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Assessment of Preanalytical Errors by Six Sigma
Method and the Pareto Principle Analysis
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Saniye Basak Oktay’, Ferhat Hanikoglu'

' Alanya Alaaddin Keykubat University Faculty of Medicine, Department of Medical Biochemistry, Antalya, Turkey.

ABSTRACT

Aim: In this study, we aimed to evaluate the preanalytical er-
rors over a five year period using the Six Sigma methodology
and Pareto Principle in the clinical biochemistry laboratory.

Methods: Five-year sample rejection data between January
2015 and December 2019 in the clinical biochemistry labora-
tory were analyzed and classified according to the reasons for
rejection. Six Sigma levels for the total and each preanalytical
error were calculated with Westgard online formula. Preanalyt-
ical errors were evaluated according to their frequencies ranks
and percentages with Pareto principle.

Results: The overall rate of five-year total critical preanalytical
errors was 1.91% and the sigma level was 3.6. According to Pa-
reto's chart, the three most common errors among the five-year
preanalytical rejections were clotted sample (42.49%, sigma val-
ue:4), insufficient sample (23.53%, sigma value:4.2), and wrong
container (8.01%, sigma value:4.5).

Conclusion: Six Sigma is a quality management methodology
used to evaluate laboratory performance processes according
to universal quality criteria. Calculated sigma values of pre-
analytical errors in our laboratory were within the acceptable
range. However, planned regulatory activities for frequently
observed preanalytical errors should be a laboratory manage-
ment strategy to reduce these error rates and improve our lab-
oratory performance.
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OZET

Amag: Bu calismada, klinik biyokimya laboratuvarimizda alti
sigma metodolojisi ve Pareto prensibi kullanilarak bes yillik st-
recteki preanalitik hatalarin degerlendirilmesi amaglanmistir.

Yontem: Klinik biyokimya laboratuvarinda Ocak 2015 ve Aralik
2019 tarihleri arasinda gerceklesen bes yillik numune red veri-
leri analiz edildi ve reddetme nedenlerine gore siniflandirildi.
Toplam ve her bir preanalitik hata icin gerceklesen red verile-
rinin alti sigma duizeyleri, Westgard online formli kullanilarak
hesaplandi. Preanalitik hatalar, Pareto prensibi kullanilarak sik-
lik siralari ve ylizdelerine gore degerlendirildi.

Bulgular: Bes yillik toplam kritik preanalitik hatalarin genel
orani %1,91 ve sigma diizeyi 3,6 idi. Bes yillik veriler Pareto gra-
figine gore degerlendirildiginde en sik karsilasilan preanalitik
hatalar pihtilasmis numune (%42,49, sigma degeri: 4), yetersiz
numune (%23,53, sigma degeri: 4,2) ve yanlis numune kabi
(%8,01, sigma degeri: 4,5) olarak belirlendi.

Sonug: Alti Sigma, laboratuvar performans siireclerini evrensel
kalite kriterlerine gére degerlendirmek amaciyla kullanilan bir
kalite yonetim metodolojisidir. Laboratuvarimizdaki preanalitik
hatalarin hesaplanan sigma degerleri kabul edilebilir araliktay-
di. Ancak sik gézlenen preanalitik hatalara yonelik planlanan
dizenleyici faaliyetler, bu hata oranlarinin azaltiimasi ve labo-
ratuvar performansimizin gelistirilmesi icin bir laboratuvar yo-
netim stratejisi olmalidir.
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Introduction

Clinical laboratories assume a critical role in patient safe-
ty. Therefore, they must enforce quality management
and provide quality reports to produce more accurate
and reproducible test results. The performance process-
es in laboratories consist of preanalytical, analytical, and
post-analytical phases. The preanalytical phase is the pe-
riod from the planning of which tests will be requested
to the starting of the laboratory analysis [1]. Although all
phases of the laboratory process are important for qual-
ity management, the majority of laboratory errors (46-
68%) occur in the preanalytical phase [2]. The preanalyt-
ical phase consists of test requests, patient identification,
sample collection, labeling, transportation, pipetting, and
centrifugation. In case of any negligence in these steps,
preanalytical errors may occur. The fact that many of these
multidisciplinary preanalytical variables are difficult to
control by the laboratory is a primary reason for the high
prevalence of preanalytical errors [3].

Six Sigma is a quality management method that inte-
grates accurate and precision evaluation, error identifica-
tion, and process improvement. Six Sigma is a component
of the continuous improvement approach used primari-
ly in the manufacturing world and then used in hospital
quality management since 1999 [4]. In the clinical labora-
tory, process performance should be evaluated according
to accepted quality criteria, and all errors should be de-
termined and controlled. Six Sigma is one of the quality
management methods that can be used to evaluate the
laboratory performance processes within universal crite-
ria. The universal application steps of Six Sigma are “Defin-
ing, Measuring, Analysing, Improving, Controlling” which
is called the DMAIC cycle [5]. Sigma values are defined as
"defects per million opportunities (DPMO)” and the Six
Sigma scale ranges from 0 to 6. A sigma value of 6 corre-
sponds to 3.4 DPMO and a sigma value of 1 corresponds to
691462 DPMO (Table 1). As the sigma values increase, the
error rates decrease and the reliability of the process in-
creases. In an evaluation of laboratory processes, the low-
er limit sigma value is accepted as 4 to reduce systematic
errors and ensure adequate performance [6]. Expressing
laboratory quality data with sigma values makes the or-
ganization of corrective and remedial initiatives practical
by providing a more accurate and easy assessment of the
quality level.

There are different analysis methods to evaluate the vari-
ables and errors that cause low sigma levels. The Pareto
Principle is one of the methods that list errors in order of
frequency to analyze the causes of problems and compare
them with each other [7]. The Pareto Principle, also known
as the 80/20 rule, states that roughly 80% of the effects
come from 20% of the causes [8]. In other words, a small

164

Table 1. Process sigma levels according to defects per mil-
lion opportunities

Sigma Level DPMO*
1 691462
308538
66807
6210
233
34

S|~ WIN

*DPMO: defects per million opportunities

number of factors or issues often account for the majority
of problems or outcomes. In the quality management pro-
cess, using the Pareto Principle ensures that efforts and
resources are prioritized to tackle the critical issues that
have the most significant impact. It allows us to focus on
addressing the vital few causes that are responsible for
most of the problems, rather than wasting resources on
less significant factors.

In this study, we aimed to evaluate the preanalytical errors
over a five year period using the Six Sigma methodology
and Pareto Principle in the clinical biochemistry laboratory.

Material and Methods

Materials

This observational study was conducted between January
2015 and December 2019 in the clinical biochemistry lab-
oratory of the Adiyaman University Research and Educa-
tion Hospital which is 400 bedded Tertiary Care Hospital.

Methods

The central laboratory is comprised of two departments
(biochemistry and microbiology) and serves inpatients,
outpatients, and emergency departments. All blood sam-
ples are collected in vacutainer by nurses/clinical staff, and
transported to the central laboratory mostly by pneumatic
system. Urine samples are transported to the central labo-
ratory by the patients in sterile urine containers. Laborato-
ry technicians observe the samples and requisition forms
for any pre-analytical errors. If any error is observed, the
sample is rejected and the reason for rejection is entered
into the laboratory information system (LIS).

Preanalytical errors and rejection criteria of samples are
as follows: missing test request, wrong test request, dou-
ble test request, mislabeled samples, improper transport,
absent sample, empty container, wrong container, inap-
propriate sample type, insufficient sample, inappropriate
volume, haemolysed, clotted, lipemic.
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Statistical Analysis

We analyzed the five-year sample rejection data in LIS of
the biochemical laboratory and classified them according
to the reasons for rejection. The annual percentages of the
rejected samples and their distribution according to the
reasons were calculated in Microsoft Excel 2007 software
program according to the formulas below.

Total critical errors frequency= (number of the total critical
errors/number of the total requests) x 100

Preanalytical errors rates according to the reasons= (num-
ber of the preanalytical errors according to the reasons/
number of the total critical errors) x 100

DPMO and Six Sigma levels for the total and each preana-
lytical error were calculated with Westgard online formula
(www.westgard.com/six-sigma-calculators).

Table 2. Distribution of preanalytical errors for five years

Preanalytical errors were evaluated according to their ffre-
quencies ranks and percentages with the Pareto Principle
applied in Microsoft Excel 2007 software program.

Results

The annual distributions of the total critical errors and
each preanalytical error in the biochemistry laboratory
between January 2015 and December 2019 were shown
in Table 2. According to these data, the number of total
requests for five years (hemogram, coagulation, cardiac
markers, biochemistry, hormones, tumor markers, urine
analysis, and urine drug levels) is 2809366, and the num-
ber of the total critical errors for five years is 53686. There
was a permanent increase in the total number of samples
between 2015 and 2019. While the total rejection percent-
age was 3.05 in 2015, the following years’ range was be-

Preanalytical 2015 2016 2017 2018 2019 TOTAL
error N % % % % % N %
Missing test 35 0.31 6 0.07 12 0.13 10 0.08 12 0.10 75 0.14
request

Wrong test 43 0.38 315 347 311 334 469 379 314 271 1452 2.70
request

Double test 795 7.00 855 9.43 577 6.20 814 6.58 1037 8.96 4078 7.60
request

Mislabeled 593 5.22 224 2.47 214 2.30 237 1.92 293 253 1561 2.91
samples

Improper 28 0.25 144 1.59 100 1.07 99 0.80 47 0.41 418 0.78
Transport

Absent 48 0.42 9 0.10 28 0.30 18 0.15 10 0.09 113 0.21
Sample

Empty 2371 2088 113 1.25 127 1.36 75 0.61 104 090 2790 5.20
container

Wrong 571 5.03 778 8.58 868 9.33 995 8.04 1087 939 4299 8.1
container

Inappropriate 559 4,92 268 2.96 233 2.50 171 1.38 287 248 1518 2.83
sample type

Insufficient 2592 2282 2185 2410 2204 23,68 2704 21.86 2945 2545 12630 23.53
sample

Inappropriate 3 0.03 53 0.58 11 0.12 10 0.08 13 0.11 920 0.17
volume

Haemolysed 701 6.17 341 3.76 207 2.22 210 1.70 246 2.13 1705 3.18
Clotted 3007 2647 3754 41.41 4390 47.17 6526 5275 5136 4438 22813 4249
Lipemic 12 0.11 20 0.22 25 0.27 34 0.27 41 0.35 132 0.25
Total critical 11358 3.05 9065 1.90 9307 156 12372 183 11572 1.68 53686 1.91
errors

Total requests 372185 476638 595772 676478 688293 2809366
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tween 1.56 and 1.90; and the five-year total rejection rate
was 1.91 percent.

The DPMO and sigma values calculated for each year of
the distribution of rejected samples due to preanalytical
errors were given in Table 3. The sigma level of total critical
errors for five years was 3.6. Sigma levels for each of the
preanalytical errors ranged from 3.9 to 5.9.

Pareto’s chart, which ranked the distribution of preanalyt-
ical errors according to their frequencies and cumulative
percentages, was given in Figure 1. According to the chart,
among the five-year preanalytical rejections, the three
most common errors were clotted sample (42.49%, sigma
value: 4), insufficient sample (23.53%, sigma value: 4.2)
and wrong container (8.01%, sigma value: 4.5).

Discussion

In this study, the total number of samples rejected in our
laboratory over five years and their distribution according
to the reasons for preanalytical rejection were examined.
The sigma values of the total and each of the preanalyti-
cal errors were calculated separately and their distribution
according to their frequency ranks and percentages were
evaluated by Pareto’s analysis.

According to our results, the percentage of total preanalyt-
ical errors for five years is 1.91%; and its sigma value is 3.6.
In addition, the annual sigma values calculated separately
for each of the preanalytical errors were 4 or over 4. When
the distribution of total critical errors by years was evaluated,
it was seen that the lowest sigma value was experienced in

Table 3. DPMO and Six Sigma values for preanalytical quality indicators

Preanalytical 2015 2016

2017

2018 2019 TOTAL

error DPMO Sigma DPMO Sigma DPMO Sigma DPMO Sigma DPMO Sigma DPMO Sigma
Missing test 94 53 13 57 20 57 15 57 17 57 27 5.6
request

Wrong test 116 5.2 661 4.8 522 4.8 693 4.7 456 4.9 517 4.8
request

Double test 2136 44 1794 4.5 968 4.6 1203 4.6 1507 45 1452 4.5
request

Mislabeled 1593 4.5 470 4.9 359 4.9 350 4.9 426 49 556 4.8
samples

Improper 75 53 302 5 168 5.1 146 52 68 5.4 149 52
Transport

Absent 129 5.2 19 57 47 5.5 27 5.6 15 57 40 5.5
Sample

Empty 6370 4 237 5 213 5.1 111 5.2 151 5.2 993 4.6
container

Wrong 1534 4.5 1632 4.5 1457 4.5 1471 4.5 1579 45 1530 4.5
container

Inappropriate 1502 4.5 562 4.8 391 4.9 253 5 417 4.9 540 4.8
sample type

Insufficient 6964 4 4584 4.2 3699 4.2 3997 4.2 4279 4.2 4496 4.2
sample

Inappropriate 8 5.9 111 5.2 18 5.7 15 5.7 19 5.7 32 5.5
volume

Haemolysed 1883 4.4 715 4.7 347 49 310 5 357 49 607 4.8
Clotted 8079 4 7876 4 7369 4 9647 39 7462 4 8120 4
Lipemic 32 55 42 55 42 55 34 5.4 60 5.4 47 55
Total critical 30517 34 19019 36 15569 3.7 18289 3.6 16813 37 19110 36
errors

*DPMO: defects per million opportunities
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Figure 1. The Pareto’s chart of preanalytical errors for five years (2015-2019)

2015, when the total number of requests was the least. The
reason for this is thought to be due to the problems experi-
enced from the hospital’s moving to the new building, and
installation process in 2015. Although the sigma value for the
total critical errors was below 4; when 2015 and 2019 were
compared, the number of total requests increased 1.85 times
(total requests in 2015: n=372185; total requests in 2019:
n=688293) and there was a minimal improvement in sigma
values over the years (2015 sigma: 3.4, 2019 sigma: 3.7) (Fig-
ure 2). When the preanalytical errors were evaluated accord-
ing to their causes, it was seen that the two most common
errors for five years were clotted samples (42.49%, sigma: 4)
and insufficient samples (23.53%, sigma: 4.2), respectively.

800000

In the study of Ercan S. [9]. using the Six Sigma method
to evaluate the reasons for preanalytical rejection for one-
year period, the overall rate of critical preanalytical errors
was 0.328%, with a Six Sigma value of 4.25. And although
the most common cause of the error was clotted sample
(32.7%; sigma: 4.375) similar to the present study, different-
ly the error rate was lower and the sigma level was within
the acceptable range. In the study of Mukhopadhyay et
al. [10] using the Six Sigma method to evaluate the rea-
sons for preanalytical rejection for two months, the overall
rate of critical preanalytical errors was 2.11%, with a Six
Sigma value of 3.6. These values were found close to the
current study, but the duration of this study was shorter.
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Figure 2. The alteration of total critical error and the number of total requests by years
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Lay et al. [11] and Guimaraes et al. [12] evaluated the pre-
analytical errors and found that the overall rate of critical
preanalytical errors was 2.7% and 0.57%, respectively, and
the most common reasons for rejection were clotted and
insufficient samples (percentages of clotted samples were
55.8% and 43.8%; insufficient samples were 29.3% and
24%, respectively). The six sigma method was not used in
these two studies, and when compared with the present
study according to the total critical error frequency rates,
it was observed that the error rate observed in the present
study (1.91%) was between those in these two studies. In
addition, the most common causes of errors were found
to be similar to the present study. There are many other
studies in the literature that evaluated preanalytical phase
performance and found that clotted and insufficient sam-
ples are common causes of rejection [13, 14,15, 16,17, 18].
While the total critical preanalytical error rate in the cur-
rent study was similar to some studies in the literature, it
was higher than most of them. In the current study, while
the annual sigma values calculated separately for each of
the preanalytical errors were 4 or over 4, the total error
sigma level was below 4. Therefore, with this study, it was
revealed that our laboratory should take regulatory and
preventive actions to reduce the total error sigma rate and
increase the sigma level to an acceptable level.

Pareto’s chart showed that the two most common reasons
for preanalytic rejection were caused by errors during
phlebotomy. Clotted sample, which is the most common
reason for rejection, may be caused by the excessive ra-
tio of blood to anticoagulant in the tube and not mixing
blood with anticoagulant sufficiently. This error may have
been caused by the fact that the blood sample was not
collected at the proper level specified on the tube during
phlebotomy and then was not mixed properly. Clotted
samples are not suitable for analysis as they cause inaccu-
rate and incomplete laboratory results and cause clogging
of analyzer probes. The second most common reason for
preanalytical rejection in our laboratory was insufficient
samples. Blood collection is accurately standardized with
vacuum tubes with defined blood levels. However, in units
such as neonatal, intensive care, and oncology, adequate
blood can not be collected due to the incompatibility of
the vascular structure of the patients. In addition, insuf-
ficient samples may be encountered due to the lack of
knowledge and experience of the phlebotomists and
nursing staff performing the phlebotomy procedure. An
insufficient sample is not suitable for analysis because the
amount of blood required for the analyzer cannot be pro-
vided.

To prevent all these errors caused mainly by the phleboto-
my process and to improve the total quality management;
Periodic training has been planned for technicians, nurs-
ing staff, interns, and doctors on phlebotomy, sample col-
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lection, and transportation. And also routine controls of
responsible personnel were tightened during the period
from blood sampling to entering the laboratory. After all
development activities, the “Control” step will be carried
out as the last step of the DMAIC cycle in the coming years.

In the present study, “Defining, Measuring, Analysing”
steps of Six Sigma were performed to evaluate the pre-
analytical errors in the clinical biochemical laboratory
over five years, and as the “ Improving “ step of Six Sigma,
solutions suggestions for the most common errors were
discussed according to Pareto principle. In the context of
laboratory quality management, applying Pareto princi-
ple enables the identification of the most frequent or se-
vere errors, leading to a better allocation of resources for
corrective and preventive actions.

In conclusion, the Six Sigma method and the Pareto prin-
ciple are effective and practical statistical approaches to
solving problems, and continuous improvement should
be a laboratory management strategy to make the pro-
cesses more efficient and more effective.

Conflict of Interest: The authors declare no conflict of in-
terest related to this article.

Funding sources: The authors declare that this study has
received no financial support.

Ethics Committee Approval: The study was about labo-
ratory management, thus ethical approval and informed
consent were not required. Data usage permission was
obtained for our study.

ORCID and Author contribution: S.B.0. (0000-0002-
3427-9893); F.H. (0000-0002-6979-9469). All authors
contributed to the study conception/design, material
preparation, data collection and analysis. All authors read
and approved the final manuscript.

Peer-review: Externally peer reviewed.

Acknowledgement: None

References

1. Shah S, Saini R, Singh SB, Aggarwal O, Goel AK. Six Sigma Met-
rics and Quality Control in Clinical Laboratory. Int J Med Res Rev.
2014;2(2):140-9. doi: 10.17511/ijmrr.2014.i02.20.

2. Hammerling JA. A Review of Medical Errors in Laboratory Diag-
nostics and Where We Are Today. Lab Med. 2012;43(2):41-4. doi:
10.1309/LM6EROWIR1IHQAUY.

3. Lima-Oliveira G, Volanski W, Lippi G, Picheth G, Guidi GC. Preana-
lytical phase management: a review of the procedures from pa-
tient preparation to laboratory analysis. Scand J Clin Lab Invest.
2017;77(3):153-63. doi: 10.1080/00365513.2017.1295317.



Basak Oktay S. and Hanikoglu F. Six Sigma Method in Preanalytical Errors

Acta Medica Alanya 2023;7(2): 163-169
Doi: 10.30565/medalanya.1325564

Oktay SB, Ayyildiz SN. Assessment of analytical process performance
using the Six Sigma method: A comparison of two biochemistry
analyzers. Int J Med Biochem. 2021;4(2).97-103. doi: 10.14744/
ijmb.2021.14633.

de Araujo BV. “Lean Six Sigma in Services: An Application of the
Methodology in the Attendiment Sector of an Exam Laboratory.”
Science Journal of Business and Management. 2020;8(3):119-31. doi:
10.11648/j.5jbm.20200803.13.

Carlson RO, Amirahmadi F, Hernandez JS. A primer on the cost of
quality for improvement of laboratory and pathology specimen
processes. Am J Clin Pathol. 2012;138(3):347-54. doi: 10.1309/AJCPS-
MQYAF6XTHUT.

Kulkarni S, Ramesh R, Srinivasan AR, Silvia CRWD. Evaluation of Pre-
analytical Quality Indicators by Six Sigma and Pareto’s Principle.
Indian J Clin Biochem. 2018;33(1):102-7. doi: 10.1007/s12291-017-
0654-5.

Picarillo AP. Introduction to quality improvement tools for the clini-
cian. J Perinatol. 2018;38(7):929-35. doi:10.1038/s41372-018-0100-4.
Ercan $. The Evaluation of Rejected Samples Prevalence Using Six
Sigma. Turrk Klinik Biyokimya Derg. 2016;14(1):32-9.

. Mukhopadhyay T, Shekhar S, Dagar VK, Mukhopadhyay AK. Char-

acterization of pre-analytical errors using six sigma metrics and
process capability index in a clinical biochemistry laboratory. Int J
Health Sci Res. 2021;11(2):171-6. doi: 10.52403/ijhsr.

. Lay IS, Piar A, Akbiyik F. Classification of reasons for rejection of

biological specimens based on preanalytical processes to identi-
fy quality indicators at a university hospital clinical laboratory in

12.

14.

15.

16.

17.

18.

Turkey. Clin Biochem. 2014;47(12):1002-5. doi: 10.1016/j.clinbio-
chem.2014.04.024.

Guimaraes AC, Wolfart M, Brisolara ML, Dani C. Causes of rejection
of blood samples handled in the clinical laboratory of a Universi-
ty Hospital in Porto Alegre. Clin Biochem. 2012;45(1-2):123-6. doi:
10.1016/j.clinbiochem.2011.10.009.

. HarsimranKaur VN, Selhi PK, Sood N, Singh A. Preanalytical Errors in

Hematology Laboratory- an Avoidable Incompetence. Iran J Pathol.
2016;11(2):151-4. PMID: 27499777

Atay A, Demir L, Cuhadar S, Saglam G, Unal H, Aksun, et al. Clini-
cal biochemistry laboratory rejection rates due to various types of
preanalytical errors. Biochemia Medica. 2014;24(3):376-82. doi:
10.11613/BM.2014.040.

Oz L, Koger D, Buldu S, Karakiikcii C. Analysis of pre-preanalytical
errors in the clinical biochemistry laboratory of Kayseri Egitim ve
Arastirma Hastanesi. Turrk Klinik Biyokimya Derg. 2016;14(1):6-11.
Lippi G, Bassi A, Brocco G, Montagnana M, Salvagno GL, Guidi GC.
Preanalytic error tracking in a laboratory medicine department:
results of a 1-year experience. Clin Chem. 2006;52(7):1442-3. doi:
10.1373/clinchem.2006.069534

Korkmaz $. Evaluation of Rejected Sample Rates Using Six Sigma
Method. Tuirk Klinik Biyokimya Derg. 2020;18(1):17-25.

Gajjar M, Patel A, Jain S. Monitoring of quality indicators in pre-an-
alytical phase of testing in the clinical biochemistry laboratory of a
tertiary care hospital attached with Government Medical College.
IOSR- Journal of Dental and Medical Sciences. 2016;15(7):62-68.
doi:10.9790/0853-15075626.

169



