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Blood gas, electrolyte, glucose, and lactate level measurement have an immediate and
critical impact on patient care. We evaluated the performance of i-SmartCare 10 (i-SENS
Inc., Seoul, Korea) and conducted a method comparison study of five point-of-care (POC)
analyzers with i-SmartCare 10 as the comparator, according to the CLSI guidelines. Ten
analytes (pH, pCO,, pO2, Na*, K*, CI-, iCa?*, glucose, lactate, and Hct) were tested on six
analyzers: i-SmartCare 10, ABL90 FLEX PLUS (Radiometer Medical ApS, Copenhagen,
Denmark), i-Stat (Abbott Point of Care Inc., Princeton, NJ, USA), RapidLab 1265 (Sie-
mens Healthcare Diagnostics Inc., Tarrytown, NY, USA), Stat Profile pHOx Ultra (Nova
Biomedical, Waltham, MA, USA), and Gem Premier 5000 (Instrumentation Laboratory,
Bedford, MA, USA). The total imprecision and linearity (r*>0.99) were excellent, except
for a few analytes that narrowly escaped the preset criteria. Interference was noted for Na*
in the presence of a high K* level and for iCa®* in the presence of high K* and Mg?* levels.
Forty of 48 items demonstrated either a proportional or systematic difference in regression
analysis; the relative mean difference (%) of 14/48 items escaped the allowable total error
in the difference plot analysis. i-SmartCare 10 shows acceptable performance, and using
a single POC blood gas analyzer is recommended for monitoring.

Key Words: Analytical performance evaluation, Blood gas analyzer, i-SmartCare 10, Method
comparison, Point-of-care

Received: February 8, 2021
Revision received: April 19, 2021
Accepted: February 7, 2022

Corresponding author:

Hyung-Doo Park M.D., Ph.D.
Department of Laboratory Medicine and
Genetics, Samsung Medical Center,
Sungkyunkwan University School of
Medicine, 81 Irwon-ro, Gangnam-gu,
Seoul 06351, Korea

Tel: +82-2-3410-0290

Fax: +82-2-3410-2719

E-mail: nayadoo@hanmail.net

© Korean Society for Laboratory Medicine

This is an Open Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the
original work is properly cited.

Given the immediate and critical impact of blood gas, electro-
lyte, lactate, and glucose level measurements on metabolic and
respiratory management, most blood gas analyzers are used on-
site for point-of-care (POC) testing [1-3]. As POC analyzer users
are generally non-laboratory personnel who are unfamiliar with
instrument maintenance and QC, a cartridge-type analyzer with
simple maintenance and QC is preferable for POC testing [4].
Recently, i-SmartCare 10 (i-SENS, Seoul, Korea), a novel POC
analyzer that includes all components necessary for sample
analysis in a single, multi-use cartridge, requiring one min or
less for analysis, has been released.

In many institutions, various POC analyzers are used in differ-
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ent sites. Given the concerns about the interchangeability of POC
analyzer results, a comparative study of POC analyzers is required.
A few comparative studies of POC analyzers have been reported;
however, those on currently available analyzers are limited [5-
101. We evaluated the performance of i-SmartCare 10 and con-
ducted a method comparison study of five commercial blood
gas analyzers with i-SmartCare 10 as the comparator in testing
10 analytes according to the most up-to-date CLSI guidelines
[11-15].

The i-SmartCare 10, ABL90 FLEX PLUS (Radiometer Medical
ApS, Copenhagen, Denmark), i-Stat (Abbott Point of Care, Princ-
eton, NJ, USA), RapidLab 1265 (Siemens Healthcare Diagnos-
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tics Inc., Tarrytown, NY, USA), Stat Profile pHOx Ultra Blood
Gas Analyzer (Nova Biomedical, Waltham, MA, USA), and Gem
Premier 5000 (Instrumentation Laboratory, Bedford, MA, USA)
analyzers were used in this study.

Residual whole blood samples (N=209) were randomly col-
lected from patient samples. As samples were used anonymously,
the need for informed consent was waived according to the lo-
cal ethical guidelines. This study was approved by the Institu-
tional Review Board (IRB) of Samsung Medical Center, Seoul,
Korea (IRB No. 2018-12-055) and conducted in accordance
with the Declaration of Helsinki. Ten analytes (pH, pCOz, pO-,
Na*, iCa*, K*, CI, glucose, lactate, and Hct) were tested by all
analyzers except i-Stat, which does not test CI~ and lactate.

Total imprecision was evaluated according to the CLSI EP5-
A3 guideline using the i-Smart QC materials (i-SENS, Seoul, Ko-
rea) [11]. Two levels of QC materials were used for Hct and three
levels for the other nine analytes. The obtained precision esti-
mates were compared with the Ricos desirable specifications
for imprecision and allowable total error (TEa) and the specifica-
tions provided by the manufacturer [16, 171.

Linearity was evaluated according to the CLSI EP6-A guideline
with five levels of calibration materials (Calibration Verification
Controls; RNA Medical, Devens, MA, USA) [12]. The measured
mean of duplicate measurements was calculated and compared
with the expected value to yield recovery. Tests were considered
acceptable if the recovery ranged 90-110% and the 95% confi-
dence interval (Cl) for the slope of the linear regression line in-
cluded 1.00 [18]. Carry-over was estimated with sequential mea-
surements of high- and low-concentration i-Smart QC material
(H1, H2, H3, H4, L1, L2, L3, and L4) and calculated using the
following equation:

% carry-over =[L1-(L3+L4)/21/[(H2+H3)/2-(L3+L4)/2)]*100

Carry-over of <1% was considered acceptable.

We assessed the interference of high K*, iCa®, and Mg?* lev-
els with the measurement of Na*, K*, iCa®*, that of a high lactate
level with CI- measurement, and that of a high uric acid level
with the glucose and lactate measurement according to the CLSI
EPQ7-A2 and EP37 guidelines [13, 14]. Interference was con-
sidered significant when the difference exceeded the Clinical Lab-
oratory Improvement Amendments (CLIA) criteria for acceptable
performance [19].

The method comparison of five blood gas analyzers was per-
formed according to the CLSI EP9-A3 guideline using i-Smart-
Care 10 as the comparator [15]. We also performed method
comparison study of i-SmartCare 10 with Gem Premier 5000 as
the comparator. To minimize bias due to pre-analytical factors,
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samples were analyzed as soon as possible (within 2 hours) af-
ter sample collection [20]. Measurements were conducted in
random order by a single operator. The instruments were installed
side-by-side to minimize the time interval (< 1-2 minutes), main-
taining the total measurement time per sample within 10 minutes.

The results of total imprecision, linearity, and carry-over as-
sessment of the i-SmartCare 10 analyzer are summarized in Ta-
ble 1. The repeatability and within-laboratory CVs ranged 0.00-
2.12% and 0.00-9.41%, respectively. The within-laboratory CVs
of pH, pCO,, CI-, iCa®, and Hct escaped the preset criteria for
imprecision; however, they were all within the TEas, except for
iCa® (low and high level). All within-laboratory CVs were within
the manufacturer’s specifications. For all analytes, the linear re-
gression plots showed linear responses with the coefficient of
determination (r?) exceeding 0.99. The slope of the linear re-
gression plot ranged 0.98-1.23, with the 95% Cls of the slopes
for pO2, CI-, iCa?*, and lactate failing to include 1.0. The ranges
of recovery of pO,, iCa®, glucose, and lactate narrowly escaped
the acceptance criteria. Carry-over was within the acceptance
criteria for all analytes. Significant interference was observed for
Na* in the presence of a high K* level, and for iCa?* in the pres-
ence of high K and Mg?* levels (Supplemental Data Table S1).

The results of method comparison of six blood gas analyzers
are summarized in Table 2. In correlation analysis, the correla-
tion coefficients ranged 0.84-1.00, with those for Hct in ABL90
FLEX PLUS and RapidLab 1265 and pO; in RapidLab 1265 and
i-Stat failing to exceed 0.9 (Supplemental Data Table S2). The
correlation coefficients exceeded 0.90 for all 10 analytes in Gem
Premier 5000 and Stat Profile pHOx Ultra. In Passing—Bablok
regression analysis, the slope ranged from 0.68 to 1.28, and the
intercept ranged from —19.08 to 16.70 (Table 2). Forty out of 48
items demonstrated either a proportional or systematic differ-
ence. In Bland-Altman difference analysis, the relative mean
difference (%) of 14 out of 48 items escaped the TEas. We esti-
mated bias at medical decision points based on the institution’s
reference ranges. For most analytes, the 95% ClI of the estimated
value failed to include the predicted value at the medical deci-
sion point.

In the method comparison study of i-SmartCare 10 with Gem
Premier 5000 as the comparator, the correlation coefficients all
exceeded 0.9. In regression analysis, eight out of 10 analytes
demonstrated either a proportional or systematic difference, and
in difference plot analysis, all mean differences were within the
TEas, except that for Hct. For Hct, both proportional and sys-
tematic biases were observed with a relative mean difference
exceeding the TEa (Fig. 1).
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Table 1. Analytical performance of i-SmartCare 10
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Imprecision Linearity
Analyte Level Within-laboratory Critera Slope o %glirrry_
CV (%) Ricos* (%)  Ricos TEa® (%) Manufacturer (%) (95% C) iy

pH Low 0.12 0.10 N/A 0.28 1.01 (0.96-1.06) 99.91-100.15 -0.05
Medium 0.07 0.27
High 0.07 0.26

pCo; Low 2.18 2.40 5.70 4.10 1.05(0.95-1.14) 97.78-106.90 -0.01
Medium 1.67 6.10
High 271 114

p0; Low 431 N/A N/A 6.20 1.15(1.12-1.19) 12.67-111.57 -0.02
Medium 1.60 5.00
High 1.79 5.00

Na* Low 0.70 0.90 4.60 2.20 0.98 (0.94-1.02) 98.93-100.88 0.00
Medium 0.45 1.50
High 0.64 1.30

K* Low 0.00 2.30° 5.60° 12.50 1.02 (1.00-1.04) ~ 100.00-101.96 0.00
Medium 0.00 5.80
High 0.30 4.20

Cl- Low 0.68 0.60° 1.50° 2.60 1.04 (1.02-1.06) 98.67-101.65 0.00
Medium 0.53 2.50
High 0.45 2.50

iCa” Low 2.85 0.90° 2.00° 5.20 1.23(1.14-1.31) 88.24-117.90 0.00
Medium 1.16 5.30
High 3.22 9.30

Glucose Low 1.92 2.80° 7.00° 5.00 1.03(0.96-1.11) 78.87-101.91 -0.01
Medium 1.50 5.00
High 1.33 5.00

Lactate Low 9.41 13.60 30.40 28.60 1.11(1.05-1.16)  105.00-111.43 0.00
Medium 3.80 7.40
High 2.02 7.60

Het Low 3.33 1.40 4.00 8.00 1.01 (0.98-1.05) 91.67-98.55 0.00
High 2.26 3.80

Deviations from the preset criteria are indicated in bold.

*Ricos desirable specification for imprecision; 'Ricos desirable specification for allowable total error; *Manufacturer’s desirable specification for imprecision;

SCriteria for serum analytes were applied.
Abbreviations: TEa, allowable total error; N/A, not available; Hct, hematocrit.

Overall, the i-SmartCare 10 analyzer showed an acceptable
performance. The repeatability and within-laboratory CVs of all
10 analytes were within the TEas, except those for iCa*" at low
and high levels. However, this is less likely to cause error in a
real clinical setting, as the expected values for both low- and high-
level iCa** QC materials (0.5 mmol/L and 1.5 mmol/L, respec-
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tively) were outside the reference range of our institute (1.15-
1.33 mmol/L). Moreover, despite narrowly escaping the TEa, iCa®*
satisfied the manufacturer’s imprecision target.

Although interference was observed for Na* at high levels of
K* and for iCa®" at high levels of K* or Mg?*, such observed in-
terference is not very likely to result in error in the real clinical
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Table 2. Results of Passing—Bablok regression and Bland—Altman difference plot analysis between five blood gas analyzers and the com-

parator (i-SmartCare 10)

Analyte ABLI?FUELEX GemS(I;(r)%mer Stat PL(:EIae pHOx Ralpzlgléab i_Stat TEa*
pH Slope 0.88 0.86 0.80 0.92 0.86

Intercept 0.85 1.00 1.51 0.61 1.02

Mean difference (%) 0.13 0.01 0.40 0.41 0.53 N/A
pCO; Slope 1.06 1.09 1.28 1.13 1.07

Intercept —4.35 —6.94 -19.08 -11.01 —-6.24

Mean difference (%) =231 -3.65 -5.92 -142 -6.55 5.70%
p0; Slope 0.91 0.90 0.99 0.96 0.93

Intercept 0.12 1.84 0.03 2.15 0.37

Mean difference (%) -8.00 -71.93 1.06 —0.82 —4.52 N/A
Na* Slope 1.00 1.00 0.92 0.98 0.93

Intercept 2.50 -1.00 11.73 2.06 9.33

Mean difference (%) 1.92 —0.47 —0.01 -0.20 0.11 4.60%
K* Slope 0.89 1.00 0.93 0.93 0.91

Intercept 0.44 0.10 0.46 0.34 0.34

Mean difference (%) 0.27 1.56 3.87 1.10 -0.65 16.00%
Cl- Slope 1.06 1.12 0.85 1.08 N/T

Intercept -9.24 -0.12 16.70 -10.15 N/T

Mean difference (%) -3.08 -141 1.00 -2.18 N/T 1.50%"
iCa%* Slope 1.03 0.93 0.86 1.00 1.23

Intercept -0.45 540 0.23 -0.05 -0.29

Mean difference (%) -0.99 0.83 5.46 -4.12 -3.02 2.00%"
Glucose Slope 1.00 1.03 0.93 0.97 0.97

Intercept -3.28 -5.10 4.86 -3.51 -4.60

Mean difference (%) -3.93 -3.05 -1.82 -1.76 -8.88 6.96%"
Lactate Slope 1.1 1.13 1.1 0.98 N/T

Intercept -0.22 -0.21 -0.21 0.31 N/T

Mean difference (%) 7.98 10.48 6.45 8.56 N/T 30.40%
Het Slope 0.79 0.89 0.68 0.76 0.81

Intercept 147 -1.53 10.05 459 0.31

Mean difference (%) -1.74 -16.75 -1.438 -10.94 -19.34 3.97%

The 95% confidence interval of slope and intercept failing to include 1 and O, respectively, and relative mean difference (%) exceeding the TEa are indicated

in bold.

*Ricos desirable specification for TEa; Criteria for serum parameters analytes were applied.

Abbreviations: TEa, allowable total error; N/A, not applicable; Hct, hematocrit.

setting as the K* and Mg?* levels in the spiking solution (12 mmol/L
and 5 mmol/L, respectively) were significantly higher than the test
levels recommended by the CLSI EPO7-A2 guideline (5 mmol/L
and 2.6 mmol/L) and the upper limits of the reference ranges
(5.4 mmol/L and 1.1 mmol/L) [13]. However, caution should be
taken in patients when interpreting the Na* level with an elevated
K* level and the iCa?* level with an elevated K* or Mg level.
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Previous method comparison studies of blood gas analyzers
have reported discrepant results. Although some studies showed
negligible differences among analyzers, some did show signifi-
cant bias [5-10]. In the present study, we found critical and of-
ten large differences exceeding the preset TEas. Although there
were differences in the principle of measurement among the
analyzers evaluated (Supplemental Data Table S3), these differ-
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Fig. 1. Passing—Bablok regression (A) and Bland-Altman difference (B) plots of i-SmartCare 10 (test analyzer) and Gem Premier 5000
(comparator) for hematocrit. In the Passing—Bablok regression plot (A), the solid and dashed lines represent the regression line and its
95% confidence interval, respectively. The dotted line represents the identity line (y=x). In the Bland-Altman difference plot (B), the y-axis
represents the relative mean difference (%) of results obtained with the test analyzer and comparator, and the x-axis represents their aver-
age value. The solid and dot-dashed line represent the relative mean difference (%) and its 95% Cl, respectively. The dashed and dotted
line represent the limit of agreement (+1.96 SD of the differences) and y=0, respectively.

ences were not associated with the degree of agreement among
the analyzers.

Our study has some limitations. For K*, CI-, iCa®*, and glucose,
targets for whole blood samples were not available in the Ricos
database; therefore, targets for serum samples were considered.
As the true value of the blood gas test was unknown, we were
unable to analyze the effect sizes of the differences in the corre-
lation analysis of the six blood gas analyzers.

In conclusion, the i-SmartCare 10 analyzer shows overall sat-
isfactory performance, suggesting its suitability for clinical use.
For monitoring using a POC analyzer, the use of a single ana-
lyzer is recommended to avoid analytical differences and misin-
terpretation of the results.
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Supplemental Data Table S1. Interference test of five endogenous interferents on electrolyte and metabolite levels in i-SmartCare 10 ana-
lyzer

Interferent - Analyte
Na* (mmol/L) K* (mmol/L) iCa”* (mmol/L) CI~ (mmol/l)  Glucose (mmol/L) Lactate (mmol/L)
K* (12 mmol/L) Control 151 N/A 1.20 N/T N/T N/T
Test 146 N/A 1.24 N/T N/T N/T
Bias --5 N/A 0.04 N/T N/T N/T
%Bias -—3% N/A 3% N/T N/T N/T
iCa% (5 mmol/L) Control 151 3.75 N/A N/T N/T N/T
Test 153 3.80 N/A N/T N/T N/T
Bias 2 0.05 N/A N/T N/T N/T
%Bias 1% 1% N/A N/T N/T N/T
Mg?* (5 mmol/L) Control 142 3.20 1.33 N/T N/T N/T
Test 143 3.20 1.47 N/T N/T N/T
Bias 1 0.00 0.14 N/T N/T N/T
%Bias 1% 0% 1% N/T N/T N/T
Lactate (10 mmol/L)  Control N/T N/T N/T 107 N/T N/A
Test N/T N/T N/T 107 N/T N/A
Bias N/T N/T N/T 0 N/T N/A
%Bias N/T N/T N/T 0% N/T N/A
Uric Acid (12 mmol/L) ~ Control N/T N/T N/T N/T 3.11 5.00
Test N/T N/T N/T N/T 3.05 5.20
Bias N/T N/T N/T N/T -0.06 0.20
%Bias N/T N/T N/T N/T 2% 4%
CLIA criteria +4 +0.5 +2%* +5% +6 +30%*

Deviations from the preset criteria are indicated in bold.
*Ricos allowable total error was applied for iCa®* (allowable total error in serum sample) and lactate since CLIA criteria for these analytes were not available.
Abbreviations: CLIA, Clinical Laboratory Improvement Amendments; N/A, not applicable; N/T, not tested
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Supplemental Data Table S2. Spearman’s rank correlation coeffi-
cient (r) for five blood gas analyzers and the comparator (i-Smart-
Care 10)

Analyte N AFIT_LE?(O Pr(t;:nni]er siiifurils (eptolly i-Stat
PLUS 5000 pHOx Ultra 1265
pH 182 0.98 0.98 0.95 0.95 0.92
pCo, 193 0.98 0.98 0.97 0.95 0.92
p0; 195 0.93 0.94 0.92 0.86 0.84
Na* 194 0.95 0.96 0.94 0.95 0.93
K+ 195 1.00 1.00 0.99 0.99 0.99
cr 203 0.97 0.96 0.90 0.94  Not tested

iCa” 195 0.97 0.96 0.93 0.95 0.95
Glucose 187 0.99 0.99 0.97 0.99 0.99
Lactate 209 0.98 0.98 0.97 0.98  Not tested
Het 192 0.89 0.93 0.95 0.89 0.94

Correlation coefficients (r)<0.9 are indicated in bold.
Abbreviation: Hct, hematocrit.
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Supplemental Data Table S3. Measurement principles of point-of-care analyzers included in the study
Analyte i-SmartCare 10 ABL90 FLEX PLUS RapidLab 1265 Stat Profile pHOx Ultra i-Stat Gem Premier 5000
pH ISE Glass electrode ISE ISE ISE ISE
pCO, pH selective membrane  Severinghaus electrode ~ Severinghaus electrode ISE ISE Patented design with pH
selective membrane
p0; Amperometry Optical system Amperometry Amperometry Amperometry Amperometry
Na* ISE ISE ISE ISE ISE ISE
K ISE ISE ISE ISE ISE ISE
iCa%* ISE ISE ISE ISE ISE ISE
Cl- ISE ISE ISE ISE Not tested ISE
Glucose Amperometry Amperometry Enzymatic- Enzymatic- Enzymatic- Enzymatic-
amperometric electrode amperometric electrode amperometric electrode amperometric electrode
Lactate Amperometry Amperometry Enzymatic- Enzymatic- Not tested Enzymatic-
amperometric electrode amperometric electrode amperometric electrode

Abbreviation: ISE, ion-selective electrode.
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