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Performance Evaluation of BAROZEN H, a Networking Blood Glucose Monitoring System

for Medical Institutions
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Background: We evaluated the analytical performance of Barozen H (i-SENS Inc., Korea), a new glucometer equipped with networking function
for medical institutions, according to the ISO 15197:2003 and ISO/DIS 15197:2011 guidelines.

Methods: We measured the precision of 10 Barozen H glucometers, in terms of repeatability and intermediate precision, and determined their
accuracy relative to that of automatic chemistry analyzer AU5421 (Beckman Coulter, USA). Three other glucometers-Precision PCx (Abbott, USA),
Glucocard Sigma (Arkray, Japan), and SureStep Flexx (Johnson & Johnson, USA) were also evaluated, and their accuracies and hematocrit inter-

ferences were compared.

Results: The standard deviation and coefficient of variation of Barozen H for repeatability and intermediate precision were 0.11-0.15 mmol/L and
2.3-3.6%, respectively. With respect to accuracy, in accordance with ISO 15197:2003 criteria, Barozen H yielded 98.0% of results within + 0.83
mmol/L or & 20%. Further, per the ISO/DIS 15197:2011 criteria, 95.2% of results were within £ 0.83 mmol/L or £ 15%; Barozen H was the
only glucometer satisfying the more stringent ISO/DIS 15197:2011 criteria. Error grid analysis showed that all results from Barozen H were in
zone A, indicating its excellent clinical accuracy. Hematocrit, ranging from 20% to 60% did not cause any significant interference.

Conclusions: Barozen H showed excellent analytical performance, and it was the most clinically accurate glucometer tested. It can be expected
to provide reliable results satisfying ISO/DIS 15197:2011 as well as ISO 15197:2003 criteria.

Key Words: Blood glucose, Blood glucose self-monitoring, Diabetes mellitus, Glucose oxidase, Hematocrit, Point-of-care systems
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H}=A7] Barozen H (-SENS Inc., Seoul, Korea)= EE=TFAL
3} Ax(glucose oxidase)@} vFo] @Al A =H(biosensor electrode)
S 0]-8-5}to] BAHE(capillary whole blood)2] Eggke =43}
o] A7 (plasma equivalent value) - =2 ﬂJ—}E B &b 4],
05 uLo) & PHFOR 5% vhol] AAE ST 4 ek wah
of27|gke] Ak} F4l0] 75 E VIEIA 7S HRslel
4000719] B Z477}9} 2,000719] e Holels U v
Hajof AREFHTI7 L, universal serial bus (USB)E A AL o] o124
H AR 4TS A4 4 ek oleh 2ol AEaE Y=
AL 7152 AREStol, AR T I HARY] &8 A Humn-
around t1me)4—} AREA @ = (clerical erronS E7|H o2 U 4

= ‘ﬂv’LOﬂH% 1SO 15197:2003[6]2} ISO/DIS 15197:2011[7) 7}Fo] =
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) %C’J 359 it E=A71oh HlwslGit) BlwErtE 95
AFE3E QA Ed=A 7| = Precision PCx (Abbott Diabetes Care,

Alameda, CA, USA), Glucocard Sigma (Arkray, Kyoto, Japan), Sut-
eStep Flexx (Johnson & Johnson, Rochester, NY, USA)$Ith

HHE A 9l ASke sW7to)= SR} HA| S o851t = 20123
79 320 9% 1797k s elel veiet o) E o
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e FABI Ao AHSE BE AEYS T RE AF0]
T, B} glAF = Ar1S0] Aol AET Bkl 7} 4

1) 2= gt
HHE A B7HES 913 AA|E= 180 15197 7hol=ekelo] whet Sixt

o AA AT AME-L AF8-510] 1.7-2.8,29-6.1, 6.2-8.3, 84-139,
14.0-22.2 mmol/L (22} 30-50, 51-110, 111-150, 151-250, 251-400
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1SO 15197:2003 & 1SO/DIS 15197:20119]] whe} 2= 120 2HA}2]
RAIRE 450 WA SR WA Aol 24
O} v a1 X|(reference value)= A G} S A3t Ad

of i3k A}FEsFekEAAl] AUS421 (Beckman Coulter, Brea, CA,
USA)®| ZAE o853l ol EE5749] Jarel hexo-
kinase®] 0. 2 &A}o] Fute A5t 7]7]o]lch

AUSA2IOH 28 BAE 71R0 R A thee) 7
7kl Hazste) 0 2.77 mmol/L (50 mg/dL) ©]817} 4.0% (5/125),
2.77-4.44 mmol/L (51-80 mg/dL) 7o) 12.8% (16/125), 4.44-6.66
mmol/L (81-120 mg/dL) 7£7}o0] 24.8% (31/125), 6.66-11.10 mmol/L
(121-200 mg/dL) F71o] 30.4% (38/125), 11.10-16.65 mmol/L (201-
300 mg/dL) F+7Fo] 16.0% (20/125), 16.65-22.20 mmol/L (301-400
mg/dL) T7Fo] 8.0% (10/125), ZL2]al 22.20 mmol/L (400 mg/dL)
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Ao, Farx|eke] %ol S 313 ERE ISO/DIS 15197:20119
AXE W= WE4710) 2470k HRA S vlaste] 94
A AT E Hrlshe error grid B4 AAISHAL, consensus
error grid®] A, B, C, D, E 57| <ol AI3HITHS)
3) M= o5t 7Hd F5t Ty}

1SO/DIS 15197:20119]| whe} 4%-2] Ft2A47]0] el 28
5o 3t FFe BRI EAFAA A AES %J*n‘
Be) 7 W FTAL AASHE WHLo.R 7 70 4T
SAEQ0£1%, 30£1%, 40£1%, 50£1%, 60 £ 1% ZH=s 5

8l 2 o HrF iAS B 242k 37 7Re] o B (1.7-2.8,
5.3-8.0, 155-23.3 mmol/L)E ZH=E A & 1552 HAlE FH]
s1oik. 2k Aol el BeE47] 715 ER 108] Y S
Zaz)9ke] 2folE stk T3k 2F AAe] AE e E
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Kobe, Japan) 2.2 4519
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3. 54 &M
vt EAE Aofl = Microsoft Excel 2010 (Microsoft, NY, USA)
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Table 1. Precision of Barozen H

Hlo|AlE Table 1] g=]atoiet. 2hate] Aud HA= Alsde
uRE g 17} A7} 555 mmol/L (100 mg/dL) B|ghe] A% E (s 1,
o)A TR 712} 0.11, 0.15 mmol/L (ZF2} 2.0, 2.7 mg/dL)o]
131, 555 mmol/L (100 mg/dL) o142 s w (1= 3, 4, 504 W
o) ASL 2+ 3.0%, 3.6%, 2.5%3ILk.

FUE g7} A3} Mol Al 555 mmol/L n]Tke] A5
(= DA EEFHA= 0.11 mmol/L (1.9 mg/dDRLL, 555
mmol/L 0] W L(Fe 2, 3olA] Mol A4 212 35%, 2.3%
ek

AU G7E A3 Aele oA EEEAF0.28 mmol/L (5
mg/dL) u|Rk S5 bl Al WO Al 5% wike] U= B
At

2. Mae
AgHe H71= 1SO 15197:20033} ISO/DIS 15197:20112] 8§ 7]
Fo] 92} 5 slol=aleloln afehe A2te] WHlow dhe
H7lslck
$-4d 180 15197:2003°1 w2, dYEA7] 7€ F F= 4.2
mmol/L (75 mg/dL) B|9HQ1 HA| S| A arx] ty] 2 27F +£0.83
mmol/L (£15 mg/dL) o]Uje] A¥}= Barozen H, Precision PCx,
Glucocard Sigma A 71&0 A+ X5 100%5, SureStep Flexxo]| 4]
© 97.0%% BE Y4717t 95% oS WESHIthTable 2.
T % 4.2 mmol/L (75 mg/dL) ©]4FQ] A S A= FarA] tiH]
Q27F £20% ©JUel A1}= Barozen H, Precision PCx2} Sur-
eStep Flexxo| A= Z2}F 97.7%, 98.2%, 98.6%2] 2=0.& 93% oA}
£ k=3 AP Glucocard Sigmao)| A= 94.2%%ck AA w217k
o tjafjAl= Precision PCx2} SureStep Flexxol| A= 4| Aule]
98.4%7} 3-89 2+ 0.83 mmol/L = 20%) o|ujof] F3Es}= 7}

Repeatability

Intermediate precision

Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3
Mean (mmol/L) 1.87 408 6.79 11.02 2047 2.38 7.19 18,58
SD (mmol/L) 0.1 0.15 0.21 0.39 0.52 (R} 0.26 0.43
CV (%) 59 37 30 36 25 4.4 35 2.3
Table 2. System accuracy according to I1SO 15197:2003

<4.2 mmol/L > 4.2 mmol/L
Glucometers Within Within Within Within Within Within Within Total
+028 mmol/L  £0.56 mmol/L % 0.83 mmol/L + 500 + 10% +15% + 20%

Barozen H 25/30% (83.3%)"  29/30 (96.7%) 30/30 (100%) 133/220 (60.5%) 189/220 (85.9%) 207/220 (94.1%) 215/220 (97.7%) 245/250 (98.0%)
Precision PCx 25/32 (78.1%) 32/32 (100%) 32/32 (100%) 95/218 (43.6%) 164/218 (75.2%) 203/218 (93.1%) 214218 (98.2%) 246/250 (98.4%)
Glucocard Sigma 20/27 (74.1%) 27/27 (100%) 27/27 (100%) 103/223 (46.2%) 167/223 (74.9%) 2 1/22 (90.19%) 210/223 (94.29%) 237/250 (94.8%)
SureStep Flexx 16/33 (48.5%)  25/33 (75.8%)  32/33 (97.0%) 113/217 (52.1%)  171/217 (78.8%) 198/217 (91.29%) 214/217 (98.6%) 246/250 (98.4%)

*Number and percentage of acceptable results among all results in each interval.

http://dx.doi.org/10.3343/tmo0.2015.5.2.69

www.labmedonline.org 71



0|28 2| Performance Evaluation of BAROZEN H

A 2451 AWE WY1, Barozen HOJA = 98.0% 2 o)<} §-A15H
% F95%E T

ISO/DIS 15197:2011¢] 7318 Ashe 5872
7)127ku19] 2127} 555 mmol/L (100mg/dL) v]gkel
A Fax|eke] © 27} +0.83 mmol/L (15 mg/dL) o|Uf

Precision PCx7}96.7% % $-4~5}tH(Table 3). I ‘&%= 555 mmol/L

]
24

L3 HH
AA S0l
o]

=

=

O 1
7(:)]_’__‘:_

o]ofof al4=1], Barozen Hi= 95.8%2] A7} 0] 715& 153}t
B 5 7P Sskelnh A s S SRS
Barozen H= 24 Z119] 95.2%7} 1SO/DIS 151972011 &-8-2.2¢
(£0.83 mmol/L E= 15%) o|ujol] Exsto] f-dsH| 387+
95%= TSI L, T2 339 Ig=47] Precision PCx, Gluco-
card Sigma, SureStep Flexxo| A= A2 Z2F 94.4%, 92.0%,
924%°] 4217} 5803} ool Fazsto] 95% 587

£ &

(100 mg/dL) o431 HAE A= x| eke] @27 £15% o] 5] Jrokdict 2t @EA47]9) HAl = (difference plot=
Table 3. System accuracy according to ISO/DIS 15197:2011
<5.55 mmol/L > 555 mmol/L

Glucometers Within Within Within Within Within Within Total

+0.28 mmol/L +0.56 mmol/L +0.83 mmol/L + 5% + 10% + 15%
Barozen H 45/60* (75.0%) " 54/60 (90.0%) 56/60 (93.3%) 117/190 (61.6%) 164/190 (86.3%) 182/190 (95.8%)  238/250 (95.2%)
Precision PCx 37/60 (61.7%) 53/60 (88.3%) 58/60 (96.7%) 87/190 (45.8%) 145/190 (76.3%) 178/190 (93.7%)  236/250 (94.4%)
Glucocard Sigma 37/60 (61.7%) 51/60 (85.0%) 56/60 (93.3%) 89/190 (46.8%) 145/190 (76.3%) 174/190 (91.6%) 230/250 (92.0%)
SureStep Flexx 31/60 (51.7%) 46/60 (76.7%) 54/60 (90.0%) 98/190 (51.6%) 152/190 (80.0%) 177/190 (93.2%)  231/250 (92.4%)

*Number and *percentage of acceptable results among all results in each interval.
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Fig. 1. Difference plots of Barozen H and 3 other glucometers. (A) Barozen H, (B) Precision PCx, (C) Glucocard Sigma, (D) SureStep Flexx. The X-axis
represents the mean value of the duplicates from the AU5421 chemistry analyzer. The Y-axis shows the difference between the result of each glu-
cometer and that of AU5421. The dotted lines represent the acceptance criteria of ISO/DIS 15197:2011 (+0.83 mmol/L and +15%).
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-0.28 mmol/L (5.1 mg/dDSAL, o Fo] e 2= HBL-GHE
60%2] 75 74(5.3-8.0 mmol/Lo A 6.3%ICHFig. 3). whe}
A], Barozen HE] 7¢- 81845 20-60%2] A 7oA @2}
£ 5 518HS ol 2A] AA|S AP LEHE| wE Fgol
37 ekgront eaLe] A7 52 AT E4E L T e

of whe} SN E Hold= gt A4S Bt

oo

FFEA719] o= B7Ieke dl o] bRt 71eo] o &
=8} 7]9R5oll o8l AAj=e] £EoiH4], 200319] International
Organization for Standardization Technical Committee (ISO/TC)
2120014 R ey WS SR APE AEE @957719

QA(n vitro diagnostic test systems - Requirements for blood-

glucose monitoring systems for self-testing in managing diabetes
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Fig. 2. Consensus error grids for Barozen H and 3 other glucometers. (A) Barozen H, (B) Precision PCx, (C) Glucocard Sigma, (D) SureStep Flexx. The
X-axis represents the mean value of the duplicates from the AU5421 chemistry analyzer. The Y-axis shows the results of each glucometer. The per-
centage values in the box represent the proportion of results belonging to each zone.
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Fig. 3. Interference of the hematocrit in 4 glucometers. (A) Barozen H, (B) Precision PCx, (C) Glucocard Sigma, (D) SureStep Flexx. The X-axis shows
the hematocrit (%) for each sample. The Y-axis shows the bias between each glucometer and the AU5421 chemistry analyzer as a reference mea-
surement procedure. Each bias was presented in difference (mg/dL) at low glucose concentration (30-50 mg/dL, 1.7-2.8 mmol/L) and %difference
(%) at mid (96-144 mg/dL, 5.3-8.0 mmol/L) and high (280-420 mg/dL, 15.5-23.3 mmol/L) glucose concentration.

mellitus: ISO 15197)"0] EE0 & Hrol50f %] $FTHo6, 91 =riollA]
= 20079 119 A9 oFE90 A (Korea Food & Drug Adminis-
tration, KFDA)OJ| 4] 1SO 15197:20030] 7]4ket “dg=47] 453
7F 7rol =il S skl ey F2ols g@95719 A
50| el wet B At ARt A 4E 5 A H
AL olof weh FRE7g719] Bt 7|eE AekE= FAleltk 11
320l o] & u]=-YARYS}ES](The National Academy of Clini-
cal Biochemistry, NACB)O| A= A1 8247 9] Aek= 7} 5
87120] 9lo] ‘@] 555 mmol/L (100 mg/dL) m]gkel| Al £0.83
mmol/L (£ 15 mg/dL) o]}, 555 mmol/L o]AFollA +15% oJuf'=
oA} 733tE AHHAL 7Hol=kel(Laboratory Medicine Prac-
tice Guidelines, LMPG)-& BFE[10], ISOO A &= 2011 ]2} 5
A 5871 712 23t SO 151979] 7178 ZQH(Draft In-
ternational Standard, ISO/DIS 15197:2011)2 235} TH7. 20134
5Eol= M= IS0 15197:20130] FAA S & 511l ST

N\
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L[], o] AE-& 1SO 1519722013 7}o|=2}ele ISO/DIS 15197:
2011 i ZQke] F-A4%] 42845 7 Hanalytical performance eval-
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B kol AHeE AR Y sl whE 77w
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71E73HI A SAe WIS 710 2 F7hE WS Blal
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