Brief Communication
General Laboratory Medicine

,.) Ann Lab Med 2021;41:230-239
ttps://doi.or . alm. A41.2.
-~ h //doi.org/10.3343/alm.2021.41.2.230

LR SSN 2234-3806  eISSN 2234-3814

ANNALS OF
LABORATORY
MEDICINE

Schemes and Performance Evaluation Criteria of
Korean Association of External Quality Assessment
(KEQAS) for Improving Laboratory Testing

Sollip Kim @, M.D., Ph.D.}, Kyunghoon Lee ®, M.D., Ph.D.2, Hyung-Doo Park ®, M.D., Ph.D.3, Yong-Wha Lee ®, M.D., Ph.D.%,

Sail Chun @, M.D., Ph.D.5, and Won-Ki Min @, M.D., Ph.D.®

'Department of Laboratory Medicine, Inje University, llsan Paik Hospital, Goyang, Korea; “Department of Laboratory Medicine, Seoul National University
Bundang Hospital and College of Medicine, Seongnam, Korea; *Department of Laboratory Medicine and Genetics, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Korea; “Department of Laboratory Medicine and Genetics, Soonchunhyang University Bucheon Hospital,
Soonchunhyang University College of Medicine, Bucheon, Korea; *Department of Laboratory Medicine, University of Ulsan College of Medicine and Asan

Medical Center, Seoul, Korea

External quality assessment (EQA) is important for evaluating clinical laboratories and en-
hancing their testing quality. EQA schemes are variable; thus, it is crucial that the EQA or-
ganizers share their experiences to continuously improve the EQA scheme. The Korean
Association of External Quality Assessment Service (KEQAS) has been the leading, autho-
rized EQA institute for the standardization and quality management of laboratory testing in
Korean medical institutions since 1976. The EQA scheme underwent a major change in
2016, and the number of EQA programs increased significantly since then. The key changes
implemented in EQA scheme include a fully computerized assessment to accelerate feed-
back and unification of the testing and reporting methods. We provide an overview of the
EQA schemes and performance evaluation criteria of the KEQAS and suggest directions
for achieving the global harmonization of EQA.
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External quality assessment (EQA) is a widely accepted method
for evaluating clinical laboratories and enhancing their testing
quality [1]. EQA helps laboratories recognize and resolve their
deficiencies in routine processes while instilling employee confi-
dence [2]. All laboratories should therefore be encouraged to
participate in EQA schemes, and such participation should be
mandatory wherever possible [3]. Effective participation in EQA
schemes in Europe is a mandatory requirement for country-spe-
cific accreditation bodies to have access to International Stan-
dards Organization (ISO) 15189 accreditation [4, 5]. In the United
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States, laboratories that conduct moderate or high-complexity
tests are subject to reported inspections on a biennial basis and
should participate in an EQA scheme authorized by the Center
for Medicare & Medicaid Services under the Clinical Laboratory
Improvement Amendment Law, which applies to all laboratories
testing human specimens [6]. In Korea, laboratories with a sat-
isfactory EQA can receive a quality incentive for testing since the
notification of the Ministry of Health and Welfare took effect in
2017 [7]. However, EQA participation is not yet mandatory for
laboratories in Korea, except for referral laboratories, and even
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basic data such as the adequacy of EQA schemes are not avail-
able. Since many EQA schemes vary broadly in terms of con-
tent, it is crucial that the EQA organizers share their experiences
to continuously improve the EQA scheme. We provide an over-
view of the EQA schemes and performance evaluation criteria of
the Korean Association of External Quality Assessment Service
(KEQAS) and suggest directions for joining global harmonization
movements.

The KEQAS has been the leading authorized EQA institute for
the standardization and quality management of clinical labora-
tories in Korea since 1976. Although the number of KEQAS pro-
grams is relatively small compared with other major EQAs, all
the most requested routine tests, except special tests performed
only at some university hospitals, are covered by the existing pro-
grams. The KEQAS obtained 1SO 17043 (EQA provider) accredi-
tation in August 2015. Major changes to the EQA schemes were
implemented in 2016; the assessment is now fully computer-
ized to accelerate feedback, and the methods of analysis and
reporting across schemes are unified [8] (Table 1). Since these
changes, the number of programs has increased significantly
from 46 in 2016 and 65 in 2019 to 70 in 2020. These programs
cover all disciplines of laboratory medicine, including three pro-
grams of accuracy-based proficiency tests, two of point-of-care
tests, one of liquid biopsy, and three of next-generation sequenc-
ing, with a total of 852 test items covered and 1,844 institutions
participating in EQA as of February 2020. Approximately 50%
of hospitals (including small-to-medium sized hospitals, general
hospitals, and tertiary care hospitals) that submit health insur-
ance claims for laboratory tests in Korea participate in the KEQAS
EQA [9]. Currently, specimens for 50 programs are prepared in-
house, whereas specimens for the remaining programs are pur-
chased from third-party manufacturers. With respect to the trans-
port time after specimen shipments (e.g., the sixth shipment of
2019), 90% of the participating laboratories received the speci-
mens within 32 hours and 99.9% within 48 hours. EQA results
may be influenced by the deterioration of specimens during
transportation and storage before testing [10]. Many specimens
should be transported refrigerated or frozen; therefore, it is ad-
vantageous to deliver the specimens as soon as possible.

Accuracy-based EQA, which refers to commutable materials
with target values, has substantially contributed to improving the
accuracy of clinical laboratory tests [10]. The KEQAS has pro-
vided accuracy-based EQA for HbAlc tests since 2009, and for
five chemistry tests (cholesterol, HDL cholesterol, LDL choles-
terol, triglyceride, and creatinine) since 2011 [11]. The number
of participants in accuracy-based EQA for HbAlc and creatinine
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in 2020 was 597 and 1,758, respectively. In 2011, Miller and
colleagues [10] suggested six categories of EQA based on spec-
imen characteristics, including commutability, value assignment
method, and replication in the EQA survey. For example, pro-
grams in category 1 use commutable specimens with target val-
ues established by a reference system, and programs in cate-
gory 2 are the same as those of category 1, except that speci-
mens are not replicated within the survey cycle. Programs in
categories 3 and 4 use commutable specimens, but the target
values are not assigned by a reference system. Programs in cat-
egories 5 and 6 use non-commutable specimens [10]. Accu-
racy-based EQA in the KEQAS belongs to category 2, whereas
the other KEQAS programs belong to category 6. The KEQAS
should not only continue to increase its accuracy-based pro-
grams, but should also attempt category 1 EQA, which allows
for evaluations of imprecision in laboratories by conducting re-
peated tests.

The consensus value of a peer group is the basis of a labora-
tory’s evaluation by the KEQAS EQA scheme. A peer group usu-
ally consists of laboratories that use the same analyzer from the
same manufacturer, as similar matrix-related bias for a given
specimen can be assumed. The use of manufacturer-based
peer groups is the only acceptable method for comparing the
test results of multiple analytes in immunoassay, hematology,
and molecular test schemes, which lack standardization and/or
harmonization across participating laboratories that use similar
principles but slightly different methodologies [12]. The peer
groups are further divided into instrument- or reagent-based
subgroups. However, for general chemistry, the peer group is
based on those using the same methods, not on the same man-
ufacturer, because many laboratories use an open system with
regards to the manufacturers of instruments, calibrators, and
reagents. The peer groups are further divided into reagent man-
ufacturer-based subgroups. The KEQAS evaluates the partici-
pants’ results based on the standard deviation index (SDI) among
peer groups for quantitative tests, which is calculated as the differ-
ence between the individual laboratory test results and the mean
result of the peer group divided by the peer group SD. Therefore,
the SDI reflects bias as a multiple of the SD. The SDI is evaluated
when the peer group size (i.e., the number of participants in each
category) is eight or larger after removing outliers. In such cases,
the subgroups are also evaluated. SDI>3 is considered unac-
ceptable.

Currently, there are large differences in the analytical perfor-
mance specifications (APS) used in different EQA schemes [13].
Maximum tolerance limits can be statistically determined (e.g.,
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using +3 SDIs or Z-scores) or established as fixed percentages  all analytes [15]. However, the limitation of the statistical method
or amounts (e.g., +15% of the target value or +10 mg/dL) [14].  is that when applying the SDI as a tolerance limit, the accept-
As the SDI is a standardized value, it can be compared among  able range for peer groups with larger SDs is larger than that for

(A) Stirt

No. of all
participants

Does the question No
have predefined

value?
Yes

Not applicable for evaluation

A

Intended response
=predefined value

80% consensus No
of all participant

results

Yes

Intended response >80%
consensus of all participant results.
Evaluaton using intended response

*For peer group evaluation
(if peer group size >10)

>50% of peer
group results show
intended response?

>65% of peer
group results show
intended response?

Not applicable for peer
group evaluation

Evaluation using intended « If results of participants were the
response same as the inteded response:
“acceptable” for those participants
« If results of participants were
different from the intedded
response: “not applicable for
evaluation” for those participants

(B) Start

No. of all
participants
>10

No Not applicable for
evaluation

A\ 4

‘The most frequent No ‘The most frequent ‘The most frequent Sum of frequency of
answer’ is negative — answer+ 1 grade’ answer’ is negative or all positive answer
and 80% frequency >80% consensus trace(+) >80% frequency
Intended response Intended response The higher frequency of neighboring grade
=‘Negative’ ="‘the most frequent is contivuously included to intended
answer + 1 grade’ response until intended response >80%

consensus. For example, if the frequency
left neighboring grade of ‘the most
frequent answer is higher than the
frequency of right neighboring grade, then
left neighboring frade is included to
intended response.

Fig. 1. Flow diagram of performance evaluation for (A) qualitative and (B) semi-quantitative tests in the KEQAS EQA scheme.
Abbreviations: KEQAS, Korean Association of External Quality Assessment Service; EQA, external quality assessment.
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peer groups with smaller SDs. Quantitative responses of the US
College of American Pathologists (CAP) EQA scheme are evalu-
ated based on a fixed range, mean percentage, SD, or variable

range according to the test items. Switzerland’s Suisse de Con-
trole de Qualité uses government regulations and a combination
of limits established by scientific societies and Z-scores to deter-

A

Amylase

Specimen Group Median

All 820 78.7 9.9 126 79 40 433

CC-19-01 78 Hydrolysis of 4,6-cthylidene-4-nitrophenyl-maltoheptaose 348 79.5 32 4.0 9 40 172 -0.47
Roche 148 79.3 1.5 1.9 79 75 90 -0.87
All 319 4293 79.0 18.4 403 55 1199

CC-19-02 374 Hydrolysis of 4,6-ethylid 4-nitrophenyl-maltoheptaos 348 3783 17.7 4.7 375 260 931 -0.24
Roche 148 372.8 5.3 14 373 358 408 0.23
All 819 79.0 9.9 12.5 79 6 381

CC-19-03 &0 Hydrolysis of 4,6-ethylidene-4-nitrophenyl-maltoheptaose 348 79.7 32 40 80 42 179 0.09
Roche 148 79.8 1.6 2.0 80 74 92 0.13

SR UL
siests 2R0M outlierE AH T 712 +7F 87l 0|22 AR Mean, SD, CV(%), SDI= ®IS38HX| B&Lict
SDIE JIEEF R HEFHAME HSEUCL HO2|2 = £F22 sDI2t HAS X 2 BRE L chartdl M= LIEHLER] gt&L Ch

cc-18.01

cc-1s-02

cc-18-03

SDI

SDI: 7IE /2l sol

CH1-18-01
Median
All 96 3.8449 0.4823 12.5444 4 0.188 15.19
Abbott 19 3.9214 0.2675 6.8222 3.88 344 4.5
ARCHITECT i1000 3 4.05 3.65 4.386
ARCHITECT i2000 16 3.8014 0.2133 5.5235 3.88 344 4.5
Beckman Coulter Ine. 12 3.5055 0.1508 4.3025 3.54 3.31 4.26
Access2 1 3.85
UniCel DxI800 11 3471 0.1038 2.9893 3.53 3.31 4.26
Biomerieux 4 3.14 2.77 3.49
Mini vidas 1 3.49
Vidas 3 3.05 2.717 3.23
DiaSorin 1 0.188
LIAISON 1 0.188
Roche 46 4.1971 0.155 3.6925 4.195 0.883 15.19
cobas e801 [ 4325 4.17 4.4
cobas4000 e411 3 4.26 4.17 44
cobas6000 601 11 4.164 0.0759 1.8217 4.2 4.02 448
cobas8000 602 19 4.1069 0.1234 3.0043 4.13 0.908 15.19
Modular E170 7 4.14 0.883 4.43
Siemens Healthcare Diagnostics, Inc 14 3.0581 0.1866 6.1004 3.042 2.794 34
ADVIA Centaur® XP Immunoassay System 7 3.068 2.87 34
ADVIA Centaur® XPT Immunoassay System 7 297 2.794 3.385

Fig. 2. Examples of the EQA reports of the KEQAS. (A) Participant evaluation report and (B) participants’ summary.

Abbreviations: KEQAS, Korean Association of External Quality Assessment Service; EQA, external quality assessment.
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mine the acceptable range. The Netherlands’ Dutch Foundation
for Quality Assessment in Medical Laboratorie (SKML) and the
UK Welsh EQA provider (WEQAS) use a combination of biologi-
cal variation and state-of-the-art methods [13]. Although the
KEQAS has been using the SDI as a tolerance limit for evalua-
tion, APS should be considered as an alternative based on the
clinical requirement for each test.

Peer groups of qualitative tests are formed in the same man-
ner, that is, according to the same instrument manufacturer and
the same reagent manufacturer with respect to the characteris-
tics of the tests. Flow diagrams of performance evaluation for
qualitative and semi-quantitative tests are shown in Fig. 1A and
B, respectively.

The performance evaluation for qualitative and semi-quantita-
tive tests has not yet been standardized [13]. For qualitative tests,
80% consensus of referees or participants is the standard used
for evaluation in the US CAP EQA scheme; for example, in uri-
nalysis dipstick tests, 80% participant consensus can be deter-
mined by grouping the mode with the next one or the two most
frequent responses. In the EQA scheme of the UK WEQAS, the
spiked values are used to determine the target value; if these
values are not available, interpretation is based on the majority
percentage of responses from participants. In the EQA scheme
of SKML, performance is scored using a point system based on
expert findings or consensus results. However, detailed informa-
tion on the evaluation criteria of these EQA schemes are not avail-
able. The KEQAS's new suggestions for performance criteria for
qualitative and semi-quantitative tests based on experience will
be useful for achieving global EQA harmonization.

Two reports (the participant evaluation report and participants’
summary) are electronically generated simultaneously within five
working days after each participant submit its results for each
round of the scheme (Fig. 2). The mean turnaround time from
result submission to report release was 33 days (range 6-104
days) in 2019 because of the review by the program manager.
One of the drawbacks of EQAs is that laboratories cannot obtain
feedback in a timely manner [6]. Therefore, KEQAS should con-
sider ways to shorten the time for the review. For example, the
evaluation criteria should be well established, there should be
measures in place to cope with exceptions, and the assessment
should be fully automated.

Approximately 60%—-70% of the laboratory tests errors are
due to the pre-analytical process [16]. Therefore, identifying ap-
propriate quality metrics is crucial in determining the quality of
laboratory services [17]. According to the model of quality indi-
cators developed by the Working Group of the International Fed-
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eration of Clinical Chemistry and Laboratory Medicine [17], pro-
ficiency testing and EQA schemes have allowed clinical labora-
tories to measure, monitor, and improve their analytical perfor-
mance over time [18-20]. It may be helpful to introduce extra-
analytical quality indicators in the KEQAS EQA scheme to moni-
tor and improve the overall quality of more laboratories.

In conclusion, the KEQAS has been providing the EQA scheme
for 45 years to improve the quality of clinical laboratories in Ko-
rea. Our summary of the EQA scheme, performance evaluation
criteria of the KEQAS, and suggestions for improvement would
help achieve global harmonization of EQA.
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