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Le Diabète Insulinoprive

Un Problème Thérapeutique Non Résolu

• Une hyperglycémie 

chronique à risque de 

complications sévères

• Des épisodes 

hypoglycémiques iatrogènes 

récurrents invalidants

• Une variabilité glycémique 

non contrôlée

• Une qualité de vie altérée

• Une insulinothérapie peu 

flexible et exigeante

• Un monitoring glycémique 

obsédant

• Des besoins insuliniques 

toujours changeants

• Une vigilance de tous les 

instants



La 

Photographie 

du Diabète de 

Type 1 

Aujourd’hui



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

1974



The Quest for the Artificial Pancreas
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Static control law

[Albisser et al., 1974]



Albisser AM et al, Diabetes; 23: 389-396,1974



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 

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 

concerning exogenous insulin homoeostasis were determined. The delay to reach an 

insulin effect was 18+/-2 min and was shortened by a priming-dose at the beginning of 

the infusion. The insulin effect remained for 28+/-2 min after the infusion had been 

stopped, but differences were noted in the morning (21+/-2 min), in the afternoon 

(32+/-2 min) and during the night (25+/-3 min). Insulin needs were evaluated during 

meals. Related to the amount of carbohydrates, the doses fell from 0.53 units/hr/g of 

carbohydrate for breakfast to 0.15 for dinner. From these data, it appears that the 

efficiency of exogenous insulin exhibits a circadian rhythm.
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Well adapted for closed-loop

control using reactive systems

Insulin delivery is modulated 

according to:

Difference between current glucose 

level and target glucose level

(proportional component)
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Pfeiffer EF et al, Horm Metab Res; 6: 339-342,1974

Le BIOSTATOR: Premier Modèle de Pancréas Artificiel 

Commercialisé



“Can we get it smaller, 

please ?”
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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



LONG-TERM IV GLUCOSE SENSOR (LTGS)

 (Medtronic-MiniMed) 

Glucose Permeable Window

Reference O2 Electrode (Io(t))

glucose + oxygen                       gluconic acid + hydrogen peroxide

Glucose Oxidase 

Matrix

Glucose Sensitive O2 Electrode (Ig(t))

O2
Glucose

The current ratio Iglu/Ioxy provides 

the basis for  glucose measurement

LTGS measures SC SENSORS 

measure

glucose 

oxidase
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Long-term Accuracy of Glucose Sensing With LTSS



CLOSED-LOOP GLUCOSE CONTROL USING LTSS AT 
NIGHT-TIME (12 AM - 6 AM)
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TIGHT BASAL GLUCOSE CONTROL 



 During  

Closed Loop 

Less Than 70 mg/dl 5.9 % 

Between 70 and 

120 mg/dl 

42.0 %  

Between 120 and 

240 mg/dl 

50.1 % 

Above 240 mg/dl 2.0 % 

Average Glucose 131 mg/dl 

Insulin Use 51 U/day 
 

 

Renard  E, Curr Opin Pharmacol, 2002

LTSS Study (2000-2007)
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CLOSED-LOOP GLUCOSE CONTROL USING LTSS 

BETWEEN NOON AND MIDNIGHT (12 PM - 12AM)
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DELAYED SENSING AND INSULIN DELIVERY EXPLAIN POST-MEAL HYPERS



Hybrid PID Closed-Loop System, 2008-2010

Renard E, et al. Diabetes Care 2010;33:121–7.
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SC Glucose Sensor + IP Insulin Infusion
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Controller
Insulin

Pump

Glucose

Sensor

Plasma 

Glucose

Insulin Action Delay:

Periphery ~20 min

Liver ~100 min

Subject
Insulin Absorption

Delay ~30-100 min

Interstitium-Plasma

Delay ~5-15 min

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

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

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

▪ 10 type 1 diabetic patients, closed-loop for 30 hours vs. open-

loop for 3 days

▪  Blood glucose: 133 ± 63 vs. 133 ± 52 mg/dl

▪  Time spent b/w 70 and 180 mg/dl: 75 vs. 63%

▪  Blood glucose < 60 mg/dl: similar



Systèmes de Boucle Fermée HYBRIDES



Meal Announcement Improves Percent Time in Target Range

Doyle FJ III et al, Diabetes Care 2014



La Solution: Modéliser l’action de l’insuline 

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



The Cambridge Experience of MPC Closed-Loop at Night-

Time in Type 1 Diabetic Children and Adolescents: 

Minimized Time Spent in Hypoglycaemia

Hovorka R. et al, Lancet 2010



Subcutaneous Glucose Sensing, Algorithm Management,

and Subcutaneous Insulin Delivery: UVA, UCSB, Padova & Montpellier System

Study

Participant

PC running

Model Predictive Control

OmniPod Insulin 

Management System

time reference BG
Frequent YSI provides

reference BG

Attending

Physician

UCSB/Sansum APS ©

Artificial Pancreas System

CIC 1411



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 

target range of 70–140 mg/dL

Nocturnal hypoglycaemic 

episodes (BG <70 mg/dL)

64
78

5

23

Kovatchev B, Cobelli C, Renard E et al, J Diabetes Sci Technol 2010
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MPC Meal Control remains the Weak Point

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

CIC 1411



Modular Algorithms Allow Increased 

Safety of Glucose Control

SSM

• detects imminent hypoglycemia

• attenuates insulin delivery

• intercepts boluses potentially 

requiring additional carbohydrate

RCM

• computes the optimal insulin 

infusion to control glucose

• takes into account the trade-off 

between reaching the target as 

fast as possible and using less 

insulin as possible

• works using information of the 

individual conventional therapy
Hardware Interface

Insulin Pump CGM

CGM &
insulin 
data

Output to pump 
& CGM



Improved Time in Range and Mean Blood 

Glucose with MPC Modular Algorithm

Standard CSII
CLS
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Breton M, Farret A, Bruttomesso D et al, Diabetes 2012; 61: 2230-7
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A

B

The Needed Tool to Go Home with AP



AP Communication 

System (APCS) – a 

portable implementation 

of the APS®.

DiAs – the Diabetes 

Assistant platform 

running user interface 

and control algorithms.

Various CGM 

and insulin 

pumps

One-way 3G connection 

to remote server.

Low-power 

Bluetooth 

connection.

ANT+ and/or 

Bluetooth 

connection.

The Home AP 

System



First Outpatient Experience 

with Artificial Pancreas, 

Montpellier & Padova, 25-

26/10/2011

Cobelli C, Renard E, Kovatchev BP, et al. 

Diabetes Care 2012; 35: e65-7.





The Closed-Loop Insulin Delivery 

Wearable Tools

Continuous 

subcutaneous

insulin infusion pump

CGM receiver and 

translator

CGM 

Transmitter

Control algorithm 

device

Diabetes Assistant (DiAs), University of 

Virginia, VA, USA

Closed-Loop Insulin Delivery System, 

University of Cambridge, UK





Evening and night closed-loop control in patients with type 1 diabetes under free living 

conditions: a randomised crossover trial
Jort Kropff†, Simone Del Favero†, Jerome Place†, 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 Cobelli†, J Hans DeVries†, Eric Renard†, Lalo 

Magni†, AP@home consortium

Lancet Diabetes Endocrinol, 2015

8 weeks





12 weeks



Daily Glucose Profiles with TLGS vs. Modular CTR Median and IQR
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French Study of Closed-Loop vs. Threshold Low Glucose 

Suspend in Children with Type 1 Diabetes

Montpellier Tours Angers Paris

Renard E et al, 

Diabetes, 

Obes Metab

2019





Le Régulateur Endocrinien Essentiel de la Glycémie:
L’îlot pancréatique







Bionic Pancreas is Great on Glucose Control…

But Somewhat Cumbersome ! Improvement to 

come…



Perfusion Automatisée d’Insuline 

(« Pancréas Artificiel» ou « Boucle Fermée »)

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





http://www.reuters.com/news/archive/healthNews


Medtronic 780G

Tandem Control-IQ

Diabeloop DBLG1 CamDia APS

Systèmes de Boucle Fermée Hybride Mono-hormonaux

OmniPod 5





Tandem Control-IQ



Medtronic 780G



Diabeloop DBLG1



Observatoire de la Boucle Fermée en France (OB2F)

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

 1171 adultes (âge médian 44 ans, durée médiane du diabète 24 ans)

 450 ados/jeunes adultes (âge médian 18 ans, durée médiane du diabète 10 ans)

 307 enfants (âge médian 10 ans, durée médiane du diabète 6 ans)

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

Diabetes Obes Metab, in press, 2025













Practical implementation of automated insulin delivery systems in 2025: A French position 
statement update - 19/03/25

Doi : 10.1016/j.diabet.2025.101637
E Bismuth a, M Joubert b, , E Renard c, N Tubiana-Rufi a, L Chaillous d, E Bonnemaison e, H Hanaire f, R Coutant g, P Schaepelynck h, J Beltrand i, Y Reznik b, F Authier j, 
S Borot k, S Brunot l, C Calvez m, G Charpentier n, F Dalla-Vale o, A Delawoevre p, B Delemer q, A Desserprix r, D Durain s, S Fendri t, S Franc u, C Godot v, D Gouet w, 
A Guenego x, B Guerci y, I Guilhem z, N Jeandidier aa, S Lablanche ab, C Le Tallec ac, M Malwe ad, L Meyer ae, C Morin af, A Penfornis ag, S Picard ah, JP Riveline ai, 
V Rossignol aj, S Smati ak, A Sola-Gazagnes al, C Thivolet am, O Villard an, PY Benhamou ab

on behalf SFD, SFD paramédical, SFE, SFEDP, AJD, FFD, FENAREDIAM, CNP-EDDM and CODEHG

https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0001
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0002
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0003
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0001
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0004
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0005
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0006
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0007
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0008
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0009
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0002
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0010
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0011
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0012
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0013
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0014
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0015
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0016
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0017
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0018
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0019
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0020
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0021
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0022
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0023
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0024
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0025
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0026
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0027
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0028
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0029
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0030
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0031
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0032
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0033
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0034
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0035
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0036
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0037
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0038
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0039
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0040
https://www.em-consulte.com/article/1731291/practical-implementation-of-automated-insulin-deli#AFF0028




Centres 

Initiateurs de 

Boucle Fermée



Merci !
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