1 o 9 A [ [ % a ' A = v 9 A o v
aNuudIvesms leaseiaszavimasiaaeiioulseuMeunums 19n5097ATLA

Y a Qy v A a 1 a a
mastamzilaetirlunmsdsodugauluredihedngdanie ergsnssu

v A a o d
U.AIUUAT GNTTAU

a a a’dy I 1 & = @ a v A
IginusiiluaIuriaveInsanmNrangas sy Inemansuniacne
anImegamans nnimenginans
AMZUNNOANANT PAINTAINI AN

=S =
Unsfnu 2561

4
ﬁ‘lJﬁVI‘ﬁ‘lJﬂQﬂWTﬁQﬂiiﬁiJﬁ”l’Wlfﬂﬁﬂ



Accuracy Of Continuous Glucose Monitoring Compared With Intermittent Capillary Glucose

Measurement In Medical Intensive Care Unit Patients

Miss Wannita Tingsarat

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Medicine
Department of Medicine
Faculty of Medicine
Chulalongkorn University
Academic Year 2018

Copyright of Chulalongkorn University



v Y a a

4 1 o 4 [ v % a 1 4
FUDINITUNUD ﬂ'smu,muawmmﬂﬂ’f’m%m’;mmumma%ummﬁm
= v 9 A v v % a
WEeuReunums 1HnsediaszauiinIarsiamie

Y
dareiirlumsdsvougaulunediheinganie e1gsn

551
[ a a [ 4

Tag PaIuAN AETAY
1137 pgINANS

r{d' a a J [} 4 ~ [ 4 a a
219156M13 ABIINEWINUTHEN AEN319158 A3 UNITHUF TuT9309

A a A al o S (a v v o
2191560103 NE1INBIINUTI 919158 WenNNgalg Ysmensngvas

4 o a o waqg Yo Aa a J dyd J &
AUSLNNYAITAT IWIAINTUNKIINYIY mgwlGl,wummm‘wuﬁﬂuuuu,ﬂumuwm

YoIMsAnBIMHANgas Uiy Inemdasuiiauge

¢
AMUAAULUNNYAAAT

4 4 a J o a
(MAATINTY WBUNNITNTNIA IFTAUT)

a a 4
AUSNITUNITITDUINYIUNUTD

UsLHIUNTTUNT

I a a J o
fﬂﬁﬂﬁﬂ‘l’]lﬁﬂ‘hﬂ’)ﬂﬂ?ﬂ?‘lu‘ﬁﬁaﬂ

4 v 7 a a
(FEN319158 AT UNITHUT 1UINTND)

Q U

I a a I
ﬂ?ﬁ]Wﬁﬂﬂﬂ?ﬂ‘HW?ﬂﬂWHWH‘ﬁﬁ')N

NITUNIT

AITUMINBUDNUINGTY

) @ ¢ ¢ a
(ﬁ%?ﬂﬁWﬁﬂi?%ﬁﬂ HIGLANINININ L‘]J'EZJIEJ‘EU)



v A a [ 4 1 o E) 4 1 @ 3 a 1 4 @
AUUN ANFTAU ﬂ'ﬂlll!,llufﬂ"ll@\?ﬂ1iGl‘]ﬂ?ﬁ'@Q?ﬂizﬂﬂu?@ﬂﬁ‘]ﬂu@@]mﬁ@%lﬁ'EJ'ULﬁEJ'Uﬂ'Uﬂﬁ'
Yy A o o 3 A 2 o a a Yy a a
1%Lﬂiammzﬂumma%umﬂwﬂmﬂuﬂumiﬂiuaumauiuwa@ﬂaﬂaﬂqu B1YINITIN. (
Accuracy Of Continuous Glucose Monitoring Compared With Intermittent Capillary Glucose
{ o o &
Measurement In Medical Intensive Care Unit Patients) o715 man : . m.uw.‘iswuﬁ T

o J

a A = ' A o
Amsne, 0. mfEn19n - unfaly ysuenindues
o s A = oo Yy A o o 3 a A = o
@]Qﬂi$ﬁ\1ﬂ oAnYIAMIUE1YIMS IHATeassaumasianoiloulssuneuny
Y A [ o %’ a ay v A a Y a a
mﬂ%mianmzﬂumma%ummzﬂmﬂuﬂumﬁﬂﬁuaucyaugluwaaﬂamnqwmqmqiﬂﬁu

@
IiQWU1U1ﬁi}W1aQﬂim ﬁﬂ?ﬂﬂﬂﬂml'ﬂf]

an awv g = a a 4 Y Y Y1 2 ! = = PR
FmsIve WumsAneugadnsizduny Tl ludiheogawa 18 8980 1 Tuwnedile

a a d‘d %’ 1 1 % a a - 1 aa - o
'Jﬂi]@]'i/nﬁ'ﬁnfgiﬂiiNﬂﬂu?@nﬁiulﬁﬂﬂq@ﬂ?ﬂﬂ'JTH%’E]H/Hﬂ‘]J 180 WAANITUNDIALEANT Llag“lﬁ}iﬂﬂ1§iﬂ1&ﬂ
Yy A a A o 1y & Yo a A o o 3 A 1 A v
maaquaumwaamammafmuaﬂ 24 GH’]T&N leblﬂi‘ﬂﬂ']iﬁﬂmiBQQQSZQUU']@'IQGHUQGI@LUBQGLGIG]f‘L!
A @ LA = v 3 =~ ) A £ 3
NINUN gu iPro2 Medtronic LWﬂﬂﬂHWigﬂUMWGIWﬂLIEfJ“]JL‘V]ﬂﬂﬂﬂﬂ?il%?mﬂﬂﬂﬂﬂ?ﬂu’ﬂu 24 GBQINQ!Liﬂ
a 1 o 4 o o 3 a 1 4 1 . .
uaxﬂixmummuuummmm’%amm‘mummamm@mﬁaﬂmi%’m mean absolute relative difference
(MARD) Faaneousune < 14%, 1519 surveillance error grid analysis (SEG) !Lﬁzﬂﬂﬂuﬁﬂﬂﬂﬁ}’i)ﬁlﬂﬂ

9

doya 1aon13 19 Modified Bland-Altman Plot
= a9 Y 1 =2 o Y Y ° o
WANIIANE Nﬂﬂﬁﬂlﬂl1iﬂﬂﬂ15ﬂﬂﬂ1%1u’3u 17919 magamn@ﬂaﬂmmu 12 97890UIWN
a s A : o 3 A £ 3 a o Ao
AUAISHING ummuﬂmaﬁmummaﬁ]mnmﬁ]maaﬂﬂmﬂuﬂu 24 7y Tuaus S eufeunumseia
¥ a 1 4 o 1 U ’0‘ § QIJ 4 3 v 90’ a
izﬂummawmmﬁmmmu 144 9 seavimamasli 24 GB'JT?NLL‘Eﬂﬁ]?ﬂLﬂ%@Q?ﬂiZﬂUu?ﬂ?ﬁﬂfuﬂ
1 Y
ﬁmﬁmmmu 161.28 +32.16 Las ’1]1ﬂﬂ?‘iﬁﬂ&ﬁ@ﬂﬂﬁ?ﬂl&’ﬂ'ﬂ?ﬂﬂ 161.09 £ 32.30 HAaNIUADATANT (p
o 4 o o 3 a 4 ' o
value = 0.878) ﬂ'JHJLLiJ’L!fﬂ“llEl\‘1Lﬂ%ﬂﬁ?ﬂi%ﬂﬂu?ﬁ?ﬁ%uﬂﬁﬂlﬁ@Q‘flﬂ”l MARD Wﬂﬂ‘]_l%}@ﬂa&‘i 7.2 ,SEG
= o 3 A 1w .
analysis mmumma’nagiu zone A LA% zone B WA U508a 100 1ag Modified Bland-Altman Plot L@@

95% of limit of agreement A -19.3% 09 20.6%

=3 dy Y I J ¥ A o o %’ a J A Y a a
agUmsanutuaasliimiunmslensesiaszauhmariiadeiiealugilisinganisey

Y , , 2
snssuliszavingma liuanaannmanzideataleiin

GRURGES! p1yINEANT AOHOFOUAR oo
= = a4 a o
Umsfnm 2561 A01o¥0 0. NUSTAHIHAN oo

A A = '
LGRIAGE Q] @.ﬂﬁﬂHTiQN ...............................



## 6074032030 : MAJOR MEDICINE

KEYWORD: CONTINUOUS GLUCOSE MONITORING; INTENSIVE CARE UNIT; ACCURACY
Wannita Tingsarat : Accuracy Of Continuous Glucose Monitoring Compared With Intermittent
Capillary Glucose Measurement In Medical Intensive Care Unit Patients. Advisor: Prof.
WEERAPAN KHOVIDHUNKIT, M.D., Ph.D. Co-advisor: PATINAT

BURANACHAPKAJORN, M.D.

Objective To assess the accuracy of the glucose level using the subcutaneous continuous glucose
monitoring (CGM) compared with the capillary blood glucose (CBG) in the medical intensive care unit

(MICU) patients in King Chulalongkorn Memorial Hospital.

Methods This was a prospective analytic cohort study in MICU patients aged 18 to 80 years old
who had CBG level =180 mg/dL and required intravenous insulin therapy for > 24 hours. Glucose values from
the iPro2 Medtronic subcutaneous CGM were compared with CBG values within the first 24 hours. The
accuracy was assessed using mean absolute relative difference (MARD: should be < 14%), surveillance error

grid (SEG) analysis and Modified Bland-Altman Plot.

Results A total of 17 patients were enrolled and the data from 12 patients were analyzed. The
number of paired glucose values from the CGM and CBG within the first 24 hours was 144. The mean glucose
level from CGM was 161.28 +32.16 and from CBG was 161.09 + 32.30 mg/dL (p value = 0.878). MARD
was 7.2%. SEG showed that 100% of paired glucose values were within zone A and B. The Modified Bland-

Altman Plot showed 95% of limit of agreement was -19.3% to 20.6%.

Conclusions Subcutaneous CGM in MICU patients demonstrated no significant difference in the

mean glucose level and good accuracy in comparison to the CBG.

Field of Study: Medicine Student's Signature ...........cceceereereeurennne
Academic Year: 2018 Advisor's Signature ..........ccoceeeeeeeeiene

Co-advisor's Signature ..........c.cccceeveene.
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1.6 NIDUANNAAUMIIVEY

Patient factors

- Demographic data:

gender, age, BMI - Shock (BP<90/60mmHg
- Prior diabetes mellitus or diagnosed as shock)
- Edema

- Severity of illness
(APACHE score)
- Organ failure: AKI, Liver

- Decompensated heart
failure NYHA IV

-Drug - Peripheral arterial
-Edema occlusive disease

- Triglyceride >1800 mg/dL
- Hematocrit should be in

failure

- Certain medication:

steroid, vasopressors -Tissue hypoxia

- Hemodynamic status: -Vasoconstriction
ynamic status . 10-65%
o shock (BP<90/60 -Technique
mmHg, or - Device calibrations
diagnosed as -Accidental sensor removal
shock) - MRI (interfere systems)
o Hypoxia (02 sat RA
<90 %) - -
Intermittent Capillary
- Edema N
glucose monitoring
Continuous glucose (Fingerstick, ACCU-
monitoring CHEK)

Method of measurement

Blood glucose level between
two methods (mg/dL)

Nursing Staff

- knowledge and skill for

protocol uses and CGM ple Insulin protocol
devices

- Recorded POCT data A

(error) Insulin dose

Uil 1 nsoUANIVAALLIITY
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Variability | Formula Explanation of symbols Discriminating
measure feature
Sb 12( X i‘): X, = individual observation casy to determine,
| 2 el o extensively used
\ k l X = mean of observations >
& = number of observations
CcvV s s = standard deviation easy to determine, SD
; X = mean of observations corrected for mean
adjusted M +M, M . = M-value for glucose readings | not a pure variability
M-value measure
where M, = correction factor for n <24
M= GR, = glucose reading at time ¢
¢ - ‘ = ot R JOSE Vi -
e GR, G Id% al glucose value ;
z l()g I, = time in minutes after start of
GV observations of the i observation
n G, = maximum glucose reading
and G_.. = minimum glucose reading
G"Jl G lllll
M, -
20
MAGE A + = each blood glucose increase or used most extensively
Z ; decrease (nadir-peak or peak nadir)
[ n = number of observations
if A=v ¥
v =1 SD of mean glucose for 24-hr
period

a, % v %
517 3 F5msiannuulsisiuvessgauiiinialu@en (blood glucose variability) (27)
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LEBG > 100 mg/dL:

Determine the CURRENT BG LEVEL - identifies a COLUMN in the table

BG 100-119 mg/dL BG 120-159 mg/dL BG 160-199 mg/dL BG = 200 mg/dL

entifies a CELL in the table - Then move right for INSTRUCTIONS:
. calculate the hourly rate of change. Example: If the BG at 2PMwas 150 mg/dL
mg/dL; however, the hourly change is -30 mg/dL + 2 hours = -15 mg/dl/hr. |

STEP 2:| Determine the RATE OF CHA
sure

NGE from the prior BG |
[Note: If the last BG was d 2 o re hrs b ih
and the BG af 4P Mis 12 /dl, the te

BG 100-119 mg/dL BG 120-159 mg/dL BG 160-199 mg/dL BG = 200 mg/dL INSTRUCTIONS*
BG 1 by > 60 mg/dLihr BG 1 t INFUSION by “2A”
BG 1 by 1-60 mg/dL/hr BG UNCHANGED
BG by > 40 mg/dL/hr oR OR 1 INFUSION by “A”
BG UNCHANGED BG | by 1-20 mg/dL/hr

BG 1 by 1-40 mg/dL/hr,
BG t BG UNCHANGED, 0r BG | by 1-40 mg/dL/hr BG | by 21-60 mg/dL/hr NO INFUSION CHANGE
BG | by 1-20 mg/dL/hr

BG UNCHANGED
OR

BG | by 21-40 mg/dL/be | BG | by 41-60 mg/dLihe | BG | by 61-80 mg/dL/hr } INFUSION by “A”
BG | by 1-20 mg/dL/hr

BG | by > 40 mg/dL/hr BG | by > 60 mg/dL/hr BG | by > 80 mg/dL/hr HOLD x 30 min, then
} INFUSION by “2A"

CHANGES IN INFUSION RATE* (“A") ‘_I

are determined by the current rate:

Current Rate A = Rate Change 2A = 2X Rate Change

(Units/hr) (Units/hr) (Units/hr)
<3.0 0.5 1

3.0-6.0 2

65-95 1.5 3

10.0-14.5 2 4

15-19.5 3" 6"
2 20* 4* 8 © Yale Diabetes Center &

Yale-New Haven Hospital
wan

N Dependm? on the clinical circumstances, infusion rates typically range between 2-10 units/hr. Doses uly 2009, revisd A30/10, 111810, 137

in excess of 20 units/hr are unusual, and, if required, the responsible MD should be nofified to explore
other potential contributing factors (including technical problems, such as dilution emors, etc.)
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2. Bland-Altman Plot 130 Modified Bland-Altman Plot (44, 47)
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Linear regression and correlation (44)

a d
® MFAATILHNITOADDY (Regression Analysis)

I o

[ a 4 v J (Y
G]Qﬂi AN ﬂ"‘lJi’Nﬂ”Ii’JLﬂi”l%Wﬂ"l'iﬂﬂﬂﬂﬂﬁﬂ n15UszuanIveInlsad
1 % . a = ) &
gn31 aauilseiw (Dependent Variable) UgWIVIULNUAIY Y GINGlLl
= A o 3 Ao Y A A Ay = @ a
NITANHIND ﬂﬁzﬂ‘uu1@1ﬂ‘ﬂ’mllﬂ%1ﬂlﬂ§6ﬂh@%@]@\1ﬂﬁﬁﬂy1 wazaaulsodse

= v Q %’ $ Qv
(Independent Variable) Hon@euunuaie X $alumsaneiae seauihaanialg

o.l

as I

1INITIAN ﬂuanmﬁm sazafldvnuny X Aumasilumslszinaaiain
Y Y v = @ = 1] v

unu Y s laaauals X esaaunlsaenlunisdszana Y nazanudunusves Y
3 a 9y ~ J a 9y [l ] . .

nag X 1WWIFUTUATI 15158031 N150AN0ULTILTU0819919 ( Simple Linear

Regression)

d Y] v d
® MSAATTHAKANWUS (Correlation Analysis)

< =2 v o Jda Y J o @ =
L‘]Jufniﬁﬂ‘]ﬁW]lﬂﬂﬂl@\iﬂ'ﬂﬂﬁwwuﬁl%ﬂlﬁuﬁ‘iﬂ‘igW’JNG]’JL!‘]J'ﬁﬁENGI'JLLﬂ‘i'J111

Yo A 1w @

v =~ A A A a £ o @ .
ﬂJWﬂu'EJEJLWEJ\?Glﬂ Lﬂiﬂﬁﬂﬂﬂi%ﬁﬂliﬂﬂﬁW ﬁﬂJﬂiZﬁﬂﬁﬁWﬁNWHﬁ (Correlation

. a 9 [ I o { 1 o
Coefficient) HoNgUUNUAIY T A8 IADDNU T UANAVNLAIOYIZTHIN -1 A 1

)
Y @ @

91 rd 'ﬂﬂﬁ 1 a1 aaudsaesaaiuilanudy ”u TUNINLAZUNANIY

= [ ' = 9 1 A 1 Y Y 1 9y ! (3
AYINU NATIAND D1 X UATNIN Y BSUATNINAY D 1 Nﬂﬂﬂﬁ -1 AN Gl’JLL“lJi

Y
Y %

AR INULANUTY °’u TUINTUNU 1A ﬁmmswmnu ﬂﬁTJﬂ’f) iﬂ X 1A

110 Y 92UA008 38 X UA1108 Y 3¢ UA1IN

9

Y = v o Jo 1 o a £ v o 9 9
01 X 1ag Y ¥ANNaunUsuteemaulssansauiaunus r %L‘Uﬂﬂa 0

500
2
S 400
E
° .
@ 300 eas
g ‘3%
»

o PR 63
© 200 B 42,
[
2 100
o

0 t -

0 100 200 300 400 500
Comparator Glucose (mg/dL)

T 4 v
511 19 U@ Linear regression NG RIRIGRD] Yugﬁammﬁmmﬂqy (44)



40

'.
100 . .
Standard
deviation
Glucose *
mg/dl & > {
5"‘ 0.‘ . r=0.582
. p < 0.0001
0
100 150 200 250 300

Mean Glucose - mg/dl

2 ' F2 11
51N 20 AR Correlation 5&WINAUNASVYONTEALUING (UNYU x) UASAUTGUUUNINTFIU

WA y) (r=0.582, p < 0.0001) (44)

=< 4 d‘ v % :’ a v d‘ Y Y a a
fnﬁﬂﬂ‘]sﬂ“lli’Nﬂ1ﬁ1‘mﬂﬁi’)\1'Jﬂi%ﬂ‘1J‘NWI1@‘5%ﬂﬂ@!u@ﬂm‘muﬁ@ﬂﬂ')ﬂ')ﬂ€]ﬂ
. . Y . .
Amisha Wallia ttaz a2 1@ 3 Consensus Statement on Inpatient Use of Continuous
. . 1 =2 Y A v o 3 a 1 A A 91
Glucose Monitoring 2017 (38) na1fams a3 eviaseauiiaaviadeiiiosn 1 lunedihe
a a = U 1 9 = 9 1 o d‘ 3 % a
INHa ’nm‘iﬁﬂy1mu1myamuumiﬁﬂmmummuuum (accuracy) U9UATDIIAUINATUA
1 A J vk aa =2 1 LY o J =< = 1
ﬁmumummmaawﬂummauﬂ ﬂﬁﬁﬂ‘hﬂﬁ’)’lﬂ‘l’iiyﬂﬂ%%‘ﬂﬂuu‘ﬁﬁiﬂTiﬁﬂ‘leﬂ!ﬂfJ’J UINNIN
o =® 1 Y = = g’u FA a a
fﬂi‘l/ﬂfﬂiﬁﬂ‘]elﬂu‘l”iﬁWfJL!‘l’iﬁ\‘li’JﬂJﬂu Llﬁ$Mﬂ1§ﬁﬂ‘H1ﬂﬂiuﬁﬂﬁﬂ’m’3ﬂﬂﬁ‘ﬂ1\‘lﬂ1q3ﬂi33JL!'0$
[ . . 9 4 [ [ % a
ANYNTTY ﬁﬂﬂﬂﬁ'ﬁ’)ﬂiﬁmﬂﬁﬁﬂ‘hﬂ (Systematic Review) "llf]\‘lfﬂiEl‘]flﬂ%f]x‘l’)ﬂﬁ%ﬂﬂlﬂ@?ﬁ‘]fuﬂ

1 A A Y Y a a 9 dlﬂl = 9 A @ [
aotoan g luvedilieIngaaiga (36) agiveyandoimsanyianmslyniodsiaseau

U

(2

3 I T {
AT UANBDIUBDIUAIU
Aa A [ [ % A ~ 1 o g
1. Useansnn (Efficacy):'Jﬂ'igﬂ'ﬂu'lﬁ'lmﬂﬁﬂ,3$ﬂ$t3ﬁ1ﬂﬂ§ﬁluﬁ$ﬂUU']@']ﬁLﬂ']W3J']EJ
a 2 o
(time in target range) 895 1MIINAn1IIAa @A

[ o 1 [~ =1 [ 1 1% ’.! A
2. ANULNUY (Accuracy): ﬁ')l!ﬁlﬁiy!ﬂJl!ﬂ'liL‘LI%EJ‘UW]fJ‘]JﬂUﬂ'lﬁﬁﬂ‘}Ju'lﬂ'lﬁfﬂ'lﬂﬁﬁﬂﬂLﬁ’ﬂﬂ

'

HAYYI DV ADAADAA 1ABIATIZHIIN

4 (Y] v do d
®  AUNAYANNUANANTNWNTTNUIA! (Mean Absolute Relative Difference

U

1 { @ v Jo { 1
(MARD) fi1 MARD N1708dUWUT A1 accuracy AN 917 consensus



41

recommendations on blood glucose measurement in the ICU 2013 11121191 MARD
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Study design (n, %)
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Not reported 4 (12.5%) 0

Number of analyzed patients
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Median [IQR] 23 (19-48) 35 (24-140)

Range 8-174 24-156

Type of CGM device studied (n, %)

Subcutaneous 19 (59.4%) 5 (100%)
Intravascular 10 (31.3%) 0
Transdermal 1(3.1%) 0
Subcutaneous and intravascular 2(6.3%) 0

Reference measurement (n, %)

Arterial 21 (65.6%) 5 (100%)
Venous 4 (12.5%) 0
Arterial and venous 4 (12.5%) 0
Not described 3 (9.4%) 0

Number of paired samples (n, %)

Median [IQR] 672 (346-1028) 440 (277-603)
Range 34-2045 277-635
Not reported 2 (6.3%) 2 (40%)
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Error Grid Analysis
(Clarke)
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5. Insulin treatment guided by subcutaneous continuous glucose monitoring compared
to frequent point-of-care measurement in critically ill patients: a randomized controlled
trial (2014) (55)
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(subcutaneous continuous glucose monitoring systems)
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“ Zone A 1la¥ B) | limit of agreement
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(mg/dL)
SICU/BI 1065 Real time Capillary 90-120 25.7+21.7 100 Not done
Rabiee et CU Dexcom (Accu-chek Roche)
al.2009 (51) (mg/dL)
Cardiac 870 Real time Central <140 mg/dl 12.8 (11.9-13.6) 99 -43.7 04 48.7
Kosiborod et al. ICU Medtronic venous
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Siegelaar et al. Cardiac 790 Real time Arterial 90-144 | 14 (1 TeH 8) 98.4 Not done
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(subcutaneous continuous glucose monitoring systems)
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2014 (55) CuU Freestyle Accu-chek

a = Median Relative absolute difference
MICU: medical intensive care unit
SICU: surgical intensive care unit

BICU: burn intensive care unit




[} 9J = 1as

nnmsaneaudedegiu woanumiudiaiulvgaouded uaisluniida

g

accuracy JunaazmsAnyana19iy 39019a31 18 lidawu tazdesnisdoyanisdny

A a 1 ] I == . ' 9
LWlllﬁﬂJﬁﬂllll ?JEJ”I\‘lhlﬁﬂﬁﬂlllfl]”IﬂﬂﬂliﬁﬂB”I"U@\‘] Holzinger U. ttagame 2009 (43) ‘Wummﬂﬂf

' '
Y Aa o Y

A [ [ a 1 A ya @ Y a A [ a A
inseviaszauinmastiadoiieaunldimicludieinganinnzanuaulaiadndos
185ue1n3zdunITHARIUBIABAIADA (norepinephrine) luilinansznudsaNIUG AL

] d‘ A d‘ [ v % a 1 d‘
AU NFDADVBUAT DI TATE AL IMAYTIAABILBA

o

=~ 4 ] [ a Y Y A o o 3
Gl,‘L!‘]J 2016 B3IANITDIHITHASYNITHIIOLUTN llﬂ’f]uhﬁﬂﬁcl‘]f ATDNIATCAUUING

q

a 1 A B DAl 9 A Wy Yy v 3 A
siaaoiioaldludihovnuunudiheuenie 1% 1ddoyavesszauiiaialuidoen
A H 2 AR A o 3 A AqYd
wonmile ldninmamnizihaatlaietn adlumsasmuszauimaludean nilumsgua
Y 1 9 U 1 a % 901 A Y
a yaguariigegual Taswugielumsaaniungszauiaalu@engaayn1izszau
3 o N Y 1 < A o DR & Y .
maludondldedissiaisa Tasgunsaiminnldifiuaisusnfe 1509 G5 Mobile Y04
a o @ 2 9 J . . @ o ¥
UTHN Dexcom UsznAdnTgouTm lagazaosintNounA (calibration) AUTZAUUIAIAIN
A 2 VY o & A v P A
mamzdenlasilnediiosiuay 2 A59 A0z sznoUAgUnTalSUdY I (sensor) N
a Ya @ [ @ %’ = 9.! g’; d' Y A A
an131dRmTs aszauiaann 5 Wi tagswnunatiaie o vaztiu T Insdnsiliene
A Y dyw = A A A [ %:I A o A a
naslusunsu 1y uenantidaliszuumsfounsainliszauinmageriomAnlna
9 4 ] [ a % ] o 9 4 1Y 1%
Tutlagiiu eesdmsemsuazemisanigowing 63 liuuzihmsldinsesiaszau
H VA o o Y Ao o A o 9 9 =
Waanuuaeiied dmsugireninyidd lulsaneiuia (38) 1 ndideanIsvoyafnyn
ao 'l
saznuuInmMsliavesauauIsaseu 15neursanigonini (56) 63 lunuzih
vJq 9 A (% [ %’ a 1 A PAl Ao o Y1 A =
Tlsasedinszavinmaviianaiioalugiensnuidrlulswmeruia winivaienisanyd
~ Y I J 9 A [ [ ’.f a 1 A Y ~ [ %
nuaadlimiunmslansesiassavihaariadeiiadludirenueusnudrlulsanerua
' A H o A Yt 1 9 v
relunmsaaaunnziiaamluaealdaniimslenmsasiouuunsqua w gaguadile
. (Y] 12 [ 1% 301 ydda! v 9 9 9
(Point-of-care ; POC) uAd lilinagonsniunuszauiinaialanau §ideanisdoyadiuniiu
1 o ' A A . e EAl A (2 (% gj
U (accuracy), ANWUNFDDD (reliability) Tugilrenueuinuiadlulsaweruiananyy

Y
Atheangauazdihelunediheasiguiniv



59

]
=1

Y < 1 4 @ o 3 a 1 4 4
Tuagiiufideyaiuaasldimiuiinms ldnseeiaszauiimariaseilodidse Toy

U

a Y v 3 v a ¥ A o Y 3’1
1um'immmmﬂuwmimumma Lmzaﬂammmﬂ@m’;zmmaiuma@mﬂmm‘lu

]
[

Y A A A A A =2 o 1 =3 EAl A o
dileueniidlumvnusian 1 uaziwmnuytan 2 snhungmsanu ludihensnudalu
= A o 3 A 1A Y o Y a o 3 '
Tsanennadgaszaiina ludeagurufernuuas T udeadinsaanuszauinases
Indgaiold3wiunmslSuduyaunanasaidend (57)
9 v W 1 =2 ' ) A @ o 3 a 1 A
nndeyaluagiings ulimsanyanumindeunsesiaszauinaariiaaoiio
' a a ] 4 1 1 I
Taommz lunedileinganergsnisuiiosndianen esndiulugazidunmsdnu lu

Y a a o [ 1w % @ ]
W@@ﬂ?ﬂ’)ﬂi}ﬁﬁﬁﬂﬂiihﬂ%@ﬁﬁElﬂiii]NW@@‘I’iﬁﬂma@ﬂﬁ'Jcl,i]!l,ﬁgﬂi’lx‘lf]ﬂ LLaZENUllIfIﬂTiﬁﬂ‘HW

[

4 [ ¥ a 1 4 1 . A o . 2 3 A o
Lﬂ%'ﬁ’]\‘i’)ﬂig umma%uﬂ@mﬁmgu iPro 2 493U YN Medtronic Gﬁﬂlﬂuﬂiﬂﬂlaﬂﬂﬂlﬂﬂﬂiglﬂﬁ

]
[

o 9 4 o ¥ a 1 4 9!31/ a @
]‘1‘1/]81‘17]‘1'!1!,"111!,?]’%’6\‘13@58 umma%uﬂﬁmﬁmuuﬂmumwm (subcutaneous CGM)

)
v @ @ Y

Win GHinsITeedesmsAnyuNANTInUIiUG1veINT HnT TR A

A [

H a 1 PR a a 1 [ 9 4 A A
1!1%1@16]51!@@@!,1!'ENluﬂ@@ﬂ’)ﬂ’)ﬂﬂﬁ‘ﬂN@WﬁﬁﬂiﬂJ i’)ilﬂ‘]_lﬂ1§1%LLUUW@§ﬂJﬂ1§ﬂ§U@u“q]jau‘ﬂ

= Y I Y a oA = Aa A = = Aa o 1
ﬁﬂ‘HHlﬁ’J’H’dﬁJ1iﬂ161)'vlﬂ1u°l/l1@ﬂ§]ﬂﬁl!a$uﬂ‘i$ﬁﬂ‘ﬁﬂw‘lﬂ UAEUINNANITANYIIVYWUIN

@ (Y o 3 Y [

4 3 1 4 % 1 ) o 1
in3einszAuIaartiadorioaananianuiug tazliaszauiinageandednuns
an v A g . 3 A v A 1V Y A
AEMIIanu point-of care (capillary blood glucose) 1159 miaﬂmﬂummqmmmgm%m

A o A A Aa 4 Y a oA 1 <
MapAdoAA1YIDNaBAIADALAINIAATIZHHADINT BTN 1T dIunaI A vz N0
o A oa A ) 19 v A a = o 9 g’/ dy do
1 lumalfiiaie 195 wiumsdsvdugaunanasamend e neligdnsalsudyn o

4 o 3 a 1 4 {3 a . < a v o .
mnm?’eNmmma%uﬂﬂmﬁmﬁLUu%uﬂ professional CGM WU UFHAAINUND real time

CGM



60

uni 3
AadA o a\ Aa v
AISANHUNITIDY
3.1 3UuuuM3I8 (research design)

3 a a
Aumsdnuurainsziuuy ludant (Analytic cohort Study)

3.2 521 08uIEN15I98 (Research methodology)

15295105181 1118 (Target Population)

Y]

91 A ¥ = 1 A 1w a a o aa A
Pq»l,ﬂ’)EJ‘V]ﬂJﬂ1’)81!'115]'laium'f]ﬂ’gﬂiﬂﬂﬂ’)'lﬁim%1ﬂﬂ 180 UANTUADIAYANT YMUSNINH

@ Y a a 4
ﬁﬁiuﬁﬂﬂﬂﬁﬂ’lﬂq@‘1/11\‘1’8']1Eﬁﬂ§i§J Ii\‘lWEJT]J1ﬁi!W1ﬁ\‘lﬂim ﬁﬂ?ﬂﬁﬂﬂhl‘ﬂﬂ

J o A Y 1 Qv S . .
Lﬂm"lflﬂﬁﬂmﬁ@ﬂﬂ‘i%“}ﬂﬂiﬁﬂi’nﬂﬂi\‘lﬂﬁiﬁ]ﬂ (Inclusion criteria)

Y
U o

A 2 A A ) A A o

1. uﬂ13$u1ﬁ1a1uLaBQQQ 1) ﬁi')i]ulﬂﬁgﬂﬂu'm'lacluLa@ﬂﬂflﬂﬂ')'l?ﬁ@!fﬂ'lﬂﬂ 180
k)
Naaﬂﬁuﬁ@&ﬂ“ﬁﬁ@]ﬁ@ﬂmﬁﬁj’ﬂﬂ 2 134
= a
2. 0191803801
Yo o Yy a a Y A ° 1 ) o

3. llﬂi‘llﬂ’lﬁiﬂHW@?ﬂﬂu%ﬁu%’N!ﬁulﬁﬂﬂﬂ’l DYNUDY 24 "]5'311“1

v @ % Y1 a a (] 9 [
4. ‘Ll’e)‘LlWﬂiﬂ‘HWI’]Gl,lJW’E]IZJ”]J’JfJ’Jﬂi]GI‘ﬂN’Eﬂfﬁﬂi‘iiJ@ﬂNu@EJ 37U

J @ a o
Lﬂﬂl“l’lﬂWiﬂﬂLa@ﬂﬂﬁ%ﬁfTﬂﬁﬂﬂﬂﬁﬂﬂIﬂﬁ\‘lﬂWﬁ?ﬂﬂ (Exclusion criteria)

Pl A A
1. QTJ'JEJHJWW'J']U‘D’UW”I
Pl o 1
2. I%_jﬂaﬂmmammﬂiiﬂmwam’e)fJu
Yy Ay 9 = o
3. I%_jﬂaEJ‘I/linm&mammaﬂcmumﬂuwauﬂlmiiﬂmm’nu (DKA, HHS)
1 é’ﬂ 4
4. fiheaiassa
PAl A [] a A [ [ %’ a 1 A A Y 9 9 [ Y A A
5. gd,ﬂafmthmm’iﬂﬂﬂmimmizﬂUmma%uﬂﬂmuﬂmﬂumﬂﬂﬂ Lﬁvugd,ﬂaﬂﬂmma
1w A A A & da o Y 9 < 9
W19 I DUNTIAAUTDNNINUINUINDI Lﬂuﬂu

6. H128M 185181 acetaminophen 11911 1000 Hadni Ao



61

MAUANTFUAIBE (sampling technique)

| (3 v

. . 2 o =) FAl a 9 4 =<
qUA0E191AY consecutive technique Gﬁﬂﬂﬂm@ﬂ@jﬂjﬂnﬂﬁﬁmﬁnmmW]ﬂ”liﬁﬂf]el"l

Q

N15FUNALALNI15IA (observation and measurement)

< 1 Ao o .
NUYoyaveedsmITe Iaelduuniiuiin (Record form) #31lsznoudie

g 1 %7/ E J o U U ~a a
1. doyan il Idun ma 01g imin daugs Tsnilszias anuauTada quvgil

U

'
a2 9 o o

519M8 s oasimanele seauanuiandd wazanwnginsnedd lunedihe

INHANNDIYINT TN

9 A 9 o Y a ua ~ A v dy 1 Y 9
2. deyamwizinertesnunanizasranieslgiamsduall aee 1 amnnududu

a A 1A as ' = = ' 9y 9 A

yosoandau luden Amasezatiu mlmAsy Tnunadey AaNuTuduveuan

o <3 A S A 1 aa A Y A 1

TIUIUIAReAYY NaARen Az U wasmI lmaTeereniels

%,j { [ Y Qy g’; 1 A 9 o 9 a a
3. '53ﬂUuWﬁWaﬁﬁi’)i}’)ﬂ]‘lﬂiﬂﬂﬂQWﬂu'Jﬁf]\‘lﬂ'ﬁ\‘lﬂf]l!ﬁiJi’HﬂTﬁ3ﬂ‘H1ﬂﬂﬂﬂu%ﬁu‘ﬂN’ﬂﬁﬂﬂ

A o
ADARA

o—

9 = (% [ A ~ ' [ o ¥ A Y A @ @
4, m@yjalﬂﬂ’)ﬂﬂﬂ'ﬁﬁﬂy’]‘ﬂﬂ’muWaﬁ@ﬂ’li’)ﬂﬁgﬂuu’lﬁ’lalula@ﬂﬂ’)ﬂlﬂﬁ@qjﬂigﬂﬂ

3 a 1 4 Y Yo a 1 Y @
mma%u%mﬁm llﬂlLﬂ ﬂﬁllﬂi‘UfJTUNG]fL!ﬂ ¥U fﬂﬂ’i%ﬂuﬂﬁ‘ﬁ‘]Jﬁ’)"lJ’fJx‘i‘l’ia’fJﬂla’fJﬂ
1 2 Jd o Y
YINQNUALNYTDYA uJu@m
A Y Yo @ Y a a A o J 9
5. ﬁ%ﬂ%t’)ﬁﬂ‘ﬂ@ﬂ’]ﬂllﬂﬁ‘ﬂﬂﬁiﬂ‘kﬂﬂ’)ﬂ@u“yau‘ﬂN‘Viﬁ@ﬂlﬁ@ﬂﬂWﬁWMLUUW@iNﬂﬁchfi'
DUPAUVDI 13IN81V189W) (KCMH insulin infusion protocol)
d' EAl a d' [ [ %’ a 1 d'
6. 33EJ$L’J'ﬁTﬂI’d‘].]’JfJﬂﬂLﬂiﬂﬁ?ﬂigﬂﬂu1ﬂ1a%uﬂﬂﬂmﬂﬁ
1 [ %’ A 9 A [ [ %’ a 1 A 1 . A o
7. mimummaw‘lﬂmﬂmimaﬂimumma%uﬂmmm (CGM) JU 1Pro 2 U93UTHN
- y - 2
Medtronic, NIRIAsEALMartanizaeiln (capillary blood glucose

! 4 % % 30’
measurement) 3U ACCU-CHEK Performa LmzLﬂ%mmmummamﬂwaamﬁammq

visonaeadend laodensianeslianmsaiunan TaelHnseagu Abbott



62

YUIAAI0E19 (Sample size determination)

v Y 9
NSNHUATIUIU ﬂ@“ﬂig‘]ﬂﬂﬁ ‘Vidiﬂ sample size blu‘ﬁﬁ‘ﬂlﬂflﬁﬁ IUIUATIVDING
% Y K o 1 [ % A Y = [ ' [ % A Y
@1TUINR LLﬁ’Jfl]\‘]l!”lﬂ”li%ﬂﬂl!”lﬁ”lﬁ'ﬂﬂﬂﬂﬂllﬁEJIIL'V]EJUﬂui31’731\‘153@111!Wnﬁ‘l/]]lﬂfl]"lﬂﬂ"ﬁﬁ]13
A 2 o 3 A A A A o
@onda19u7 A15LAUUINIAINNISINIZIADAVINHADALABDALAINIOHADALABAA T W
= [ [ % A Y d‘ [ [ % a 1 d‘
L‘lEEJ'UL'V]EJUﬂﬂﬁﬁﬂ'ﬂu'l@'la'ﬂ]lﬂ%1ﬂLﬂﬁ't’)\‘iﬁﬁﬁﬂﬁﬂﬁ%ﬂﬂu'l@na‘]fuﬂ@]@ku@ﬂ
@ 1 A = [ %’ A Y =) Qy 1 o
ﬂ'lﬁﬁ'lﬂlu'lﬂ@]')'ﬂﬂ'l\‘iw\l@ﬁﬁEJULT]EJ‘Uﬁ%ﬂUuW]'Ia'ﬂ]lﬂi]'Iﬂ MswIzasataiegil Asea
3 A A A A o ~ o o 3 Y,
HIN1ADINNITLRICLADAIINYIADALADALLANTI I OUADALADAA ll'll‘lﬁﬁlﬂl'ﬂﬂﬂﬂﬂﬁ%ﬂﬂu'm'lﬁﬂvlﬂ
A @ v 3 a 1 A A aad o Yo Y 9
INUATDINTIVIATICAUUINIATUANDIU DN 111/]N1ﬂ1ﬁﬂ@ﬂu1m11%3@ﬂ31ﬂﬁ@ﬂﬂa'E_N(’U'E_N(’U'E_]ﬂal,a
H30M1577 agreement HUIBY FIaDARING1IAD Bland-Altman plot

o . . o Y
N1TAIUIU sample size 3J1i]1ﬂij¢]‘i17luu$u1hl"]51uﬂﬁﬁﬂ‘kl1"1JfN Bland JM, Altman

A Aa o A
DG.(1986) ANUN 114215815 Lancet (58) Ao

3s2
Standard error of the 95% limit of agreement (LoA) is approximately = —
n

S is the standard deviation of the differences between measurements by the two methods
Ta8g 95% limit of agreement (LoA) P EY NN £1.96 SD
) v

n = sample size (MMUIUATIVOINITIICUIND)

o Y 9
iﬂﬂﬂﬁﬂﬂ!’]mﬂﬂGIf
sample size MR 100 92 1AAT 95% limit of agreement (NN £ 0.34 SD
sample size MR 200 92 1AAT 95% limit of agreement (NN £ 0.24 SD
sample size MR 400 92 1AAT 95% limit of agreement MINY £0.17 SD

sample size MR 800 92 1AAT 95% limit of agreement MIND £0.12 SD

v 9 Y
[ (2

. aAa A ao’ o 1 A 9 = (Y
Sample size Tuil Aio S1IuATwoIMsIhmanazihin laulssuieuny
[ [ [ %’ ~ 9 A [ ’.f a 1 A [ 1A 9 A Qy
sErIN Mszauihaai laonnmsesimhmariaseiion fumnldnnmsmizidenlatsiia
' o 3 A A A A o v & LA
1aEATLALNINANITNILIADAIINYADALIDALIAINIDHADAADAAT AIHU sample size N
N AN 920GIZHIN 100-800 samples 1ABNEIVIZUDIEONT1UIN sample size A 200

o 1 w 1 a I o FA Y v dy
RS HINIANINA mﬂmﬂummu@ﬂw% JU



63

]
= [ [

AUIUUVVLENIUN 1 N WY

[

=
2 NIU

=D.
=D.

6

' o A ' VA Yo 3 £ i 9 y Yy 9
Tugraiuin 1 mad dihesz ldsumsmzihaatlaisiia edreiies 12 assony M1deans
Y quuy & 0 1o 4 o 3 -
200 sample 3zAp 1A IeNIMUA 17 AL TumsmuiumaNuuindIveunIdIatmavia
\ d’ U
aviieg Tuduusn
- - Y Yo 3 £ " ¥ o
Tugr93un 2 fuduld fiheeg ldasumsmnzihaialaietii eg1aiies 4 n3saeiu
Y A d‘l [ [ %’ a 1 d‘l [ v A 9 Yo % =S
fAaaTevinszauInmariaaeiiedsdn 6 Ju Tudui 2-6 Juaz ldsumszimasnau
¥ 9y ) Y 9 3
az 20 A9 01A90N13 200 sample 3zAB1FTII8 NIvua 10 AU

4
AMUIULVUTINNINUA 6 U

T Y 1 1 Yo A Qy = d‘ g.ll
mmmﬂammazﬂuumﬂmuﬂmmmaaﬂmﬂﬂmﬂumaaﬂmiﬁﬂmmaﬂ 25 AN
Y

' Yy 9 Y Y Y
AIRAU 9191939015 200 sample ﬂgﬁﬂﬁi“ﬁﬁﬂﬂﬂﬂﬁﬂhﬂ 8 AU

v & 9w ) Y Y o &
JUU 9199915 N = 200 sample ﬂz%ﬂﬁﬁﬁjm’li'ﬂﬂﬁ’lu’)ﬂﬂﬂ@ﬂwﬂ 8-17 AU

Yo R a 3 9 Y Al ° o A YA a
M’J Eli]Qﬂﬂ’JW%ﬁWNﬁmﬂU“Uﬂyﬁqﬂﬁ]1ﬂ@ﬂ’38 MUIU 17 AU IﬂﬁlﬂWﬂﬂﬁﬂ!’Nﬁ]%N@‘ﬂﬁﬂ

4 @ o 3 ] [ o 3 ] Y
Lﬂ%@\?jﬂﬁgﬂﬂu'm'm]luﬂﬁﬂﬂTﬁ1!ﬂTi%@ﬁ]'lgﬁgﬂuu'lﬁ'mlluﬂﬁﬂﬁ'luLﬂ’lfﬁﬂﬂﬂﬂﬁgﬂﬂmﬁﬂﬂag25
v & = 3 9 91 H VW a <
(ﬂﬁgﬂJ'lm 5AU) ANUY i]\'1')’NLLWULﬂUﬂI@Haﬂ’m@ﬂjﬂ‘ﬂﬁfﬁﬂJﬂ 17+5 N1NU 22 AU ANINSINY

FIVTIMNUIUINNDY 22 AU

X Yy YY o 2 Ao A A o A
Qﬂ'lvlﬂW‘]J'Jfﬁ]'lu'Ju 22 AU NITUITUIUVBDINITLINCIADAITINTIADALADANT 113D

U

2 g A o 1 9 [ Y 9 1 Yo
plasma glucose iy gold standard ¥91UIU N 9YWUDYNINDY 132 (Qﬂ’Jﬂ 1 AU IR UNS

P
9y v 1

o ' < 1 @
mmﬁ@ﬂmﬂwaemﬁ@ﬂm@mwamuaz 2 AN Lﬂui&ﬂm’mWﬂﬂNﬁjﬂﬂ 39U)

v & = a Y Yy

Y
WNTIRANMTFINT MUV eNIMUABE1NT DY 22 AU 92 18 sample size AD 200 (1
Y [ 3 2 . ' o Y A [ A
TiReunumsIzinaalalsii) wag sample size 3¢ MY 132 @URBVAUMITIZEDAIN

wa@mﬁaﬂﬁw) Feadainld la upper and lower limit 95% limit of agreement Mmwzdy lag

g = sld'a A [ %’ 1 o A (Y g '
ﬂ”lﬂﬂ1im’)1ﬂ3mQﬂﬂﬂlﬂiﬂ\‘iﬂi’)fﬂ?ﬂu1ﬂ1aqmﬂi‘]Jﬂ”l‘Vi‘L!ﬂ mmmzizﬂuumm%mmm

9

9 [ - <3 9 Pl &’ﬂ
Lﬂ1ﬂ3J1fJ Uszunuioeay 25 (1.]331”'@11 6 AU) AIUY %MNLLNuLﬂUﬂlﬂyafﬂ1ﬂ@,ﬂwmﬁuﬂ 22+6

91N 28 AU



64

1 Upper

8 [ ——— 93% limit
and CI

Mean

"""""""""""""""" and CI

_______________________________ Lower
o [ ———— g5% limit
and CI

Difference

]
Average
511 29 uaaia 1061909051 Bland-Altman plot AANA1 95% confidence interval +/- 0.24 S

(N=200)
3.3 35mM IV ABAUHUNTIVY
4 g o a Aa o dy Y [ 9
1. vonyalszasd TuAoUNIANTUNITIVTOIAY HAZIADUIUNUNIUNIT 1%
Jd a a Y o 4 91 a a 9

suuwesudugaulnnuuwnduas weraluvedieInganieergsnsulesnal 2

[ 4

dilav

91 { [ o, 2 .
2. Athennieninisas19iaszauiinIaInn151zaen1la1eiia (capillary glucose

Y
U °

Y
W30 DTX) wazliszauiiaalu@eauinnviemny 180 YaaniuAeAgans AdLA

4 Y
v X

¥ Y q Yo aw & Y 1 A A v
doeniau 11 azdoadslddinnmsitens i imeasaaoudois® uaziarsanlams
o Y a a 4 Y @ Y a a A )
Fnwiatedugaumusuuesulimsinyialeaugaun1viasaasanl (KCMH
. .. . Y sy Yo )
insulin 1nfu510nprotocol)ﬂwﬁlSﬂﬂﬁﬂ?l“UﬂJJ@uaGll’a\mWﬂﬂ‘wVlﬂi“ﬂﬂﬁﬂﬂ'iuﬂﬁsl‘b'
4 v A a Y
vuuvesumslSupUgauLa)
Yo o A Y A 9 aw ¢ v Ay 9 v EA
3. faveaaend oo n 1A INITIENUNUNNTAAADNVINAY WIDUNIFLDI
s & Ao s Y Yo = Y o A a 2
agiszaen TuaounsIve Uiz Temingihez 1850 saudawadrafeshornnain
Tasdeslasuanugusonandieniodunulassonsssulunsainormeaias 1
Y a 9 Y 1 Y 1 Ao
ansolinnugueeudisauesla neuhsiunsIseuazasuiyluenasany

Ui IATINTINY



65

9 o < 9 Ay 9 dy 9 o UAl a a
NIYITINVUBDYAWUZ U "Uf’)ll\‘l‘]f"llf’)\‘lﬂTﬁLﬂlTiﬂ']s!”lcl,uW@@jﬂﬂﬂﬂﬂﬂ@'ﬂ”l\‘]@”lﬂﬁﬂiiﬂ ag

Y
L)

anuguuselagly APACHE I score T0114% 1uns Idougaunisvasaidond1vo9
T { 1 Aa v 4 o
Aihefinsaumsitemuuuunesumstiuiintoya (Record form)
EZA d‘ Y a o Yo [ v % A am A
AiheMdnsauanite azldsumsasiviaszauihaaludonlagismaniziaon
2 4 & o s
UaetinTaeldiATes ACCU-CHEK Performa nn 1-2 %1 Tusluduusn (@mwuuuvlesy
9 [ 9 Aa a A o v @ 1 Y [ 3}; 9
TrtmsSnudledugaunerasamond) taz luiudaniediaiosiuas 4 n5e wag s
1 [ %’ A Y = Qy 1 g’/ [ a a
AszauiiaanlaninmsmiziaealareiunninlumsdSovuadugau wag
o Y v 3 A A A o
Arualiimsmzszauinmannvasaionuadrs ovaoaasan (plasma glucose)
] 9 [ g’; g’; d‘ % % Qy Y 1 A
pd1peiuay 2 AT9 uagnnasuloszaiiimaninmsnizdateiintdesnitmie

(%

\ v a A v 1 an %l Qy 1 1 v
NINY 40 YADNTUANBDLABANT w%imummamﬂﬂmmzﬂmﬂmmmmm%mmu

[

a a o 1 aa 9y 1 v 3
300 HAANTUANDIAKANT Tﬂﬁmﬂuﬁmiﬁnmﬁﬂmmz ‘JJmmainﬂﬂaﬂmﬁﬂmmwgﬂ
A o 1 9 v 1 o o 9 a 4
a9 AA1 (plasma glucose) DYINUDY 1 I ﬁ]gthu’lﬁ’liJ’liﬂuWﬂJ’leJuﬁiJTJLﬂﬁ'lgT‘ma

msanula

Jo o

) ﬂﬂzaﬂﬁﬁ’qﬂ NTUTY illuillﬂm?ﬁ’é) subcutaneous glucose sensor (Enlite sensor; iPro2
a o - 2 1A Ya a A o = d o v a

VDIV T HN medtronic) @NlmLiﬂwaucyaumwaamaa@m Iﬂﬂﬂ%u@ﬂﬂﬁmi’ﬂﬁi‘ﬂﬂﬂ
v o . Ja v A o 1 a 9y 9 (% & o

27Uy (Enlite sensor) ”H%mwuwmgmuwmmwumm NAVINUUITUN

(N 2 g v o =K 9 < Y a o A 1 o 3 <
1 1Pro 2 G]N!,ﬂum‘uuﬂﬂﬂlaualﬂu%mmnu sensor INBBTUATTSAUUIATALASIND

L)

v P, P ) 1A 4 A A ~a o
GUfJ‘J;J,ahl'JIﬂthlﬂJﬂJﬁu"lﬂfJﬂ"IiLLﬁﬂ\?Na !,Laghlililﬂ"lﬁﬂ\‘iﬂ1imf)u Iﬂﬂlﬂi@\ﬁ]%ﬂﬂWiﬂ]ﬂ

[

H g 1Y 3 { A a o 1
JeAaUUINIANN 5 UIN LLEWﬂ&@l\‘lﬂ13$ﬁﬂu1ﬁ1mﬂ1ﬁh181’3}ﬁ 140-180 WaanIuAN®

aa PA Y a (J . A Y o o Y
LAKANT Iﬂﬂﬁﬂ’)ﬂ%%@]@\i@]ﬂﬁ’) Enlite sensor @1aa@33ﬂznmmmﬁmﬂyﬂuwa@ﬂw

Y '
U a

a a 1 9 = 1 rAa 1Y Y Y 1 Yo 9 ya a
INGA ANLAL NLGU"Iﬂ"Iiﬂﬂ‘H"ILmthLﬂu 6 U LL?JQﬂ?EJ%ZUliJulﬂiﬂ‘H"lﬂ’JﬂﬂTislﬁﬂuﬁgau
= o Y <
NNUDALADAAULAINATY
gﬁ dy 9 =\ = 1 A . . Lﬂ' (% (% g a
MIUITADINUNITINYVAT 1TD NI1T calibration YBUATOIIATEAUUIAIAFUA
1 d‘ Y1 [} g = Qy [ 1 9 [
aoLlee Tagnslgaissauiiaannmsizaeatatetia luduusneaosiuas 4

gﬂ 1 gﬂ ] [ A < Y o a o v K 9 [ 1 9
1IN Tﬂmmazﬂiqmmu'lumu 12 ¥ T4 zymmsmﬂﬂzuumﬂmagamﬂmﬂaﬂau



66

[ g’/ = o 9 U [ % =\ Qy A‘ A o
mNmﬂuuNmﬂl@gam’imummamﬂm’itmzmaﬂﬂmﬂua NTﬁQIﬂﬁLLﬂﬁNLﬂJ@ﬂJHT
4 9 ) o
IATIDY sensor f’)f’)ﬂﬁﬂﬂ@ﬂ?ﬂllﬂ?ﬂ?ﬂﬁﬁﬂ
Ad o v . A 4 . 1o A 9o
NIUNAITUAYNINU Enlite sensor HAANITDIAITON iPro 2 hhmnm IﬂEJ‘V] ARRIY
] 9 g 1 o v 1 o ¥ P4
hlllﬁ”lll”lﬁﬂﬁi'ﬁ]ﬁ@ﬂﬂﬂ U UIUSUU ilzllummmmeumglamszﬂummamclﬂums
a d Y Y
AnTzvdoya’la
9 o a3 9 o 3 @ o 3 g an @ 1%
HIYITINVVBYAICAVUINTANNIAVINNITIATEAUUIAIANN 395 NNIUIUATU 6 U
A DA Y a a d' 1Y Y %I A
Viﬁ@"l]u@ﬂ?ﬂ@@ﬂﬂ'lﬂﬂ@@ﬂ?ﬂﬂ]ﬂi]ﬂ, ﬂ’]']iJﬂell’E]Qﬂ']i@i’]"l]’]@igﬂﬂu']@']ﬁﬁlum'ﬂ@iﬂﬂ
2 <L A o o 3 A A
ﬂ'lili]'lgu'l@'laﬂa'lﬂu')uagi]1ﬂﬂ'lilfl]'lglﬁﬂ@ﬂ@igﬂﬂu']@']ﬁﬁﬂﬂﬁﬁﬂ@lﬁ@@l!@\?‘ﬂi’E']
= o 9 1 Jo o A Y Yo
HGRIIBIGIZIZER ﬂnmm‘mm@u%mmﬂﬁqﬂﬂ‘im‘i‘u U, 5383L3ﬁ11/]@ﬂ'3&|l1@5‘ﬂ

[

a a o { EA a 4 [ H a [ 4
aucgaumwaamﬁaﬂm uazizﬂznmﬁ@ﬂaﬂ@mﬂ%mmz umma%uﬂ@mﬁm



67

[ Insulin and research protocol training for nurse and resident team }

Medical ICU patient DTX =180 mg/dL, assessed for eligibility and

exclusion criteria with informed consent prior to enrollment

4 )

CGM sensor with Plasma glucose
Day 1 DTX . — .
Blinded data, Calibration with (Gold standard)

DTX (4 time/day) > 2 times/day,

and/or DTX < 40,
=300 mg/dL

N\ /

Insulin protocol
v

I CGM sensor with Plasma glucose

Blinded data, Calibration (Gold standard) =
9.
DTX with DTX (4 time/day) 2 times/day, and/or
DTX < 40, > 300

\mg/dL )

Compare glucose value from CGM with DTX

and plasma glucose

MARD, Surveillance Error Grid Analysis, Modified Bland-Altman plots
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3. Modified Bland—Altman plot HEAINIINTIANADIVBIVDYA (Agreement)
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Modified Bland-Altman Plot

Blood Glucose Monitoring System Surveillance Program
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Modified Bland—Altman Plot

Blood Glucose Monitoring System Surveillance Program
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’ ] v ] k2
A15197 10 arAIHANTAREIANUUNNEIVRIATRIIATE AU IMaYadeiloq IHINIS (subcutaneous CGM) 1f3euiiieuRunsARY IR U

Author, year Our study Kosiborod M, Atoosa Rabiee, 2009 Wollersheim, 2016
2014 (52) (1) (54)
Type of CGM Professional subcutaneous Real-time Real-time subcutaneous Real-time subcutaneous
CGM, subcutaneous CGM, DexCom Sentrino CGM,
Medtronic Sentrino CGM, Medtronic
Reference glucose Capillary glucose Central | Blood gas analyzer H Capillary Blood gas Blood gas analyzer ¢
measurement (ACCU-CHEK laboratory or glucose analyzer ’
Performa) central laboratory ’ (Accu-chek?)
Number of CGM and 353 125 870 1,065 84 532
reference glucose value
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Author, year Our study Kosiborod M, Atoosa Rabiee, 2009 Wollersheim, 2016
2014
Accuracy assessment of CGM
Reference glucose Capillary Central Blood gas Capillary Blood gas Blood gas analyzer !
measurement glucose laboratory analyzer or glucose analyzer ’
(ACCU- central (ACCU-
CHEK g
laboratory CHEK)
Performa)
MARD (%) 6.6 8.8 12.8% 25.7+21.7 36.3+27.4 5.3
(mg/dL) (mg/dL)
Error grid analysis 99.7 95.2 99.2 100 98.2 98.5
(% in zone A t1ag B)

1 =i-STAT, Abbott, USA, 2 = Vitros 600 Ortho Clinical, Johnson & Johnson, 3 = Hitachi 917 glucose analyzer; Tokyo, Japan, 4 = (ABL 800 FLEX; Copenhagen, Denmark)
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] DM last HbAIC......... % ] Non-DM
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L] Liver disease..................... Ll Other....oo .
2. WU e, [0V K 1Y, ATUNIANY. ... kg/cm
Fonaiiothsumssnulunedihedngdimsergsnssu
1. Indication for admission in ICU ...............cooiiiiiniiinnn...
Other comorbidities/Complications
| ] Acute renal failure..............covveveeii...
[ Liver diSease.......uuueeeeeeieeeeiiiiii,
] Decompensate heart failure NYHA ..........
L Other. oo
2. APACHE IIscore.....................
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4. Drug

] Inotropic Drug ..................... dose ............... mcg/kg/min
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start on Date/Time...................... Off Inotropic Drug on Date/Time....................

L] No Inotropic Drug

[ ISteroid........ccooo..... Dose....covvvvininnnnn
start on Date/Time....................... Off on Date/Time....................
5. []On mechanical ventilator || No mechanical ventilator

® Mode.......oveeinannnn

® FIO2....cciiiiiiiiiiiinenn

® Pa02.......ceeenen. O2 saturation................

® Hb....... mg/dl Het......... % WBC ............ (N....... % L ....... %)
Platelet...........

® BUN....... Cr....... Na....... K....... Cl...... HCO3.......

7. szauhmanewdulimssnydeduyan
R I Haansuaomdans (L DTX [ Plasma glucose ,
Site.......... )
AsaR 2 MY Haansunowmaans (L] DTX [ Plasma glucose ,
Sit€.......... )

8. Start Insulin infusion Date/Time ............... Dose ............ unit/hr

Off Insulin infusion Date/Time .................. Dose ............ unit/hr

9. Start glucose sensor insertion Date/Time ...............

Withdrawal glucose sensor insertion Date/Time ...............

Early withdrawal glucose sensor insertion Date/Time ...............
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Date

Protocol order for CGM project

Day 1 U89M3IH IV insulin TN c.vvevvveeneeeneeinrenens

nou drip insulin

BW kg
Y e ) ) =~

o 1143iA1 Potassium melu 24 92 Tueh
' v . ' ~
WNIUN Glmmz Potassium stat NOUNIE

J
i insulin, notify HWNY 1K <35

mEq/mL

O HbAIC (optional)

O Consult endocrine (optional)

O Notify w.imaian (390)

O Regular insulin unit+NSS
ml(l:_ )iv ml/hour
(___ unit/hour)

11UTY drip insulin.............ooie,
NANAAATOI CGM................

O 1912 DTX nasAan3ed CGM 1 ¥alaua

DTX q 1 h 9U stable
(ogluszauihwineediarios 2 a%q
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hr) @13150U5UMWY insulin protocol 130
AULNNENIT
1912 Plasma glucose 989108 uay 2
a¥a
o n¥aft 1815:00 .
(@4 tube (H0AT %04 Tab %14 3
8:00)
dude O vein O Artery (95w A
line)
O n3ei 2 e 15:00 1. (@910 lab T
naldae)
dunya O vein O Artery (9u A
line)
191¢ Plasma glucose
3to DTX < 40, > 300 mg/dL
O AFIH 3198 u.
gwine O vein O Artery (m%u A line)
O AFIR 419N u.
gwine O vein O Artery (m%u A line)

O AT 51907 o, U,

gwine O vein O Artery (m%u A line)




105

Date

Protocol order for CGM project

4 . . v d‘
Day ......U89M3H IV insulin M0 .ooovrvniiiiiiieiieeenee,

O Regular insulin unit +

NSS ml(1:_)iv

ml/hour ( unit/hour)

AA v

O  NIUNE drip insulin 1% DTX q 2-4 hr

a ¢y va
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Y a
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" 1912 Plasma glucose aghationuaz 2 a¥a
o n¥aft 1 0815:00 .
(@4 tube @0AT #o4 lab 44 3 lua
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gude O vein O Artery (951 A
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O n¥aft 2 081 15:00 1. (F41704 lab Ty
natldiae)
dunya O vein O Artery (9u A
line)
® 1972 Plasma glucose
ite DTX < 40, > 300 mg/dL
O AFIH 3198 u.
gwsine O vein O Artery (miu A line)
O AFIR 419N U,
gwsine O vein O Artery (miu A line)
O AFIH 5198 U,
gwvius O vein O Artery (m%u A line)
" Manemn
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Y Y Y du a ' 4
- 914 D13 x-ray 6114!!5]\1!!1/‘!‘“?]'3&!&!9]1@3\11’51!1 o

0896040725

MD/Code

MD/Code




M IWAAIDATINSIINOUBAY

a

U

Blood glucose mg/dL < 60 kg (unit’/hour) 60 - 90 kg (unit/hour) 91 - 125 kg (unit/hour)
180 - 250 0.5 1 1.5
251 - 300 1 1.5 2
301 - 350 1.5 2 25
351 - 400 2 25 3
> 400 25 3 4
U W Aa a
ﬂ1§13!!ﬁﬂﬂﬁ]ﬂ§1ﬂ1§ﬂ§ﬂﬁ)u"yﬁu
BG BG BG BG BG Action
100-140 mg/dL | 141-180mg/dL | 181-225 mg/dL | >226-300 mg/dL >300 mg/dL
BG T or &> BG 1 or &> BG T or <> @rate insulin A
or BG \, 1-25 column B
BG P> 35 BG 4 1.25 BG 11-25 BG 1.26-50 LW rate insulin Ay
column A
BG T <35
o o BG ,25-40 BG . 26-50 BG ,51-75 rate B
Or . 1-20
BG T or &> B B ~ AR rate insulin A4
or BG4, 1-30 BG .21-40 BG \.41-60 BG \.51-75 BG .>75 column B
AR rate insulin LW&AD 50%
BG 4> 30 BG > 40 BG 4> 60 BG L>75 BGy>100 | O7rAtEMsuinivas
181 rate LAy
rate Jaqiu Column A (unit/h) Column B (unit/h) Y ¥ L . Y
*  dwzdnina < 100 mg/dL uaz drip insulin ag tieoniios
<15 0.2 0.4 . 9 1o gms
unit/hour Tfiiadai
1524 o3 06 * hold insulin drip
2.5-3.4 0.5 1 *  Notify unnd
3.56 1 2 *  DTXq1-2 hour, if > 180 mg/dL 1#541% protocol
6.1-10 15 3
10.1-14.4 2 a + #idrip insulin > 6 $1Tus DTX daannd 180 mg/dL
145195 3 s < consult endocrine
19.6-25 4 8
s S s King Chulalongkorn Insulin Infusion Protocol
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