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Background: The Samsung LABGEO PT Hepatic Test 9 (Samsung electronics, Korea) was developed as a point-of-care (POC) testing device. The
levels of 9 analytes, namely, albumin, AST, ALT, alkaline phosphatase, gamma-glutamyl transferase, glucose, total bilirubin, direct bilirubin, and total
protein, could be evaluated simultaneously by using 70 uL of whole blood, plasma, or serum samples. In this study, we assessed the performance

of the Samsung LABGEO PT Hepatic Test 9.

Methods: The precision and linearity of the test were evaluated according to the CLSI EP5-A2 and CLSI EP6-A guidelines, respectively. Correla-
tional analyses between Samsung LABGEO PT Hepatic Test 9 and Cobas 8000 modular analyzer (Roche, Switzerland) were carried out as per the
CLSI EP9-A2 guidelines. Additionally, the results between 3 different specimen types, whole blood, plasma, and serum samples obtained from the

same individual were compared to evaluate the matrix effect.

Results: The total imprecision at both low and high levels of the 9 analytes was within 10% and in the clinically important concentration range
for all test items, all obtained results were linear. We compared the above results with those obtained using Cobas 8000 and a good correlation
was observed with a correlation coefficient of more than 0.975 for all 9 analytes. Simple linear regression analyses between the 3 different speci-
men types indicated that there was no statistically significant difference (P <0.001).

Conclusions: The Samsung LABGEO PT Hepatic Test 9 showed good precision and linearity when compared to established assays for 9 clinical

test items and could be useful in cases where the POC testing is required.
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2L 79FE] Samsung LABGEO PT Hepatic Test 9 (Samsung
electronics, Korea)2 HAAANE- A-8-74H] Samsung LABGEO
PT10 (Samsung electronics)ol|A] 7FASIA HAFEE 4= ek &%,
i3 ohel M8 AA = YHYalbumin), G471 ZATRE}
A(alkaline phosphatase, ALP), &&hd ofu]:=AEd A (alanine
aminotransferase, ALT), O}AT2H|O|E o}u| = ZEF A(aspar-
tate aminotransferase, AST), & 2] l(total bilirubin), 217 W]
FHl(direct bilirubin), g (glucose), ZoZFEHY Hol & A
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1. ZH| H AlS}
Samsung LABGEO PT10 ]2} Samsung LABGEO PT Hepatic
Test9 HERAE AFE ST, AR A Fo] wet HALE A3
3L} Samsung LABGEO PT10-2> 9l F5of At ¢lo] 70 uL
o FAFO = dstet &4 HARS 2Hs] ad 4 Qs an
bl AEAR Arufofey Aufu ko] E3HE QC HES 0|85k
B S AT 4 AL, YREAQ] FAHAL e} 2ol 2zt
O] 7FE=JA] loto] whe} Al 2Al|A] calibrationS: =350 A4}
7k 7bA0l A 3 WAk gick thRie] FAL 2] B A
3 HAo g 2ATE 4 QIEE 1QHERIT) Samsung LABGEO
PT Hepatic Test 92> Ad, @3 3 AAZ AuS}sEAF 9714
52 0] BARE 4 ek AR Al w2 ) A
= A8 8719 gEsatedtdithium heparin tube)& AF&-8jok
ik 712 T el Aol FeUstol A AEHA o TR 07}
A A 5] AT @ 2 ek AP B 287 5
A BAV 7 shelo] AT S Alo] 2T} Zeieich

7} A} gHEo] 2R Y] oS}l et IS dye binding-
bromcresol purple (BCP)H, ASTS} ALT= H]A ¥ (colorimetric
method), ALP= JSCC-FAEH, % Hla)=2ulzl 2 la]2nle. ua)
4] AFSkE AW (enzymatic bilirubin oxidase method), g2 &
= ga A(glucose dehydrogenase method), GGT+= IFCC
W Fohle HalH(Biuret method) 2. 2 SA43}19ch

2. HU=(Precision)

A== BIO-RAD Liquid Assayed Multiqual Level 13} Level 3
(Bio-Rad Laboratories Inc., Hercules, CA, USA)S AF8-3}¢] Clini-
cal and Laboratory Standards Institute (CLSI) EP5-A2 Z]|3]o]] whe}
B7FsHTHo). 2097 2t steofl thel] 1 23], 13] 2H4) ke &
Aaleich. 5% 28] AAHE 2417) 4] 24 S 30 24T 05
2 o] AXERsInh S4E Ak AA W Blo]Al4x(within
run coefficient of variation, CV), ZA} 7+ Ho]A| 4 (between run
CV), FAAFY 7t Ho | Al4=(between day CV), &= Ho A4 (total CV)
5= ALtskit:
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3. M M(Linearity)

Z1X43-8- Validate GC Linearity Test Set (Marine Standard Com-
pany, Windham, ME, USA)E A}-8-8}0] CLSI EP6-A2] Z|Z]o] uf
2} B7F8FATH7). Validatet= calibration E&= 244 52 S5
7k el SRR nl=AlEe] k=t (Food and Drug Adminis-
tration)Q] &7} Wokth thAl 71A] o] BA R JLAJEo] 9lo
], 7} = FYUSH 7HA 0 2 o]FoA] Qi) validate= HAIE
s £33 Bt glon], o T ofRolzly] o
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971 AL 5 2ol ol AZAPE AN 2471
(analytical measurement range)& 112J5}0] AFEof|A| As7}
A 5714 15125 43] whE SAeloick 24 A sl
A5 Algisto] 22 9] thakA(best fit polynomial)& AFE5FSITE
27je] tigtalo] ARSI A A% WSlolA Haio] fA1H
L 710 g2 g, AxpAFo] ofd thafAle] 79 7F L o] AF
) Bl I 250 ofshE WSt s Hslold A
Kol slckan wersleick

4, A28(Method comparison)

AbRA O CLSI EP9-A2 A Ho]| Z5}o] Wrslt) (8], 7] A
= 71& HAPAO A AFE-%9] Cobas 8000 modular analyzer
(Roche diagnostics, Switzerland)Z S}T] ZF HAF EHE =74
JheHigiol R FEok S A1 ol 5} B

=5 607 O] 2 AAIE ASHATE 2H2H9] Aol A 23]
HHE =235} 7k0] Hor7ke AL8-5ko] 7t 74/\].1}‘:'1 7o 374l
el 7 i s A

Z}(total allowable erron+= College of American Pathologists2}

T} AFA| 4> (coefficient of correlation, N&

Clinical Laboratory Improvement Amendments (CLIA) 7]5& A}
£3105k A7 0975 o4l 79 Aol et Bt
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=

A8 A
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6. S22

EAE AL EP Evaluator Release 10 (David G. Rhoads Assoc.,
Kennett square, PA, USA), Analyse-it Standard Edition 2.26, SPSS
version 13.0 (SPSS Inc., Chicago, IL, USA)2 AF-&-31Tt

2 I

1. HuUE
HAF = ety AR AR UL RolAl, AR ZE oA

7

Table 1. Precision profiles of Samsung LABGEO PT Hepatic Test 9

%, 2R 71 WOl S0l Al Table 13} 2k A 7t

At G, AST, 9, SR, 9 5 57HA 7% ol A
Level 13} Level 32] ZHo|A|47F B5%= 5% 0|5}k ALP, GGT, A
TR 5 371 0] FRlo] A4 Level 30]A41= 5% ©|8t
a1, Level 1914 5-10%SC} ALT= Level 13} Level 32] & Ho|A|

227} 2¥2¥ 5.1%, 55%ST)

2, BlMd

9717) 2L 8 2% HHe] chaho] abiiFolT
Z>(coefficient of determination, R+ 099 ©]A4}o]SIth(Table 2,
Fig 1) S A} o4 QA 2 FR3 5 WelolH 4
A8 e

2A

Analytes (unit) Level Mean SD Within-run Between-run Between-day Total CllR i o
acceptance performance (%)
ALB (g/dL] 1 273 0.09 3.0 1.1 0.4 3.2 10
3 4.89 0.17 29 0.0 1.8 3.4
AST (U/L) 1 46.39 2.25 4.2 0.0 2.4 4.8 20
3 256.30 8.68 2.5 0.6 2.2 34
ALT (UL 1 19.27 098 44 26 00 5.1 20
3 151.55 8.30 3.4 4.3 0.0 55
ALP (U/L) 1 100.39 7.07 53 4.6 0.6 70 30
3 723.75 24.69 2.6 2.2 0.0 34
GGT (U/Y 1 22.85 1.81 6.5 39 2.2 79 NA
3 132.78 3.06 2.1 0.0 0.8 23
GLU (mg/dL) 1 57.69 0.88 12 0.8 05 15 10
3 363.24 6.26 13 12 0.0 1.7
TBIL (mg/dL) 1 0.66 0.02 3.7 038 15 4.1 20
3 7.21 0.10 13 0.4 0.5 1.4
DBIL (mg/dL) 1 0.47 0.03 83 0.0 33 89 20
3 3.74 0.17 4.1 0.0 15 4.4
TP (g/dL) 1 458 0.1 19 07 1.1 24 10
3 6.28 0.20 2.8 0.0 14 32

Abbreviations: SD, standard deviation; CV, coefficient of variation; CLIA, Clinical Laboratory Improvement Amendments; ALB, albumin; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALP, alkaline phosphatase; GGT, y-glutamyl transferase; GLU, glucose; TBIL, total bilirubin; DBIL, direct bilirubin; TP, total protein; NA, not applicable.

Table 2. Linearity of Samsung LABGEO PT Hepatic Test 9

Linear range specified

Analytes (unit) N A Test range Observed linear range Slope Intercept R?

ALB (g/dL) 10-7 0.8-53 0.8-53 0.9896 0.0269 0.9999
AST (U/U) 10-500 0.0-398.1 0.0-398.1 1.0190 -9.9463 0.9995
ALT (U/D) 10-700 0.0-390.6 0.0-390.6 1.0338 0.5266 0.9995
ALP (U/D) 20-2000 0.0-655.1 0.0-655.1 0.9962 -5.9407 0.9999
GGT (U/Y 10-1500 0.0-1161.7 0.0-1161.7 1.0074 -8.3447 0.9996
GLU (mg/dL) 10-400 3.5-409.5 3.5-409.5 0.9826 2.2947 0.9999
TBIL (mg/dL) 0.1-30 0.1-29.8 0.1-29.8 1.0280 0.4970 0.9991
DBIL (mg/dL) 0.1-16 0.3-24.1 0.3-24.1 1.0600 -0.6405 0.9995
TP (g/dL) 20-M 23-11 23-1.1 0.9926 0.0138 0.9995

Abbreviations: R?, coefficient of determination; ALB, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, y-glutamy!

transferase; GLU, glucose; TBIL, total bilirubin; DBIL, direct bilirubin; TP, total protein.
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Fig. 1. Linearity of Samsung LABGEQ Hepatic Test 9. (A) ALB, albumin; (B) AST, aspartate aminotransferase; (C) ALT, alanine aminotransferase; (D)
ALP, alkaline phosphatase; (E) GGT, y-glutamyl transferase; (F) GLU, glucose; (G) TBIL, total bilirubin; (H) DBIL, direct bilirubin; (1) TP, total protein.
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Fig. 2. Linear regression plots and Bland-Altman bias plots of the re-
sults between Samsung LABGEO PT10 and Cobas 8000 modular ana-
lyzer for 9 analytes. (A) ALB, albumin; (B) AST, aspartate aminotrans-
ferase; (C) ALT, alanine aminotransferase; (D) ALP, alkaline phospha-
tase; (E) GGT, y-glutamyl transferase; (F) GLU, glucose; (G) TBIL, total
bilirubin; (H) DBIL, direct bilirubin; and (I) TP, total protein. The blue
line represents the linear regression, and the gray line depicts a theo-
retical line with a slope of 1.0 and a Y intercept of 0.
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Table 3. Simple linear regression analysis of 3 different specimen types by using Samsung LABGEO PT Hepatic Test 9

Whole Blood vs. Plasma

Plasma vs. Serum

Plasma vs. Serum

Analytes Slope Slope

Slope

(95% C) = 7 (95% C) - £ (95% C) = 7

ALB 0.959 0.8986 <0.001 0.897 09180 <0.001 0929 0.9401 <0.001
(0.961-1.056) (0.815-0.979) (0.856-1.002)

AST 1.005 09913 <0.001 1.038 0.9860 <0.001 1.033 09887 <0.001
(0975-1.036) (0.999-1.078) (0.998-1.069)

ALT 1.049 0.9925 <0.001 1.014 0.9944 <0.001 0.966 0.9911 <0.001
(1.020-1.079) (0989-1.039) (0.937-0996)

ALP 1.001 09982 <0.001 1.029 0.9953 <0.001 1.028 09984 <0.001
(0.987-1.016) (1.004-1.053) (1.014-1.042)

GGT 1.007 0.9991 <0.001 1.017 0.9992 <0.001 1.01 0.9995 <0.001
(0996-1018) (1.007-1.027) (1.002-1018)

GLU 0.998 09971 <0.001 1.005 0.9927 <0.001 1.003 0.9941 <0.001
(0979-1.014) (0977-1.032) (0.978-1.028)

TBIL 0.991 0.9996 <0.001 1.002 0.9994 <0.001 1.0M 0.9995 <0.001
(0.985-0997) (0.994-1.010) (1.003-1.019)

DBIL 1 0.9991 <0.001 1.007 0.9984 <0.001 1.007 09993 <0.001
(0.989-1.010) (0.992-1.021) (0998-1.017)

P 1.07 09729 <0.001 1.023 0.9660 <0.001 0.952 09767 <0.001
(1013 -1.128) (0962-1.084) (0.905-0998)

Abbreviations: Cl, confidence interval; R?, coefficient of determination; ALB, aloumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phospha-
tase; GGT, y-glutamyl transferase; GLU, glucose; TBIL, total bilirubin; DBIL, direct bilirubin; TP, total protein.
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HERS 2|: Performance of Samsung LABGEO PT Hepatic Test 9

ZAtel 2
3 QP 20120 SAtehekm ARREETe] AUg ot 4
eIk
2 o

HHZ: Samsung LABGEO PT Hepatic Test 9 (Samsung electronics,
BYAALG0.2 AiEo] B, B4 ) 2 ol 4
Fof|A| L1 AST, ALT, ALP, GGT, @4, 12| F4], 2-dle] s
1, S 5 K a2 SARl ST 4 00k & e
Samsung LABGEO PT Hepatic Test 92] <=
=
B2 CLSI A|-o]| whet 9714] dukalel AL =l s A=,
A, 718 lekel A e 7ok TRk A Sl w
59 Aje] 4, B, B A

Korea)>

0 2

i

& 71amae W) 919
071 G2 2 Astol vlwalksict. 712 Fulete] Bt
bas 8000 modular analyzer (Roche, Switzerland)E A&}t
Zak 971 AL e AlEEet skoA & PuEs BT
10% oL, BE HAF FE2 Ao R Za3t WA
A/ UERA AT 71 gl ote] g 7ol A 9714 g =L
5 A% 0975 Ol B ek S ek A, B
% 84 AA 1 SRR R AlA 971 s R AR
2 9.0J5} AFkAo] 9ol

2: Samsung LABGEO PT Hepatic Test 9-2 971A] dwts}st 7
Al B =Aof Qlo] AME AAMA 9 V)& 7\1—3]9]-0 AAo]

$4ato] BYUAVE DR ZoIN -85 AHEE = US A
o=

REFERENCES

1. Salem M, Chernow B, Burke R, Stacey JA, Slogoff M, Sood S. Bedside
diagnostic blood testing. Its accuracy, rapidity, and utility in blood
conservation. JAMA 1991;266:382-9.

2. Sands VM, Auerbach PS, Birnbaum J, Green M. Evaluation of a porta-

144 www.labmedonline.org

ble clinical blood analyzer in the emergency department. Acad Emerg
Med 1995;2:172-8.

3. Aduen J, Bernstein WK, Khastgir T, Miller J, Kerzner R, Bhatiani A, et
al. The use and clinical importance of a substrate-specific electrode
for rapid determination of blood lactate concentrations. JAMA
1994;272:1678-85.

4. Price CP, John AS, eds. Point-of-care testing making innovation work
for patient-centered care. Washington DC: AACCPress, 2012:1-26.

5. Nichols JH. Point of care testing. Clin Lab Med 2007,27:893-908.

0. Clinical and Laboratory Standards Institute. Evaluation of precision
performance of quantitative measurement methods; Approved guide-
line. 2nd ed. EP5-A2. Wayne, PA: Clinical and Laboratory Standards
Institute; 2004.

7. Clinical and Laboratory Standards Institute. Evaluation of the linearity
of quantitative measurement procedures: A statistical approach; Ap-
proved guideline. EP6-A. Wayne, PA: Clinical and Laboratory Stan-
dards Institute; 2003.

8. Clinical and Laboratory Standards Institute. Method comparison and
bias estimation using patient samples; Approved guideline. 2nd ed.
EP9-A2. Wayne, PA: Clinical and Laboratory Standards Institute; 2002.

9. Clinical and Laboratory Standards Institute. Evaluation of matrix ef-
fects; Approved guideline 2nd ed. EP14-A2. Wayne, PA: Clinical and
Laboratory Standards Institute; 2005.

10. Medicare, Medicaid and CLIA programs; regulations implementing the
Clinical Laboratory Improvement Amendments of 1988 (CLIA)--HCFA.
Final rule with comment period. Fed Regist 1992;57:7002-186.

11. Xu'Y, Wang L, Wang J, Liang H, Jiang X. Serum globulins contribute to
the discrepancies observed between the bromocresol green and bro-
mocresol purple assays of serum albumin concentration. Br J Biomed
Sci 2011;68:120-5.

12. Duly EB, Grimason S, Grimason P, Barnes G, Trinick TR. Measure-
ment of serum albumin by capillary zone electrophoresis, bromocre-
sol green, bromocresol purple, and immunoassay methods. J Clin
Pathol 2003;56:780-1.

13. Burtis CA, Ashwood ER, Burns DE. eds. Tietz textbook of clinical
chemistry and molecular diagnotics. 5th ed. St. Louis: Elsevier Saun-

ders, 2011:142-62.

http://dx.doi.org/10.3343/lm0.2013.3.3.138



