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Background: The Samsung LABGEO PT10 (manufactured by Samsung Electronics of 
South Korea) has been developed as a point-of-care testing (POCT) chemistry analyzer. We 
evaluated the performance of Samsung’s LABGEO PT Biochemistry Test 15 and HbA1c 
Test, both of which are dedicated cartridges for the LABGEO PT10.
Methods: Based on the Clinical and Laboratory Standards Institute guidelines, the precision, 
linearity, and methodology of the analyzer were evaluated for seven chemistry analytes 
(cholesterol, triglycerides, HDL cholesterol, blood urea nitrogen, creatinine, amylase, and 
hemoglobin A1c). All the analytes, except for hemoglobin A1c, were obtained from three 
different types of samples—whole blood, plasma, and serum—to evaluate matrix effects.
Results: In the precision analysis, both within-run and total-run coefficients of variation 
were less than 10% for the seven analytes. Dose curves for the seven analytes were linear 
in the clinically relevant concentration ranges. The methodology study yielded correlation 
coefficients of ≥0.98 for the seven comparisons of the LABGEO PT10 cartridge tests with 
other methods. Except for HDL cholesterol, the percentage differences between test results 
obtained from whole blood, plasma, and serum, were within ±10%. The concentrations of 
HDL cholesterol measured in whole blood samples were 0.9 mg/dL and 5.6 mg/dL higher 
than those measured in plasma and serum specimens, respectively.
Conclusions: The LABGEO PT10 showed suitable analytical performance with respect 
to precision and linearity and demonstrated a good correlation with other automated 
chemistry analyzers. With the additional benefits of short testing turnaround time and ease 
of use, the LABGEO PT10 is an acceptable POCT chemistry analyzer.
( J Lab Med Qual Assur 2013;35:70-80)

Key Words: Samsung LABGEO PT10, Evaluation, Point-of-care systems
pISSN: 1225-097X
eISSN: 2288-7261 Received May 16, 2013, Revision received July 26, 2013, Accepted September 17, 2013

Introduction
In a clinical laboratory, a general chemistry exam accounts 
for approximately half the information necessary to 
determine patient care [1]. Due to development of medical 
examination equipment and related technology, as well as 
an increase in demand for swift patient care, focus has been 
shifting to point-of-care testing (POCT), in which on-site 
medical personnel utilize general chemistry examination 
equipment to diagnose the patient, instead of sending 
samples to a central laboratory [2, 3].
Because medical personnel may need to undertake 
treatment immediately for a patient, it is necessary 
to introduce and utilize capable on-site examination 

equipment in clinical practice to justify courses of on-site 
treatment. A newly-released POCT analyzer, the Samsung 
LABGEO PT10, is not only capable of analyzing plasma 
and serum, but is also able to perform a clinical analysis 
of whole blood specimens. The authors have previously 
completed a performance evaluation study of the Samsung 
LABGEO PT Hepatic Test 9 cartridge [4] as well.
This study evaluated performance of seven general 
examination analytes for LABGEO Biochemistry Test 
15: cholesterol, triglyceride, high-density lipoprotein, 
blood urea nitrogen, creatinine, and amylase, which 
excludes the analytes examined by the Hepatic Test 9. This 
study evaluated performance of the Samsung LABGEO 
Biochemistry Test 15 and LABGEO PT HbA1c Test.
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Subject and Method

1. Equipment and Cartridges
For this study, we evaluated the Samsung LABGEO PT10 
using the Samsung Biochemistry Test 15 and HbA1c Test 
cartridges. All cartridges came from the same lot and all 
examinations were performed with the same instrument. 
The LABGEO PT10 is a device that analyses whole blood, 
plasma, and serum, and it can simultaneously process up 
to 15 clinical chemistry tests. This device is simple to 
manage, thanks to a QC mode and a self-diagnosis mode. 
The cartridge lot can be used with the manufacturer’s 
calibration, so that no additional work is required. It is 
also possible to connect the device to a hospital’s computer 
system.
The Biochemistry Test 15 cartridge simultaneously 
measures the levels of albumin, alkaline phosphatase, 
alanine aminotransferase, aspartate aminotransferase, 

total bilirubin, glucose, gamma-glutamyl transferase, total 
protein, cholesterol, high-density lipoprotein, triglyceride, 
blood urea nitrogen, creatinine, and amylase, in addition 
to calculating the level of low-density lipoprotein. The 
cartridge is divided into a sample injection unit and a 
detection unit. The sample injection unit is equipped with 
a glass fiber filter that filters red blood cells. The filtered 
red blood cells are then moved to the detection unit, where 
they react with a dried reagent that produces a specified 
light wavelength to determine the quantitative value of 
the test items. A sample of 70 μL is required to be injected 
into the cartridge and, after seven minutes, the values are 
returned for the 15 test items. The HbA1c Test cartridge 
measures glycated hemoglobin, as well as estimated average 
glucose (eAG). The cartridge uses a formula introduced 
by the American Diabetes Association (ADA) to calculate 
the estimated average glucose (eAG). The analyte lists and 
methods for both cartridges appear in Table 1.

Table 1. Analytical methods available for the Samsung LABGEO PT10

Analyte Unit Test method
Albumin g/dL Dye binding-BCP
Aspartate aminotransferase U/L Enzymatic, colorimetric
Alanine aminotransferase U/L Enzymatic, colorimetric
Alkaline phosphatase U/L JSCC-EAE method
γ-Glutamyl transpeptidase U/L γ-Glutamyl-carboxy-nitroanilide (IFCC , 37oC)
Glucose mg/dL Glucose dehydrogenase, colorimetric
Total bilirubin mg/dL Enzymatic bilirubin oxidase
Direct bilirubin mg/dL Enzymatic bilirubin oxidase
Total protein g/dL Biuret method
Cholesterol mg/dL Enzymatic
Triglyceride mg/dL Enzymatic (colorimetric) without glycerol blank and without sample blank
High-density lipoprotein mg/dL Direct
Low-density lipoprotein mg/dL Calculated*
Blood urea nitrogen mg/dL Urease-bromocresol green
Creatinine mg/dL Enzymatic
Amylase U/L G2-CNP
Hemoglobin A1c % Latex agglutination

Abbreviations: BCP, bromcresol purple; JSCC-EAE, Japanese Society of Clinical Chemistry-ethylaminoethanol; IFCC,International 
Federation of Clinical Chemistry; G2-CNP, maltoside 2-chloro-4-nitrophenol.
* Low-density lipoprotein = Cholesterol - (High-density lipoprotein + Triglyceride/5) 
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2. Subjects for Evaluation

1) Precision
Precision was evaluated in accordance with Clinical 
Laboratory Standards Institute (CLSI) EP5-A2 guidelines 
[5]. To evaluate the Biochemistry Test 15 cartridge, we 
used BIO-RAD Liquid Assayed Multiqual Level 1, 3 
(manufactured by Bio-Rad Laboratories Inc. of Hercules, 
CA, USA). To evaluate the HbA1c Test, we used BIO-
RAD Diabetes Control Level 1, 2 (manufactured by same). 
Each concentration was measured in two replications per 
session, twice a day over a period of 20 days. The b.i.d. 

examinations were conducted in two sessions, with at least 
two or more hours of interval between each session.

2) Linearity
Linearity was evaluated in accordance with CLSI EP6-A 
guidelines [6]. Except for high-density lipoprotein, we 
used the Validate GC Linearity Test Set (manufactured 
by Marine Standard Company of Windham, ME, USA) 
to evaluate the Biochemistry Test 15 cartridge. For high-
density lipoprotein and HbA1c, we used patient specimens. 
For each analyte, five concentrations ranging from low to 
high, were measured four times.

Table 2. Precision profiles of Samsung LABGEO PT10

Analyte (unit) Level Mean SD
CV (%)

Within-run Between-run Between-day Total

Cholesterol (mg/dL)
1 125.58 2.53 1.7 0.9 0.5 2.0
3 322.41 9.99 3.0 0.0 0.6 3.1

Triglyceride (mg/dL)
1 90.3 3.33 3.1 0.0 2.0 3.7
3 349.07 10.93 3.0 0.0 0.7 3.1

HDL (mg/dL)
1 36.89 2.59 6.7 2.1 0.0 7.0
3 80.01 5.78 5.3 4.9 0.0 7.2

Blood urea nitrogen
(mg/dL)

1 10.81 0.74 6.3 0.0 2.8 6.9
3 82.35 2.93 3.3 0.5 1.3 3.6

Creatinine (mg/dL)
1 1.137 0.039 3.1 0.5 1.2 3.4
3 7.956 0.248 2.8 0.0 1.4 3.1

Amylase (U/L)
1 31.09 1.74 5.2 0.0 2.1 5.6
3 255.36 4.95 1.8 0.0 0.6 1.9

Hemoglobin A1c (%)
1 5.84 0.25 4.2 0.0 0.0 4.2
2 10.55 0.40 3.2 0.0 2.0 3.8

Table 3. Linearity studies of Samsung LABGEO PT10

Analyte (unit) Linear range specified
by the manufacturer Test range Observed

linear range Slope Intercept R2

Cholesterol (mg/dL) 50–450 71.0–451.8 71.0–451.8 1.004 -2.92 0.9996 

Triglyceride (mg/dL) 10–600 63.1–638.2 63.1–638.2 0.959 -1.02 0.9976

HDL (mg/dL) 10–140 19.8–139.1 19.8–139.1 1.011 -2.125 0.9986

Blood urea nitrogen 
(mg/dL)

5–200 0.0–137.8 0.0–137.8 1.003 -0.185 0.9999

Creatinine (mg/dL) 0.1–20.0 0.41–25.24 0.41–25.24 0.950 0.328 0.9992

Amylase (U/L) 10–2,000 1.9–1,526.4 1.9–1,526.4 0.988 -0.01 0.9997

Hemoglobin A1c (%) 4–12 3.95–12.36 3.95–12.36 1.001 -0.198 0.9968

Abbreviation: R2, coefficient of determination.
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3) Method Comparison
Method comparison was evaluated in accordance with 
CLSI EP9-A2 guidelines [7]. Clinically-relevant serum 
specimens of 60 patients used for the Biochemistry Test 15 
were tested and compared with the Cobas 8000 modular 
analyzer (manufactured by Roche diagnostics of Basel, 
Switzerland). Whole blood specimens from 60 patients 
used for the HbA1c Test were tested and compared with 
the Cobas Integra 800 (manufactured by same). Each 
specimen was measured twice with each device.

4) Matrix Effect
Matrix effect was evaluated in accordance with CLSI 
EP14-A2 guidelines [8]. Lithium heparin tubes and serum 

separation tubes were used to collect whole blood, plasma, 
and serum specimens from 40 patients. The specimens 
were measured twice with Biochemistry Test 15 cartridges 
from the same lot and in the same device. Whole blood 
specimens were tested first and, during the test, the lithium 
heparin and serum separation tubes were centrifuged at 
3000g for 10 minutes. The centrifuged lithium-heparinized 
plasma and serum specimens were tested thereafter.

3. Statistical Analysis
For the evaluation of precision we calculated within 
run coefficient of variation (CV), between run CV, 
between day CV, and total CV. The linearity evaluation 
was performed via a polynomial regression analysis to 

Fig. 1. Linearity of Biochemistry Test 15 and HbA1c Test. (A) 
Cholesterol, (B) triglyceride, (C) HDL, (D) blood urea nitrogen 
(BUN), (E) creatinine, (F) amylase, and (G) HbA1c.
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calculate the best fit polynomial expression and to obtain 
the coefficient of determination. In the case of first-order 
linearity, we determined that linearity existed. The method 

comparison evaluation was performed using a scatter plot 
and a bias plot to calculate the coefficients of correlation. 
The coefficients of correlation over 0.975 determined that 

Fig. 2. Scatter plots and bias plots comparing the results obtained using the Samsung LABGEO PT10 with those obtained 
using other analyzers. (A) Cholesterol, (B) triglyceride, (C) HDL, (D) blood urea nitrogen, (E) creatinine, (F) amylase, and 
(G) HbA1c. The solid line represents the linear regression and the dotted line depicts a theoretical line with a slope of 1.0 
and a Y intercept of 0.
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correlation existed.
For the evaluation of the matrix effect, the correlation 
equation of the measured value was obtained for each 
sample and then the difference in measured values was 
calculated. We calculated the difference in measured values 
between the samples (whole blood vs. plasma, whole 
blood vs. serum, and serum vs. plasma). We conducted the 
statistical analysis with the following programs: Microsoft® 
Excel® 2007 (published by Microsoft Corporation of 
Redmond, WA, USA), EP Evaluator Release 8 (published 
by David G. Rhoads Association of Kennett square, PA, 
USA), and PSS version 13.0 (published by SPSS Inc. or 
Chicago, IL, USA).

Results

1. Precision
Table 2 shows the mean, standard deviation, within-run 
CV, between-run CV, between-day CV, and total CV for 
seven test items: cholesterol, triglycerides, high-density 
lipoprotein, blood urea nitrogen, creatinine, amylase, 
and HbA1c. The total CVs for cholesterol, triglycerides, 
creatinine, and HbA1c were less than 5% at both low and 
high concentrations. For high-density lipoprotein, the 
total CV was 7.0% at level 1 and 7.2% at level 3.

2. Linearity
For all seven test items, the coefficients of determination 
(R2) were 0.996 or higher. Linearity was observed in all 
test items within a clinically-significant concentration 
range (Table 3, Fig. 1).

3. Method comparison
The coefficients of correlation for all seven test items were 
0.98 or higher (Fig. 2).

4. Matrix effect
In the comparison of whole blood vs. plasma, whole 
blood vs. serum, and plasma vs. serum for five test items: 
cholesterol, triglycerides, blood urea nitrogen, creatinine, 
amylase, the percentage of difference was less than ±10% 
(Fig. 3). For high-density lipoprotein, the mean value of 
whole blood specimen was 0.9 mg/dL higher than the 
plasma specimen and 5.6 mg/dL higher than the serum. 
The mean value of the plasma specimen was 4.8 mg/dL 
higher than the mean value of the serum.

Discussion
In the evaluation of precision for the Biochemistry Test 
15 cartridge, six test items satisfied Clinical Laboratory 
Improvement Amendments (CLIA) criteria [9]. A study 
about performance evaluation of a POCT test for lipid 
test equipment (Shephard et al [10]) with a Cholestech 
LDX system (manufactured by Alere of San Diego, CA, 
USA) showed that the inter-assay imprecision coefficient 
of variation for cholesterol, triglycerides, and high-density 
lipoprotein was 3.0%, 2.6%, 5.2% respectively, while 
with a Cardiochek PA system (manufactured by Polymer 
Technology Systems of Indianopolis, IN, USA) it was 
4.4%, 4.8%, 7.0% respectively.
The total CV for cholesterol and triglyceride with the 
LABGEO PT10 was 2.0% and 3.7% at low concentration 
and 3.1% for both at high concentration, which 
demonstrates superior precision to the Cardiochek PA 
system. The acceptance criteria for precision according to 
the National Cholesterol Education Program (NCEP) for 
high-density lipoprotein are 1.7 mg/dL standard deviation 
(SD) or less at concentrations <42 mg/dL and 4% or less 
total CV at concentrations ≥42 mg/dL, with an allowable 
total error of 13% [11]. In this study, the total CV for high-
density lipoprotein is 7.0% at low concentration (SD: 2.59 
mg/dL), and 7.2% at high concentration, exceeding the 

Fig. 2. Continued.



76

Tae-Dong Jeong et al • Performance of the LABGEO PT10

www.jlmqa.orgJ Lab Med Qual Assur 2013;35:70-80

acceptance criteria for precision, according to the NCEP. 
When considering that POCT systems, including the 
LABGEO PT10, are less precise than automatic clinical 

chemistry reference devices that test HDL via a separation 
method, we judged further improvement of performance 
to be necessary for POCT systems.

Fig. 3. Comparison between three different types of specimens analyzed with the Samsung LABGEO PT10. (A) Cholesterol, 
(B) triglyceride, (C) HDL, (D) blood urea nitrogen, (E) creatinine, and (F) amylase. The solid line represents the linear 
regression and the dotted line depicts a theoretical line with a slope of 1.0 and a Y intercept of 0.
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Fig. 3. Continued.

Precision evaluation of a POCT glycated hemoglobin 
system (Sanchez-Mora et al[12]) showed that the DCA 
Vantage system (manufactured by Siemens of Tarrytown, 
NY, USA) achieved a total CV at low concentration of 

3.0% and at 3.1% at high concentration, while Afinion’s 
system (manufactured by Axis-Shield of Norton, MA, 
USA) achieved a total CV of 2.7% at low concentration 
and 2.0% at high concentration. Furthermore, Lenters-



78

Tae-Dong Jeong et al • Performance of the LABGEO PT10

www.jlmqa.orgJ Lab Med Qual Assur 2013;35:70-80

Westra and Slingerland’s [13] study showed that for 
the precision comparison of different lots with DCA 
Vantage equipment, the total CV was 1.7%-1.8% at low 
concentration and 3.7%-5.5% at high concentration. In 

our evaluation of precision for glycated hemoglobin with 
the LABGEO PT10, the system achieved a total CV of 
4.2% at low concentration and 3.8% at high concentration, 
which was slightly higher in low concentrations and 

Fig. 3. Continued.
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similar in high concentrations to the precision of the DCA 
Vantage system.
In our evaluation of linearity, the R2 for all seven test items 
was greater than 0.997. For cholesterol and triglycerides, 
the range of substances for evaluating linearity does not 
cover the low range of concentration that is proposed by 
the manufacturer. For high-density lipoprotein, the low 
concentration sample collection was limited. However, in 
a clinically-significant range of concentration, the linearity 
was confirmed. For creatinine, linearity evaluated for a 
concentration of 25.24 mg/dL is higher than the range of 
linearity proposed by the manufacturer (20 mg/dL).
Our evaluation of method comparison revealed that the 
coefficients of correlation for all test items satisfied the 
acceptance criteria of greater than 0.975. The mean values 
for cholesterol and high-density lipoprotein we tested with 
the LABGEO PT10 were 1.3%, 3.3% higher than the mean 
value of the Cobas 8000 system respectively. The mean 
value for triglycerides we tested with the LABGEO PT10 
was 2.0% lower than that of the Cobas 8000. However, 
these test items satisfied the NCEP acceptance criteria, 
which include allowable bias for cholesterol of ≤ ±3% and 
≤ ±5% for triglycerides and high-density lipoprotein [11].
In our evaluation of matrix comparison, for cholesterol, 
triglycerides, blood urea nitrogen, creatinine, and amylase 
(with the exception of high-density lipoprotein), the 
differences between sample matrixes were within ±10%. 
No difference was observed in cholesterol and creatinine 
for both plasma and serum [14] and these results are 
recorded in this study. In the previous matrix comparison 
study conducted for high-density lipoprotein using plasma 
and serum specimens, it was reported that plasma showed 
3.4%-6.3% higher values than serum [15]. In this study, the 
concentration of high-density lipoprotein was the highest 
in whole blood and the lowest in serum, but the difference 
was not statistically significant. These lipid test items can 
be used to determine treatment planning and medicine 
regimens for patients with cardiovascular disorders, as well 
as hyperlipidemia. Because the whole blood specimen test 
is a feature of POCT, it is necessary to confirm the results of 
the LABGEO PT10 device via automatic clinical chemistry 
equipment. Therefore, it is the judgment of authors that 
the lipid test results conducted with the Biochemistry Test 
15 cartridge could be used for follow-up the patients.
In the authors’ previous study of albumin, ALP, ALT, AST, 
total bilirubin, direct bilirubin, glucose, GGT, and total 

protein with the Biochemistry Test 15 cartridge, we found 
that the CVs were less than 10%, linearity was proven 
within the clinically-significant range, and the coefficients 
of correlation were above 0.975 for method comparison 
with reference equipment [4]. Also, the matrix comparison 
between whole blood, plasma, and serum specimens were 
not significantly different [4]. Based on the results of 
the previous study and this study, we conclude that the 
Biochemistry Test 15 cartridge can be used adequately for 
POCT systems.
The LABGEO PT10 is small and lightweight, which 
allows for convenient point-of-care testing. However, it 
is not possible to perform different tests separately. This 
is a disadvantage, because the system supports only pre-
configured cartridges that are quite expensive.
In conclusion, our evaluation of the performance of the 
Biochemistry Test 15 and HbA1c Test determined that 
the LABGEO PT10 provides superior precision and 
correlation to referenced equipment and displays linearity 
within a clinically-significant range. In addition, we found 
no significant differences in values when testing whole 
blood, plasma, or serum specimens. The LABGEO PT10 
is highly portable, easy to use, and is compatible with 
hospital computer systems, which makes it suitable for use 
in diverse environments for both general chemistry and 
lipid tests.
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