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NOVAS TECNOLOGIAS EM DIABETES

"= Bombas infusoras de insulina
m Sensores subcutaneos da glicose intersticial

= Monitorizacao da glicose: retrospectiva ou em

tempo real
" Novos métodos de avaliacao da glicemia “capilar”

= AplicacOes para contagem de equivalentes

alimentares, calorias e escolha de alimentos



BOMBA INFUSORA DE INSULINA

= As principais vantagens da insulinoterapia com bomba

Infusora de insulina sao:

" a) melhor controlo metabdlico quando comparado com as
multiplas injec¢cbes diarias de insulina

" b) reducao da frequéncia e severidade das hipoglicemias

" c) maior regularidade na absorcao da insulina com cateter

inserido no mesmo local durante 72 horas

= d) maior flexibilidade e melhor qualidade de vida



BOMBA INFUSORA DE INSULINA

" S0 candidatos os diabéticos tipo 1 que rednam uma

ou mais das seguintes condicdes:

" a) deficiente controlo metabdlico em tratamento com

multiplas injec¢cbes de insulina com > 8%

= pb) fenomeno de Dawn ou do alvorescer com glicemias do

jejum > 140-160 mg/dl
= c) hipoglicemias frequentes e graves
= d) instabilidade glicémica diaria

" e) pré concecao e gravidez



REAL-'I-“nme

Trend Graphs

Show the effect of diet, exercise,
medication and Bifestyle on ghcose levels

REAL-Time Readings
*  Help patients take action sooner

*  Upto288 glicose readings perday
every Sminutes, 24 hours aday

REAL-Time Alarms
Protect patients by wasning

of low and high ghicose levels
J
Wireless Transmitter Glucose Sensor
Smal, discreet, and waterproof Up to 3-diry continucus use

REAL-Time Trend
Arrows

Point up or down to show
the direction and rate of
change in glucose levels

1 - Débito basal de insulina pré programado

2 - Bolus pré prandias ou em sos segundo equivalentes alimentares
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http://www.tudiabetes.org/forum/uploads/default/32826/de6391917c45dade.png

SENSORES PARA CGM
MELHORES RESULTADOS, FACIL UTILIZAGAO




BASES FISIOLOGICAS DA

MONITORIZACAO

B Correlacdo entre glicemia e

glicose intersticial

B« ag time” (5-20 min)

B Menor eficacia em periodos de

rapida flutuacao glicémica

B Reflectem melhor as variacdes

da glicose a nivel celular (SNC)
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GLICOSE EM TEMPO REAL




MiniMed 670G System Highlights.

The MiniMed 670G system with
SmartGuard® HCL technology offers
two new levels of personalization:

NEW! The Suspend before lows
option avoids lows and rebound highs
proactively by automatically stopping
insulin 30 minutes before you reach
your pre-selected low limits, then
automatically restarts insulin when
your levels recover, all without
bothersome alerts.

NEW! The Auto Mode* option

automaticallx adiusts your basal
insulin delivery every 5 minutes

based on your sugar levels to keep
you in target range, all dax and night.
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Duy and Nighl‘ CIosed.Loop Control in Nocturnal Glucose Control with an Artificial
Advults With Type 1 Diabetes Pancreas at a Diabetes Camp

n Atlas. M.Se

ratina, M.D., Shahar Miller, B.Se

A comparison of two closed-loop algorithms driving continuous 01gaordorour, M.0, Natasa rati
Torben E na Avbeli Stefaniia M.D., Ido Muller B.Sc.,

subcutaneous insulin infusion versus patient sell-management

Artificial Pancreas Using a Personalized Rule-Ba Invited Review

Controller Achieves Overnight Normoglycemia (504 loop develnpments to imprnve glucose
in Patients with Type 1 Diabetes
control at home

EﬁPERT | The use of reinforcement
| Reviews learning algorithms to meet Eric Renard’, Claudio Cobelli”, Boris P. Kovatchev

the challenges of an artificial A review of artificial pancreas technologies
pancreas with an emphasis on bi-hormonal therapy

Expert Rev. Med. Devices 10(5), 661-673 (2013)

P A Bakhtiani', L. M. Zhao?, J. €l Youssef', |. R. Castle! & W. K. Ward'?

Diurnal Pattern of Insulin Action in Type 1 Diabetes
[mplications for a Closed-Loop System

Ling Hinshaw,' Chiara Dalla Man,” Debashis K. Nandy,! Ahmed Saad,' Adil E. Bharucha,’

James A. Levine,! Robert A. Rizza,' Rita Basu.' Rickey E. Carter,* Claudio Cobelli* Yogish C. Kudva,' Use Of an ar—tl'ﬂcia| pancreas at diabetes CampS

and Ananda Basu'

What's the Time? Does the Artificial Pancreas Need
to Know?

Dirk Jan Stenvers, J. Hans DeVries, and Susanne E. la Fleur
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2011: The Diabetes Assistant (DiAs):

Keith-Hynes & Kovatchev: A portable artificial pancreas system using an Android® cell
phone as a computational platform to enable outpatient use of closed-loop control







Outpatient Closed-Loop Control:
Montpelller October 24-26, 2011







DIABETES TEGHNOLOGY & THERAPEUTICS
Volume 19, Number 10, 2017

Individually Adaptive Artificial Pancreas
in Subjects with Type 1 Diabetes:

A One-Month Proof-of-Concept Trial

in Free-Living Conditions

Mirko Messori, PhD,* Jort Kropff, MD* Simone Del Favero, PhD;"* Jerome Place, MScH*

Roberto Visentin, PhD; Roberta Calore, MSc;' Chiara Toffanin, PhD, Federico Di Palma, PhD,
Giordano Lanzola, PhD? Anne Farret, MD, PhD; Federico Boscari, MD? Silvia Galasso, MDE
Angelo Avogaro, MD, PhD; Patrick Keith-Hynes, PhD; Boris P. Kovatchev, PhD;

Daniela Bruttomesso, MD{ Lalo Magni, PhD;* J Hans DeVries, MD, PhD?” Eric Renard, MD, PhD;"*
and Claudio Cobelli, PhD; for the AP@home consortium
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FIG. 1. Glucose profile over 24 h for NA-AP and adaptive R2R-AP. Trends are shown in terms of median (central solid
line) and 25th-75th percentiles (shadowed regions). NA-AP, non-adaptive artificial pancreas: R2R-AP, run-to-run artificial



BIONIC PANCREAS: INSULIN AND GLUCAGON
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Fast-acting insulin aspart (faster aspart)




Ultra-fast insulin: approaching a physiological insulin

profile even further

From the normal pancreas

‘Ultra-fast’ insulin
L] “/ \
o\

\ Rapid-acting insulin

\_

(UItra-fast insulin should:

Better approach physiological insulin
secretion in T1D

Replace early insulin secretion in T2D
Have a better profile for pump therapy
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*Schematic representation

TéD, tyé)? 1 diabetes; T2D, type 2 diabetes
Adapted from Home. Diabetes Obes Metab 2015;17:1011-20




INSULIN TREATMENT

IS A “NON-STOP REVOLUTION"

Prof. Jacques Mirouze
Claude Bernard Lecture, 1982



BOMBA INFUSORA PORTATIL DE INSULINA

1996

SERVICO DE ENDOCRINOLOGIA E DIABETES -- HUC
1° EXPERIENCIA EM HOSPITAIS PORTUGUESES




2008

Inicio da comparticipacao das
bombas infusoras pelo SNS




BOMBAS INFUSORAS

CENTRO HOSPITALAR E UNIVERSITARIO DE COIMBRA

2018

m Servico de Endocrinologias e Diabetes --- 165

" Unidade de Endocrinologia e Diabetes Pediatrica --- 160



BOMBAS DE INSULINA EM PORTUGAL
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EVOLUCAO DO CONTROLE
METABOLICO APOS SPSCI

Hipos
Doente-anos
Doente-anos

Média no ano anterior a 8,6% 165 6,7
colocacao da Bomba
Média nos anos seguintes a

(1)
colocacao da Bomba 7,6% 11 1,8

Importante melhoria do controlo glicémico

com acentuada redugao das hipoglicemias



MONITORIZACAO CONTINUA

= Monitorizacao continua retrospectiva

Determinacao da glicose intersticial a cada 3-5 min

“Cego” para o doente

“Holter” da glicemia na DMT1 e DMT2

" Monitorizacao continua“em tempo real”

Determinacao da glicose intersticial a cada 1-5 min

O doente tem acesso aos resultados em tempo “real”

“GPS”

Para uso pelo doente em tempo real



lpro / Envision®

Single Use

‘ ‘ Qtroduzir dados no

smartphone e
produz relatorios
automaticos no
Carelink™

Colocar o Utilizar durante 6
Dispositivo dias

Medtronic



MCG COM IPRO2®

Medtronic iProZ Recorder #3028581
(? dﬂ"_lp"S} Bayer Contour Link EITTE-19124887
Dverlay I:l_'l,-' Meal Event [mg!dL}
Breakfast Lunch Dinner
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Sun 21.HNov
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Average

* Hiperglicemia marcada apos Peq almoco

» Tendéncia a hipoglicemia apos jantar




18/01 (11h): hipoglicemia corrigida com sumo + chocolate

Wed 17.Nov (mg/dL) Sensor Use Clinical Judgement
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20, 21 e 22/01 (11h): PA (leite com choc + pao) sem bolus

21/01 (23.42h): sumo + chocolate sem bolus

Sat 20.Mov (mg/dL) Sensor

an

200

E

iF

1m
-
a0 ]

o
Sati200a Fi0a &0a (=R EO0a 0004 12 00p 200p =00p ElOp a:0lp 10:00p Sun 1200

Sun 21.MNov (mgidL] 5ensol

" a/’—wr\\___;f i\" =t bhf\n:

Sun 12004 Z00a 4000 E:00= E00a 0004 12:00p 2:00p “00p E00p 2:00p 10:00 p Pelcen 42008

Mon 22.Mov (mg/dL) Sensor

- e
£ /’J\‘\/—\\ /\ AN ”
wl R / S

Wlon 12:00a Z00a 4000 E:00= E00a 0004 12: 00 2:A00p “00p E00p 2:00p 10:00 p Tus 12:00&




FreeStyle Libre




FreeStyle Libre

22:23

) Term. em 13d|as i)

FreeStyle Libre
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FreeStyle Libre

SETAS DE TENDENCIA NO PRE-PRANDIAL SEM INSULINA ATIVA
A PRESENCA DE UMA SETA A SUBIR OU A DESCER DEVE SEMPRE PROCURAR-SE O MOTIVO DA VARIACAD?

‘ N - 2 t
NIVEIS DE
GLICOSE Glicose a descer Glicosa 2 descer Glicose estavel Glicose a subir Glicose a subir
(mg/dL) rapidamenta rapidamenta
{osvalores deglicoss (maisde 2mg/dl/  (entetelmg/dl/ (variagdo < Img/dl/ (entrelelmg/dl/  (maisde 2mg/dl/
indicados devem min) min) min) il -
%7 personalizados)

descida > 0mg/dl - 30-60mg/dl  variacio < 30mg/dl 4 30-60mg/dl subida > EOmgJdL
apds 30 min apos 30 min apos 30min apos 30 min apas 30 min




ALGORITHMS FOR AUTOMATED CHC IN SELF-

MANAGEMENT OF DIABETES

|. Cruz?, C. Baptistal, D. Martins?, J. Cecilio?, P. Martins, F. Carrilho?!, P. Furtado?
1Servico de Endocrinologia, Diabetes e Metabolismo, Centro Hospitalar Universitario de Coimbra. Portugal.
2Centro de Informatica e Sistemas da Universidade de Coimbra, DEI/CISUC, Universidade de Coimbra. Polo I, Portugal

—




TOOLS FOR INTERACTIVE LEARNING AND SELF-

MANAGEMENT OF DIABETES

R. Capelo?, C. Baptista?l, J. Figueiredo?, F. Carrilho! , P. Furtado?
1Servigco de Endocrinologia, Diabetes e Metabolismo, Centro Hospitalar Universitario de Coimbra. Portugal.
2Centro de Informatica e Sistemas da Universidade de Coimbra, DEI/CISUC, Universidade de Coimbra. Polo IlI, Portugal

Advinhar Equivalentes da Refeicao

Prato Aleatério










1150
NUMERO TOTAL DE
BOMBAS INFUSORAS
2014

920 Roche
154 Medtronic
45 Dana




DISTRIBUICAO POR IDADES EM
2014

i <5
M >5<18
L>18

| 575: 65%




PARADIGM VEO® SYSTEM

= Sistema semi-fechado
" Lancada em Jun/09

= Suspensdo automatica quando glicose intersticial baixa
(se o doente ndo reage ao alarme)

= Suspensdo da bomba até 2 h

= Objectivo:reduzir o risco de hipoglicemids graves
durante o sono, em periodos de Inconsciencia ou
doente incapaz de reagir

= Esfudos demonstraram que o risco de hiperglicemia /
CAD é pequeno, particularmente se o periodo de
tempo em que a bomba desliga é limitado a 120 min

Prevention of hypoglicemia using preditive alarms algorithms and insulin pump suspension.
Buckingham et al. Diabetes Technol Ther 2009; 11: 93-97



APLICACOES PARA DIABETES NO

m Saber Contar, Saber Comer

m CarbolLeanerProject



da glicose

= Elimina a “picada” com lanceta

= Nao necessita de calibracao

" Mede a glicose cada minuto no liquido intersticial através de

um pequeno filamento (5mm) com insercao subcutanea.



Novel glucose-sensing technology and hypoglycaemia in
type 1 diabetes: a multicentre, non-masked, randomised
controlled trial

an Eaiinder, RamingA nfuna, Pefronsl Ges'hoes T feestin, fens Kndge, Roimomd Welhgammer
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In summary, use of the novel flash glucose sensor
system resulted in a significant reduction in time and
incidence of hvpoglvcaemia, without deterioration in

HbA, levels, demonstrating that the system is a safe
replacement for self-monitoring of blood glucose and is

highly acceptable to individuals with tvpe 1 diabetes. For




OBSERVATORIO DA DIABETES 2013

Custos
[em Milhdes de Euros)

Portugal 201 2012 2013
Medicamentos Ambulatério Total 222 3IME 216,2 ME* 228,5 ME*
Medicamentos Ambulatario SNS 2046 ME 208.8 ME 226,0MC
Tiras-Teste de Glicemia B4 0 ME 46 0 ME 52,8 ML
Tiras-Teste de Glicemia - Encargo SNS 459 ME 38T ME £3,5 ML
Hospitalizacao - GDH's Total Diabetes 457 8 ME LET.2 ME £54,8 ME
Hospitalzacao - GOH's DOP Diabetes L0.9 ME 44 B ME 36,3 ME
Boembas Infusoras de Insulina & Consumiveis - SNS 0.8 ME 0,8 ME 1,2 MC

Fonte: GOH - ACSS5/0G5; IM5S Health; Infarmed: DES; CCF-M5: Tratamento OND

[* - Estimatival




Medtronic’'s Threshold Suspend Feature

Sensor Glucose (mg/dL)
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Insulin Delivery
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Insulin Pump Use in Europe

Eric Henard, M., Fh [
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FIG. 1. Penetrabion rates of continuous subcutaneows msulin infusion (CSID) therapy in patients with type 1 diabetes
mellitus (TIDM) in European countries.

DIABETES TECHNOLOGY & THERAPEUTICS
Voluma 12, Supplement 1, 2010

% Mary Ann Liebed, Inc.

DOI: 10.1089 /dia 2009.0189



= Monitorizacdo continua retrospectiva

Determinacao da glicose intersticial a cada 3-5 min
“Cego” para o doente

“Holter” da glicemia na DMT1 e DMT2

= Monitorizacao continua pessoal (“em tempo real”)

Determinacao da glicose intersticial a cada 1-5 min
O doente tem acesso aos resultados em tempo “real”
“GPS”

Para uso pelo doente



The AP@home Consortium (Paris 2013)

European
Commission

AP@home is a 4-year research project started in
February 2010.

| The consortium consists of 12 partners in seven

: European countries.
Paris 2013

AP@home is an BEuropean research project funded by the European
Commission under the IST framework programme 7 for Information
and Communication Technology, ICT.

The main goal of AP@home is to improve treatment of patients with
diabetes at home by

1) improving closed-loop algonthms for artificial pancreas

2) build and validate a single-port artificial pancreas providing remote
alarms



http://www.apathome.eu/dissemination/press-release-2/

