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Abstract

Objective: Medical laboratories encounter critical obsta-
cles in External Quality Assessment (EQA) practices that 
are key to assessment of the analytical period. Present 
study aims to unveil the challenges in nationwide inter-
laboratory harmonization and suggest practical solutions.
Materials and methods: EQA results of 1941 laboratories 
participating in 18 different EQA-programs between 2010 
and 2017 were examined. Standard Deviation Index (SDI) 
of each program calculated using 801,028  sample data 

from 24 different clinical chemical tests were used to 
conduct a process assessment.
Results: There is a significant discrepancy in unsatisfac-
tory performance ratio among different EAQ-programs 
with an average of 3.4% (27,074 cases) between 2010 and 
2017 and a decreasing trend (~40–50%) in 7-years. Pro-
grams with higher SDI display lower discrepancy rates. 
Reasons for unaccepted results appear to be data entry 
errors (8.27–22.2%), material dilution errors (5–11.4%), 
technical problems (3.76–7.9%); while random or uniden-
tified causes account for a major of 44.9–59.5%. In 7-years, 
15.7% reduction was observed in average SDI of all tests.
Conclusion: With the launch of national EQA follow-up 
program, increased awareness of the analytical processes 
led to a decrease in unaccepted results and variances in 
the analytical period. Staff training is suggested as a sig-
nificant measure. In addition, simultaneous assessment 
of SDI and allowable total error rates would reduce the 
variation between programs.

Keywords: External Quality Assessment (EQA); Standard 
Deviation Index (SDI); Analytical error.

Öz

Amaç: Tıbbi Laboratuvarlarda, analitik dönemin değer-
lendirilmesinde kullanılan Dış Kalite Değerlendirme 
(DKD) uygulamalarında önemli sorunlar muvcuttur. Bu 
çalışmada, ulusal çaptaki harmonizasyon çalışmaların-
daki sorunların saptanması ve çözüm önerileri sunulması 
amaçlanmıştır.
Gereç ve Yöntem: 2010–2017 yılları TC Sağlık Bakan-
lığı DKD programı kapsamında, 1941 laboratuvarda, 18 
farklı DKD programı ile 24 farklı klinik kimya testine ait 
toplam 801,028 veri incelenmiş ve süreç değerlendirmesi 
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yapılmıştır. Değerlendirme her programın Standart Devi-
asyon Indeksine (SDI) göre yapılmıştır.
Sonuçlar: 2010–2017 yılları arasında toplam 27,074 (%3,4) 
yetersiz performans saptanmıştır. Yetersiz sonuç oranla-
rında yaklaşık %40–50 oranında azalmıştır. DKD prog-
ramları arasında uygunsuzluk oranlarında farklılıklar 
saptanmıştır. Özellikle dağılımı geniş olan programlarda 
uygunsuzluk oranı daha düşüktür. Uygunsuzluk nedenleri 
incelendiğinde özellikle veri giriş hataları (%8,27–22,2), 
materyal sulandırma hataları (%5–11,4), teknik problem-
ler (%3,76–7,9), nedenin saptanmadığı ve random olarak 
değerlendirilen hatalar ise (%44,9–59,5) olarak gözlen-
mektedir. Yıllara bağlı olarak testlerin SDI dağılımlarında 
ortalama (%15,7) azalma tespit edilmiştir.
Sonuç: DKD programı laboratuvarlarda analitik döneme 
ait bilincin artışına katkı sağlamıştır. Analitik döneme ait 
uygunsuzluklarda ve varyasyonlarda azalma tespit edil-
miştir. DKD uygunsuzluklarının çözümü konusunda kul-
lanıcıların eğitim eksiklikleri tespit edilmiştir. Bununla 
ilgili eğitim aktiviteleri gerekliliği farkedilmiştir. Değer-
lendirmelerin SDI yanı sıra total hata değerleri ile de 
yapılmasının programlar arasındaki farklılığı azaltacağı 
tespit edilmiştir.

Anahtar kelimeler: Dış Kalite Değerlendirme (DKD) 
Standart Deviasyon İndeksi (SDI); Analitik Hata.

Introduction
Medical laboratories play a central role in the improve-
ment of the healthcare system with regard to patient safety 
and a healthy society. They influence approximately 70% 
of the healthcare system both in risk analysis and in the 
diagnosis, treatment and follow-up process [1–3].

Important decisions have been made in recent 
years regarding international healthcare practices. The 
United Nations has determined it suitable for changes 
to be made that actively address healthcare needs of 
nations (http://www.who.int/mdg/publications/mdg_
report/en/, http://www.who.int/mdg/publications/
MDG_Report_08_2005.pdf). It is important in all of these 
objectives to ensure the active role of laboratories in 
this system. Non-profit organizations, such as Interna-
tional Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC), International Society of Haematology 
(ISH), European Federation of Clinical Chemistry and 
Laboratory Medicine (EFLM), Clinical and Laboratory 
Standards Institute (CLSI), International Laboratory 
Accreditation Cooperation (ILAC) or national bodies; 
College of American Pathologists (CAP), German Federal 

Medical Council, set effective performance characteris-
tics for diagnostic tests to ensure reliable, traceable and 
comparable laboratory test results. An improvement in 
the quality of laboratory procedures is essential for the 
improvement of the quality of the healthcare system. 
Modern laboratory quality management is a process [4, 
5]. Among the prominent analytical tools of this process 
are quality control practices.

Briefly, quality control (QC) applications are error 
detection procedures that assess precision and accu-
racy studies of the analytical period, as well as systemic 
problems, environmental conditions, and personnel per-
formance. They are the methods used to monitor and 
determine whether the service carries predefined features 
and how reliable it is.

QC applications made during the analytical period 
are an important and indispensable part of the control 
processes in Total Quality Management. Nevertheless, it 
should be taken into account that, this data alone will not 
be a sufficient indicator in the evaluation of quality.

Although there are different methods of implementa-
tion in recent years, there are basically two types of quality 
control applications. These are;
a)	 Internal Quality Control (IQC): Essentially precision 

work done within the laboratory with samples of 
known or unknown values.

b)	 External Quality Assessment (EQA): Work done exter-
nally to the laboratory by a competent independent 
organization with more focus on accuracy and edu-
cational aspects. When the EQA is administered by 
governments, it is also referred to as the “Proficiency 
Testing”.

IQC and EQA are regarded as one of the indicators of the 
laboratory operation procedure in the analytical period, 
interlocked with the other factors. Significant studies 
have been conducted and published, especially IFCC, on 
the quality indicators belonging to the analytical period. 
In addition to that, IFCC strongly recommends the use of 
EQA practices [6].

It is aimed to compare the analytical performances 
of medical laboratories with the performances of other 
medical laboratories at national and international scale 
within the scope of EQA program. EQA is often confused 
with qualification tests.

EQA provides important contributions to medical lab-
oratories [7–21].
c)	 EQA can evaluate traceability to reference systems 

and harmonization between test procedures,
d)	 Bias is one of the most appropriate approaches to sys-

tematic error assessment,
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e)	 Provides information on reagent, calibrator, method, 
device and personnel and helps to identify and 
evaluate errors,

f)	 Provides important information on method and 
device differences and evaluations,

g)	 It is an important laboratory training tool,
h)	 It is necessary in cases where accreditation and 

national requirements exist.

However, there are some limitations to it;
i)	 EQA results alone don’t show the quality of laboratory.
j)	 It doesn’t provide information about the quality of the 

pre- and post-analysis period. There are also limita-
tions for the analytical period (e.g. not including sam-
ple preparation section).

k)	 It is difficult to apply corrective action to the past if a 
problem is identified.

l)	 In very few EQA programs, the target value for a lim-
ited number of analytes is determined by the “Refer-
ence Method”. Assessment by peer group outcome 
may lead to limitations in standardization studies 
(especially for analytes that are traceable, reference 
method and material).

m)	 Random errors are also important in EQA programs. 
Some control programs use between 2 and 5 different 
level control materials during the same period. In this 
case, systematic or random errors are partially under-
stood. In this case, however, the control intervals are 
extended or the cost may increase.

Medical laboratories in Turkey provide their services in 
the scope of Law No. 992 and Implementation Regulation 
which entered into force in 1927 (Seriri Taharriyat Ve Tahli-
lat Yapılan Ve Masli Teamüller Aranılan Umuma Mahsus 
Bakteriyoloji ve Kimya Laboratuvarları Kanunu; Kanun 
Numarası: 992, Kabul Tarihi: 19/03/1927, Yayımlandığı 
Resmi Gazete Tarihi: 30/03/1927, Yayımlandığı Resmi 
Gazete Sayı: 580).

Under the Medical Laboratories Regulation, all 
medical biochemistry laboratories in our country were 
obliged to participate in the EQA Program conducted by an 
independent organization for a limited number of tests (24 
tests in total) in order to increase the reliability of the test 
results and to use the monitoring system in 2010 to record 
EQA results. With the help of EQA data from the labora-
tories, monitored by the Ministry of Health, their perfor-
mance is assessed, and through these outputs, national 
standardization and harmonization studies are planned.

Currently, over 20 commercial EQA programs are used 
in Turkey, two of which are conducted domestically. These 
programs show significant differences in terms of number 

of participating laboratories, outcome evaluation criteria, 
type of control material, frequency and outcome formats.

The main purpose of this study is to evaluate the 
outputs of the country’s EQA monitoring system between 
2010 and 2017, compare the international data and 
determine the new targets by processing the big data.

Materials and methods
Within the scope of this study, 801,028 data items belong-
ing to 1941 laboratories between 2010 and 2017  were 
studied. In this scope, while EQA data for alanin ami-
notransferase (ALT), albumin, alkaline phosphatase 
(ALP), aspartate aminotransferase (AST), glucose, HDL 
cholesterol, inorganic phosphorus, chloride (Cl), choles-
terol, creatinine, lactate dehydrogenase (LDH), potassium 
(K), sodium (Na), total protein, triglyceride, and urea were 
entered into the system; in the year 2013 HbA1c and in 
2014, amylase, direct bilirubin, gamma glutamyl trans-
ferase (GGT), calcium, creatine kinase, total bilirubin, uric 
acid tests were included within these parameters.

The results of the 18 commercial EQA companies 
were entered into the Ministry of Health EQA monitor-
ing system. Association of Clinical Biochemistry Experts 
External Quality Control Program (KBUDEK, Turkey), 
LabPT Quality Control Program (Turkey), RANDOX Inter-
national Quality Assessment Scheme (RIQAS, England), 
BIO RAD External Quality Assurance Services (EQAS, 
CA, USA), Bio-Development (BIO DEV, Milano, Italy), Bio 
Group Medical System (Italy), Medical Laboratory Evalua-
tion (MLE, USA), American Academy of Family Physicians 
– Proficiency Testing, (AAFP-PT, Kansas, USA), College 
of American Pathologists Proficiency Testing (CAP, USA), 
Labquality EQAS (Finland), INSTAND (Germany), Refer-
ence Institute for Bioanalytics (RfB, Germany), AccuTest 
Proficiency Testing Services (USA), Digital PT-Oneworld 
Accuracy (Canada), United Kingdom National External 
Quality Assessment Service (UK-NEQAS, England), Wales 
External Quality Assurance Scheme (WEQAS, England), 
The European Society for External Quality Assessment 
(ESfEQA, Germany), NOBIS Quality System (Romania) 
EQA program results were evaluated. Only two of these 
programs are EQA programs in Turkey [22].

EQA result evaluations, by taking CLSI and ISO 15189 
into consideration during the initial stage, are conducted 
according to the SDI data of the evaluation program. Each 
laboratory includes the EQA program, test name, test unit, 
test period, self result, peer group mean value, peer group 
SD (Standard Deviation) and Standard Deviation Index 
(SDI) in the system. The SDI > 3 test results are defined 
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as unsatisfactory and it was requested that these results 
be evaluated and recorded for nonconformities, in SDI 
calculation;

“SDI = Laboratory result – Peer group target value/
peer group standard deviation” formula is used. Some 
EQA programs use the values of the total group instead of 
the peer group.

The coefficient of variation (CV%) is calculated as 
follows CV%: 100 × (standard deviation)/(expected value).

Excel and STATISTICA 12 packaged programs were 
used for the statistical evaluation. The first evaluations 
are carried out by using descriptive statistics (mean, SD 
and 95% CI). ANOVA test was used for the group com-
parisons and Bonferroni correction was performed. The 
significance value of p was set at 0.01. As a result of the 
big data size for the sake of SD changes, more than 10% 
change rate was considered clinically significant (Table 1).

Results and discussion
Between 2010 and 2017, a total of 801,028 data entrance 
was conducted for 24 separate tests, then unsatisfactory 

performance was detected on 27,074  samples (3.5%) 
(Table 2).

Depending on the years, the number of participat-
ing medical laboratories and the number of tests have 
increased. While 10 tests and 48,278 outcomes were evalu-
ated in 2010, 172,446 outcomes were evaluated for a total 
of 24 tests in 2017. When the total nonconformity ratios 
are examined, it has been found that the nonconformity 
ratios decrease with time. According to the initial year 
of nonconformity rates, the figure was 47.4% in 2016 but 
decreased to 41% (p < 0.001, Figure 1) in 2017, respectively. 
When we compare these ratios with literature data, it is 
observed to be high [23–25]. Literature data are generally 
<1%. However, it should not be forgotten that these evalu-
ations are based on our three SDI and others are evaluated 
using total error.

Within the frame of Republic of Turkey Ministry of 
Health EQA study, there are 18 different EQA programs. 
These programs differ from each other in terms of sample 
type, assessment algorithms, number of participants and 
features. In Table 3, you will see the nonconformity rates 
according to five EQA programs, which include the highest 
number of participants. According to the programs, it is 

Table 1: Distribution data and change rates for the tests in EQA program.

 
 

2014 
 

2015 
 

2016 
 

2017  Alteration
(%)Mean (%)  SD (%) Mean (%)  SD (%) Mean (%)  SD (%) Mean (%)  SD (%)

Albumin   0.1  5.4  0.1  4.5  0.1  4.5  –0.1  4.1  24.1a

ALP   –0.9  9.5  –0.4  8.5  –0.7  8.5  –0.6  8.3  12.6a

ALT   –0.3  7.2  –0.4  6.9  –0.3  6.4  –0.2  5.9  18.1a

Amylase       –0.1  7.3  –0.1  6.2  –0.1  5.7  21.9a

AST   –0.4  6.8  –0.5  6.3  –0.6  5.9  –0.5  5.5  19.1a

CI   0.1  4.2  0.1  3.7  0.1  3.7  0.1  2.9  31.0a

Bilirubin, direct      0.5  7.3  0.4  8.4  0.1  8.2  –12.3a

GGT       –1.8  6.9  –0.1  7.0  –0.2  6.8  1.4
Glucose   –0.1  5.7  –0.2  4.7  –0.2  4.2  –0.3  3.8  33.3a

HbA1c   –0.2  6.5  –0.3  5.6  0.0  6.3  0.4  6.0  7.7
HDL cholesterol  –0.4  9.6  0.2  8.5  –0.3  8.9  –0.1  8.3  13.5a

K   0.0  4.4  0.0  3.9  0.1  3.5  0.0  3.2  27.3a

Calcium       –0.2  4.0  0.0  3.9  –0.1  3.4  15.0a

Cholesterol   –0.1  5.0  –0.2  4.4  –0.1  4.5  –0.2  4.0  20.0a

Creatin kinase       0.3  6.4  –0.4  6.4  –0.4  6.1  4.7
Creatinine   –0.1  8.0  –0.1  6.7  –0.2  6.7  –0.3  6.1  23.8a

LDH   –0.2  7.7  0.1  7.0  –0.2  7.1  –0.6  6.5  15.6a

Na   0.2  3.2  0.1  2.8  0.1  2.7  0.1  2.4  25.0a

P       –0.6  6.0  –0.3  4.9  –0.5  4.7  21.7a

Bilirubin, total       0.4  7.3  0.0  7.4  –0.1  7.3  0.0
Total protein   0.1  5.2  0.1  4.3  0.1  4.2  –0.1  3.7  28.8a

Triglyceride   –0.5  6.3  –0.4  5.7  –0.3  5.4  –0.5  5.1  19.0a

Urea   –0.2  6.1  –0.2  5.5  0.1  5.1  0.1  4.9  19.7a

Uric acid       –0.5  4.9  –0.3  4.9  0.0  4.5  8.2
                  15.7

aChanges with a difference of 10% between the start and end year of the program are marked.
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observed that both the nonconformity ratios and the dis-
tributions of CV% values of the programs are significantly 
different. Particularly in the EQA programs with high dis-
tribution, the nonconformity ratios are low as expected 
(Program 1 and 5). This might be due to various reasons. 
However, that these two programs have wide dispersions 
(5.8% and 9.6%, respectively) is important. Since the 
EQA makes evaluations according to the SDI data, it is an 
important finding that the nonconformity ratios are low 
in EQA programs. In EQA programs evaluated by RILIBAK 
and CLIA, total error is used for assessments. With the help 
of an additional assessment to be conducted through the 
national total error limits, in addition to the SDI assess-
ments, Turkey will minimize this difference. Besides, at 
least for certain analytes, a total error limit based on bio-
logical variation data might be used [26].

Within the framework of the EQA monitoring system, 
the reasons for unconformity between the years 2015 and 
2017 have begun to be determined. The data for the causes 
of samples that are inappropriate according to the results 
of EQA application are presented in Table 4.

As can be seen here, a significant part of the reasons 
for  unconformity are observed as the inability to iden-
tify the problem with data entry errors. However, users 

Table 3: The distribution of unconformity ratios (95% CI) and program CV% values for the five most frequently used programs over the years.

 
 

Unconformity ratio % (95% CI)  SD of coefficient of 
variation % (95% CI)

2014  2015  2016  2017

Program 1   2.66 (2.49–2.83)  2.41 (2.26–2.56)  1.89 (1.78–2.00)  2.11 (1.98–2.23)  5.7 (5.61–5.79)
Program 2   4.59 (4.35–4.83)  2.99 (2.82–3.16)  2.44 (2.31–2.58)  4.15 (3.93–4.36)  5.1 (5.01–5.19)
Program 3   4.69 (4.40–4.99)  4.29 (4.01–4.56)  3.04 (2.85–3.24)  2.64 (2.47–2.81)  4.8 (4.68–4.91)
Program 4   4.52 (4.16–4.88)  2.73 (2.44–3.03)  2.93 (2.68–3.18)  2.55 (2.32–2.77)  4.8 (4.65–4.95)
Program 5   2.15 (1.79–2.52)  2.17 (1.82–2.53)  1.88 (1.63–2.13)  1.56 (1.36–1.75)  9.6 (9.32–9.87)
Diğerleri   4.54 (4.18–4.90)  6.14 (5.72–6.55)  3.53 (3.30–3.77)  2.35 (2.19–2.50)  7.7 (7.56–7.91)

Figure 1: Unsatisfactory performance by years during EQA process 
(top) and error reduction rates (bottom).

Table 4: Distribution of reasons for unconformity by years.

The reason for unconformity 2015 (%) 2016 (%) 2017 (%)

Data entry errors (target or own results of the laboratory values) 22.2 18.04 8.27
Erroneous definition of methods 1.7 0.97 2.22
Erroneous definition of units 0.2 0.69 1.06
Erroneous preparation of samples (especially dilution) 5 6.37 11.4
EQA sample problems (inappropriate transfer or storage conditions) 2.7 0.97 0.15
Technical errors (probe, lamp, electrode, etc.) 7.9 4.58 3.76
Error concerning the reagent (past expiry date, waited too long on the device, insufficient collection by 
probe due to small amount)

4.6 4.09 3.07

Problems concerning the deionised water system 1.8 1.02 1.61
No problem detected. Patient and IQC practices checked and found to be conformant. Subsequently control 
observed to be conformant

44.9 53.8 59.5

Other reasons 9.0 9.47 8.96
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state  that these conditions do not reflect on patient 
outcomes.

In general, it is quite difficult to create a retrospective 
action plan in EQA programs. This is a major problem in all 
programs. However, the “inability to identify the problem” 
in our country is higher than international data. In the 
literature, it is observed that the main problems in EQA 
studies are dilution problems, device coding errors, device 
errors and calibration problems. The result rate of uniden-
tified EQA is 19–24% [23–25, 27]. The reason for this high 
rate may be the inability to carry out the cause and effect 
relation on the persons participating in the program. This 
situation should be considered as an important outcome.

Another important problem is data entries for cause 
and effect relation that are not recorded into the system 
by the laboratories. Generally, it has been determined 
that about 40% of the participants do not record “causes 
of unconformity” into the system. This is one of the most 
important outputs of the study. Therefore, efforts have 
been initiated to make it obligatory to record causes of 
unconformity into the system.

Although the collection of data began in 2010, the 
evaluation of system data has been improved between 
2014 and 2017, depending on the software updates made 
over the years in the EQA monitoring system. The distribu-
tion data obtained for each of these years is presented in 
Table 1.

In particular, it has been determined that the range 
of distribution between programs is decreasing each year 
and the results are closer to each other. Only GGT, direct 
and total bilirubin values were not decreased, but all 
other tests showed a significant decrease. On average, a 
decrease of 15.7% was detected. This improvement is pre-
sented in detail in the literature [28].

Study outputs
–– EQA monitoring system organized by the Republic of 

Turkey Ministry of Health has made a contribution to 
increasing the awareness regarding analytical period 
in laboratories. It is identified that there has been a 
decrease in discordance and variations regarding 
analytical period. It was evaluated that it would be 
appropriate to continue the study by expanding it.

–– Having too many different programs may cause prob-
lems in evaluating.

–– Problems have been detected by evaluating the dis-
cordances with SDI. It has been evaluated that adding 
the total error and evaluation to the system will con-
tribute to harmonization. The EQA participant results 

should be evaluated against agreed limits. These limits 
have been agreed by either professional organizations, 
authorities or suggested by the EQA organizers [29]. In 
addition, the total of the allowable error and precision 
values were determined for 16 test in Turkey [30].

–– Inadequacies have been identified in assessing EQA 
discordances and in forming preventive activities. It 
has been decided to plan training activities related to 
the subject.

Limitations of study
–– Analytical systems, control materials and EQA pro-

grams frequently change because of the frequent 
repetition of procurement processes in our country (1–
3 years). For this reason, the study was not performed 
as an in-vitro evaluation.

–– For similar reasons, the lot numbers of the control 
materials change very frequently, which is a factor 
that increases the variability.

–– In 2013, limited amount of data was reached due to 
the software change.

–– It is important that almost half of the discordances 
consist of random errors that are undeterminable. 
This problem was mainly attributed to the high SDI 
values of some of the programs due to the low SD 
values and it was considered acceptable. It has been 
evaluated that in the following years this ratio can be 
reduced because total error will be used as well.

–– There is significant heterogeneity among the EQA pro-
grams. There are differences in the form of evaluation 
(formulations, target values, peer groups, participant 
numbers etc.), cycle intervals (between 2 weeks and 
4  months), transfer types, material type differences 
(liquid and lyophilized), commutability. These factors 
might increase the variations. However, evaluation 
has made important contributions in this form.

–– No information, reasoning or justification was pro-
vided for almost 40% of the cases where the labora-
tory results were discordant with EQC expectations. 
The necessary training programs have been started. 
Assessment studies will continue.
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