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Continuous Glucose Monitoring Systems (CGMS)
Siirekli Glukoz Ol¢iim Sistemleri
Ambulatuvar Glukoz Profili (AGP)

Gunduz ve gece boyunca glikoz degerlerini cilt altina yerlestirilen
bir sensor ile izlemek i¢in gelistirilmis yontemlerdir



Kan seker takibinin 6nemi

 Ciddi hipoglisemi ve hiperglisemileri 6nlemek / 6nceden kestirebilmek
e Daha iyi kan seker kontrolii (HbAlc)

* Insilin doz ve uygulama zamanlarinin dogru ayarlanmasi

* Yenilen yemege gore seker degisimini izleyebilmek

* Uzun vadede komplikasyonlari 6nlemek



SMBG ile CGMS arasinda ne fark var?

* Anlik seker dlcer

» Kan sekerindeki degisim /;
artis veya azalmayi -
gostermez

* Hipoglisemi 6nceden
kestirilemez
e Uyurken veya araba surerken

beklenmeyen hipoglisemiler
gozden kacar

* Hasta uyumuna bagimhdir

* Cilt altindan 5-15
dakika ara ile
surekli dlcim

| yapar

A -+ Kan sekerinin

m diisme veya

- yukselme
egiliminde oldugunu gosterir.
 Beklenmeyen
hipoglisemileri tespit eder.




HbAlc ve Giinliik Kan Sekeri Izlem Sikhiginin lliskisi
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HbAlC [0) kadar kOI’)tI’O//U gider, Ziegler R, at al. Pediatr Diabetes. 2011 .




Time In Range (TIR)

Hedefte gecen zaman

180

mgldl. e o9 o006 eee LA LN

mg/dl

10
mg/dl

.mg/dl‘ e oo LA LI B B B L L A ®

180
mg/dl

70
mg/dl

H:. J In-Range

12 amo I(ZJam

= O
12 nm 12 am

100% In-Range

BIR KiSINiN 70-180 MG/DL ARALIGINDA GECIRDIGI SURE,
HEDEF ARALIK iCINDE GECEN ZAMAN




CGM SISTEMI NEDIR?
24 SAAT ARALIKSIZ OLCUM

300




Time In Range (TIR)
Hedefte gecen zaman
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CGMS

» HbAlc ve parmaktan olgumler ile
kaciriimig olabilecek glisemik
degiskenliklerin tumunu ortaya cikararak
resmin butununu gormemizi saglar

> Yuksek ve dusuk kan sekeri degerlerine
gelmeden once alarmlar ile uyarilar
alinabilen sistemler hedef aralik iginde
daha fazla kalmaya olanak saglar

» Hedef aralik icinde daha ¢ok sure
gecirmek, uzun donem komplikasyonlari
en aza indirmeye yardimci olur.



CGM ile hedeflenen TIR ne olmali?

Pek cok Tip 1 Ve Tip 2 DM hastalari icin toplanan verilerin ortalamasi;

* >%70 kan sekeri 70-180 mg/dl arasinda

<%4 kan sekeri <70 mg/dl
<%1 kansekeri <54 mg/dl
<% 25 kan sekeri > 180 mg/d|
<%5 kan sekeri >250 mg/dI

» 25 yasin altindakiler icin HbAlc < %7.5 ve TIR hedefi %60

Clinical Targets for Continuous Glucose Monitoring Data Interpretation: Recommendations From

the International Consensus on Time in Range
Tadej Battelino et al. Diabetes Care Aug 2019, 42 (8) 1593-1603; DOI: 10.2337/dcil 9-0028



CGM cesitleri

American
A Dia betes EASD Europpan Association
= Assmiation‘ e the Stuady ol Diakstes

Real-Time CGM (rtCGM) Intermittently Scanned CGM (Flash CGM)
Sensor bilgiyi siirekli olarak aliciya * Sensor surekli bilgi aktarimi yapmaz
ulastirarak uyari verir ya da alarm * Her dakika 6lcim yapip 15 dakikada bir kayit
vererek miidahale etmesini saglar. eder, ancak bir cihaza baglanti kurup

raporlama yapildiginda verilerin ciktisi alinir.
Herhangi bir alarm sistemi yoktur.

* En az 8 saatte bir 24 saatlik bilginin tamami
elde edilebilir




Profesyonel CGMS (iPro)

/ Simple to Start. Easy to Evaluate. ’ !:E‘L‘OO;MZ
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TIP 1 DM



TIiP 1 DM COCUKLAR - CGM

Primer sonlanim Alc

Randomized Controlled Trial > Diabetologia. 2012 Dec;55(12):3155-62.
doi: 10.1007/s00125-012-2708-9. Epub 2012 Sep 11.
The use and efficacy of continuous glucose
monitoring in type 1 diabetes treated with insulin
pump therapy: a randomised controlled trial

> Diabetes Care. 2006 Dec;29(12):2730-2. doi: 10.2337/dc06-1134.

Improved glycemic control in poorly controlled
patients with type 1 diabetes using real-time
continuous glucose monitoring

Randomized Controlled Trial > Diabetologia. 2009 Jul;52(7):1250-7.
doi: 10.1007/s00125-009-1365-0. Epub 2009 Apr 25.
Glycaemic impact of patient—led use of sensor—
guided pump therapy in type 1 diabetes: a
randomised controlled trial

> Diabetes Care. 2014 Oct;37(10):2702-9. doi: 10.2337/dc14-0303. Epub 2014 Jul 10.

Real-time continuous glucose monitoring among
participants in the T1D Exchange clinic registry

Randomized Controlled Trial > N Engl J Med. 2008 Oct 2;359(14):1464-76.
doi: 10.1056/NEJMoa0805017. Epub 2008 Sep 8.

Continuous glucose monitoring and intensive
treatment of type 1 diabetes

Primer sonlanimi hipoglisemi
olan calisma mevcut degil

Practice Guideline » Pediatr Diabetes. 2017 Nov;18(7):499-517. doi: 10.1111/pedi.12554.
Epub 2017 Jul 20.

ISPAD Guidelines. Managing diabetes in preschool
children

doi: 10, 10 2 2017 0362 Epub 2018 Apr 2

A Randomized Clinical Trial of the Effect of
Continuous Glucose Monitoring on Nocturnal
Hypoglvcemia, Daytime Hypoglvcemia, Glycemic
Variability, and Hypoglycemia Confidence in Persons
with Type 1 Diabetes Treated with Mulriple Daily
Insulin Injections (GOLD—3)

> PLoS One. 2016 Apr 6;11(4):20153033. doi: 10.1371/journal.pone.0153033. eCollection 2016.

Insulin Pump Therapy Is Associated with Lower Rates
of Retinopathy and Peripheral Nerve Abnormality

AlC deki anlamli azalma

x

70.4-0.6

*  CG6M kullanim siresi
* hipoglisemi ataklarinin azalmasi
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COMISAIR Study Demonstrated Most Improved A1C ONLY with
the Addition of CGM Regardless of Insulin Delivery Method

65 T1D patients were followed up for a year (3 groups): 27 patients with Sensor-Augmented Insulin Regimens
(15 on CSII+ RT-CGM & 12 on MDI + RT-CGM); 20 patients on CSl| therapy alone; 18 subjects on MDI alone

HbA,, RESULTS
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Soupal J et al. Diabetes Technol Ther. 2016 unpublished data




Sustained Intensive Treatment and Long-term Effects on HbA1lc Reduction
SILVER Study By CGM in Persons with Type 1 Diabetes Treated wiyh MDI

Effect Over 2.5 Years

HbA1lc (%)
HbA1c (mmol/mol)

@ Percent of time with glucose levels
<3.0 mmol/I (54 mg/dl)

—+o—6——

Percent of time with glucose levels 5.5 29 -2.5 <0.001
<4.0 mmol/l (72 mg/dl)

Time in range 40 51 113 <0.001

44
SMBG/CGM |56 S5 S5 55 54 56 53 55 56 52 54 51 53
T T T T T T T T T T T

Authors: Marcus Lind, Arndis F. Olafsdéttir, Jan Bolinder, Sofia Dahlqvist, Aldina -15 0 3
Pivodic, Jarl Hellman, Magnus Wijkman, Erik Schwarcz, Henrik Albrektsson, Tim

Heise, William Polonsky ADA 2020

Marcus Lind Professor of diabetology, University of Gothenburg, Sweden




Real-time continuous glucose monitoring in adults with type 1 diabetes and impaired
hypoglycaemia awareness or severe hypoglycaemia treated with multiple daily insulin
injections (HypoDE): a multicentre, randomised controlled trial.

Hipoglisemi duyarsizligi olan Tip 1 DM hastalarinda CGM alarm
sistemi ile guclendirilmis pompa kullanimi vs MDI

«ciddi hipoglisemik olaylarda %64 azalma»

Control group rtCGM group

n/N n/N
All severe hypogly caemia events
Requiring third-part assistance 39/66 24/75
Requiring third-part assistance
but no medical intervention 36/66 19/75
Requiring third-part assistance
with medical intervention 3/66 5/75 .
- i
0 1 %
—

Reduced risk in rtCGM group

Increased risk in rtCGM group

IRR (95%CI)  pvalue

0.36 (0.15-0.88) 0.0247

0.26 (0.10-0.69) 0.0071

1.60 (0.30-8.49) 0.59

Lancet. 2018 Apr 7;391(10128):1367-1377



Original Investigation

Effect of Sensor-Augmented Insulin Pump Therapy and
Automated Insulin Suspension vs Standard Insulin Pump
Therapy on Hypoglycemia in Patients With Type 1 Diabetes
A Randomized Clinical Trial

Trang T. Ly. MBBS, DCH, FRACP; Jennifer A. Micholas, RN. CDE, M5c (Nursing);
Adam Retterath, BSc(Biomed){Hons); Ee Mun Lim, MBES, FRCPA, FRACP; Elizabeth A. Davis, MBBS, FRACP, PhD;
Timothy W. Jones, MEBES, FRACP, MD

JAMA September 25,2012 Volume 210, Number 12

» 95 hasta (46 standart) (CSll siire 4.1 yil)

» 6 aylik tedavi sonrasi karsilastirma

» Orta ve ciddi hipoglisemi acisindan sensor ile gliclendirilmis pompa
daha Ustiin (p< 0.001)

» Hipoglisemide kalma siirelerinde de anlamli olarak Gstiin

» HbA1c ve DKA sikligl acisindan fark yok




Tip 2 DM



TiP2 DM - CGM

Meta-Analysis > Diabetes Technol Ther. 2018 Sep;20(9):613-621. doi: 10.1089/dia.2018.0177.
Epub 2018 Aug 10.

The Effectiveness of Continuous Glucose Monitoring
in Patients with Type 2 Diabetes: A Systematic
Review of Literature and Meta-analysis

$

7 Randomize kontrolld, 3 kohort calisma
1384 rt-CGM+proCGM
4902 iCGM

*rt-CGM+proCGM~> Alc de anlaml azalma (7%0.2)
*iICGM Alc de fark yok
*hipoglisemide gegirilen zamanda azalma




Diabetes Care 202

Effects of Continuous Glucose
Monitoring on Metrics of Glycemic
Control in Diabetes: A Systematic
Review With Meta-analysis of
Randomized Controlled Trials

Maria Ida Maiorino, ™ Simona Signoriello,”
Antonietta ."'.a'lc:u'c:a,2 Paolo Chfodfmf
Giuseppe Bellastella,*?

Lorenzo Scappatfccfo,z'z Miriam Langa,z
Dario Giugliano,™? and

Katherine Esposito™*

A

Author

JDRF, 2008 (1)
JORF, 2008 (2)
JORF, 2008 (3)
Battelino et al., 2011
Battelino et al., 2012
Little et al., 2014

van Beers et al., 2016
Beck et al., 2017
Beck et al., 2017 (4)
Feig et al., 2017 (5)
Feig et al., 2017 (6)
Ruedy et al., 2017
Heinemann et al., 2018
Bolinder et al., 2016
Haak et al., 2017
Oskarsson et al., 2018
O'Connell et al., 2009
Bosiet al., 2019

SONUC

CGM kullanimi hem Tip 1 hem Tip 2 DM
hastalarinda TIR icinde gecen sureyi
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Supported Self-care
- Health oa!
_____ i - Mobile app
’ - Connected BGM

F / Alc home test kit

s
Clinical Intervention
- Endocrinologists

.7 <nCGM prescription

\ \
b Expert Care
/ CDCES
tCGM
Y
&

.~ Medication Optimization

Glycemic Outcomes in Adults With Type 2 Diabetes
Participating in a Continuous Glucose Monitor—Driven
Virtual Diabetes Clinic: Prospective Trial

Onduo VDC

HbAlc (%)
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2.4% *
-1.6% *
Overall >9.0%
n=55 n=19
Baseline HbAlc Range

[ Baseline

8.0-9.0%
n=36

-1.2% *

HbAlc de anlamli iyilesme

A months * TIR artis

* Hiperglisemide gecen slirede kisalma

* 4 ay sonunda hipoglisemide artis
gozlenmemis.

* Ayrica kilo ve kan basinci agisindan metabolik

dizelme tespit edilmis.

Majithia AR. Et al. ] Med Internet Res 2020 Aug; 22(8)



GEBELIKTE CGMS



CONCEPTT Collaborative Group. Continuous glucose monitoring
in pregnant women with type 1 diabetes (CONCEPTT)

Neonatal verilerde anlamli diizelme

il T *artmig gestasyonelyas @

. *YBU ihtiyaci
ey 73 *neonatal hipoglisemig,
: o | L *hastanede kalig siiresi ¥
2 " g

y B i) Gebe kadin

. -1 - *HT

L | *preeklempsi— fark yok

° ey - *C4S dogum

6 Anne adayinin CGM kullanimi 1 Neonatal YBU ihtiyacini engelliyor
Lancet. 2017 Nov 25;390(10110):2347-2359



The Effect of Real-Time Continuous
Glucose Monitoring in Pregnant
Women With Diabetes

A randomized controlled trial

Effectofa CGMS and SMBG on
Maternal and Neonatal Outcomes
iNn Gestational Diabetes Mellitus: a
Randomized Controlled Trial
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Tipl ve Tip2

CGM ve SMBG

DM gebelerde CGM /SMBG

GDM gebelerde

C6M /SMBG

kullannminda, maternal ve neonatal verilerde anlamh fark yok.......




PANDEMI SURECINDE CGM ....

Pubmed .gov covid 19, diabetes mellitus, self monitoring blood glucose, continuous gluco: > m

Advanced Create alert Create RSS User Guide
Save Email Send to Sorted by: Best match Display options
cer Fters [3 40 results

RESULTS BY YEAR [1 Remote continuous glucose monitoring during the COVID-19 pandemic in
1 quarantined hospitalized patients in Denmark: A structured summary of a study
Cite protocol for a randomized controlled trial.
Klarskow CK, Lindegaard B. Pedersen-Bjergaard U, Kristensen PL.

Share  qrials. 2020 Nov 25:21(1):968. doi: 10.1186/513063-020-04872-4.
PMID: 33239100 Free PMC article. Clinical Trial.
OBJECTIVES: Patients with diabetes are - compared to people without diabetes - at increased risk of
2020 2021 worse outcomes from COVID-18 related pneumonia during hospitalization. We aim to investigate

*Tip 1

*Tip 2

*Gebelik oncesi, sirasi, sonrasinda
*Diyabetik komplikasyonlarda
*Hastanede, yatakli tedavi alanlarda
*YBU

*Teletip, telesaglik.........

*Saglik ekonomisi...........




Tirkiye'de sensorlerin higbirinde SGK geri 6deme destegi bulunmuyor.

Marka/model ilk alis maliyeti Detay
Dexcom G4
insiilin pompasi dedike olmayan sensér sistemi. Bir sefere mahsus alinan, sensor glikoz degerini aliciya gonderen pargadir.
Transmitter £3.250 Pili bitince degistirmek gerekir. Ortalama omri 2 yil.
Cilt alti sivisimi dlgen sensor. Bir kutuda 4 adet sensor bulunmaktadir. Her sensoriin 6mri 7 glindlr. 7 giniin sonunda
Sensor (1 kutu - 4 adet) £2.200 istenirse sensor omru uzatilabilir.
Kumanda £3.750 Bir sefere mahsus alinan ve bozulmadik¢a da kullanmaya devam edilen bir pargadir.
Basglangis Paketi £9.200 1 adet kumanda ve 1 kutu sensor ve transmitterden olusur.
Medtronic
Bir sefere mahsus alinan, sensor glikoz degerini aliciya gdnderen parcadir. Pili bitince degistirmek gerekir. Ortalama 6mri
Minilink/transmitter £2.000 2yl
Cilt alt: sivisini Slgen sensor. Bir kutuda 5 adet sensor bulunmaktadir. Her sensoriin 6mri 6 gunddr. 6 giniin sonunda
Sensér (1 kutu - 5 adet) £825 istenirse sensor omri uzatilabilir.
insiilin pompasi dedike olmayan sensodr sistemi. iOS tabanl cihazlardan takip edilebilme 6zelligi bulunmaktadir. Birkag giin
icerisinde Android tabanli cihazlarda da kullanilabilecek. ilk ahmdaki baslangic paketinde; minilink/transmitter ve 5li bir
Guardian Conncect sistemi £3.500 kutu sensér bulunmaktadir. Her sensoriin dmrii 6 glindir. 6 glintin sonunda istenirse sensér 6mri uzatilabilir.
FreeStyle Libre
Cilt alti sivisimi 6lgen sensdr. Bir kutuda 1 adet sensér bulunmaktadir. Her sensériin émrii 14 glinddr. 14 giiniin sonunda
Sensor (1 kutu - 1 adet) £374 istenirse sensor omri uzatilamaz.
T Bir sefere mahsus alinan ve bozulmadikga da kullanmaya devam edilen bir pargadir. Kumanda satin alimi sart degildir.
€374 Telefona indirilen uygulama ile de sensér okutulabilmektedir.
Baslangic Paketi £1.080 1 adet kumanda ve 2 adet sensorden olusur.
Best Saghk
insiilin pompasi dedike olmayan sensor sistemi. Mobil cihazlardan takip edilebilme 6zelligi bulunmaktadir. Bir sefere
S7 transmitter £2.950 mahsus alinan, sensor glikoz degerini aliciya gonderen pargadir. Pili bitince degistirmek gerekir. Ortalama 6mri 1-2 yil.
Cilt alti sivisini Olgen sensor. Bir kutuda 4 adet sensor bulunmaktadir. Her sensérin 6mri 14 glndir. 14 giinlin sonunda
S7 sensor (1 kutu - 4 adet) £2.750 istenirse sensor omri uzatilabilir,




OZET

* CGM sistemleri, 6zellikle ciddi / noktiirnal hipoglisemileri olan, kan
seker regulasyonunda sikinti yasanan, bakim ihtiyaci olan veya daha
lyi kontrol gereken hastalarda cok faydaldir.

* Tip 1 DM hastalarinda CGMS kullanimi 6zellikle hipogliseminin
dizeltilmesi acisindan daha fazla fayda gosterirken, HbAl1c ve TIR
acisindan iyilesme olmasi da diger ek faydalaridir

* Tip 2 DM hastalarinda CGMS kullanimi 6zellikle glukoz regltilasyonu
dizeltiimesinde anlamli fayda gostermis ve hipoglisemiyi de
azaltmistir. Ancak hasta secimi ve devamliligi tartismaya acik

* Gebelikte 6zellikle kontrolstiz seker regtilasyonu olan Tip 1 DM
gebelerde ciddi neonatal faydalanim mevcut olup her diyabetik
gebede gerekli olmayabilir.






