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Pestome
3naxose docnionenus «Konmponv diabemy ma tiozo ycknaouenv» (DCCT) noxasas, w0 KOHMPOsb 2n0K03U
MA€E BUPIULATIbHE 3HAUEHHS 0715 3HUNCEHHS PUSUKY YCKIAOHEHb, N08 A3aHux 3 diabemom. B yiei cmammi onucaro
HU3KY iHHOBauili ma 0ocnioneHy, uo 6ynu nposedeni nicng DCCT 3 memoro minimisauii pusuxy einoznikemii ma
no0anbLU020 NOINUEHHS KOHMPOIO em0K03U. Y po30ini HasedeHo Npuxnadu iHHO8AYill y mexHonozii 0pomosux
pepmenmis, sKi cnpusinu nepexody 8i0 KaninsPpHo2o MOHIMOPUHEY 2AI0K03U J0 Oe3nepepeHozo MOHImopuHey
emoxosu (CGM) i, speuimoro, 0o nepuioi 3a600cvkoi kanibposanoi cucmemu CGM. Hacmynnoto innosauyiero
8 ynpasninui enikemiero cmano nioxmouenHs danux CGM 00 iHCYniHO80T NOMNU, WO MiCMUMb aneopumm,
30amHuii peeynosamu nooauy iHCyniHy HA 0CHOBI 3MiH PigHs entoko3u. IIpedcmasneHo ocHO8Hi ocobnueocmi
cucmem asmomamuzosanoi nooayi incyniny (AID), axi Ha danuti momenm 3ameeposnceni 6 CIIIA. Y 36edenii
mabnuyi AID HagedeHo mun nomnu, mun i PyHKyiio aneopummy nooaui iHcyniny, cucmemy ynpasuinHs 0aHUMU
Ma NOKA3AHHS 00 3ACMOCYB8ARHS. Y HACMYNHOMY PO30i/i PO3ens0AEMbCs iIHHOBAUISN ANLIMEPHAMUBHUX UTIIXIE
nooaui iHCyniny 051 00CAHEHHA Memy CE0PeHHS NOBHICI0 A8MOMAMU308AHOT cUCEMU N00AY] IHCYTIIHY.
ITiocymosyomvcs 0cHOBHI 6UNpoOY8aAHHS 3 PO3POOKYU Ma 6NPOBAONEHHS IMNIAHINOBAHOT BHYMPiliHbOYePesHOT
npoepamosanoi cucmemu. B ocmarnnvomy po3oini po3enioacmocs NUmanHs, 4 moxce iHopmayis, uso HAo-
X00ump 6i0 0AMUuUKi8, KPiM PiBHS 2lIIOKO3U, MAKA AK Oe3nepepere BUMIPIOBAHHS PIBHS KeMOHI8, 1aKmanty
abo incyniny, Hadamu YiHHy iHgopmayilo, aKa HAbIU3UMb HAC 00 NOBHicMI0 aémoHomHoi cucmemu AID.
Binvwa wacmuna yiei inno6ayitinoi ma docnioHuUvKoi pobomu 6 eany3i diabemy npomsizom oCmanHix 75
poxie niompumyeanaca Hayionanonum incmumymom diabemy, 3ax60p108anb mpasHoi cucmemu ma HUPOK.
Knwuosei cnosa: 6esnepepsHuii MOHIMOpuUHe 2110K03U, asmomamuyre 66e0eHH IHCYIHY, WMY1HA
NiOWYHKO08A 34034, BHYyMPiuHbOUepesHe 88eJeHHS THCYNIHY, CKNAO IHCYNIHY, Memaboniuti ceHCopU.
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Ornan

Bceryn

L1s crarTs € yacTHHOIO 30ipKy my6iKaIiit, mpu-
CBsIYEHMX 75-piudro HalioHaIbHOTO iHCTUTYTY
miabeTy, 3aXBOPIOBaHb TPABHOI CUCTEMM Ta HU-
pok (NIDDK).

Y npoMy posfini ocHOBHa yBara Ipu-
HinAgeTbcsa po3pobui cucteM 6esnepepBHO-
ro MoHiTopuHry riawokosu (CGM), eBonmonii
iHcyniHiB Ta inTerpanii CGM, aaropurMis i
CHUCTeM BBE[I€HHSA iHCY/IiHy B IITY4YHi CUCTeMU
HiIUTYHKOBOI 3271031, @ TAKOXX MOTEHLiaIy
IMITTAaHTOBAHUX CUCTEM.

[Te mo mossBu CGM MOHITOPMHT I/IIOKO3M
B Cedi NepeTBOPUBCs Ha MOHITOPMHT ITIIOKO3M
B KPOBI, IIPO 1110 6y/I0 IOBiJOM/IEHO Ha CYMIIO-
siymi B xxypHami Diabetes Care y 1980 poni [1].
IJo6 3posymitu eBomonito CGM, notpi6Ho 1mo-
BEPHYTHCA 10 po3pobku enekrpona Knapka s
MOHITOPUHIY HallpyTy KMUCHIO B 1956 poui [2] Ta
JI0TO €BOJIIOLiI 10 PepMEHTHOTO e/IEKTPOfa [/Is
BVIMIiPIOBaHH IJIIOKO3M, CTBOPEHOTO ATIJAVIKOM i
Xixcom y 1967 poui [3]. Isramyss 6yma po3ris-
HyTa Ha CUMIIO3iyMi, cmoHcopoBanomy NIDDK
(topi NIAMDD), pesynbraty sikoro Oy/u npes-
crayeHi B Diabetes Care B 1982 poui [4], ze,
cepep iHINX, Oy peacTaseHi pobotu Kimapka
ta Anpaiika. Orysap pagHboro possutky CGM
6yB omy6nikoBanmit B Diabetes Technology and
Therapeutics B 2009 poti [5], a OpokHsI KapTa
e(QeKTUBHOrO BUKOPUCTAaHHA Oe3IIepepBHOTO
MOHITOPUHTY T/IIOKO3U Oy/a omy6jikoBaHa B
Diabetes Spectrum B 2023 porii [6].

Tum gacom pospobnmsnucs iHCYTiHOBI
oMy, mpo 1o 6yna my6ikanisa B KypHati
Diabetes Care y 1980 poui [7]. Cucremn AP
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JKOBTEHDb

€BOJIOLIIOHYBaIN, PO WO MIIIOCA B CTATTi B
xypaaii Diabetes y 2011 poui [8], 3 po3po6koro
aZITOPUTMIB [IN4 iHTerpalii nogadi iHcysiny,
npo mo inrocs B orAxai 2014 poky [1], Ta
HOTEHI[ia/IoM IITYYHOI HiIITyHKOBOI 371031
3 TIOAIBI/IHMM TOPMOHOM, IIPO IO MINIOCA B
ormspni 2021 poxky [10].

SIx 06TOBOPIOETHCA B LIOMY PO3Aini,
CGM Tenep BK/IOYa€ BUKOPUCTAHHS IpPO-
TOBOTO €/IeKTPOJa, i Oy/I0 3amylieHo Kilbka
TiOpUIAHNX CUCTEM i3 3aMKHYTUM KOHTYPOM.
Y pospini TakoX BUCBITIOIOTbCA ManOyTHI
HOTEeHLiHI po3pOOKY IMIJITAHTOBAHMX CUCTEM
Ta HOBUX iHCYJIiHIB.

Hocnipxennsa CGM-Targeting
B YHiBepcureri Texacy

[Tpunagu pns 6e3nepepBHOTO MOHITOPUHTY
IJIIOKO3M € HeOOXi/JTHOI0 YMOBOIO JI/Isl 3aMKHY-
TOTO LMKy ITOfladi iHCY/IiHy i cTanmm cTaHpap-
TOM JIiKyBaHH: JIIOfieil 3 IyKPOBUM fiiabeToM
1-ro tumy. KopoTkuit orap fesKknx KIH0I0BUX
IOCIiIPKeHb, IpOBeieHNX B TexacbKoMy YHi-
BepcureTi B OcTiHi, YacTkoBO (iHaHCYBaHUX
NIDDK, na€ yABneHHA PO €BOMIOLII0 KiTbKOX
K/TIOYOBMX BiJKPUTTIB, OB’ I3aHNX MDX CO00I0
JUI CTBOPEHHS HailO1IbIII IIVPOKO BIIPOBAJIXe-
Hoi cucrtemu CGM y cBiTi.

Xoua foc/iKeHHs Ha TBapyHaX, IPOBefieHi
B n1epiof; 3 1993 no 1998 pik B Texacbkomy yHi-
BepcuteTi B OCTiHi, MigTBepANIN OOLINbHICTD
Bukopucranua CGM, y 1996 poui ocHoBHa yBara
Oyna nepeHeceHa Ha 6€300/1iCHIIT MOHITOPYUHT
piBHA rmoko3n B KpoBi (BGM) 3 Hapiero Ha 1mo-
manpiumii possutok CGM. Byno mozionano HusKy
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IepeNIKoy], 30KpeMa YyCYHYTO HeOoOXifHICTb y
KIICHI B €7IEKTPO/ii I MOHITOPMHIY KOHLIEHTPA-
uii rokosu giamerpom 0,25 mm. IloTiM Brius
€/IeKTPOOKICITIOBAaHNX iHTepdepeHTiB Oy/1o Koc-
TaTHbO 3MEHIIEHO, 00 3abe3mneunT Kamio-
PyBaHHA 32 JOIIOMOTOI OJHOTO He3a/lIeXXHOTO
aHaisy rmoko3n. ITicis nux po3po6ok miguikip-
Ha IMIUTaHTaLiA IypaM i IIMMIIaH3€e, XBOPUM
Ha L[yKpOBMil fiabeT 1-ro TUILy, 3a/Ie)KHUM Bif|
iHcyminy, mokasama, mo cucrema CGM notpebye
MOZA/IBILIOTO PO3BUTKY.

Y 1990-x pokax NIH/NIDDK mnigrpuman
TOCTiKeHH IMIUIAaHTOBAaHMX aMIIepOMeTpIY-
HVIX IaTYVKIB 17151 6e311epepBHOTO MOHITOPYHTY
roko3u (CGM) s mikyBauHs piabety. 11i
€/IeKTPOAY /I MOHITOPMHTY ITIIOKO3U BUKO-
PUCTOBYBaJIN ITTIOKO300KCKU a3y [11], pepmenT,
IO KaTasi3ye OKUC/IEHHA IMI0OKO3M PO3YlHe-
HUM KIJCHEM, B pe3y/IbTaTi YOr0 YTBOPIOIOTbCS
IJIIOKOHOJIAKTOH 1 Nepeknuc BofH1o. Enexkrpo-
IV 3a3BMYAll KOHTPOJIIOBANIM KOHIIEHTpaIliio
YTBOPEHOTO IIEPEKICY BOLHIO, X04a IeAKi 3 HUX
BifiCTeXXyBa/lM BMYEPIIAaHHA KMUCHIO. BinburicTh
€/IeKTPOAiB IMIIAHTYBa/IN HifLIKIPHO; AesdKi,
OfIHaK, Oy BHYTPIlIHbOCYAMHHMM, HalIpK-
KJIafl, po3MilllyBannucsA y MOPOXKHUCTIN BeHi,
OCKIJIbBKM BBa)Ka710C4, 1110 MOHITOPYHT ITIiKeMii B
HiIIKipHIil iIHTepCTULIia/IbHIN PifMHI € HeBigIo-
BiIHUM IS TiKyBaHHA [iiabeTy, OCKiIbKYM KOH-
IL[eHTpallis IJIIOKO3Y B MiAIKIPHIi pifyHi Bifpi3-
HsJIacA BiJl KOHLEHTpalii I7II0KO3U B KPOBI IIifL
Yac nepiofis IBMUAKMX 3MiH. X04a JOCITi/IKEHHS,
wo ¢inancysamcsa NIH/NIDDK, saranom Bif-
MOBifla/Iu UM paMKaM, Hallle JOCTi[)KeHH, 110
¢inancysanocs NIH/NIDDK y nepiog 3 1992 no
1998 pik, He BIigIIOBIfANIO0 MM paMKaM.
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Harni gocmiiyKeHHA BiflpisHAMICA Bif iHIIUX Y
TeKUIbKOX acIeKTaX, 30KpeMa B HaCTYIIHUX:
o Enexmpuute 3°€0HaHHs epmermis 3a 0onomo-
2010 pedoKc-2idpozenie, nepuiux i EOUHUX B00HUX
bas, w0 nPosoodAMs eeKmpoHU, He MiCHUNO
BUMUBHUX pPedOKC-Mediamopie i po3uuHeHOl
enmoKo3u. Ieni, uyo npoeoosmv eneKmpoHu, ycy-
Hynu Heobxionicmo y kucHi 6 CGM [12-14].
PosmupenHs Halmx nonepefHix JOCTi>KeHb
3’emqHaHHs HepPMEHTIB 3a JOIIOMOTOI0 PefOKC-
Tijporeis, 0 NPOBOJATD €eKTPOHM i He
MICTATb BUMVMBHUX PeJOKC-MeiaTopiB, MiIBY-
10 epeKTUBHICTD NepeTBOPEHHS KOHLICH-
TpaLjill IJIIOKO3U B eIeKTpu4Hi ctpymu. IIpu
CETMEHTU CTUKAIOTHCS i OOMIHIOIOTHCS €TeK-
TPOHaMM, 11O IKNUTb B OCHOBI €/IeKTPOIIPO-
BiffHOCTI. PyXOMi OKMCIIEeHI pefOKC-LIeHTpu
36upanu enekTpoHu 3 BigHoBneHnx FADH2-
LIEHTPiB ITIIOKO300KCH/a3!, 2 PeflOKC-IIeHTpH
rifporemnio nepefaBamm ix 1o enexkrpopa. Le
efleKTpuyHe 3’eqHaHHs BigHOBNeHUXx FADH2
LIeHTPIB IIIOKO3M 3 elIeKTPOAaMy YCYHYIIO He-
OOXiZHICTh B KVCHI, TPUPOJHOMY KOCyOCTparti
[TIOKO300KCHUIa3y, 3pOOMBIIN 30T0THUI 260
BYIVICLICBUIT €TIEKTPOF, 1[0 30Mpa€ e/IeKTPOHN,
kocybcTparoMm. [IIBupkicTs 06MiHy pepmeHTy
Oy/a mepeTBOpeHa B eJIEKTPOHHMIT CTPYM, i
Oy/10 cTBOpeHO HOBMIT iHTepderic Mix 6ioyo-
Ti€I0 Ta €/IEKTPOHIKOI0.
3anobizanHs pazosomy po3oineHHI0 6 cucmemi
eneKmponposioHozo 2idpozento/enoK0300KCcU-
da3u [15]. PisHi MakpoMOseKyu He 3Mimry-
I0TbCs, OCKI/IBKM 30i/IbIlIeHHS eHTpoIii pu
iX 3MilllyBaHHI € HE3HAYHMM. Y CUCTEMI OKIIC-
HO-BiIHOBHOTO TifIpOre/To/TII0KO300KCH A3
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¢asose pospineHHs 6y10 3a1106iraHo MIIIXOM
YTBOPEHHS e/IeKTPOCTaTUYHMX afiAYKTiB MK
MOJTIKaTIOHHMMY CETMEHTAMM IIOJIIMEPY TeTI0
Ta IJII0KO300KCI/a3010, IoTiaHioHOM 11pu ¢i-
sionorivnomy pH.

« Imoko3ooxcudasa, w0 3°€0Hye ocmiesuii Komn-
JIEKC, W0 CKTIA0AEMbCA 3 2i0poeeni 3 OKUCHO-610-
HOBHUMU NOMMEHUiAnamu, 6IUsbKUMU 00 NOmeH-
uitinux yenmpis epmenmy FAD/FADH?2 [16].
Bnu3pkicTh crenianpHO mifibOpaHOro MOTEH-
Iiany 3abe3neunya Kpally CeleKTUBHICTD 10
DM0K03U. OCKIZIbKY MPaKTUYHO >KOJEH iHIINIA
KOMIIOHEHT HifIIKIpHOI PiVHM He MifijaBaB-
A eleKTPOOKMCTIEHHIO, CTPYM 3a BifICyTHOCTI
IJIFOKO3Y CTaB HACTi/IbKY MaJIuM, 10 J10TO JpKe-
perno Mo)kHa 6y/I0 BBaXKaTy JifICHUM Kasibpy-
BaJ/IbHMM IIYHKTOM, 1IJ0 B IO€HAHHI 3 iHIIMUI
B/IOCKOHA/ICHHAMM 3a0e311e41/I0 OfHOTOYKOBE
Ka/opyBaHH:A, TOOTO KaniObpyBaHHS Ha OCHOBI
OJIHOTO He3aJIeXKHOTO aHaJIi3y ITIIOKO3M.

JocmimKeHHA Ha Iy pax ITOKas3aay MOX-
nusictb Bukopucranua CGM 3 migmkipHO
iMIZTaHTOBAaHMMU €NeKTPOLaMU JiaMeTpoM
0,25 MM [17-23]. Hame yaBneHHs PO KO-
PMCHICTD LIbOrO METOAY B NiKyBaHHi LIyKpoO-
BOro fiabery l-ro Tumy 6yno migkpimneHo
NiJIIKipHOIO iMIJIaHTALli€l0 eleKTpoga 3
[JII0KO300KCcKUaa3ow Aiamerpom 0,25 MM 3
€IeKTPUYHUM HiJKII0YEeHHAM y IIMMIIaH3e
3 HPUPOJHUM iHCyNTiHO3aNeXXHUM AiabeTOM
1-ro Tuny. KoHlleHTpalis I7II0KO3M, BUMipsIHA
32 JOIIOMOTOI0 €JIEKTPOJa, BiIIOBifaNa piBHIO
I7IiKeMil, BUMIpHOMY 3a JOIIOMOIOI0 TECT-
cmyxkn (puc. 1) [24].

CriBnopans 3 TheraSense Hap 1iew gpo-
TOBOIO0 (PepMEHTHOIO TEXHOJIOTI€I0 IIPUBEa /10
CTBOPEHHS IepIIOi KOMEPLiHOI Bepcii I/o-
koMmetpa FreeStyle (mpepncraBnenoro B 2000
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Puc. 1. Kopenauis konueHmpauii 21oxo3u, BUMIpAHOT
NIOWIKIPHO IMNIGHMOBAHUM eNeKMPUMHUM 0amHuu-
KOM, 3 KOHUEHMPAUIEID eN0KO03U 8 KPOBi, BUMIPAHOI0
3a 00MOMO2010 MeECM-CMYHKU, Y UMnau3e 3 npu-
DOOHUM iHCyniHO3anexHUM diabemom 1-20 muny [24]

pori), sikuit 6yB TOYHUM, BUMAraB Ayxe He-
Be/MKOI IpoOM KPOBi, a TEXHOJIOTiA B3ATTA
KpoBi 6yna npakTuuHo 6e36o0micHor0. Abbott
npupbana TheraSense B 2004 porii i movana po-
6oty Haj cucremoro CGM. Kmouosi enemeHTHN
pospo6ok Texacbkoro yHiBepcurery, mporpa-
mu TheraSense FreeStyle Ta xomannu Abbott
cipusimu pospob6bui FreeStyle Navigator CGM
(2008), a moTiM mepuroro KajaibpoBaHOTO 3a
¢dakropamn FreeStyle Libre Flash CGM (2010),
1[0 3aBepImnocs 3anyckom Abbott FreeStyle
Libre CGM y 2014 porii.

ABTOMATH30BaHi CCTEMMU JOCTAaBKMN

ABToMaTN30BaHa focTaBKa iHCyniny (AID) 3a-
pas BM3HaHA HaMlKpalllM METOLOM JIiIKyBaHHA
LyKpoBOro fiabery 1-ro Tmmy i mIBUAKO Ha-
OyBae MONy/IAPHOCTI cepeft Tofielt 3 yKPOBUM
fiabeToM 2-T0 TUILY, AKi BUKOPUCTOBYIOTb iHCY-
JIiH A1 KOHTpOmIo piBHA mokosn. B CIIIA 3a-
pas 3aTBEPHKEHO KiTbKa KOMEPIITHUX CUCTEM
AID, 30kpema Medtronic MiniMed 670G, 770G i
780G25; t:slim X2 i Mobi 3 rexHonoriero Control
IQ Big Tandem Diabetes Care [30-34], cucrema
OmniPod 5 Bix Insulet Corporation [35-37], an-
roputM ynpasyinaa Tidepool Loop, siknit 3apas
BOymoBaHuit B cucremy twiist AID Big Sequel
[38, 39], i cuctema iLet Bionic Pancreas Bin Beta
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Bionics [40]. omatok myst cmaptdoniB CamAPS
FX (CamDiab Ltd., Kem6pumxk, Benukobpura-
Hist) cxBaneHa FDA sk cyMicHMIT aBTOMAaTIYHNI
KoHTpojtep rmokosu (iIAGC), ane ouikye Ha f0-
3Bin FDA Ha Bukopucrannsa mylife YpsoPump
SIK CYMiCHOI IIOMIIN I/ CTBOPEHHS iHTeTpoBa-
Hoi cuctemn AID [44]. B €spomni, Bennko6pu-
TaHii Ta KaHaji TakoX JOCTYIHI iHIIi cucTeMu
AID, nanpuxnan Diabeloop DBLG1 (Diabeloop,
®panin) [49, 50], Inreda AP (Inreda Diabetic
B.V,, Higepnaugu) [51]. OpenAPS € anprepHa-
TUBOIO KOMEPLIHIM CHCTEMaM, IO HaJla€ [o-
CBilYeHVM KOPYICTyBadyaM MOXK/IVBICTb 310patn
BracHy cuctemy AID [52]. Yci cydacHi cuctemn
AID pneMOHCTPYIOTDb 3HA4YHO Kpallli pe3y/IbTaTy,
HK 6aratopasosi mofieHHi iH €Kil abo Tepartis
iHCY/IiIHOBOIO TIOMIIOK 3 CEHCOpoM. Peanbhe
BukopuctanHsa AID TucAadamu mofeit npoTs-
TOM TPMBAJIOrO Yacy pO3MMPUIO Pe3yIbTaTi
K/IiHIYHMX BUIIPOOYBaHb i POJIEeMOHCTPYBa-
JIO 3aCTOCYBAHHS 1ji€i TEXHOJIOTII B K/IiHIYHI
npakTuni [53-59].

OCHOBHI XapaKTepUCTUKY HaOinbLI BU-
KOPMCTOBYBaHMX KOMEPLITHO JOCTYITHUX CUC-
teM AID nigcymoBani B Tabmuni 1, aganrosa-
Hill Ta OHOBJIEHill Ha ocHOBI KoHceHCcycHUX
PpeKOMeHalIill I0fI0 BUKOPUCTaHHS aBTOMATH -
30BaHNX TEXHOJOTiii BBEJEHH IHCY/IiHY B KIIi-

HiuHi npakTuui 2023 poky [60]. Ik npasuo,
cuctemy AID BUKOPUCTOBYIOTH Pi3Hi JaTUMKU
OesnepepBHOro MOHiTOpMHTY Imoko3u (CGM)
Big Medtronic, Dexcom Ta Abbott, a Takox
BUKOPJUCTOBYIOTb Pi3HOMaHITHI aJITOPUTMU
KOHTPOJIIO, Cepef AKUX HaMNOMMPEeHINMHA
€ PID (nmponopuiitHo-iHTerpanbHO-AndepeH-
nianpauit) Ta MPC (MopenbHO-IPOTHO3HMI
KoHTposb). Control-IQ 6yna mepioro cuc-
temoro AID, npusnauenoro FDA sk iAGC (ue
IpuB’sA3aHa O yHiKanabHOI KOM6iHaIii Haco-
ca/ceHcopa), 3a Hew cmigyBamu Omnipod 5,
Tidepool Loop, iLet, a morim CamAPS. binburicts
anroput™iB MPC € aganTuBHMMIY, IPUCTOCOBY-
04J1 CBOIO JIif0 /10 3MiH Y (pisionorii Kopucrysaya.
CucreMn Biipi3sHAIOTbCA CBOIMM iHCY/TIHOBUMU
HAacocaMM, O49iKyBaHVMMU B3a€MOJIiAMY 3 KOPIC-
TyBaueM Ta MOK/IMBICTIO PETY/TIOBaHHA L/TbOBMX
3Ha4YeHb IVIFOKO3U Ta iHINUX IapaMeTpiB.

IMmTanToBaHi CICTEMMU TOCTABKU
iHCYyNiHy 3 BUKOPUCTAaHHAM
BHYTPIilIHbOYEPEBHOIO IIIAXY

[Migmkipue (SC) BBefeHHA iHCYTiHY Ma€e psf,
HEJIOJIKiB, BK/IIOYal04Yy YIIOBiIIbHEHE BCMOKTY-
BaHHI Ta JIil0 iHCYJIiHY, @ TAKOX Nepudepudny
rinepiHcyninemimo [61, 62].

Ta6nuus 1. Cucmemu AID, sameepoxceni 6 Cnonyuenux Illmamax

oaninled, | Mini¥ed | ControllQ | Omnipod5 | CamAPSEFX iLet Twiist
Bupobunk Medtronic, | Medtronic, | Tandem Insulet CamDiab Ltd., | Beta Bionics, |Sequel Med
Northridge, | Northridge, | Diabetes Care, | Corporation, |Cambridge, UK |Inc., Irvine, Tech, LLC,
CA CA San Diego, Acton, CA Manchester,
California Massachusetts New Hampshire
CymMicHnit Guardian Guardian Dexcom G6 Dexcom Dexcom G6 and | Dexcom Dexcom G6
JaTYUK Sensor(3) Sensor(4) and G7, G6 and G7, G7, FreeStyle G6 and G7, and G7
FreeStyle FreeStyle Libre 2+ & 3 FreeStyle
Libre 2+ Libre 2+ Libre 3+
CywmicHa 670G/770G | 780G (tube) | Cleared by FDA | Cleared by Android app Integrated Tidepool Loop
incynminoBa (tube) as iIAGG; FDA asiAGC. | cleared as in the iLet algorithm
oMIIa Tandem t: slim | Omnipod 5 iAGG; insulin pump | cleared by FDA
X2 (tube) (patch) no US as iAGC.
Mobi (tube/ approved pump. Twiist insulin
patch hybrid) In the EU: pump (tube/
mylife patch hybrid)
YpsoPump
(tube), DANA
Diabecare RS
(tube)
DANA-i (tube)
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Tabnuus 1. Cucmemu AID, 3ameepoxceri 6 Cnonyuenux IlImamax (npodosxcents)

61;/3271;47(:)% M;r;g\éed Control IQ Omnipod 5 CamAPS FX iLet Twiist
Tum anropur- | PID PID JlixyBaHHA ApantuBHUM | AmanTUBHMIT ApmanTuBHWIT | AJaNTUBHMIT
My Ta pO3- a/IrOpUT™M aJITOPUTM 3a JJOTIOMOTOK0 | A/ITOPUTM anroput™ MPC, | anroput™ anroputm MPC,
TallyBaHHA 3 iHCymi- 3 iHCymi- aJAITUBHOTO MPC, o Mo- | 1110 MOTY/TIOE MPC pna 1110 MOJIY/IIOE
PID = npomnop- | HOBUM HOBUM a/ITOPUTMY TYMIO€ IHCYTiH | IHCY/iH KOXKHi | KOpeKii IHCYITiH KOXKHi
IifHO-IHTer- | 3BOPOTHMM | 3BOPOTHMM | IIPOTHO3YBAHHS | KOXKHI ITATH 12 xBunyH. iHCymiHy Ta ITSITb XBIJIMH.
panbHO- 3B’S13KOM 3B’SI3KOM Ha OCHOBi MOfie- | XBM/IVH. posTamoBaHmit | agantusHuit | basyerpca Ha
mudepeH- 3 ajain- 3 aanTUBHY- | i, 1o Moxy/moe | PosramroBanmit | Ha cMaptdoni. | anropytm PID | anropyrmi
Iiia/TbHIIA; TUBHUMMU MM iHCY/TiHO- | iHCY/IH KOXKHi | Ha TOMITi- LA 6a3anb- | yIIpaBIIiHHA
MPC = mo- MeXKaMu BUMI ITATb XBWIVH. | KaICy/i 3i HOTO iHCY/IiHY, | 3 BIIKPUTUM
Ie/bHO- iHcymniny, o6MexeH- Po3raioBa- cMapTHOHHUM obunsa xopoM Tidepool
HPOTHO3HE IO MOZY- HAMI, HMIT Ha TIOMITi KOHTPO- MopymotoTh | Loop.
PETYIIOBAaHHs | JIIO€ IHCY/IH | KOPEeKLiAMM | 3 MOXJIMBICTIO | IepoM abo iHCymiH koXHi | PosramoBanmii
KOXHI IT'ATh | HA OCHOBI YIIpaB/IiHHA KOHTPO/IEPOM I'SITh XBWIMH. | Ha CMapTQOHI.
XBUJIVH. Mofiet, 3a JIOITOMOT'OF0 Omnipod 5. ABTOMAaTHI-
Posraro- MopyrLielo | cMapTdoHa. 30BaHi 1031
BaHUI iHCyniHy iHCyniHy Mg
. A .
Ha TIOMIIi. KOXXHi ITATh Yac npuitomMy
XBU/IVH. ki micrs mo-
Posraro- BiTOMJIEHHS
BaHUIA IIPO IIPUIIOM
Ha ITOMIIL. DKi.
Posrarosa-
HUI1 Ha TIOMIII.
Mopanbhicts | Ii6puana Ti6puaHa Ti6pupna Ti6pumHa Ti6pumHa Ti6pumrmit Ti6pununa
aNITOPUTMY 3aMKHYTa 3aMKHYTa 3aMKHyTa IIeT- | 3aMKHyTa 3aMKHyTa IIeT- | 3aMKHYTHI 3aMKHYTa IIeT-
NeT/A 3 M- | MeTAA 3 Mif- | /1A 3 MifpaXyH- | IeT/A 3 Hifi- 714 3 MiApaxyH- | UK/ 3 KaTe- | /A 3 MifpaxyH-
PpaxyHKoOM PpaxyHKOM KOM BYITIEBOJIiB. | PaXyHKOM KOM BYITIEBOIiB. | TOpiAMM DKi. | KOM BYIJIEBOJIiB.
BYITIEBOMIIB. | BYITIEBOJIIB. BYIJIEBOJIiB.
Dnikemiuni iini | Gikcosa- IlimpoBuit Cucrema fria- IinmsoBuit mo- | LlinboBe IlinmpboBe 3Ha- | LlimboBe
Ha Ii/Ib: TIOKa3HMK: IIa30HY, B AKill | Ka3HUK: MOXKHA | 3HAYEHHS: yeHHs: 120 3HAYEHHS €
120 mr/mn. 100 mr/pn LIi/ThOBE 3Ha- Hajmamrysat | 104 mr/mr mr/mn cepenHiM 3Ha-
HopaTko- (32 3aMOBUY- | YCHH BM3HAYa- | 3aJIEXKHO Biff (3a 3aMoOBuUy- (3a 3aMOB- YeHHAM Jliana-
Ba IIi/Tb BaHHAM), €rbcst 6a30BO0 | Yacy mobm BaHHAM); YyBaHHsM); | 30HY KOPEKIIii,
akTiBHOCTI | 110 Mr/mn HIBUJKICTIO, B Jliania3oHi MO)KHa HaJIa- MOYKHa Ha- BIOPaHOTO
150 mr/pn. | abo BCTaHOB/IEHOI0 | Bifj 110 Mr/ LITYBaTA JIAINTyBaTH KOPHUCTYBadeM.
120 mr/py1. KOpucTyBadeM |y fio 150 mr/ | B fiamasoHi 3aymexxHo Biy | LliboBe 3Ha-
HomaTkoBuit | (qUIB. HYDKYE). IV 3 KPOKOM Big 80 mr/mn Yacy JoOM Ha | YeHHS € cepefi-
Li/IbOBUI Hiama3oHu mii: 10 mr/m. 1o 200 mr/mn. +10 mr/mr. HiM 3HaYeHHAM
TIOKa3HUK Hominanpauit: | JJomatkoBumit HomaTkoBuit JiarasoHy
AKTUBHOCTI 112,5-160 mr/m1. | 1i1b0BIIT PEXIM aKTUB- KOpeKIIii,
150 mr/py. Pexxum cry TIOKa3HUK HOCTi. BMOPaHOTO
(3amyckaerbcs | aKTMBHOCT] KOPUCTYBadeM.
ABTOMATIYHO): 150 mr/m1.
110-120 mr/mr.
Pexxum akTuB-
HOCTi (3aITycKa-
€TbCs BPYUHY):
140-160 mr/mr.
Apromarnso- | Hemae. ApTOoMaTM4- | ABTOMAaTH4HI Hemae. Hemae. Asromariune, | Bubpanmit
BaHi KOpery- Ha KOPeKIlifl | KOpeKIiiHi Kopexuii 3xiit- | Kopekii aJaTlITUBHE KOPUCTYBa-
BaJIbHi O0IIOCH 60rmociB 60omocu (60 % CHEHO 32 JIOTTO- | 3MIi/ICHIOIOTHCS KOpUTYBaH- yeM peXxnM
3IUIbOBMM | Biff pO3paxoBa- | MOTOIO GBI | 3a JOLOMOTOK | HsI 103 3 «ABTOMATITY-
piBHEM HOI KOPEeKIIiffHOi | arpecHBHUX OiIbIII arpecyB- | ypaxyBaHHAM | HUIT GOMIOCH
120 mr/pn IIO3M LIOTO- KOpUTYBaHb HVX KOPUTYBaHb | 3alaHMX ABTOMATUYHO
Tic7iA fio- IVIHM), SKIIO 6a30BOI IIBNJI- | 6a30BOI LIBMJI- | 1i/IOBUX 3HA- | OJIABATUME
CATHEHHA TIPOTHO3YEThCA | KOCTi. KOCTIi. YeHb IMIIOKO3M. | 40 % Kopekil
MAaKCUMaJib- | IIepeBUIIEHHSA KOXHI ITATb
HOTO piBHAL | piBHA ITIOKO3M XBU/IVH.
aproMaTuy- | 180 mr/m,
HOi 6a3MCHOI | 3 LIVIbOBUM
TO3M. PpiBHEM ITTIIOKO3M
110 mr/mn.
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Ta6nuys 1. Cucmemu AID, 3ameepoxceni 6 Cnonyuenux lImamax (npo0osicerns)

61;’3(‘;}1;47‘:)‘1(; M;‘;‘Ol\éed ControlIQ | Omnipod5 | CamAPSFX iLet Twiist
Asromatnso- | Pydne ko- Pyuna Pyuni xopexuiii- | Pyyna Pexxum «Boost» | Bigcytnicte | Pyuna kopekuis
BaHI KOpeIy- | pUIYBaHHs | KOpeKIjisfi3a | Hi 6OIIOCK € KOpeKIlif 3a JI03BOJISIE KOPYIC- | HEOOXITHOCT] | 3a JOIOMOTOI0
BajIbHI 60/mocn | 6ormociB 3 TOTIOMOTOI0 | OMI[iOHATIbHUMI. | OTIOMOTOIO TyBa4eBi TMMYa- | py4HOTO KaJIbKy/IATOpa
IiTbOBUM Ka/IbKy/ATO- | PydHa KOpeKIia | KaJbKy/IATOpa | COBO 30UIBIINTY | BBEJIEHHS 6ormocy.
piBHEM pa bomociB. | 3a JOIIOMOTOI0 | 6OTIIOCY. Tnofady iHcyniny. | iHCyiny.
150 mr/mn KaJIbKY/IITOpa Pyuna xopexkisa
Ha OCHOBI 6omociB. 32 JIOIIOMOTOIO
apamMeTpiB KaJIbKy/IATOpa
QITOPUTMY 6orrocy.
KOHTPOIIO,
1o He €
3amporpa-
MOBaH/MI
Koedirii-
€HTaMI
YyTMBOCTI.
Tumyacosi Tumaacouit | Tumaacosmit | Pesxum cHy: Pexxum Migcwrenna abo | Tumdacosi Trumaacosa
pexuMm. LTBOBUTA IiTEOBU BCTaHOBITh AKTUBHOCTI. OC/Iab/IeHHsT — | peKUMM Bii- | 6a30Ba IIBNJ-
piBeHb piBeHb I/If0- | BepxHiit 6i71b111 200 MEHII | CYTHI. KiCTb, 11O /i€
IJTIOKO3M. KO3 JiarrasoH arpecUBHUI PisHi 1inpoBi | mo 12 ropmH,
Ha 120 mr/m, a/ITOPUTM. PpiBHI ITIOKO3M | 3yINMHSE pO6O-
MO>KHa aBTO- MO)XHA aBTO- | TY 3AMKHYTOTO
MaTKU3yBaTH MaTU3YBaTU | KOHTYpY Ha Iiei
32 PO3K/IA/IOM 32 PO3K/IAJIOM. | Yac.
a60 BpyuHYy.
Pexxum akTuB-
HOCTI: BCTaHO-
BiTb HVDKHIl
Tiarmasox
Ha 140 mr/m1.
Hamamrrysan- | I[Ipodine ITpodins CR. | ITpodims CR. Ipodins CR. | ITIpodins CR. Maca Tina. ITpodinb CR.
HA, AkiMoxke | CR. Yac pii basosi mBnpko- | ITpodins ISE | ISE inbosi piBHi | basanbhi piBHi
3MiHIOBaTU Yac pii iHCyITiHY. CTi iHCyTiHY. Yac pii Hinbosmit IJIIOKO3M. IHCyIiHY.
KOpUCTyBay/ | iHCYIiHY. Hinmbosmit IIpocdims ISE iHCYymiHy. PiBEHD ITIIOKO3Y ITpodins ISE
MeIMYHNI Tumyacoui | piBeHb Posknap pexxu- | LliiboBuit pi- | B cucTeMi. Yac pii incy-
TIpalliBHUK. L/IbOBMIA IJIIOKO3Y [UIA | MY CHY. BEHb ITTIOKO31. TiHY.
ISE: koeini- | piBeHDb aJICOPUTMY. Hinmbosuit JiamasoH Ko-
€HT YYT/IMBOC- | I/IIOKO3M. baszosi mBuz- PpiBEHD IJII0- PpeKIii I7IoKo3m.
Ti fio incyniny. | Basosi kocri Ta ISF KO3M ITifT 9ac besneunmwit pi-
CR: cHiBBifjHO- | BUAKOCTI | 1A IpOdiTio AKTUBHOCTI. BE€Hb IJTFOKO3I.
mreHHA iHcymi- | Ta ISF ma 3 BIOKpUTUM basanpHa HiamasoH neper,
HY JI0 ByIJIe- npodiIi0 3 | KOHTYPOM. HIBUJKICTD IIPUIIOMOM DKi.
BOJiB. BIIKpUTUM s mpocio O6MexeHHsT
KOHTYPOM. 3 BIIKpUTIM BBEJIEHHA.
KOHTYPOM.
Hapyannsa Haocnosi | Ha ocho- Ha ocnosi TDD. | Ha ocHoBi Apantyersca go | Amantyerscsa | Kopurye mosy
aJITOPUTMY. TDD ta Bi TDD Ta TDD, oHOB/IIO- | LITOJIEHHNX, TTiC- | HA OCHOBI ce- | iHCy/iHy Ha
OLiHKM piB- | OLIiHKM piBHA €TbCA 3 KOK- | IAifla7IbHUMX Ta | PeIHBOTO PiB- | OCHOBI OCTaH-
HA TTIIOKO3M | ITIFOKO3Y Ha- HOIO 3MiHOI0 | TOOOBUX PUTMIB; | HA IVIIOKO3M 3a | HiX 60 XBI/IMH.
HaTuleceplie | TLieceple Ta Pod (xoxni Hesanmexumit Big | mannvu CGM
1 KOHIIeH- KOHIIeHTparii TP [iHi). 3aIporpamo- 110 [060BMX
Tpanii iHCyniHy BaHMX 6a30BYX | [TATEPHIB I
iHCynminy B IJIa3Mi HaJIAlITYBaHb Ta | KOPEKIIii Ta
B IIa3Mi KpOBi Ha HajallTyBaHb 6asoBoro
KpOBi Ha MOMEHT T0- 9yTIMBOCTi IO | iHCYIIiHY;
MOMEHT I0- | JIOMyBaHHA. IHCY/HY HaCOCa. | afAIITYEThCA
JIOIyBaHHSL. o TIpUItOMiB

ki Ha OCHOBI
TPbOX KaTero-
Ppiit mpuiioMiB
DKi.
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Tabnuus 1. Cucmemu AID, 3ameepoxceri 6 Cnonyuenux IlImamax (npodosxcents)

61;’32}1;47‘:)% M;‘;‘ohéed ControlIQ | Omnipod5 | CamAPSFX iLet Twiist
Cucrema Carelink; Carelink; t:Connect Omnipod Diasend; Bionic Report; | Nightscout;
YTIpaB/iHHA 171 Mofie-7i | aBroMarnyHe | mobile; Connect; aBTOMAaTNYHE aBTOMaTUYHE | aBTOMATHYHE
TAHVMIL. 670G HeO6- | 3aBaHTaKEH- | aBTOMATIIHE aBTOMaTMYHE | 3aBaHTAKEHHs | 3aBaHTAXKEH- | 3aBaHTAXKEHHS

XifjHe py4He | HdBXMapy. |3aBaHTKEHHA | 3aBaHTOKEHHA | B XMapy. HA B XMapy. B XMapy.

3aBaHTaKEeH- B XMapy. B XMapy.

Hs JAHUX 3

Hacoca,

U1 MOJIeTT

770G — aB-

TOMaTUIHE

3aBaHTa)KEH-

HA JJAHVX Y

XMapy.
3arBepmxeni | Mapkysan- | FDA FDA FDA FDA FDA FDA
nokasauusa go | Ha FDA tasHak CE. | tasuak CE. Ta 3HakK CE. Ta 3HakK CE. JO3BOJIMIA TTO3BOJIMTIA
3actocyBanHA. | Ta CE. Big 7 mo 80 Bin 2 pokis Bin 2 pokis Bin 1 poky; Bifl 6 POKiB Bifl 6 pOKiB

Bin cemu POKiB Ipu npu [1]] 1-ro npu LI 1-ro Ilo3Bin Ha BU- npu 0[] 1-ro | mpu LT 1-ro

PpoxkiB s I 1-ro TUILY. TUITyTa Biff 18 | KOPUCTaHHA M| | TUILY. TUIIYy.

670G pn TUILY. pokis npu L] | yac BariTHOCTI.

I 1-ro 2-ro TUIIY.

TUITY Ta Bifi

IBOX POKIiB

st 770G

mpu LT 1-ro

Ty (mnre

FDA).

OxpiM He3pyYHOCTi HOCIiHHA 30BHIIIHIX
HNPUCTPOIB /11 BUKOPUCTAHHA MiJUIKipHOTO
iHCy/IiHy B aBTOMAaTH30BaHili CUCTEMi BBEJEHHS
iHCy/iHy, yIOBiNbHEHHA Hil iHCY/NiHY Ta BU-
MipIOBaHHA PiBHA IMTIOKO3Y IPY MifMIKipHOMY
BBeJICHHI € HeOOXiTHICTD B IIOBiJOM/IEHHSX IIPO
npuiioM ki Ta ¢isuYHI HaBaHTa)XeHHs, 110
OPU3BOAUTH [0 TaK 3BaHOI «ribpupHoi» AID
[8, 63]. MeTa ITOBHICTIO aBTOMAaTN30BaHOTO
BBEJIEHH:A iHCY/TiHYy BUMAara€ ajbTepHATUBHUX
IIIAXiB BBeflEeHHA iHCYiHY.

3 1990-x pokKiB IMIIaHTOBaHI BHY TPillIHbO-
yepeBHi nporpamoBaHi cuctemu (IIPS), BOymo-
BaHi MiJIIKIPHO B KMILIEHIO Ye€PEBHOI CTiHKMY, SIKi
BBOJIATD iHCY/IiH 4epe3 YepeBHY MOPOXXHUHY,
KJIiIHIYHO BUKOPUCTOBYIOTbCS KiTbKOMa COTHA-
Mmu nmofieit B €Bpori [64, 65]. Hespaxaroun Ha
Te, 1[0 BOHM HeE IIfK/II04YeH] 1o cucteM 0es-
II€EPEPBHOTO MOHITOPMHIY IIOKO3M, IIi CUCTe-
MM IPOJEeMOHCTPYBa/lIN HOJIIMIIeHHS KOHTP-
OJII0 T7TI0KO3Y B MOPiBHAHHI 3 MifIIKipHUMU
iHCy/TIHOBMMY IOMIIaMY, BK/IIOYAIOYM CTiliKe
3HIDKeHHs piBHIB HbAlc Ta 3MeHIIeHHS BK-
MafKiB TsHKKOI rirormikeMii [66—68]. JomaTkoBi

nepeBary, Ipo sAKi HOBiJOMIIAIOCH, BK/IIOYAKOTh
MOJIIIIIEHHA AKOCTI )XUTTs, IIOB SI3aHOI 3 fia-
6eToMm [69], moninmenus piBHs nimifis, [70],
piBuiB IGF-1 [71] Ta BifTHOB/IEHHS CeKpelii TTi0-
KaroHy Iif 4yac rinornikemii [72] Ta ¢disnynnx
HaBaHTaXeHb [73]. O6MexxeHHs Oy/M 1TOB sI3aHi
3 arperalieo iHCyTiHy B mommax [74], 3aky-
MIOPKOIO KaTeTepa Yepe3 peakllii Ha 4y>KOpifHi
tina [75, 76], BunagkoBuMu iHbeKIisiMU Ku-
treHi momnu [77] Ta BUPOOIEHHSM aHTUTIN IO
iHcyniny 3 Hu3bKoMw adinHicTIO [78].

bynu nposepeHi minoTHi KIiHiYHI BUIIPO-
OyBanHA i oninku AID 3 BUKOpKUCTaHHAM
nux [IPS, migkmouyeHNX 1o BHY TPillIHbOBEHHUX
(IV) ab6o migmkipaux (SC) TTIOKO3HUX FaTIN-
KiB [79-81]. IligikipHi gaTumku, 6€3MpOTOBO
nigxnaodeni fo IIPS yepes 30BHINIHIO IJTIaT-
¢dbopmy, 110 yIpaBIise aITOPUTMOM KOHTPOJIIO
(abo B pexxuMi MpomopuitHO-iHTerpanbHO-
nudepenuianproro [PID] [82] abo MPC [83])
IO3BOJIMIN JOCATTHU KPAI[Oro KOHTPOJIIO TTI0-
ko3, Hix IIPS 3 pyunum kepyBanuam [82] abo
nigmkipHa iHdysis, migkmodena fo CGM [83]
([JuB. pucyHOK 2).
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IP JocTtaBKa

Besneuyna sona [70-180 mr/pm]
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Puc. 2. BuympiuiHvouepesHe 66e0eHHS iHCYNIHY 3a0e3neuye Kpausy pe2yniauiio enikemii, Hix niouwikipte
86€0eHMS IHCYTIIHY, Y NOBHICINI0 ABMOMAMU308AHILL WMy 1HITI NIOWIYHKOBITI 3a71031 HA 0CHO8I MOOeb-
HO20 NPOZHO3HO20 KOHMPOIO ¥ NAUIEHMIB 3 uyKkposum diabemom 1-20 muny: ninomme 0ocnioHeHHS.

IIpumitku: Pe3ynbraTy BUMipIOBaHH: piBHA IJIIOKO3M B KpOBi mificymoBaHi B (a) Ta (b) Ak MefiaHHI 3Ha4eHH:, BUMIpsHi
3a goromororo YSI (cyrinbHa TOBCTa /iHiA), iHTepKBapTIIBHUIL po3Max (3adapboBaHa 06/1acTh) /I BUIPOOYBaHb i3
3aMKHYTUM KOHTYPOM i3 BHy TpiliHbo4YepeBHOM (IP) Ta mifmkipHoo (SC) mogayeto iHCyniny BignosigHo. TpuBaicTts 3a-
MKHYTOT'O KOHTYPY CTAHOBUTD 22 TOVHM, ourHa0un 3 18:00. ITinboBmit mokasHuK KOHTpPosIo (80-140 Mr/m) moxasaHmi
CMHBOIO IIPSIMOKYTHOIO CMYTOI0, a 30Ha Oesmexn (70-180 Mr/mn) — GIAKUTHOI IPSIMOKYTHOIO cMyTro. MeniaHa fosu
iHCY/iHY, 11J0 BBOGUTHCS iHCY/IIHOBOKO OMITOIO JiIsl BCiX BUIPOOYBaHb, IokasaHa B (¢) i (d) anst BHY TpillIHbOYepEeBHOTO

(IP) Ta migmkipuoro (SC) BBefieHH: BiOBIZHO, Pa3oM 3 MKKBApTIU/IbHUM po3MaxoM [82].

Ha ocHOBIi 11U IOCTIiKeHb KOHLIENIIif po3-
po6ku AID 3 BuKopucTaHHAM papMaKoKiHeTn4-
HVX Ta (papMaKOAVHAMIYHIX ITepeBar BHy Tpill-
HbOUYepeBHOI iHQY3il iHCyTiHY € IpUBabIMBOIO.
OuiKyeTbCs, M0 JOCTIIPKeHHS Ta po3pooOKu 6y-
IyTh 30cepekeHi Ha 6111 i3ndHO CTabiIbHIX
BJMCOKOKOHIIEHTPOBAHMX IIpeNnapaTax iHCyIiHy,
nogjanbiiit MiHiaTropu3sanii IIPS 3 nokputumu
KaTeTepaMmu [yis 3armobiranHs okimiosii [84] ra
IMIUTAaHTOBaHMX JaT4YMKaX ITIFOKO3M, AKi B KiHIje-
BOMY Ii/ICYMKY OY/Iy Th PO3TAIIOBaHi B YepeBHiit
nopoxxuuHi [85]. ocnimxkeHHs in silico mokasa-
7, 1o anroputMu KoHTpomo PID, sacHoBaHi Ha
IOBOKOMIIOHEHTHIIl Mofefi KiHeTUKI iHCYIIiHY,
TO3BOJIATH IIOBHICTIO aBTOMATN3YBaTH IIOfiady
iHCY/IiHY IIpV BUKOPUCTAHHI IIepUTOHEAIbHOTO
msixy [86]. [Torouni mpoekty, 1o ¢iHaHCy-
10Tbcs €C 1 04OMIOI0THCA ITPOMMCTIOBICTIO, CIIPs-
MOBaHi Ha Heil iHHoBanimuui nigxig go AID,
SIKMI I03BONUTD AK ONTUMIi3yBaTV KOHTPOIb
IJIIOKO3M, TaK i «3a0yTu» mpo AiabeT KOpucry-
BayaM [86-89].

Hosi npenaparu incyniny ta MaitOyTHi
MY/IBTHIUIEKCHI MeTa6omiyHi ceHcopn
(KOpTHU3071, TAKTAT TOIO)

Hosi npenapamu iHcyniny

IIpoTtsrom mecTu gecATUIITD MicaA BiAKPUT-
TA iHCymiHy B 1921 poni 710ro KOpUCHICTD I10-
CTYTIOBO MifIBUIITyBaacs 3aBAAKU IHHOBaLiIM
y cKkmafi npenapary. Lle fo3Bonnno ctBopuTH
oKpeMi papMaKOKiHeTMYHO-papMaKoaMHAMIYHI
(PK-PD) kmacu [90] Bif «3BUYaitHNX» PO3UNHIB
IMHK-CTa01/Ti30BaHNX 1HCYTiHOBMX IeKcaMepiB
(IIBMAKYX) JO MIKPOKPMCTA/TIYHNX CYCIIeH3il
incyniny-nporaminy (NPH; mpomikHMX) Ta yib-
Tpa-JIeHTe LVHK-iHCYTiHOBUX KpucTaiB (6a-
3anpHux). Texnonorisa pexom6inantaoi JHK y
1970-x poKax He TiIbKU JO3BOV/IA IIEPENTH
Ha JIIOJChKII iHCYJIiH, ajie I CTUMYIIIOBajIa PO3-
pOOKy aHa/oriB /s onTUMisalii nux Kacis
PK-PD [91]. OcHoBHOI0 MoTuBauieto 6ymo (i
3Q/IMIIIAETDCS) IPUBEEHHS MiAIIKIPHOTO BCMOK-
TYBaHHA Y BiITIOBIHICTD O LIOIEHHOTO PEXXNMY
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Puc. 3. Maiibymne 6auenHs ynpaeninusa 0iabemom ma nepcoHani3o8aHa aémoHOMHA CUCeEMA
WMYy4HOT NiOWIYHKOB01 3a7103U i3 3AMKHYMUM KOHIYPOM, W0 iHMezpye MybmumooanvHe 30HOY8AHHS
3 WMYYHUM iHMeNeKmom

ApanroBaHo 3 Vargas [103].

Ipumitkm: CIM — 6e3nepepBHe BUMIpIOBaHH iHCYIiHy. Pesy/bTaTu BUMIpPIOBAHH PiBHA IIOKO3M B KPOBI ITiICYMOBaHi B
(a) 1(6) sx MeniaHH] 3HaYeHHsT, BUMIpsIHi 3a orroMoroo YSI (cy1iinbHa TOBCTA JTiHis), iHTepKBapTUIbHMIT po3Max (3adapboBaHa
0671acTh) 11 BUIIPOOYBaHb i3 3aMKHYTMM KOHTYPOM i3 BHy TpiltHbo4epeBHOM (IP) Ta mipmkipHoo (SC) iHcyniHOBOO Teparti-
€10 BifmosiaHo. TpuBanicTh 3aMKHYTOr0 KOHTYPY CTAHOBUTD 22 TOAMHM, To4nHatouy 3 18:00. LIimboBuit MoKasHMK KOHTPOIIO
(80-140 Mr/pyT) MOKa3aHO CHHBOIO HPAMOKYTHOIO CMYTOI0, 8 6esTieunmii fianas3oH (70-180 Mr/m) — 6/1aKMTHOIO IIPAMOKY THOIO
cmyroro. CepefiHe 3HaUeHH: IHCY/IIHY, 1110 BBOAUTLCSA IHCY/IHOBOKO ITOMIIOIO JIA BCiX BUIIPOOYBaHb, okazaHo B (c) i (d) mra

BHYTPIllIHbOYEPEBHOTO Ta MiJIIKIPHOTO BBEJIeHH: BifIIIOBiIHO, pa30M 3 MDKKBapTWIbHIM po3MaxoM [82].

HOPMaJIbHO]I CeKpellii iHCy/iHy HifIITyHKOBOIO
3a7103010. Hanpuxman, ananoru iHCyminy A1
npuitoMy mif yac bxi 6y pospobieHi i npu-
CKOPEHHS IiJIIKIPHOTO BCMOKTYBaHHSA, TUM
CaMMM IOCUIOIYY yTUIi3alilo ITIIOKO3Y Iic/A
DKi Ta 06MeXyloun Ii3HIO TinmorikeMiro mic-
nst Dki. | HaBmaky, 6a30Bi aHamory LUIyKamu 3
piBarMu npodinamu PK-PD, mo tpusannu 24
ropguHu. ITpoTAroM OCTaHHIX ABOX AECATUIIITD
aHaJIOTM 1HCYJIiHY, [0 BBOAATDHCA IiJ| Yac Ipu-
jioMy DXi, Ta 6a3anbHi aHa/ory (a He HATMBHMI
TOACBKUI iHCY/IiH) BifirpaoTh NMpoBigHY pomb
y 3aMicHili Tepamii iHcyniHoM. IIpumiTHO, 10 Ha
MOYaTKy JPYTroro CTOMITTSA iCHyBaHHA IHCYIIiHY
TaKi MOJIEKY/IAPHI IHHOBALil IPOIOBXYIOTbCH,
PO L0 CBiJ4aTh aHAJIOTH, IKi BBOJATbCA pa3 Ha
TIDKIEHD [92, 93].

Kpim Toro, 3arposa rinor/ikeMii coHykae
IO MOLIYKY CIOCO6iB BBEEHHS B MOJIEKYITY
iHCy/iHy KOH(OpPMALIITHNX «IIepeMMKadiBy, 110
pearyroTh Ha IJIIOKO3Y [94, 95,], 3 MmeTOIO camoO-
perynAauii sane>XxHo Bif IIiKeMiYHOrO CTaHYy.

[lykaroTbcsa fOJATKOBI MONEKY/IAPHI iIHHOBaLi
I71A 3aXMCTY iHCYIIIHY Bif po3nafgy Ipy MigBU-
IeHMX TeMIlepaTypax [96, 97]: Taka migBuineHa
CTabiIbHICTD 006i1isi€ 06iNITY TOPOTHIT X000~
BUII JIAHIIIOT JOCTAaBKM Ta 30epiranHs iHCyiny.
Y HaitomKYe [eCATUIITTS MU Tiepefbadaemo,
110 MO€NHAHHA TaKMUX iHHOBALill MOXe IpU-
BECTH JO peajisalil «IIoLIyKy ifeanbHOro iHCy-
miHy» [91], IK y 3aMO>XKHMX CYCHIIbCTBAX, TaK i
B KpaiHaXx, 1[0 PO3BUBAIOTHCA.

Matibymui mynvmunnexkcHi memabomniumi
damuuxu (KOpMu3om, 1aKmarm mouo)
CydJacHi aBTOMaT/30BaHi cucTeMM ITOfadi iHCYIi-
HY TOJIIIIIVIV KOHTPOJIb ITIFOKO3M Ta 3MEHLIVIIN
TiNOIIIKEMII0, a7ié CAMOKOHTPOJIb 3a/IMIIIAEThCSA
CKIaJHUM 3aBJaHHAM I JTIOfiell 3 yKPOBUM
niaberom. CydacHi cuctemu AID mokmamaoThes
Ha efiliiHe pKepeno gatynkis, CGM, aiia peryro-
BaHHA iHCyiHY. [laTuuk 3 gekiibkoMa MeTaborti-
TaMJ MO>K€ BUMIipIOBATV PiBEHb ITIFOKO3Y PA30M 3
IHIIVIMY JAHMMMY, TOKPAIlyI04/ KOHTPO/Ib PiBHA
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IJIIOKO3M 3 0OMEXXeHMM ab0 HYTbOBMM BBeJIeH-
HSM JaHVX KopucTtyBaueM [98, 99]. Hanpuxan,
KETOHOBI TiZla CUTHA/Ii3yI0Th PO HEJOCTATHIN
piBeHb iHCY/TiHY, BKa3yloun Ha e()eKTUBHICTD
CHUCTEMU, a PiBEHb JIAKTATy IiIBUIYEThCA Mif
vac (isN4HOI aKTUBHOCTI, JOIIOMArai4y CUCTe-
MaM IITYYHOI MiAITYHKOBOI 331031 ineHTndi-
KyBaTy (pisn4Hi HaBaHTa)XeHHA 6e3 BBEIEHHA
TaHUX KOPUCTYBadeM.

HocmigHUKM BUBYAIOTH CIIOCOOM iHTe-
rpanii 6ipII KOMIJIEKCHUX MeTabomivHnx
maHux B cuctemu AID. BKIoyeHHA maTYMKiB
KeTOHOBVX Ti/l MOXe HaJjaT! BaXK/IUBY iHpOp-
Maliio Ipo MeTabomiuyHuil CTaH, 0COOIUBO B
nepiopy fedinuTy iHCyIiHY, TakMX AK Aiabe-
tuaHuit Keroanumos (IKA) [99]. ITocriitanit
MOHITOPMHT PiBHA JIaKTaTy HaJa€ JONaTKOBY
inpopmaniio, sKa € 0cOOMMBO KOPUCHOIO [/
BUSBJIEHHS Qi3NYHUX HaBaHTaXKeHb, 1110 MO-
Ky Tb IPU3BECTY O HECIIOAiBAHOIO 3HIKEH-
Hs piBHA IMIOKO3M B KpoBi [100-103]. 3oce-
PEAMBIINCH Ha MY/IbTUIIEKCHUX 6i0CceHCcOopax,
TaKIX SK Oe3lepepBHe BUMipIOBaHHS KeTOHIB
(CKM), makraTy Ta 6e3nepepBHe BUMipIOBaH-
Hs iHcyniny (CIM), MO>XXHa OTpuMaTy Marbke
MUTTEBY iHpopMaLio Ipo BUKOPUCTAHHSI
Ta e(eKTUBHICTD iHCYIIiHY, 1O JO3BOMNUTD
0171 TOYHO MifiOpaTH HO3yBaHHA IHCYIIiHY,
HOKPAIUTYU 3aTa/JIibHNI KOHTPOJIb ITIOKO3M
Ta 3MEHIIUTH KiZbKiCTh BUMAJKIB rirmo- abo
rinepriaikemii [102, 104].

Xoua cuctemu AID gocarny sHauyHUX ycIi-
XiB, IOTOYHI JOCTIIKEHHs Ta TeXHOJIOTiYHi iH-
HOBalil B IOEJHAHHI 3 IITYYHNM iHTEIEKTOM,
110 6a3y€eTbCs Ha JAHMX, JAI0Th HAJIi10 Ha CTBO-
PeHHsI TIOBHICTIO aBTOHOMHOI crcTeMu (puc. 3).
L1i mocsATHEHHS MOXYTh TPaHCHOPMYBATH JTKY-
BaHHA [jiabeTy, 3poOMBIIN JIOTO MEHII 0O TsXK-
JMBUM i 611b1II epeKTUBHMM, IO B KiHI[eBOMY
HiICYMKY IIOKPALIUTh CAMOIIOYY TTH Mi/IbJIOHIB
mopeit y BcboMy cBiti.[100]. baraTo Texnomoriu-
HIX JOCATHEHb, [0 COPUAIOTD TpaHChOpMaIil
MiKyBaHHS [jiabeTy, IPOTAroM OCTaHHIX 75 po-
KiB migTpumyBanucsa NIDDK.

CkopouyeHHA

AID aBTOMAaTM30BaHa IOfa4a iHCY/IiHY;
BGM MOHITOPYHT piBHA IJIIOKO3Y B KPOBI;
CGM Ge3riepepBHIIT MOHITOPVIHT IJIFOKO3Y1;

CIM Ge3nepepBHe BUMIPIOBaHH: (HCYIIiHY;

CKM OesrnepepBHe BIMipIOBaHH: KETOHIB;

DKA niabeTMYHUIT KETOALUI03;

iAGC CyMiCHUI1 aBTOMaTU30BaHMII KOHT-
ponep IIOKO3M;

IGF-1 iHcyniHomoRi6HMIT akTOp pocTy 1;

ITPS IMIVIaHTOBaHi BHY TPIillIHbOYEPEBHI
IIpOrpaMOBaHi CUCTeM;

MPC MOJIETTbHO-TIPOTHO3HE PETy/II0OBAHHS;

NIAMDD HanioHanbHuit iHCTUTYT apTpu-
Ty, MeTab0/Ii3My Ta 3aXBOPIOBaHb
OPTraHiB TPaB/I€HHS;

NIDDK Hanionanpuuit iHcTUTYT miabery,
3aXBOPIOBaHb OpPraHiB TPaBJICHHA

Ta HUPOK;
NIH HauionanbHi iHCTUTY TN 300pOB’S;
NPH HeJTpa/IbHNII IpOoTaMiH-XarefopHa;
PID IPONOPLiTHO-1HTerpanbHO-ude-
peHIlia/IbHE PETYNI0BaHHS;
SC HifLIKipHe.

Bnepuue onyénixoeano: Richard M. Bergenstal,
Adam Heller, Marc D. Breton et al. Evolution of the
Artificial Pancreas: Components and Integration—
CGMs, Insulin, and AP Systems. Diabetes Technology
& Therapeutics. 2025. 27:53, §9-S20.

https://doi.org/10.1089/dia.2025.18801.rmb

ITy6nixyemocst 32iono niyensii Creative
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Jlirepatypa

1. Bleicher SJ. Symposium on home blood glucose monitor-
ing. Diabetes Care 1980;3:57-149. Crossref. PubMed.

2. Clark LC. Monitor and control of blood and tissue oxy-
gen. Trans Am Soc Artif Intern Organs 1956;2:41-48.

3.  Updike SJ, Hicks GP. The enzyme electrode. Na-
ture 1967;214:986-988.

4. Symposium on potentially implantable glucose sensors. Dia-
betes Care 1982;5(3):147-283.

5. Skyler JS. Continuous glucose monitoring: an overview
of its development. Diabetes Technol Ther2009;11(Suppl
1):S5-S10.

6.  Bergenstal RM. Roadmap to the effective use of continuous
glucose monitoring: innovation, investigation, and imple-
mentation. Diabetes Spectr 2023;36(4):327-336.

7. Kroc Foundation International Conference. Insulin delivery
devices. Diabetes Care 1989;3:253-370.

8. Cobelli C, Renard E, Kovatchev B. Artificial pancreas:
past, present, future. Diabetes 2011;60:2672-2682.Cross-
ref. PubMed.

9.  Peyser T, Dassau E, Breton M, Skyler JS. The artificial pan-
creas: current status and future prospects in the management
of diabetes. Ann N 'Y Acad Sci 2014;1311:102-123. Cross-
ref. PubMed.

10. Infante M, Baidal DA, Rickels MR, et al. Dual-hormone
artificial pancreas for management of type 1 diabetes: recent
progress and future directions. Artif Organs 2021;45(9):968—
986. Crossref. PubMed.



Orman

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Heller A, Ulstrup J. Detlev Miiller’s discovery of glu-
cose oxidase in 1925. Anal Chem (Washington, DC,
US)2021;93(18):7148-7149; Crossref

Aoki A, Rajagopalan R, Heller A. Effect of quater-
nization on electron diffusion coefficients for re-
dox hydrogels based on poly(4-vinylpyridine). J Phys
Chem 1995;99(14):5102; Crossref

Aoki A, Heller A. Electron diffusion coefficients in hy-
drogels formed of cross-linked redox polymers. J Phys
Chem 1993;97(42):11014.

Rajagopalan R, Aoki A, Heller A. Effect of quaterniza-
tion of the glucose oxidase “wiring” redox polymer on the
maximum current densities of glucose electrodes. ] Phys
Chem 1996;100(9):3719.

Katakis I, Ye L, Heller A. Electrostatic control of the electron-
transfer enabling binding of recombinant glucose oxidase and
redox polyelectrolytes. ] Am Chem Soc 1994;116(8):3617.
Ohara TJ, Rajagopalan R, Heller A. Glucose electrodes
based on cross-linked bis(2,2’-bipyridine)chloroosmi-
um(+/2+) complexed poly(1-vinylimidazole) films. Anal
Chem 1993;65(23):3512.

Csoeregi E, Quinn CP, Schmidtke DW, et al. Design,
characterization, and one-point in vivo calibration of
a subcutaneously implanted glucose electrode. Anal
Chem 1994;66(19):3131.

Quinn CP, Pishko MV, Schmidtke DW, et al. Kinetics of
glucose delivery to subcutaneous tissue in rats measured
with 0.3-mm amperometric microsensors. Am ] Physi-
ol 1995;269(1, pt 1):E155-E161.

Quinn CP, Pathak CP, Heller A, Hubbell JA. Photo-
crosslinked copolymers of 2-hydroxyethyl methacrylate,
poly(ethylene glycol) tetra-acrylate and ethylene dimethac-
rylate for improving biocompatibility of biosensors. Bioma-
terials 1995;16(5):389-396.

Schmidtke DW, Pishko MV, Quinn CP, et al. Statistics for
critical clinical decision making based on readings of pairs
of implanted sensors. Anal Chem 1996;68(17):2845-2849.
Quinn CAP, Connor RE, Heller A. Biocompatible, glucose-
permeable hydrogel for in situ coating of implantable biosen-
sors. Biomaterials 1998;18(24):1665-1670.

Schmidtke DW, Freeland AC, Heller A, et al. Measurement
and modeling of the transient difference between blood and
subcutaneous glucose concentrations in the rat after injection
of insulin. Proc Natl Acad Sci U S A1998;95(1):294-299.
Schmidtke DW, Heller A. Accuracy of the one-point in vivo
calibration of “wired” glucose oxidase electrodes implanted in
jugular veins of rats in periods of rapid rise and decline of the
glucose concentration. Anal Chem1998;70(10):2149-2155.
Wagner JG, Schmidtke DW, Quinn CP, et al. Continuous
amperometric monitoring of glucose in a brittle diabetic
chimpanzee with a miniature subcutaneous electrode. Proc
Natl Acad Sci U S A 1998;95(11):6379-6382.

Bergenstal RM, Garg S, Weinzimer SA, et al. Safety of a
hybrid closed-loop insulin delivery system in patients with
type 1 diabetes. JAMA 2016;316(13):1407-1408.

Garg SK, Weinzimer SA, Tamborlane WYV, et al. Glucose
outcomes with the in-home use of a hybrid closed-loop
insulin delivery system in adolescents and adults with type 1
diabetes. Diabetes Technol Ther 2017;19(3):155-163.
Bergenstal RM, Nimri R, Beck RW, et al.; FLAIR Study
Group. A comparison of two hybrid closed-loop systems
in adolescents and young adults with type 1 diabetes
(FLAIR): a multicentre, randomised, crossover trial. Lan-
cet 2021;397(10270):208-219.

Carlson AL, Sherr JL, Shulman DI, et al. Safety and glycemic
outcomes during the MiniMed™ advanced hybrid closed-
loop system pivotal trial in adolescents and adults with type
1 diabetes. Diabetes Technol Ther2022;24(3):178-189.
Pihoker C, Shulman DI, Forlenza GP, et al. Safety and
glycemic outcomes during the MiniMedTM advanced
hybrid closed-loop system pivotal trial in children and
adolescents with type 1 diabetes. Diabetes Technol
Ther2023;25(11):755-764.

Brown S, Raghinaru D, Emory E, Kovatchev B. First look
at control-IQ: a new-generation automated insulin delivery
system. Diabetes Care 2018;41(12):2634-2636.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Delg

N5 (XIV)| S |2025

JKOBTEHD

Brown SA, Kovatchev BP, Raghinaru D, et al.; for the iDCL
Trial Research Group. 6-month randomized multicenter
trial of closed-loop control in type 1 diabetes. N Engl J
Med 2019;381:1707-1717. Crossref. PubMed.

Breton MD, Kanapka LG, Beck RW, et al.; for the iDCL
Trial Research Group. A randomized trial of closed-
loop control in children with type 1 diabetes. N Engl ]
Med 2020;383:836-845.

Wadwa RP, Reed ZW, Buckingham BA, et al.; for the
PEDAP Trial Study Group. Trial of hybrid closed-loop
control in young children with type 1 diabetes. N Engl J
Med 2023;388(11):991-1001.

Levy CJ, Bailey R, Laffel LM, et al.; TL1 Study Group. Multi-
center evaluation of ultra-rapid lispro insulin with control-1Q
technology in adults, adolescents, and children with type 1
diabetes. Diabetes Technol Ther2024;26(9):652-660.
Cobry EC, Berget C, Messer LH, Forlenza GP. Review of
the Omnipod® 5 automated glucose control system powered
by Horizon™ for the treatment of type 1 diabetes. Ther De-
liv 2020;11(8):507-519.

Brown SA, Forlenza GP, Bode BW, et al.; for the Omnipod 5
Research Group. Multicenter trial of a tubeless, on-body au-
tomated insulin delivery system with customizable glycemic
targets in pediatric and adult participants with type 1 diabe-
tes. Diabetes Care 2021;44(7):1630-1640; Crossref PubMed.
Davis GM, Peters AL, Bode BW, et al. Safety and efficacy of
the Omnipod 5 automated insulin delivery system in adults
with type 2 diabetes: from injections to hybrid closed-loop
therapy. Diabetes Care 2023;46(4):742-750.

Lum JW, Bailey RJ, Barnes-Lomen V, et al. A real-world
prospective study of the safety and effectiveness of the Loop
open-source automated insulin delivery system. Diabetes
Technol Ther 2021;23(5):367-375.

Wong JJ, Hood KK, Hanes SJ, Lal RA, Naranjo D. Psycho-
social effects of the loop open-source automated insulin de-
livery system. ] Diabetes Sci Technol 2023;17(6):1440-1447.
Castellanos LE, Balliro CA, Sherwood JS, et al. Performance
of the insulin-only iLet bionic pancreas and the bihormonal
iLet using dasiglucagon in adults with type 1 diabetes in a
home-use setting. Diabetes Care2021;44(6):e118-e120.
Bionic Pancreas Research Group; Russell SJ, Beck RW, Damiano
ER, et al. A multicenter, randomized trial of a bionic pancreas
in type 1 diabetes. N Engl ] Med 2022;387(13):1161-1172.
Weissberg-Benchell ], Vesco AT, Shapiro J, et al. Psychosocial
impact of the insulin-only iLet bionic pancreas for adults,
youth, and caregivers of youth with type 1 diabetes. Diabetes
Technol Ther 2023;25(10):705-717.

Sherwood JS, Castellanos LE, O’Connor MY, et al. Ran-
domized trial of the insulin-only iLet bionic pancreas for
the treatment of cystic fibrosis- related diabetes. Diabetes
Care 2024;47(1):101-108.

Ware ], Allen JM, Boughton CK, et al.; KidsAP Consortium.
Randomized trial of closed-loop control in very young chil-
dren with type 1 diabetes. N Engl ] Med 2022;386(3):209-219.
Boughton CK, Hartnell S, Thabit H, et al. Hybrid closed-loop
glucose control compared with sensor augmented pump
therapy in older adults with type 1 diabetes: an open-label
multicentre, multinational, randomised, crossover study. Lan-
cet Healthy Longev 2022;3(3):e135-e142; Crossref PubMed.
Ware J, Boughton CK, Allen JM, et al. Cambridge hybrid
closed-loop algorithm in children and adolescents with type
1 diabetes: a multicentre 6-month randomised controlled
trial. Lancet Digit Health 2022;4(4):e245-€255.

Lee TTM, Collett C, Bergford S, Hartnell S, et al.; AIDAPT
Collaborative Group. Automated insulin delivery in women
with pregnancy complicated by type 1 diabetes. N Engl J
Med 2023;389(17):1566-1578.

Boughton CK, Allen JM, Ware ], et al; for the CLOuD Consor-
tium. Closed-loop therapy and preservation of c-peptide secre-
tion in type 1 diabetes. N Engl ] Med 2022;387(10):882-893.
Quemerais MA, Doron M, Dutrech F, et al.; Diabeloop
Consortium; Diabeloop Consortium. Preliminary evalu-
ation of a new semi-closed-loop insulin therapy system
over the prandial period in adult patients with type 1 dia-
betes: the WP6.0 Diabeloop study. ] Diabetes Sci Tech-
nol 2014;8(6):1177-1184.

19



20

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

EBomonist mry4Hoi mifnuynkosoi 3anmo3n m Richard M. Bergenstal et al.

Kariyawasam D, Morin C, Casteels K, et al. Hybrid closed-
loop insulin delivery versus sensor-augmented pump
therapy in children aged 6-12 years: a randomised, con-
trolled, cross-over, non-inferiority trial. Lancet Digit
Health 2022;4(3):e158-¢168.

van Bon AC, Blauw H, Jansen TJP, et al. Bihormonal fully
closed-loop system for the treatment of type 1 diabetes: a
real-world multicentre, prospective, single-arm trial in the
Netherlands. Lancet Digit Health2024;6(4):e272-¢280.
Burnside MJ, Lewis DM, Crocket HR, et al. Open-source
automated insulin delivery in type 1 diabetes. N Engl J
Med 2022;387(10):869-881.

Da Silva J, Bosi E, Jendle J, et al. Real-world performance
of the MiniMed™ 670G system in Europe. Diabetes Obes
Metab 2021;23(8):1942-1949; Crossref PubMed.

Silva JD, Lepore G, Battelino T, et al. Real-world performance
of the MiniMed™ 780G system: first report of outcomes
from 4120 users. Diabetes Technol Ther 2022;24(2):113-
119; Crossref PubMed.

Kovatchev BP, Singh H, Mueller L, Gonder-Frederick LA.
Biobehavioral changes following transition to automated
insulin delivery: a large real-life database analysis. Diabetes
Care 2022;45(11):2636-2643; CrossrefPubMed.

Forlenza GP, DeSalvo DJ, Aleppo G, et al. Real-world evi-
dence of Omnipod® 5 automated insulin delivery system
use in 69,902 people with type 1 diabetes. Diabetes Technol
Ther 2024;26(8):514-525; Crossref PubMed.

Lablanche S, Delageniére ], Jalbert M, et al. 12-month real-life
efficacy of the MiniMed 780G advanced closed-loop system
in patients living with type 1 diabetes: a French observa-
tional, retrospective, multicentric study. Diabetes Technol
Ther 2024;26(6):426-432; Crossref PubMed.

Choudhary P, Arrieta A, van den Heuvel T, Castafieda J,
Smaniotto V, Cohen O. Celebrating the data from 100,000
real-world users of the MiniMed™ 780G system in Europe,
Middle East, and Africa collected over 3 years: from data to
clinical evidence. Diabetes Technol Ther 2024;26(S3):32-
37; Crossref PubMed.

Graham R, Mueller L, Manning M, et al. Real-world use
of control-IQ technology is associated with a lower rate of
severe hypoglycemia and diabetic ketoacidosis than his-
torical data: results of the Control-IQ observational (CLIO)
prospective study. Diabetes Technol Ther 2024;26(1):24-
32; Crossref PubMed.

Phillip M, Nimri R, Bergenstal RM, et al. Consensus rec-
ommendations for the use of automated insulindelivery
technologies in clinical practice. Endocr Rev 2023;44(2):254-
280; Crossref PubMed.

Renard E. Insulin delivery route for the artificial pancreas:
subcutaneous, intraperitoneal, or intravenous? Pros and cons. ]
Diabetes Sci Technol 2008;2:735-738. Crossref. PubMed.
Micossi P, Cristallo M, Librenti MC, et al. Free insulin profiles
after intraperitoneal, intramuscular, and subcutaneous insu-
lin administration. Diabetes Care 1986;9(6):575-578. Cross-
ref. PubMed.

Weinzimer SA, Steil GM, Swan KL, et al. Fully automated
closed-loop insulin delivery versus semi-automated hybrid con-
trol in pediatric patients with type 1 diabetes using an artificial
pancreas. Diabetes Care 2008;31:934-939. Crossref. PubMed.
Spaan NA, Teplova AE, Renard E, Spaan JA. Implantable
insulin pumps: an effective option with restricted dissemina-
tion. Lancet Diabetes Endocrinol 2014;2(5):358-360. Cross-
ref. PubMed.

Renard E, Schaepelynck-Bélicar P; EVADIAC Group. Im-
plantable insulin pumps: a position statement about their
clinical use. Diabetes Metab 2007;33(2):158-166. Cross-
ref. PubMed.

Broussolle C, Jeandidier N, Hanaire-Broutin H; for The Eva-
diac Study Group. French multicentre experience with im-
plantable insulin pumps. Lancet 1994;343:514-515. Cross-
ref. PubMed.

Schaepelynck P, Renard E, Jeandidier N, et al. A recent survey
confirms the efficacy and the safety of implanted pumps
during long-term use in poorly-controlled Type 1 diabetes
patients. Diabetes Technol Ther 2011;13:657-660. Cross-
ref. PubMed.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

van Dijk PR, Logtenberg SJJ, Groenier KH, et al. Continu-
ous intraperitoneal insulin infusion in type 1 diabetes: a
6-year post-trial follow-up. BMC Endocr Disord 2014;14:30-
37. Crossref. PubMed.

Logtenberg SJ, Kleefstra N, Houweling ST, Groenier KH,
Gans RO, Bilo HJ. Health-related quality oflife, treatment
satisfaction, and costs associated with intraperitoneal versus
subcutaneous insulin administration in type 1 diabetes: a
randomized controlled trial. Diabetes Care 2010;33(6):1169-
1172. Crossref. PubMed.

Ruotolo G, Parlavecchia M, Taskinen MR, et al. Normaliza-
tion of lipoprotein composition by intraperitoneal insulin in
IDDM. Diabetes Care 1994;17(1):66-1212. Crossref.
Hedman CA, Frystyk J, Lindstrom T, Oskarsson P, Arnqvist
HJ. Intraperitoneal insulin delivery to patients with type
1 diabetes results in higher serum IGF-I bioactivity than
continuous subcutaneous insulin infusion. Clin Endocrinol
(Oxf) 2014;81(1):58-62. Crossref. PubMed.

Oskarsson PR, Lins PE, Backman L, Adamson UC. Con-
tinuous intraperitoneal insulin infusion partly restores the
glucagon response to hypoglycaemia in type 1 diabetic pa-
tients. Diabetes Metab 2000;26(2):118-124.PubMed.
Oskarsson PR, Lins PE, Wallberg-Henriksson A, et al. Meta-
bolic and hormonal responses to exercise in type 1 diabetic
patients during subcutaneous, as compared to continuous in-
traperitoneal, insulin infusion. Diabetes Metab 1999;25:491-
497. PubMed.

Renard E, Bouteleau S, Jacques-Apostol D, et al. Insulin
underdelivery from implanted pumps using peritoneal route:
determinant role of insulin-pump compatibility. Diabetes
Care 1996;19(8):812-877. Crossref. PubMed.

Renard E, Baldet P, Picot MC, et al. Catheter complications
with implantable systems for peritoneal insulin delivery.
An analysis of frequency, predisposing factors and ob-
structing materials. Diabetes Care 1995;18:300-306. Cross-
ref. PubMed.

He J, Renard E, Lord P, et al. Root cause determination of
intraperitoneal catheter obstructions: insulin amyloid aggre-
gates vs foreign body reaction. ] Control Release 2021;336:1-
15. Crossref. PubMed.

Renard E, Bringer ], Jacques-Apostol D, et al. Complica-
tions of the pump-pocket may represent a significant cause
of incidents with implanted systems for intraperitoneal
insulin delivery. Diabetes Care 1994;17(9):1064-1066. Cross-
ref. PubMed.

Olsen CL, Chan E, Turner DS, et al. Insulin antibody respons-
es after long-term intraperitoneal insulin administration via
implantable programmable insulin delivery systems. Diabe-
tes Care 1994;17(3):169-676.Crossref. PubMed.

Renard E. Implantable closed loop glucose-sensing and
insulin delivery: the future for insulin pump therapy. Curr
Opin Pharmacol 2002;2(6):708-716. Crossref. PubMed.
Renard E, Costalat G, Chevassus H, Bringer J. Artificial
beta cell: clinical experience toward an implantable closed-
loop insulin delivery system. Diabetes Metab 2006;32(5, pt
2):497-502. Crossref. PubMed.

Renard E, Place ], Cantwell M, Chevassus H, Palerm CC.
Closed-loop insulin delivery using a subcutaneous glucose
sensor and intraperitoneal insulin delivery. Feasibility study
testing a new model for the artificial pancreas. Diabetes
Care 2010;33(1):121-127. Crossref. PubMed.

Dassau E, Renard E, Place J, et al. Intraperitoneal insulin
delivery provides superior glycemic regulation to subcu-
taneous insulin delivery in model predictive control-based
fully-automated artificial pancreas in patients with type 1
diabetes: a pilot study. Diabetes Obes Metab 2017;19:1698—-
1705. Crossref. PubMed.

He J, Renard E, Lord P, et al. Strategies for extended lifetime
of implantable intraperitoneal insulin catheters. ] Control
Release 2022;341:487-497. Crossref. PubMed.

Burnett DR, Huyett LM, Zisser HC, Doyle F] 3rd, Mensh
BD. Glucose sensing in the peritoneal space offers faster
kinetics than sensing in the subcutaneous space. Diabe-
tes 2014;63(7):2498-2505. Crossref. PubMed.

Dalla Libera A, Toffanin C, Drecogna M, Galderisi A, Pil-
lonetto G, Cobelli C. In silico design and validation of a



- Delc

BEPECEHb

Ne5 (XIV)l JKOBTEHb |2025

time-varying PID controller for an artificial pancreas with 96. Glidden MD, Aldabbagh K, Phillips NB, et al. An
intraperitoneal insulin delivery and glucose sensing. APL ultra-stable single-chain insulin analog resists ther-
Bioeng 2023;7(2):026105. Crossref. PubMed. mal inactivation and exhibits biological signal-

86. A bionic invisible pancreas to forget diabetes. Accessed May ing duration equivalent to the native protein. ] Biol
3, 2025. https://forgetdiabetes.eu Chem2018;293(1):47-68; Crossref

87. Al-Haddad H, Guarnera D, Tamadon I, et al. Opti- 97.  Weil- Ktorza O, Dhayalan B, Chen YS, Weiss MA, Metanis
mized magnetically docked ingestible capsules for N. Se-Glargine: chemical synthesis of a basal insulin ana-
non-invasive refilling of implantable devices. Ad Intell logue stabilized by an internal Diselenide bridge. Chembio-
Syst 2024;6(1):2470053; Crossref chem 2024;25(5):€202300818; Crossref PubMed.

88. Music 4 Diabetes. Unobtrusive continuous multi-metabolite 98. Wolkowicz KL, Aiello EM, Vargas E, et al. A review
monitoring for a physiological care of insulin-treated diabe- of biomarkers in the context of type 1 diabetes: biologi-
tes. Accessed May 3, 2025. https://music4diabetes.eu cal sensing for enhanced glucose control. Bioeng Transl

89. PhysioLogic Devices Inc. Accessed May 3, 2025. https:// Med 2020;6(2):€10201; Crossref PubMed.
physiologicdevices.com/ 99. Kong YW, Morrison D, Lu JC, Lee MH, Jenkins AJ, O’Neal

90. Jarosinski MA, Dhayalan B, Chen YS, Chatterjee D, Varas DN. Continuous ketone monitoring: exciting implications
N, Weiss MA. Structural principles of insulin formula- for clinical practice. Diabetes Obes Metab 2024;26(Suppl
tion and analog design: a century of innovation. Mol 7):47-58. Crossref. PubMed.

Metab 2021;52:101325; Crossref PubMed. 100. Aiello EM, Deshpande S, Ozaslan B, et al. Review of auto-

91. Zaykov AN, Mayer JP, DiMarchi RD. Pursuit of a perfect mated insulin delivery systems for individuals with type 1
insulin. Nat Rev Drug Discov 2016;15(6):425-439; Cross- diabetes: tailored solutions for subpopulations. Curr Opin
ref PubMed. Biomed Eng 2021;19:100312; CrossrefPubMed.

92. Rosenstock J, Bain SC, Gowda A, et al. Weekly Icodec 101. Teymourian H, Moonla C, Tehrani F, et al. Micronee-
versus daily glargine U100 in type 2 diabetes without pre- dle-based detection of ketone bodies along with glucose
vious insulin. N Engl ] Med 2023;389(4):297-308; Cross- and lactate: toward real-time continuous interstitial flu-
ref PubMed. id monitoring of diabetic ketosis and ketoacidosis. Anal

93.  Wysham C, Bajaj HS, Del Prato S, et al; QWINT-2 Investiga- Chem2020;92(2):2291-2300; Crossref PubMed.
tors. Insulin Efsitora versus Degludec in type 2 diabetes without 102. Vargas E, Povedano E, Krishnan S, et al. Simultaneous cortisol/
previous insulin treatment. N Engl ] Med 2024;391(23):2201- insulin microchip detection using dual enzyme tagging. Bio-
2211; Crossref PubMed. sens Bioelectron 2020;167:112512; Crossref PubMed.

94. Chen YS, Gleaton ], Yang Y, et al. Insertion of a synthetic 103. Vargas E, Nandhakumar P, Ding S, Saha T, Wang J. In-
switch into insulin provides metabolite-dependent regula- sulin detection in diabetes mellitus: challenges and new
tion of hormone-receptor activation. Proc Natl Acad Sci U prospects. Nat Rev Endocrinol 2023;19(8):487-495; Cross-
S A 2021;118(30):€2103518118; Crossref ref PubMed.

95. Hoeg-Jensen T, Kruse T, Brand CL, et al. Glucose-sensi- 104. Zhou K, James S, Gaca M, et al. Beyond glucose monitor-
tive insulin with attenuation of hypoglycaemia. Nature. ing: multianalyte sensor use in diabetes. Diabetes Technol
2024;634(8035):944-951; Crossref PubMed. Ther 2024;26(12):885-896. Crossref. PubMed.

Evolution of the Artificial Pancreas: Components and Integration—CGMs,
Insulin, and AP Systems*

Richard M. Bergenstal, Adam Heller, Marc D. Breton, RobertVigersky, Susan A. Brown, Gregory P. Forlenza,
Jennifer L. Sherr, Roman Hovorka, Steven J. Russell, Edward R.Damiano, Melissa S. Putman, Roy W. Beck,
Eric Renard, Rayhan Lal, Claudio Cobelli, Eyal Dassau, Halis K. Akturk, Michael A. Weiss, Jay S. Skyler

Abstract

The landmark Diabetes Control and Complications Trial (DCCT) showed that glucose control is critical to reducing
the risk of diabetes-related complications. This chapter outlines a series of innovations and investigations that followed
the DCCT, aimed at minimizing the risk of hypoglycemia while further improving glucose control. The chapter
presents an example of innovations in wired enzyme technology that facilitated the movement from capillary glucose
monitoring to continuous glucose monitoring (CGM) and ultimately, the first-factory calibrated CGM system. The
next glycemic management innovation was to connect CGM data to an insulin pump containing an algorithm able
to adjust insulin delivery based on the changing glucose levels and trends. The key features of automated insulin
delivery (AID) systems, currently approved in the United States, are presented. The AID summary table includes type
of pump, type and function of the insulin delivery algorithm, the data management system, and the indications for
use. The next section explores the innovation of alternative routes of insulin delivery to move toward the goal of a fully
automated insulin delivery system. The main trials in developing and implementing an implantable intraperitoneal
programmable system are summarized. The last section explores if sensor input in addition to glucose levels such
as continuous sensing of ketone, lactate, or insulin levels may provide valuable feedback to move us closer to a
fully autonomous AID system. Much of this diabetes innovation and investigation work has been supported by the
National Institute of Diabetes and Digestive and Kidney Diseases over that last 75 years.

Keywords: continuous glucose monitoring, automated insulin delivery, artificial pancreas, intraperitoneal insulin
delivery, insulin formulation, metabolic sensors





