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Konu Bashklan

1 Yapay pankreas kisa tarihge

1 Yapay pankreasin yapi taslari ve hiz
sinirlayici problemler

1 En son yapilan calismalar
1 Gelecegin sistemi icin yapilan calismalar



Yapay Pankreas (Closed Loop System)

CGM

*Algoritma

Insulin Pompas1 &
Instilin

*CGM glukoz
degerini
bilgisayara
gonderrtr,
bigisayardaki
algoritma glukoz
degerine gore
verilecek 1nstilin
miktarini
hespladiktan sonra
insiilin pompasina
iletilip 1nflze
edilir.
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The JDRF Artificial
Pancreas
Consortium is
launched

JDRF multi-center
trial of closed-loop
control-to-range
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Neden Yapay Pankreasa Ihtiyac
Var?

1 Diyabet ve yok edilemeyen otoimmun
reaksyon

1 Erisilemeyen hedef: normal kan seker1
1 Demokles’in kilici: hipoglisemi



HbA1c ve Hipoghisemu:
DCCT ve sonrasi

DCCT (Adolescents & Adults)

Severe Hypo Rate: 62.0 per 100 pt-yrs,
A1C: 9.0% — 7.2%

JDRF CGM (Adults, 1 Subject excluded)

Severe Hypo Rate: 20.0 per 100 pt-yrs,
A1C:7.6% — 7.1%

STAR 3 SAP (Pediatrics & Adults)
Severe Hypo Rate: 13.3 per 100 pt-yrs,
A1C: 8.3% — 7.5%

T1DExchange (Ped)
Severe Hypoglycemia
common In
50 55 60 65 7.0 75 8.0 85 9.0 95 10.0105 - . -
Glycosylated Hemoglobin (%) partICIpantS Wlth
higher HbAlc.

Nathan et al. The New Engl J Med. 1993; 329(14); Tamborlane et al. The New Engl J Med. 2008;359:1464-1476.:Bergenstal et al. N Engl J Med.
doi:10.1056/NEJM0a1002853: Battelino et al. Diabetologia DOI 10.1007/s00125-012-2708-9 : Cengiz et al. Pediatric Diabetes 2013, 98(8):3411-9.

(per 100 patient-years)

ho
&
o
=
o
=
a
=
.
5
>
]
)
©
@
I
c




Sensorlii Insiilin Pompalarinn

Diyabet Tedavisine Katkisi
'HbA_\lc . 1 Hastalar ve
seviyesini kKlinisyenler
hipoglisemiy! Uzerindeki
arttirmadan diyabet tedavisl

dusurebiliyor

1 STAR 3
1 Real Trend
1 SWITCH

yukunu henuz
azaltmis deqil



Neden Yapay Pankreasa Ihtiyac
Var?

1 Diyabet ve yok edilemeyen otoimmun
reaksyon

1 Erisilemeyen hedef: normal kan seker1
1 Demokles’in kilici: hipoglisemi

1 Diyabet = 24 saat kendisini
unutturmayan hastalik



Elektronmik Beta Hiicresi

.Glucose
sensor
.Glucose () (CGM)
—Sensing
| .Insulin dose
Ansulin » calculation
L release, (Algorithm)
SUUENE Insulin
delivery
~_.Glucose (Pump)
control .New

Insulins



Yapay Pankreas
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9 CGM ® Algorithm gginsulin @ New
Pump Insulin
Analogs




New glucose 1in town...CGM

Areas to Improve

1 Lag time
‘ 1 Accuracy
S R -MARD: average error
ey compared to a reference
b e value

1 Signal drop

Glucometer BG Testing

5 l ‘, l :" ]
Tissue ] \ - 6
risfeille Cilly
| \\

Cengiz & Tamborlane, DTT 2009



Commercially Available CGMs and

Accuracy

Continuous Mean absolute  Precision

glucose- relative absolute relative

monitoring ~ dlifference difference
system (MARD) (PARD)

Abbott Navigator  1241+3.6% 101 £4.1%
MedtronicEnlite 164 £69% 167 £ 3.8%
Dexcom SEVEN 16,7 £ 3.8% 154 +4.2%
PLUS
Dexcom G4 109+15%  7.3x19%
PLATINUM




Gelismekte Olan CGM Teknol()Jlsl

2 I[mplanted Fluorescent

1 Glucose Binding Protein

1 Cell based glucose sensing
2 Lazer kan seker!

Sensor Is A Miniatunzed

Fluorometer




Insulin Pumps

Medtronic
Insulet-Omnipod
Roche

Tandem- TSIlim




Closed-Loop Algorithms

Multivariable Adaptive Closed-Loop Control of an Artificial
1 PID with Insulin Pancreas Without Meal and Activity Announcement

Kamuran Turksoy, BS, Elif Seyma Bayrak, BS? Lauretta Quinn, PhD, RN}

:eed baC k Elizabeth Littlejohn, MD;' and Ali Cinar, PhD™*
1 Fuzzy Logic
1 Model Predictive
1 Model Predictive v

with Mutivariable
Adaptive

Insulin | :

Sensor

Hypoglycemiarescue snack

Feedback: Glucose Sensor Signal

DIABETES TECHNOLOGY & THERAPEUTICS

Volume 15, Number 5, 2013



Insiilin ve Yapay Pankreas:

Medtronic ePID UCLA arastirmasi
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Pharmacokinetics vs. Pharmacodynamics of
Rapid Acting Insulin Analogs
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Subkutan Insiilin Etkisindeki Tehlikeli
Gecikmeler N

1. Kimyasal yapidan kaynaklanan gecikmeler

2. Dokuya bagli gecikmeler



Insulin Tedavisi ve Kan Seken

Seviyesini Dengelemek

Basal Infusion

12:(' 16:00 . 20:00 24:00 4:00 8:00
Time

. denotes time of bolus activation

Treatment of
Hyperglycemia

(High Blood
Sugar)

Too little insulin
or too much food

Exogenous
Insulin

Risk of
Hypoglycemia
(Low Blood
Sugar)

o much
D D
insulin



Yale Insiilin Farmakoloji Arastirmalar:

1 Pharmacokinetics &
pharmacodynamics of rapid
acting insulin analogs (PK-PD)

1 Amac

Instlinin viicuida verildikten
sonraki fonksyonunu etkileyen
faktorleri T1D olan ¢cocuklarda
ve adolesan hastalarda
«euglycemic clamp» metodu
lle arastirmak




Yale Insiilin Farmakoloji
Arastirmalari: Euglycemlc Clamp

Dharmacocxynamms Pharmacokuutlc.s
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Insiilin Clamp Calismalar1 Sonugclar

1 Cocuklarda ve adolesan donemde insulin
etki mekanizmasi

1 Degisik insulin analoglari arasindaki
farklar

1 Ergenlikte insulin rezistansi

1 Uzun etkili ve kisa etkili insulin beraber
enjekte edildiginde olusan ters etkilesme

1 Insilin etki mekanizmasindaki gecikmeler



PK-PD
U-F.A.LLR. PROJESI

Ultra-Fast Acting Insulin Research

(Ultra Hizli Insdlin Projesi)
Amac:
Insilin etki mekanizmasini hizlandiracak yeni
analog ve metodlarin arastiriimasi.

Yapay Pankreasa Tedavisine Uygulama



Insiilin hizim arttrmak icin potansiyel
. cOziimler
1 Cilt 1sin1 arttirmak

nsuline (InsuPatch)

1 Ultra hizli insulin

— Novo Nordisk
— Biodel

1 Hyaluronidase
— Halozyme

1Yeni metodlar
-Intra-dermal micro-needle infusion sets (BD)

-Inhaled insulin
-Intraperiotenal insulin delivery (DiaPort)




InsuPatch

eThe InsuPatch™ " insulin inflzyon sahasina
kontrollu 1s1 tatbiki



[nsiilin Zaman
Etki Gratig :
InsuPatch
kullanilarak ve
kullanilmadan

Mean GIR & SEM with and without InsuPatch
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Bir nefeslik insulin?
Afrezza

Time to Peak Insulin Level
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>
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—&o— 10 U s.c.RAA

Plasma
Insulin

(HU/mL) Data from different studies

Insulin Conc. (microUiml), mean + SE
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Bioinorganic
—_—

Membrane

PDMS Griq]  se—

PDMS
Reservoir

Glucose
Insulin Release Insulin Release

External Environment

O-idwr\ T T Glucose
s P l
4 pH
Gluconic
- Q Q

Insulin Internal Reservoir Insulin

Fig. 1 (a) Schematic of the PDMS grid—gel microdevice with integrated bioinorganic membrane (with inset for (¢)). (b) Size comparison of completed
PDMS grid-bioinorganic gel membrane microdevices. (¢) Cross-sectional diagram showing triggered insulin release in a glucose-rich environment to

form open ‘nano-pores’.




Yapay Pankreas Arastirmalarinda

JDRF Yapay Pankreas Haritasi

Very Low Glucose
Insulin Off Pump

Pump shuts off
when user not

responding to
low-glucose alarm

Yolun Neresindeyiz ?

Hypoglycemia
Minimizer
Predictive

by poghycemia
causes alarms
followed by
reduction or

cessation of insulin
delivery below low
threshold

Hypoglycemia/
HyperglyCemla
Minimizer

Same as Product
#2 but added feature

allow ing insulin
dosing abave high
threshold (2.g.,
200mg/dl

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
Multi-Hormone
Closed Loop






IF'xample of Threshold Suspend Cycle

Automatically suspends-insulin delivel_ry if sensor glucose reaches the user-set
Imit
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ASPIRE Low-Glucose Suspend Study

LGS-On Sessions
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Garg S, Diabetes Technol Ther 2012; 14: 205-9



Predictive Low Glucose

pSG

Hasal Rate (Pump)

1 PLGM Threshold

Rezcue

|

Suspend

Zone 1 Zone 3
30 min FIXED 30 min FIXED basal
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Artificial Pancreas (Closed-Loop):

Bi-hormonal Svystems

2. Control Algorithm

1 Insulin + Glucagon
— to prevent hypoglycemia

HHH.,[IL. .-_iml i i

il J r umwﬁ A

1 Insulin + Pramlintide st te. .

e

— to reduce post-meal excursions and the risk of
hypoglycemia by slowing rate of gastric emptying



Hybrid Closed-Loop — multiple

hormone (glucagon) plus standardized
pre-meal bolus

NGH
=Yenous BG, mg/

9 .
; = Dosed insulin, mUpér kg

Russell, Diab Care 2012 = N=6, 48 hr



BG excursion (mg/dL)

Pramlintide reduced peak post-meal

130+

-
-
<

W
<

BG spikes

P= 0.03 Il Control
p=0.003 Hl Pramlintide (60 mcqg)
*®

) All Meals Breakfast Lunch Dinner




Transition to Qutpatient Studies: Testing the CL

System in Real Life Conditions

Nocturnal Glucose Control with an Artificial
Pancreas at a Diabetes Camp

Moshe Phillip, M.D., Tadej Battelino, M.D., Eran Atlas, M.Sc.,
Olga Kordonouri, M.D., Natasa Bratina, M.D., Shahar Miller, B.Sc.,
orben Biester, M.D., Magdalena Avbelj Stefanija, M.D., Ido Muller, B.Sc.,
Revital Nimri, M.D., and Thomas Danne, M.D.

A Artificial-Pancreas Nights B Control Nights

250 250

Glucose (mg/dl)
Glucose (mg/dl)




Overnight CL -

LLongest duration outpatient study yet

closed loop
— = CONtrol

2300 0000 0100 0200 0300 0400 0500 0800 0700
Time of day (h)

Hovorka, Diab Care 2014 1 N=16, 3 weeks



Overnight CL Camp Study

M Per protocol closed-loop

M Sensor-augmented pump

Percentage

*
*
. L1
<70

< 60

70-150 =150 = 180 = 250 = 400
Glucose range - mg/dL

Ly, Diab Care 2014




Outpatient Full-Day Hybrid Closed-
L_oop

Time—in—Target (%) Time—in—Hypo (%)

CL CL

Dinner1 Dinner2 Lunch Breakf,1 Breakf.2 Dinner1 Dinner2 Lunch Breakf,1 Breakf.2

Del Favero, Diab Care 2014 1 N=6, 28 hr on CL



7 It is abit freaky with this
wireless technology

Controller Translator Sensor Augmented Insulin Pump Patient

Blood R
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Yale Yapay Pankreas Sistemi - 2007
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Insulin Pump
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Outpatient Hybrid CL Study --
In Action!
“The Hotel Study”™
2015
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Yakin Gelecekteki Yapay Pankreas

Sistemi

1 Yeni ve gelismis
CGM (dual
sistem)

1 Remote access

1 Biyometrik data

1 Ek ilaclar

(GLP1,; SGLT1,2

Inhibitors)

1 Ultrahizl
insulinler

(tamamen
Cengiz 2015, in submisson Otomatik SiSte rﬂS)
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