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ARTICLE INFO ABSTRACT
Keywords: Background: Clinical laboratories perform a wide range of tests that are used by healthcare pro-
Aﬂal}"ﬁcal performance evaluation fessionals to guide medical decision making. Use of automated analyzers in the clinical laboratory
Atellica CI analyzer can improve patient care by not only reducing the turn-around-time (TAT) of results but also
Chemistry . . . . .

. improving accuracy of the reported results by reducing human error. The aim of this study was to
Immunochemistry L. . .
Precision evaluate the performance characteristics of a new automated laboratory instrument, the Atellica®

CI Analyzer, Model 1900, over a 3-month period in a European laboratory setting.

Methods: Analytical performance of 17 analytes (13 chemistry and four immunochemistry) was
assessed by evaluating repeatability and within-laboratory precision using anonymized remnant
serum samples. Method comparison studies were performed on the Atellica CI Analyzer and the
Roche cobas® 6000.

Results: Excellent precision was observed with coefficients of variation (CVs) less than 2 % for
repeatability and less than 3 % within-laboratory imprecision for most analytes. Comparison of
select assays with the cobas 6000 system resulted in correlation coefficients ranging from 0.980 to
1.000.

Conclusion: This is the first reported evaluation of the Atellica CI Analyzer in a clinical laboratory
setting. The strong analytical performance of the Atellica CI Analyzer demonstrates that this
instrument is suitable for routine clinical use.

Method comparison

1. Introduction

Clinical laboratories perform a wide range of tests, the results of which are used to aid in the diagnosis, treatment, and follow-up of
a variety of diseases and medical conditions [1]. Given the key role that laboratory testing plays in guiding clinical decision making,
laboratories are expected to provide clinically relevant, accurate, and timely results [2]. This demand must be met despite increasing
pressures from shortages in both clinical laboratory personnel and financial resources. Thus, improvements in laboratory testing that
increase efficiency and reduce cost while preserving the quality and accuracy of results are needed [3].

Abbreviations: BV, Biological Variation; CI, Confidence Interval; CV,, analytical variation; CVaps, analytical performance specification; CVj, intra-
individual variation; CLSI, Clinical & Laboratory Standards Institute; CV, Coefficient of Variation; QC, quality control; SD, standard deviation; TAT,
turn-around-time.

* Corresponding author. MVZ Labor Dr. Limbach & Kollegen GbR, Im Breitspiel 16, 69126, Heidelberg, Germany.

E-mail addresses: Ulla.ruffing@labor-limbach.de (U. Ruffing), Sabrina.mickeler@labor-limbach.de (S. Mickeler), Michaele. kraft@labor-limbach.

de (M. Kraft), Peter.findeisen@labor-limbach.de (P. Findeisen).
1 https://www.labor-limbach.de.

https://doi.org/10.1016/j.plabm.2024.e00427

Received 28 May 2024; Received in revised form 16 August 2024; Accepted 31 August 2024

Available online 2 September 2024

2352-5517/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:Ulla.ruffing@labor-limbach.de
mailto:Sabrina.mickeler@labor-limbach.de
mailto:Michaele.kraft@labor-limbach.de
mailto:Michaele.kraft@labor-limbach.de
mailto:Peter.findeisen@labor-limbach.de
https://www.labor-limbach.de
www.sciencedirect.com/science/journal/23525517
https://www.elsevier.com/locate/plabm
https://doi.org/10.1016/j.plabm.2024.e00427
https://doi.org/10.1016/j.plabm.2024.e00427
https://doi.org/10.1016/j.plabm.2024.e00427
http://creativecommons.org/licenses/by-nc-nd/4.0/

U. Ruffing et al. Practical Laboratory Medicine 41 (2024) e00427

Table 1
QC repeatability and within-lab precision for chemistry analytes.

Atellica Cl Analyzer cobas 6000

Units Repeatability Repeatability Within Lab Within Lab Mean Repeatability Repeatability Within Lab Within Lab
SD %CV (95%Cl)  SD  %CV (95% Cl) SD %CV (95%Cl)  SD  %CV (95% Cl)
L 26 0.03 1.1(0.0-13) 005 1.8(0.7-22) 2.7 0.07 2.8(1.7-28) 0.08 28(1.7-3.6)
ALB g/dL M 3.5 0.03 0.9 (0.6 -1.0) 0.07 2.1(1.8-23) 36 0.07 2.0 (1.0-2.0) 0.09 2.4(1.1-2.8)
H 4.3 0.02 0.6(0.0-0.6) 0.06 13(04-15) 44 0.07 1.6 (0.9-1.8) 01 22{(14-31)
L 2 0.20 0.7(0.0-0.8) 040 1.4(0.6-14) 29 0.26 0.9(0.6-1.0) 072 25(2.1-28)
ALP u/L M 136 0.32 0.2 (0.0-0.3) 0.74 0.5(0.3-0.6) 144 0.68 0.5 (0.3-0.5) 1.91 1.3(1.2-1.5)
H 285 0.62 02(0.1-0.2) 129 05(0.4-0.5) 305 1.52 05(0.3-05 271 09(0.7-1.1)
L 32 0.60 1.9(1.4-20) 072 23(1.8-28) 23 il ) 5.1(3.2-54) 122 52(3.9-6.5)
ALT u/L M o 0.60 0.6(04-07) 144 15(1.3-2.8) 78 1.87 2.4(1526) 246 32(21-44)
H 198 0.66 03(0.2-04) 195 1.0(0.8-1.1) 169 221 13(0.6-1.5) 465 2.8(1.8-3.5)
L 48 0.20 04(0.0-0.5 124 2.6(1.0-26) 43 0.78 1.8(0.9-2.1) 1.07 25(0.9-3.2)
AMY u/L M 150 0.45 03(0.1-03) 407 27(2.6-28) 129 232 1.8(0.7-2.1) 368 2.9(1.5-3.6)
H 309 0.58 02(0.1-0.2) 844 27(2.7-2.8) 263 4.98 1.9(0.7-2.2) 7.88 3.0(1.6-3.9)
L 47 0.37 08(0.4-1.0 126 2.6(23-33) 41 0.86 21(1.2-24) 124 3.0(2.1-3.8)
AST u/L M 109 0.57 05(0.3-0.6) 144 13(1.2-15) 104 1.97 1.9(0.82.2) 271 2.6(1.2-3.5)
H 261 0.97 0.4(0.2-0.4) 3.54 1.4(1.2-1.5) 255 42 1.6 (0.5-2.0) 6.63 2.6(1.0-3.4)
L 16 0.20 13(13-15) 020 13(1.3-22) 30 0.65 21(1.3-24) 097 32(23-4.2)
BUN  mg/dL M 40 0.20 0.5(0.0-0.6) 053 1.3(06-13) 82 1.95 24(1.4-26) 284 35(2.9-44)
H 69 0.47 0.7(0.4-0.7) 108 1.6(1.3-19) 149 2.83 19(1.3-2.1) 456 3.1(2.1-3.9)
L 5.5 0.05 09(05-11) 013 24(2.0-28) 6.0 0.12 2.1(1.0-2.4) 0.17 2.8(1.2-3.7)
CA mg/dL M 10.2 0.06 0.6(0.4-0.7) 024 24(22-2.6) 102 0.19 1.8(0.9-2.1) 026 25(1.1-3.3)
H 137 0.09 0.6(03-0.8) 030 22(19-24) 136 0.23 17(0.6-1.9) 034 25(1.0-3.4)
L 107 0.72 0.7(0.4-07) 163 15(1.2-19) 110 1.68 15(0.7-1.7) 232 2.1(1.0-3.0)
CHOL  mg/dL M 182 0.88 05(03-05) 350 19(1.7-21) 182 2.92 1.6 (0.6-2.0) 3.84 2.1(0.8-2.7)
H 2 Ll 04(03-05) 437 16(14-17) 269 4.16 15(0.6-1.9) 546 2.0(0.8-2.9)
L 59 0.00 0.0(0.0-0.0) 0.89 1.5(1.5-15) 62 1.26 20(1.1-24) 1.61 26(1.3-3.5)
GLU  mg/dL M 112 0.40 0.4(0.2-0.4) 238 21(2.0-23) 118 1.98 1.7 (0.8-1.8) 277 2.3(1.1-3.1)
H 334 1.02 03(0.2-0.3) 736 22(21-23) 354 5.85 1.7 (1.1-1.9) 831 2.3(1.6-3.2)
L 28.5 0.11 0.4(02-05) 079 2.8(2.6-3.0) 21.2 0.36 1.7(0.7-1.9) 083 3.9(3.0-5.0)
HDLC  mg/dL M 44.1 0.23 0.5(0.2-0.6) 090 2.0(1.9-22) 30.6 0.67 22(1.1-25) 117 3.8(3.0-5.2)
H 74.4 0.32 0.4(03-05) 071 1.0(0.8-1.1) 46.6 0.89 1.9 (1.1-2.2) 1.82 3.9(3.0-4.7)
L 68 0.63 09(05-1.0) 163 24(22-27) 67 1.37 21(1.1-23) 205 3.1(1.5-3.9)
LDLC  mg/dL M 114 0.32 03(0.0-0.3) 354 3.1(1.3-32) 116 2.48 21(1.1-2.4) 341 29(13-4.1)
H 160 0.72 05(03-05) 443 28(26-2.9) 163 3.49 21(1.0-27) 572 35(1.7-4.7)
L 101 0.60 0.6(0.3-0.6) 373 3.7(3.4-4.0) 101 1.67 1.7(1.2-1.8) 195 1.9(1.2-2.7)
TRIG  mg/dL M 139 0.51 04(0.2-0.4) 442 3.2(29-33) 136 2.26 1.7 (0.6-1.9) 297 2.2(0.8-3.0)
H 220 o 0.4(02-04) 527 24(22-25) 208 3.39 1.6(0.7-2.0) 425 2.0(0.9-2.7)
L 3.6 0.02 0.6(0.0-0.7) 009 25(1.0-2.5) 36 0.08 2.2 (1.3-2.6) 01  2.8(1.9-4.0)
UA mg/dL M 6.0 0.04 0.7(03-0.7) 011 1.8(1.6-2.0) 6.0 0.11 1.9(0.8-2.1) 0.16 2.6(1.0-3.4)
H £yl 0.04 04(02-04) 022 22(21-23) 99 0.2 20(0.7-23) 028 2.8(0.9-3.5)

Red numbers indicate the highest observed values for repeatability and within lab %CVs.

Red numbers indicate the highest observed values for repeatability and within lab %CVs.

The new Siemens Healthineers Atellica® CI Analyzer, Model 1900 (Siemens Healthcare Diagnostics Inc., Tarrytown, USA) ad-
dresses many of these needs, offering the same planned menu and comparable technology to that of the larger Atellica® Solutions
analyzer in a smaller footprint. Not only do the Atellica CI Analyzer and Atellica Solution have similar workflows and user interfaces,
but they also utilize the same consumables, thereby increasing operational efficiency of the laboratory by allowing sharing of resources
(both consumables and laboratory professionals) across laboratories within the same network.

Although analyzers are rigorously tested by the manufacturer to satisfy both local and global regulatory requirements, laboratories
must still verify the performance of instruments prior to reporting patient results. The aim of this study was to evaluate the perfor-
mance characteristics of the Atellica CI Analyzer, Model 1900 in a clinical laboratory setting. The performance evaluation included an
assessment of precision and method comparison against the Roche cobas® 6000 for a subset of commonly tested analytes.



Table 2

QC repeatability and within-lab precision for immunochemistry analytes.

Analyte

Atellica Cl Analyzer

n Repeatability Repeatability Within Lab Within Lab

cobas 6000

n Repeatability | Repeatability Within Lab Within Lab

) %CV (95% Cl) sD %CV (95% Cl) %CV (95% Cl) %CV (95% Cl)

L 1.08 0.015 14(09-1.6) 0.030 2.8(2.2-33) 134 0.01 0.6 (0.4-0.7) 0.02 1.6 (1.3-1.8)

FT4 ng/dL M 2.06 0.023 1.1(0.6-13) 0.039 1.9(1.7-2.1) 271 0.04 15(0.9-1.7) 006 2.2(1.9-2.5)
H 3.15 0.036 11(0.7-12) 0.051 1.6(1.1-1.9) 421 0.05 1.3(0.8-1.5 0.08 1.8(1.4-2.2)

L 0.36 0.006 1.7(1.1-19) 0.014 3.7(3.2-4.3) 046 0.01 1.4(0.7-15) 0.02 54(4.8-5.9)

PSA ng/mL M 3.00 0.035 1.2(0.8-1.3) 0.047 16(1.3-2.0) 3.70 0.05 1.4 (0.9-1.7) 0.18 4.7 (4.5-5.1)
H 20.28 0.357 1.8(0.9-2.0) 0357 1.8(1.3-2.0) 23.71 0.28 1.2(0.5-1.4) 113 4.8(4.3-5.2)

L 8.2 0.21 25(1.5-2.7) 0308 3.8(3.0-45) 47 0.11 23(1.2-2.7) 02  43(3.3-4.9)

HCG miU/mL M 22.8 0.53 2.3(1.5-2.5) 0598 26(2.2-29) 175 0.26 1.5(1.1-1.6) 0.61 3.5(3.0-3.8)
H 443.1 9.41 21(1.4-24) 9.637 2.2(1.8-2.6) 400.8 4.5 1.1(0.6-1.2) 16.17 4.0(3.6-4.4)

L 0.980 00114 1.2(0.6-13) 00154 16(1.2-1.9) 1.161 0.01 1.0(0.5-1.2) 003 25(2.1-3.0)

TSH uu/mL M 5.525 0.0707 1.3(0.8-1.3) 0.0962 1.7(1.3-2.0) 6.309 0.07 1.1 (0.5-1.3) 0.16 2.5(2.0-3.0)
H 31.651 03480 1.1(0.6-1.2) 0.6286 2.0(1.7-2.2) 34.604 0.36 1.0(0.5-1.2) 093 2.7(2.2-3.0)

Red numbers indicate the highest observed values for repeatability and within lab %CVs.

Red numbers indicate the highest observed values for repeatability and within lab %CVs.
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Table 3
Patient pool precision on the Atellica CI Analyzer.
Analyte Units Mean SD %CV
ALB g/dL 45 0.055 1.2
ALP u/L 72 1.140 1.6
ALT u/L 29 0.548 1.9
AMY u/L 73 0.000 0.0
AST u/L 26 0.000 0.0
BUN mg/dL 19 0.548 2.8
CA mg/dL 9.3 0.089 1.0
CHOL mg/dL 188 0.894 0.5
FT4 ng/dL 1.08 0.022 2.0
GLU mg/dL 101 0.548 0.5
HDLC mg/dL 55.9 0.570 1.0
LDLC mg/dL 124 0.548 0.4
TRIG mg/dL 129 1.871 1.5
TSH plu/mL 1.378 0.028 2.0
UA mg/dL 5.6 0.000 0.0

Red number indicates the highest observed %CV.

Red number indicates the highest observed %CV.

Table 4
Analytical goals for CV based on biological variation.
Chemistry Analytes® cvr® Minimum %CVAPS Desirable %CVAPS Optimum %CVAPS  Atellica CI APS Category  cobas 6000 APS Category
ALB 25% 1.9 % 1.3% 0.6 % < Minimum < Minimum
ALP 5.3% 4.0 % 2.7 % 1.3% Desirable Desirable
ALT 10.1 % 7.6 % 51% 25 % Optimum Minimum
AMY 6.6 % 5.0 % 3.3% 1.7 % Desirable Desirable
AST 9.6 % 7.2% 4.8 % 2.4% Desirable Desirable
CA 1.8% 1.4 % 0.9 % 0.5 % < Minimum < Minimum
CHOL 5.3% 4.0 % 2.7 % 1.3% Desirable Desirable
GLU 5.0 % 3.8% 25 % 1.3 % Desirable Minimum
HDLC 5.7 % 4.3 % 2.9 % 1.4 % Desirable Minimum
LDLC 8.3% 6.2 % 4.2% 2.1 % Desirable Desirable
TRIG 19.9 % 14.9 % 10.0 % 5.0 % Optimum Optimum
Immunochemistry cvr® Minimum % Desirable % Optimum % Atellica CI APS cobas 6000 APS
Analytes” CVAPS CVAPS CVAPS Category Category
FT4 4.9 % 3.7 % 2.5% 1.2% Minimum Desirable
PSA 6.8 % 51% 3.4 % 1.7 % Minimum < Minimum
TSH 17.7 % 13.3 % 8.9 % 4.4 % Optimum Optimum

Abbreviations: %CV ps, analytical performance specification; CV;, within-subject biological variation
2 CV; estimates not available for BUN, UA, and HCG
P CV; from the European Federation Laboratory Medicine Biological Variation Database

2. Materials and methods
2.1. Study design

The analytical performance evaluation and workflow studies on the Atellica CI Analyzer were performed at the Laboratory Dr.
Limbach & colleagues in Heidelberg, Germany that belongs to the Limbach group SE (Heidelberg, Germany), which represents the
largest network of laboratories in Germany and one of the largest clinical laboratory networks in Europe. Testing took place from
February to May 2023. Only anonymized remnant patient specimens were used during these studies.

The Atellica CI Analyzer assay detection capabilities mirror the Atellica Solution system and include integrated multisensory
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Fig. 1A. Passing-Bablok regression analysis of chemistry analytes between the Atellica CI Analyzer and the cobas 6000. Red dashed lines represent
regression lines and solid black lines represent identity lines.

technology (IMT), photometric, and turbidimetric technology for chemistry, as well as chemiluminescence with acridinium ester
technology for immunochemistry. Analytical performance of the Atellica CI Analyzer was evaluated using 17 assays in total, repre-
sentative of many of the most commonly ordered clinical laboratory tests: 13 for chemistry (Atellica CH Albumin BCG [ALB], Atellica
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Fig. 1B. Bland-Altman plots showing differences between the Atellica CI Analyzer and the cobas 6000 chemistry analytes. Blue dotted lines
represent mean bias. Red dashed lines indicate the limits of agreement, defined as the mean difference +2 times the standard deviation of the
differences.

CH Alkaline Phosphatase, Concentrated [ALP], Atellica CH Alanine Aminotransferase [ALT], Atellica CH Amylase _2 [AMY], Atellica
CH Aspartate Aminotransferase [AST], Atellica CH Calcium [CA], Atellica CH Cholesterol 2 [CHOL], Atellica CH Glucose Hexoki-
nase_3 [GLU], Atellica CH HDL Cholesterol [HDL], Atellica CH LDL Cholesterol [LDL], Atellica CH Triglycerides [TRIG], Atellica CH
Uric Acid [UA], Atellica CH Urea Nitrogen [BUN], and four for immunochemistry (Atellica IM Protein-Specific Antigen [PSA], Atellica
IM Total hCG [HCG], Atellica IM Free Thyroxine [FT4] and Atellica IM Thyroid Stimulating Hormone 3-Ultra [TSH]).

2.2. Precision

Precision on the Atellica CI Analyzer and Roche cobas 6000 (Roche Diagnostics, Germany) was performed in accordance with
Clinical & Laboratory Standards Institute (CLSI) EP15-A3 guidelines using quality control (QC) material or patient pools. Briefly, three
levels (L1, L2, and L3) of a lot-locked set of serum-based quality control (QC) material from Bio-Rad® InteliQ® Multiqual (ALB, ALP,
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Table 5
Summary of Passing-Bablok regression analysis.
Chemistry
Analyte Units n Slope (CI) Intercept (CI) r Sample Range
ALB g/dL 40 0.946 (0.885, 0.990) 0.318 (0.107, 0.617) 0.989 1.8-5.5
ALP U/L 40 0.988 (0.975, 1.000) —0.799 (—1.356, —0.067) 1.000 26-955
ALT U/L 53 1.060 (1.036, 1.072) 0.896 (0.335, 2.776) 0.998 8-672
AMY U/L 52 1.143 (1.122, 1.158) —0.225 (—-1.339, 0.803) 0.998 28-1422
AST U/L 46 1.008 (0.942, 1.036) —1.489 (—2.623, 0.355) 0.995 11-663
BUN mg/dL 49 1.006 (0.998, 1.014) 0.620 (0.434, 0.827) 1.000 6.0-108.0
CA mg/dL 54 1.000 (0.932, 1.068) —0.219 (-0.763, 0.384) 0.989 4.8-13.4
CHOL mg/dL 58 0.965 (0.946, 0.987) 2.349 (—1.039, 7.287) 0.998 76-514
GLU mg/dL 54 0.946 (0.931, 0.960) 2.431 (0.606, 5.065) 1.000 54-543
HDLC mg/dL 54 1.097 (1.068, 1.127) —0.228 (—1.474, 1.927) 0.994 5.3-147.3
LDLC mg/dL 56 0.992 (0.961, 1.021) 8.720 (3.872, 13.47) 0.995 13-340
TRIG mg/dL 53 0.966 (0.951, 0.977) 6.383 (4.148, 8.559) 0.996 25.0-807.9
UA mg/dL 42 0.992 (0.981, 1.005) 0.023 (—0.058, 0.081) 0.999 1.4-18.1
Immunochemistry
Analyte Units n Slope (CI) Intercept (CI) r Sample Range
FT4 ng/dL 40 0.798 (0.781, 0.842) 0.184 (0.129, 0.217) 0.980 0.63-6.6
HCG mlIU/mL 40 1.276 (1.192, 1.352) 1.414 (0.259, 6.274) 0.993 9.0-905.0
PSA ng/mL 40 0.933 (0.878, 0.946) 0.023 (—0.005, 0.079) 0.995 0.90-55.30
TSH pIU/mL 41 1.023 (1.000, 1.048) —0.077 (—0.184, —0.007) 0.999 0.110-92.750
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Fig. 2A. Passing-Bablok regression analysis of immunochemistry analytes between the Atellica CI Analyzer and the cobas 6000. Red dashed lines
represent regression lines and solid black lines represent identity lines.
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Fig. 2B. Bland-Altman plots showing differences between the Atellica CI Analyzer and the cobas 6000. Blue dotted lines represent mean bias. Red
dashed lines indicate the limits of agreement, defined as the mean difference +2 times the standard deviation of the differences.

ALT, AMY, AST, BUN, CA, CHOL, GLU, HDL, LDL, TRIG, UA) and InteliQ® Immunoassay Plus (HCG, PSA, FT4, and TSH) were run on
the Atellica CI Analyzer and the Roche cobas 6000. Five replicates were measured per sample per day over 5 days (n = 25 mea-
surements per sample).

Precision was also evaluated on the Atellica CI Analyzer using remnant anonymized serum patient samples obtained from routine
laboratory testing performed by the Laboratory of Dr. Limbach & colleagues in Heidelberg, Germany. PSA and HCG were not included
in this study. Fresh (never frozen) anonymized remnant serum patient samples with values in the normal range for each analyte were
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Traceability of chemistry and immunochemistry assays used in method comparison studies.

Chemistry Siemens Atellica CI Analyzer cobas 6000 Analyzer

Analyte

ALB BCG reference method, which uses SRM 927 reference materials ~ Reference preparation of the IRMM BCR470/CRM470 (RPPHS)

from the NIST.

ALP Primary reference procedure for the measurement of catalytic IFCC procedure (2011)

activity of alkaline phosphatase at 37 °C as described by the
IFCC.

ALT IFCC reference method, which uses IFCC-454. Original IFCC formulation using calibrated pipettes together with a manual
photometer providing absolute values and the substrate-specific
absorptivity, €.

AMY IRMM/IFCC-456 reference material Roche system reagent using calibrated pipettes together with a manual
photometer providing absolute values and substrate-specific absorptivity, €.

AST IFCC reference method, which uses ERM-AD457/IFCC. Original IFCC formulation using calibrated pipettes together with a manual
photometer providing absolute values and the substrate-specific
absorptivity, €.

BUN CDC reference method, which uses SRM 912 and 909 reference Reference material SRM 912 from NIST.

materials from NIST.

CA NIST atomic absorption reference method, which uses SRM 915 ~ SRM 956 c Level 2 reference material

and SRM 909b reference materials from NIST.

CHOL NCEP/CDC reference method, which uses SRM 909 reference Abell/Kendall and ID/MS.

materials from NIST.

GLU SRM 965a from NIST. ID/MS

HDLC Designated CDC reference method (ultracentrifugation method) Designated CDC reference method (ultracentrifugation method)

LDLC NCEP beta-quantification reference method for LDL-cholesterol. =~ NCEP beta-quantification reference method for LDL-Cholesterol.

TRIG Reference material SRM909 from NIST. ID/MS

UA CDC candidate reference method, which uses SRM 913 and SRM ID/MS

909 reference materials from NIST.

Immunochemistry Siemens Atellica CI Analyzer cobas 6000 Analyzer

Analyte

FT4 Internal standard manufactured using The Elecsys FT4 IV assay was standardized against the Elecsys FT4 III method. The Elecsys

U.S.P. material FT4 III assay is traceable to the Elecsys FT4 II assay which in turn is traceable to the
Enzymun-Test FT4 which has been standardized using equilibrium dialysis.
HCG WHO 4th IS for Chorionic The 4th IS for Chorionic Gonadotropin, Human, code 75/589
Gonadotropin, Human (IRP 75/589)
PSA WHO 1st IS for PSA (90:10) (IRP 96/ WHO 1st IS for PSA (90:10) (IRP 96/670).
670).
TSH ‘WHO 3rd IS for human TSH (IRP 81/ 2nd IRP WHO Reference Standard 80/558
565).

BCG, Bromocresol Green; CDC, United States Centers for Disease Control; ID/MS, isotope dilution/mass spectrometry; IFCC, International Federation
of Clinical Chemistry; IRMM, Institute for Reference Materials and Measurement; IS, International Standard; NCEP, National Cholesterol Education
Program; NIST, National institute of Standards and Technology; RPPHS, Reference Preparation for Proteins in Human Serum; SRM, standard
reference material; U.S.P., United States Pharmacopeia; WHO, World Health Organization.

pooled from at least four unique individuals, aliquoted, and stored at 4 °C until use. This patient pool was assayed in singlicate once per
day for five consecutive days.

Data were analyzed using a one factor (days) ANOVA model with Analyse-it software (Analyse-it Software, Ltd., Leeds, United
Kingdom) for Microsoft Excel. Mean concentration, standard deviation (SD), repeatability, and within-laboratory precision were
calculated for each analyte tested. Precision was expressed as coefficient of variation (CV%), calculated using the equation: CV% =
(SD/mean of measured values) x 100 and are presented with bootstrapped-based 95 % confidence intervals (CIs).

2.3. Method comparison
Method comparison (MC) studies were performed according to CLSI EP09-A3 using remnant anonymized serum patient samples (n
= >40) spanning each assay’s analytical measuring range. Residual patient samples were run on the Atellica CI Analyzer and the cobas

6000 on the same day of collection. Data were analyzed using Passing-Bablok regression with 95 % CIs. Correlation coefficients of
>0.95 were considered acceptable.

3. Results
3.1. Precision

Tables 1 and 2 summarize repeatability and within-laboratory CVs for chemistry (n = 13) and immunochemistry (n = 4) analytes,
respectively, using QC material. For chemistry assays, Atellica CI Analyzer repeatability CVs ranged from 0 % to 1.9 % while within-
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laboratory CVs ranged from 0.5 % to 3.7 %. CVs for chemistry analytes on the cobas 6000 ranged from 0.5 % to 5.1 % for repeatability
and 0.9 %-5.2 % for within-laboratory. Repeatability CVs for all Atellica CI Analyzer immunochemistry assays tested ranged from 1.1
% to 2.5 % and within-laboratory CVs ranged from 1.6 % to 3.8 %; repeatability CVs for immunochemistry analytes on the cobas 6000
ranged from 0.6 % to 2.3 % and within-laboratory CVs ranged from 1.6 % to 5.4 %. All results of the Atellica CI Analyzer precision
studies were compared to precision data provided in the manufacturer’s Instructions for Use (IFU) for each analyte and found to meet
the manufacturer’s specifications. Results for patient pooled precision demonstrated a within-laboratory CV of less than 3 % for all
chemistry and immunochemistry analytes tested (Table 3).

Within-laboratory precision for each analyte was compared to quality specifications based on biological variation (BV) [4].
Minimum, desirable, and optimum specifications for precision were calculated using the equations %CVpjinimum < 0.75*CVy, %
CVpesirable < 0.50*CVy, and %CVoptimum < 0.25*CVp [5] where CV1 is the intra-individual BV reported on the European Federation of
Clinical Chemistry and Laboratory Medicine (EFLM) Biological Variation Database (Table 4) [4]. CV| estimates were not available for
BUN, UA, and HCG. Therefore, analytical performance specifications based on BV could not be calculated for these analytes. Analytes
were evaluated against analytical performance specifications for minimum, desirable, and optimum CV and classified as meeting the
criteria if all three levels of QC tested met the specification limits. Two analytes (ALB and CA) failed to meet the minimum performance
specifications on the Atellica CI Analyzer while three analytes (ALB, CA, and PSA) failed to meet minimum performance specifications
on the cobas 6000.

3.2. Method comparison

Passing-Bablok regression demonstrated good concordance for all analytes tested (Fig. 1A and 1BfiglA). The correlation coefficient
(1), slope, y-intercept, and 95 % Cls are summarized in Table 5. Good correlation was observed between the Atellica CI Analyzer and
the cobas 6000, with r values for chemistry analytes ranging from 0.989 for ALB and CA to 1.000 for ALP, BUN, and GLU; r values for
immunochemistry analytes ranged from 0.980 for FT4 to 0.999 for TSH. Slopes for chemistry analytes ranged from 0.946 for ALB and
GLU to 1.143 for AMY while slopes for immunochemistry analytes ranged from 0.798 for FT4 to 1.276 for HCG. A constant bias was
present for 10 analytes based on the 95 % CI of the y-intercept not including a value of 0. Bland-Altman plots demonstrating bias across
the range of analyte concentrations tested are shown in Fig. 2A-2B. The smallest mean bias observed for chemistry assays was —0.4 %
for UA and the largest mean bias observed was 12.4 % for AMY. For immunochemistry assays, the smallest mean bias observed was
—3.9 % for TSH and the largest mean bias observed was 26.2 % for HCG.

4. Discussion

It is estimated that approximately 80 % of patients presenting to the hospital have one or more laboratory tests ordered during their
visit [6]. Additional laboratory test requests come from visits to doctor’s offices and from other types of healthcare facilities such as
nursing homes. Because such testing is used to guide clinical decision making, quality management of the overall testing process is
critical to ensure accurate results are provided. As mentioned previously, this includes the verification and/or validation of new
laboratory instruments and assays prior to reporting patient results.

Overall, this study demonstrated good analytical performance of the new Atellica CI Analyzer when compared to the cobas 6000. In
total, 76 % of the analytes tested on the Atellica CI Analyzer demonstrated within-laboratory CVs of <3 % and 100 % of analytes
demonstrated within-laboratory CVs <4 % at each QC level tested. This is in comparison to the cobas 6000 where <3 % within-
laboratory CV was observed for 65 % of analytes tested and 82 % of analytes had CVs of <4.0 % across all levels of QC tested.
Repeatability and within-lab precision were evaluated using QC material which can have a sample matrix that differs from native
samples. However, evaluation of precision using pooled patient samples (one replicate per day for five days) demonstrated comparable
performance to that observed with QC material.

There are three widely accepted approaches or models to establishing quality goals for laboratory tests to ensure results are fit for
the clinical purpose for which they will be used [7]. Quality goals can be based on (1) the effect of analytical performance on clinical
outcomes, (2) components of biological variation of the analyte, or (3) state-of-the-art [7,8]. Here, performance of assays on the
Atellica CI Analyzer was compared against both the manufacturer specifications and against criteria established based on BV data. It
has been previously reported that meeting analytical performance specifications based on BV is difficult for analytes that are under
strict physiological controls and have a narrow range [1,9-11]. It is not surprising then that ALB and CA failed to meet even the
minimum criteria for analytical performance goals when using BV on either platform. Using extremely stringent analytical goals for
some assays such as these may not be appropriate and it has been suggested that medical outcome and need also be considered when
setting criteria for analytical performance specifications [12].

Overall, method comparisons between the Atellica CI Analyzer and the cobas 6000 were acceptable. It is not unusual to observe
biases between assays produced by different manufacturers due to differences in assay methodology, instrumentation, proprietary
epitope specific antibody (Ab) designs, unknown isoform detection, assay matrix effects, and analytical interferents. Differences in
metrological traceability of assays can also impact comparability of results across vendors. Table 6 summarizes the metrological
traceability of Atellica and cobas assays used in this study, as reported in their respective IFUs. Interestingly, although the Atellica IM
and cobas 6000 assays for measuring HCG are traceable to the same World Health Organization (WHO) 4th IS 75/589 reference
material, a mean bias of approximately 26 % was observed between the methods. Differences in analytical specificity leading to
variability between HCG assays has been reported previously and largely attributed to the molecular heterogeneity of HCG that exists
due to multiple HCG isoforms, differences in glycosylation, and carboxyl-terminal variants [13,14]. These differences in how



U. Ruffing et al. Practical Laboratory Medicine 41 (2024) e00427

immunoassays recognize various isoforms of HCG suggests non-commutability of the reference material [15,16]. Understanding such
biases when changing methods in the laboratory and the potential impact to reference intervals can help facilitate appropriate
communication with clinicians [17].

One limitation of this study is that it did not verify reference intervals for each of the assays tested which should be completed prior
to reporting patient results. However, the strong analytical performance of the Atellica CI Analyzer confirms the suitability of the new
instrument for routine clinical use. Additional studies are needed to evaluate potential efficiencies for laboratory workflow that might
be realized with the implementation of this new system.
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