.

Various CGM
and insulin
pumps




First Outpatient Experience
with Artificial Pancreas,
Montpellier & Padova, 25-
26/10/2011
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Home CTR 1 - subject 301 - Algorithm SSM - 24 Oct 2011

Hotel - Open Loop CRC - Closed Loop Hotel - Closed Loop

142 mg/d 18 s mins ago |

Last bolus: 5.0 U at 08:07 AM
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o Cobelli C, Renard E, Kovatchev BP, et al.
Diabetes Care 2012; 35: e65-7.



Boris P. Kovatchev,® Eric Renard,?

Safety of Outpatient Closed-Loop [lees e o e

Patrick Keith-Hynes,”
Stacey M. Ander‘son,J Sue A. Brown,J

Control: First Randomized i i Mo v

Lioyd B. Mize,* Anne Farret,’
Jéréme Place,” Daniela Bruttomesso,’

Crossover Trials of a Wearable

. . Lalo Magni,® Federico Di Paima,”
i ] ¥ ¥ [ N i Chiara Toffanin,” Mirko Messori,”
Al t ].h(f ]. C11 P L:l].].(:-‘ l e ClS Eyal Dassau,” and Francis J. Doyle 11I°
Diabetes Care 2014,;37:1 :

Table 1—Summary of study outcomes

Metric Closed loop

Primary outcomes: reduction in hypoglycemia
LBGI 0.64
Percentage of time below 3.9 mmol/L (70 mg/dL} : 0.70
Number of hypoglycemic episodes/person/
session requiring carbohydrate treatment . 1.22
Grams of carbohydrate/person/session used for
treatment of hypoglycemia 39. 17.6




The Closed-Loop Insulin Delivery
Wearable Tools
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STARTRERET Closed-Loop Insulin Delivery System,
University of Cambridge, UK

Diabetes Assistant (DiAs), University of
Virginia, VA, USA



Overnight Closed-Loop Insulin [ fowrke ” oariei tler

Hood Thabit,? Janet M. Allen,*?

Dehvery in Young People With Lalantha Leelarathna,™” Ranna EF—Khm'n’,u_

. 1.3 1.2
Kavita Kumareswaran,™ Karen Caldwell,™

Type 1 Diabetes A Free_LiVlngj Peter Calhoun,” Craig Kollman,

Helen R. Murphy,” Cario L. Acerini®

Randomized Clinical Trial Malgorzata E. Wilnska,

Marianna Nodale," and David B. Dunger™*
Diabetes Care 2014;37:1204-1211

closed loop Table 1-Secondary comparisons during evaluable nights and evaluable days
- = CONtrol Overnight closed loop (N = 16 subjects) Control group N = 16 subjects) Paired difference’ Pyalue
From 2300to 0700 h

LT (1 Al I Qﬁq QRQ

Mean glucose (mg/dL) 137(32) 151(52) 14(58)

Within-night CV of glucose (%] 2(17-29) 20(13-28) 3(-Ttol2)

Between-night CV of glucose (%) 21 (17-28) 29(25-33) —

Time spent at gucose lovel ()’
70-180 mg/dL 85 (68-34) b9 (42-87) 12(-5to3)
<54 mgldL 0.1(0.0-04) 00{00-11) 00(-06t002)
<63 mg/dL 04(0.1-19) 0.3(0.0-44) 0.1(-26t0L0)
<70 mg/dl 14 (04-5.0) 09(0.0-97) 0.2(-56t024)
=144 mg/dL 0.1 (15.6-5L8) 426(154-818) 106 (438 to 14.6)
=180 mg/dL 95 (1.9-274) 16.2(22-532) 4.7(-363t075)

0 T T T T T T T =300 mg/dL 00(0.0-:0.) 00{0.0-09) 00(-05t000)
2300 0000 0100 0200 0300 0400 0500 0600 0700 Mumber of nights when glucose <63 mg/dl* 27{10%) 48 (17%) =

Time of day (h) Low blood glucose index 0.26 0.05-0.87) 0.17(0.00-1.67) 0.02 (=101 to 047)

P
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—
o
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Q
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Evening and night closed-loop control in patients with type 1 diabetes under free living
conditions: a randomised crossover trial
Jort Kropfft, Simone Del Faverot, Jerome Placet, Chiara Toffanin{, Roberto Visentin, Marco Monaro, Mirko Messori,

Federico Di Palma, Giordano Lanzola, Anne Farret, Federico Boscari, Silvia Galasso, Paolo Magni, Angelo Avogaro,

Patrick Keith-Hynes, Boris Kovatchev, Daniela Bruttomesso, Claudio Cobellit, J Hans DeVriest, Eric Renardt, Lalo
Magnit, AP@home consortium

8 weeks

Study Flow Chart
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OPEN = Insulin Pump + CGM
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Lancet Diabetes Endocrinol, 2015




Day and Night Closed-Loop
Glucose Control in Patients With
Type 1 Diabetes Under Free-Living
Conditions: Comparison of a
Single-Arm 1-Month Experience
to Results of a Previously Reported
Feasibility Study of Evening and
Night at Home

Diabetes Core 2016
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coze profile (mean = SDjower 24 h for SAP and D/N AP penods (4) and for £E/N-AP and D/N-AP perods (8

CONCLUSIONS

O/ M-AF and EfN-AF both achieved betier glucose control than SAP under free-
Iwimg conditons. Although tmebs-Ow aimenent glycamic rangcs-eas similar be-
twween O N-AF and EfN-AF, DFN-AP further reduces glucose variability.




Home Use of an Artificial Beta Cell
in Type 1 Diabetes

H. Thabit, M. Tauschmann, J.M. Allen, L. Leelarathna, S. Ha
C.L. Acerini, S. Dellweg, C. Benesch, L. Heinemann, J.K. Mader
<ojzar, ]. Exall, J. o ]. Pichierri, K.D. Barnard, C
—. Hindmarsh, ]= , S s, 1.R. Pieber, M.
2. Howvorka, for - }
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Figure 2. Overnight Glucose Levels.

Shown are the individual overnight mean sensor glucose levels in adults (Panel A) and in children and adolescents
(Panel B). Adults used the closed-loop systems day and night and children and adolescents used the closed-loop

systems overnight. The size of the bubble indicates the proportion of time overnight during which the glucose level
was below 50 mg per deciliter (2.8 mmol per liter).

Shown are the median sensor glucose levels and the median values for insulin delivery during ths{ day-and-night closed-looplstudy in-

volving adults (Panel A) and the pvernight closed-loop|study involving children and adolescents (Panel B). The bands indicate interquar-

tile ranges. To convert the values Tor glucose to millimoles per liter, multiply by 0.05551. DOl: 10.105 E..'I MEJMoal509351




French Study of Closed-Loop vs. Threshold Low Glucose
Suspend in Children with Type 1 Diabetes

g -
Tangem cElim
Inzlia pumg

Paris

Renard E et al,
Diabetes,
Obes Metab
2019

Daily Glucose Profiles with TLGS vs. Modular CTR Median and IQR



Closed-loop insulin delivery in adults with type 1 diabetes in
real-life conditions: a 12-week multicentre, open-label
randomised controlled crossover trial

ierre-Yves Benhamou, Sylvia Franc, Yves Reznik, Charles Thivolet, Pauline Schaepelynck, Eric Renard, Bruno Guerci, Lucy Chaillous,
Celine Lukas-Croisier, Nathalie Jeandidier, Helene Hanaire, Sophie Borot, Maeva Doron, Pierre Jallon, llham Xhaard, Vincent Melki, Laurent Meyer,
Brigitte Delemer, Marie Guillouche, Laurene Schoumacker-Ley, Anne Farret, Denis Raccah, Sandrine Lablanche, Michael Joubert, Alfred Penfornis,

Guillaume Charpentier, on behalf of the DIABELOOPWPZ Trial Investigat ors*

m— (Ipen loop DBLG1 (n=63) SAP (n=63) Paired difference” (95% CI) p value
=== Closad loop

Time spent at glucose concentration
3:9-10-0 mmol/Lt 58.5% (9.4) DO-4% {1021 9.2% (6-4t011.0) =0-0001
4-4-7-8 mmol/L 39:3% (7-9) 33-5% (7.9) 5-8% (3.7 to 7-9) <0-0001
~10-0 mmol/L 29.5% (10-2) 363% (102) -6-8% (-37 to-3-9) <0-0001
~13.9 mmol/L 7-4% (63) 117% (63) -4.3% (-6-2t0-2-4) <0-0001
=167 mmol/L 2-4% (31) 4-3% (31) -2:0% (-3-0to-1-0) 0-0002
<3-9 mmol/L 2-0% (2-4) 4-3% (2-4) -2-4% (-3-0t0-17) =0-0001
<33 mmaol/L 0-8% (0-8) 2-0% (1.6) -1.3% {-1-6to-0-9) =0-0001
<2.8 mmolfL 0-2% (0-8) 07% (0-8) -0.5% (-07 to-0-3) 00001
Hba,, change from baselines -0-29% (0-6) -0-14% (0-6) -015 (-033 to 0-03) 0098
Hb,, change from baselinet (mmaol/maol) -3-20 (57) -1.57 (5-6) -1.63 (-3-57 to 0-31) 0098
B0 Glucose concentration {mmol/L) 87(0-8) 9-1(0-8) -0-4{-0-6t0-01) 0012
60 Coefficient of variation of sensor glucose (%) 310 (39) 333(39) -23(-31to-15) =0-0001
LBGI . . -05 (-0-6to-0-4) =0-0001
4Cm:c:-:- 0200 0400 060D 0800 1000 1200 1.1:0-:- 1600 1800 2000 2200 HEGI f,:':;ﬁ;’,"""" period f::g;;l period -17 (-2:6 to-0-9) 0-0001
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: : closed-loop pericd mir | 2€vere hypoglycaemia 5 EE: tsequence.
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Table 2: 24 h glucos: Data are number of events. Severe hy'p-:'gly-:aemiawas defined as -:aE'i Ia'y_:JI-:u-:ud srements (modified intention-to-treat analysis set)
glucose =20 mmol/L. Severe hypoglycaemia was defined as intervention of a

third party for correction of hypoglycaemia. *Five severe hyperghycaemic events
occurred in one patient, and four severe hyperglycaemic events occurred in three
patients. tThree severe lypoglycaemia events (one event in three patients)
occurred during the first 12 week treatment period due to hardware dysfunction
and two events (one event in two patients) occurred during the second 12 week
treatment period due to human error. $Two severe hypoglycaemia events (one
event in two patients) occurred during the first 12 week treatment period and one
sewere event ocourred in one patient during the second 12 week treatmant period

Lancet DigitalHealth 201%;
1: 21725

Table 3: Serious adverse events in the safety analysis set




Le Régulateur Endocrinien Essentiel de la Glycémie:
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Day and night glycaemic control with a bionic pancreas
versus conventional insulin pump therapy in preadolescent
children with type 1 diabetes: a randomised crossover trial
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Bionic Pancreas is Great on Glucose Control...
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Perfusion Automatisée d’Insuline
(« Pancréas Artificiel» ou « Boucle Fermée »)

Continuous

Continuous glucose : .
subcutaneous insulin

sensor : :
infusion

Glucose Insulin
delivery

Figure 1. A model of an artificial pancreas, compnising of a continuous glucose sensor and a
continuous subcutaneous msulin infusion which are connected by a control algorithm. Insulin
delivery 1s dependent on the glucose level and the algonithm, which in turns affect the final
glucose levels.

Drugs. 2019 Jul;79(10):1089-1101




Algorithme
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Pompe a insuline

INSULINE
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Capteur
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GLUCOSE
INTERSTITIEL

Smartphone

Algorithme

Pompe a insuline

INSULINE
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Figure 1. Schéma illustrant les deux types de systémes disponibles d’insulinothérapie automatisée.
Les systémes Medtronic MiniMed 670G, Tandem t:slim X2 Control-IQ), Insulet Horizon placent I'algorithme dans la pompe a insuline qui recoit le signal du
capteur de glucose (schema de gauche A). Le systeme Diabeloop DBLG1 place I'algorithme dans un boitier informatique (smartphone) qui regoit le signal du

capteur et transmet le signal de commande & la pompe a insuline (schéma de droite B).




Safety of a Hybrid Closed-Loop Insulin Delivery Richard M. Bergenstal, MD
System in Patients With Type 1 Diabetes Satish Garg, MD
JAMA Fublished online September 15, 2016 Stuart A. Weinzimer, MD
Bruce A. Buckingham, MD

Table 2. Glucose Control. Insulin Usage, and Weight Among Patients Bruce W. El:liflE'. MD
Using Hybrid Closed-Loop Systems - -
e TyPne - osedoop sy=rem William V. Tamborlane, MD

Paramete . - .
Francine R. Kaufman, MD

>180 mg/dL
71-180 ma/dL 7 (12 - No. of Events

Run-in Period® Study Period”

Severs hyperglycamia®©

Due to infusio

FDA approves first automated insulin delivery
device for type 1 diabetes

776 (16.1) [74.7]
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Systemes de Boucle Fermée Hybride Mono-hormonaux
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Différents systémes de délivrance automatisée d'insuline approuvés par la HAS en France en 2024

Systémes Medtronic 780G Tandem control-1Q CamAPS FX Diabeloop DBLG1 Diabeloop DBELHU OmniPod 5

Algorithme SmartGuard Control-IQ 1.0 CamAPS FX DBLG1 DBLHU SmartAdjust
Minimed 780G
Advanced
Hybrid
Closed-loop

Interface utilisateur Pompe a insuline Pompe a insuline Smartphone AndroidTerminal spécifiqueTerminal spécifiqueContrdleur spécifique

C(GM compatibles Gardian Link 3 ou 4  Dexcom G6 Dexcom G& Dexcomn G& Dexcom G6& Dexcom G6&
FreeStyle Libre 3

Pompes a insulines compatibles Medtronic 780G Tandem t:slim X2 Ypsopump Kaleido Kaleido OmniPod 5

Plateforme Carelink MyDiabby Glooko-XT YourLoops YourLoops GlookoXT
téléchargement Glooko-XT

Marquage CE Age > 7 ans Age > 6 ans Age =1 an Age > 18 ans Age = 18 ans Age = 2 ans

Approbation HAS Age > 7 ans Age > 6 ans Age > 2 ans Age > 18 ans Non Age = 2 ans
Age = 4 ans
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Observatoire de la Boucle Fermée en France (OB2F)

A Nationwide 12-Month observatory of automated insulin delivery

shows improved glucose control, sustained adoption, and reduced

acute severe events

Diabetes Obes Metab, in press, 2025

79 centres de diabétologie francais (56 adultes et 23 pédiatriques); 2741 participants

1171 adultes (age médian 44 ans, durée meédiane du diabete 24 ans)

450 ados/jeunes adultes (age médian 18 ans, durée médiane du diabéte 10 ans)

307 enfants (age médian 10 ans, durée médiane du diabete 6 ans)

99% sous BF Medtronic 780G ou Tandem Control-IQ entre 1/1 et 31/12/2022 en vie courante



Table 2. Evolution of glucose control and percentages of people experiencing severe hyvpoglvcemia or ketoacidosis before and after AID initiation.

MO M3 Me M12 p} pE ICx ICT
MNumber 2741 2461 2235 2215 NA NA NA NA
HbAle, % 76[1.2] 7.0[0.8] 7.0[0.6] 7.0[0.8] =2e-16 =2e-16 [0.01;0.02] [0.08;0.12]
Number of people with HbAle < 7% (%) 718 (28) 813 (33) 839 (33) 853 (51) =2e-16 =2e-16 [-0.17:0.04] [-0.35;-0.16]
Number of people expeniencing at least one SH
112 (4.1} - - 19 (0.26) 2.11e-10 NA NA MNA
for the last 12 months (%)
Number of people experiencing at least cne DEA
34(1.2) - - 13 (0.6) =2e-16 NA NA MNA
for the last 12 months (%)
MNumber of people with available CGM data (%) 1989 (73) 2242 (91) 1995 (89} 19230 87) NA NA NA NA
TIE. % 58 [21] T2[13] 71 [14] 70 [14] =2e-16 <2e-16 [-1.6:-1.16] [-2.2:-1.73]
TBE, % 20300 1.972.0] 1.6]2.1] 1.5[2.1] =2e-16 3.73e-10 [-0.3:-0.1] [-0.3:-0.2]
TAER. % 387[22] 25 [14] 27[15] 27[14] =2e-16 =2e-16 [1.4:1.85] [1.9:2.4]
GML % T5[1.0] 6.9 [0.6] T0[0.7] 7.0 [0.7] =2e-16 <le-16 [0.06:0.08] [0.09:0.11]
CV, % 36 [8] 357 3507 33[8] =Ze-16 <2e-16 [-0.11:0.1] [-0.02:0.2]
Number of people with TIE. abowve 70% (%4) 42022y 1307 (58) 1035 (32) 063 (30) =2e-16 <de-16 [-0.5:-0.33] [-0.61;-0.44]
MNumber of people with TBE. below 4% (%) 1382 (72) 1838 (82) 1648 (83) 1593 (83) =2e-16 6.17e-15 [0.04:0.35] [0.12;0.43]
Number of people with TIR above 70%
265 (13) 1065 (48) 846 (42) 776 (40 =2e-16 <2e-16 [[0.36;-0.2] [-0.5;0.35]
and TBE. below 4% (%)

Continuous varlables are presented as median [IQR]. and categoncal vanables as number (percentage). AID: Automated Insulin Delrvery; SH: Severe Hypoglveemma; DEA: Diabetic KetoAcidosis, CGM: Contmuous
Glucose Momtoring; TIE: Time in Eange; TBE: Time Below Fange; TAR: Tmme Above Bange; GMI: Glyeemic Monitoring Index; CV: Coefficient of vanaton of glycemia.; NA : Mot Applicable.

pé: M0 vs Follow up; pf: Supenority analyvsis M3 vs M0; ICE Non infeniority analvsis M3 vs M6.1CT: Non inferiority analysis M3 vs M12
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Association Between Diabetes Technology Use and Glycemic
Outcomes in Adults With Type 1 Diabetes Over a Decade

Kagan E. Karakus, Halis K. Akturk, G. Todd Alonso, Janet K. Snell-Bergeon, and Viral N. Shah

Diabetes Care 2023;46(9):1646—1651 | hitps:/doi.org/10.2337/dc23-0495
Key Findings

Q

-0.1

-0.2

Technology use -0.3
%-0.4

-0.5

Mean Clinic
HbA,, (%) 0.6
-0.7

-0.8
Meeting HbA,,

-0.9

goal of <7%

There was a significantly lower HbAlc in adults with type 1 diabetes using continuous
glucose monitoring (CGM) or automated insulin delivery (AID) compared to adults not

using diabetes technology.
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Figure 3 —A: Least-squares mean and 5Es of Hb&,, by AlD use, CGM use, or no diabetes technology
use. The HbAy, ot AlD users was lower than diabetes technology nonusers in all years (P < 0.001
for all time points) and was lower than CGM users in allyears [P - 0.05 in 2017, P < 0001 in 2018,
2020, and 2021) except 2019, The HbAy: of OGM users was lower than that ot diabetes technology
nonusers in all years [P < 0.001 for all time points). B Percentage meeting the HbAi:. goal of
=77 1% by AlD use, CGM use, or no diabetes technology use. Percentage who achieved the goal dit-
tered signiticantly between groups [P < 0,001 tor all years). There were no AID usersin 2014=-2015,
and three AID users in 2016 were not induded.

Diabetes Care 2023:46:1646-1651




Mise en place de I'insulinothérapie
automatisée en boucle fermée :
position d’experts francais
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synthése des préconisations pour l'utilisation de la boucle fermée chez I'adulte et I'enfant en 2024

Indications en 2020 Indications en 2024

Prérequis

Type de diabéte Type 1 | Autres diabétes insulinuprivesl:

A discuter (voir texte)

Age > 6 ans = 2 ans

Ancienneté > 6 mMois Possible dés le diagnostic
chez l'adulte (voir texte pour I'enfant)

Traitement préalable Pompe depuis 6 mois - Pompe sans nécessité d'une durée préalable de 6 mois
- Multi-injections possible

Formation Comptage des glucides Comptage préférable
mais non indispensable

Engagement Respect d'un parcours de soin spécifique idem

élevée (voir texte)

Contexte Grossesse
Diabéte instable

Criteres

HbA1c Limitations réglementaires lPas de limites, possible avec prudence et conditions si Alc trésJ

Objectifs métaboliques (critéres internationaux ADA/ISPAD) Idem
\ et/ou gualité de vie non atteints )




Centres
Initiateurs de
Boucle Fermée

mixtes, sont composées d'au moins deux IT'I!.—dEf'iI'I" spedialistes

en endocrinologie-diabétologie, d'une infirmiere et d'une dié-
ticienne expérimentées en diabétologie, formés a I'éducation

> |a formation du fabricant du dispositif de

a}rant suivi Et validé la formation au DIU d'insulinothérapie
automatisée (au moins 2 membres de I'équipe, dont au moins
un médecin) ;
disposant d'une formation a I'éducation thérapeutique ;
assurant un suivi minimal de 80 patients sous pompe
a insuline ;
urant (ou prévoyant pour la premiere année de fonction-

nement) un suivi minimal de 20 patients sous BF par an ;

» justifiant d'une formation continue annuelle au systéeme de BF
(congrés, réunions régionales et nationales) ;
pouvant développer une prise en charge pluriprofessionnelle
lors de l'initiation du dispositif de boucle fermée au sein d'une
équipe associant 2 medecins spécialistes en e dﬂf‘ﬂl‘lﬂhgh—-
diabétologie, une IDE et une dl otéticienne ;
pouvant assurer (pour les services hﬂ;pl'r.jhE ou participer
(pour les dl.jbrmlﬂgu” libéraux) a une astreinte 24 h/24 et
7 j/7 pour les gestions des situations d'urgence métaboli
organisant ou pa Tlrlp.jl'l’r a des RCP ou té
demande des diabétologues de suivi ;
pouvant initier et assurer une télésurveillance des patients
sous boucle fermée pendant la période initiale d'initiation de
3 mois pour tous les patients ou au-dela des 3 mois pour les
patients dont |'équilibre glycémique ou I'autonomisation sous

Ces equipes multiprofessionnelles hospitaliéres, libérales ou

\. boucle fermée le nécessiterait. i

[|d file active restent également inchangés depuis
fort des travaux initiaux menés sur les centres de

F_-t dF_- compétences de diabétologie pédiatriques
ans le cadre du livre blanc adressé au ministére en

res initiateurs I:Jl.— sdiatriques de boucle fermée : file active
de p-:ltlt-_'l'lt.: suivis > 150 dont au moins 75 d' r_-nT.jnt5 et ado-
lescents sous pompe a insuline et assurant (ou prévoyant pour
la premiere année) l'initiation minimale de 10 boucles
fermées ; disposant d'une astreinte de diabétologie pédia-
trique 24 h/24h et 7)/7 et dun service d'urgence
pédiatrique ;
centre de suivi pédiatrique de boucle fermee : fi
patients porteurs d'un diabete de type 1 suivis entre
dont au moins 35 enfants et adolescents sous pompe a insuline
et assurant (ou prévoyantd'assurer la premiére année) le suivi
de 5 boucles fermées ; disposant d'une organisation locale ou
regionale permettant d'assurer une astreinte de diabétologie
pediatrique 24 h/24h et 7j/7 et d'un service d'urgence
pédiatrique.
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