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Abstract

Background: It is responsibility of medical laboratories
to determine and reject nonconforming samples as well
as take preventive actions. In this study, we examined
reasons and percentages of rejected samples. We also
investigated impact of the preventive actions on decreas-
ing the rejection rates.

Materials and methods: Reasons for rejection were deter-
mined by Pareto analysis. Sigma analysis was used for
each month to evaluate the ratios and compare with other
studies. Some preventive actions were taken to reduce the
rejection rates. Pearson’s chi square test was used to eval-
uate effects of preventive actions. Significance level was
determined as p < 0.05.

Results: Most of the rejected samples consisted of samples
not received by the laboratory, haemolysed and insuffi-
cient samples. The percentages of samples not received
by the laboratory and insufficient samples were reduced
from 3.80% to 1.94% and 0.33% to 0.31% respectively,
while haemolysed samples percentage was increased
from 2.83% to 3.37% after the improvement actions. Also,
sigma levels for samples not received by the laboratory
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and haemolysed samples were at the minimum while
insufficient samples were at a reasonable level.
Conclusion: Improvement actions achieved statistically
significant decreases for samples not received by the labo-
ratories for a long-term.

Keywords: Sigma level; Pre-analytical error; Rejection
rates.
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Amag: Uygunsuz numuneleri tespit etmek, reddetmek ve
Onleyici faaliyetlerde bulunmak tibbi laboratuvarlarin
sorumlulugundadir. Bu calismada reddedilen ornekle-
rin nedenlerini ve yiizdelerini inceledik. Ayrica 6nleyici
faaliyetlerin reddetme oranlarinmi diisiirmedeki etkisini
arastirdik.

Gere¢ ve Yontem: Reddetme nedenleri Pareto analizi ile
belirlendi. Aylik olarak oranlar1 degerlendirmek ve diger
calismalarla karsilagtirmak i¢in Sigma analizi kullanildi.
Reddetme oranlarini azaltmak icin bazi 6nleyici 6nlem-
ler alind1. Onleyici faaliyetlerin etkilerini degerlendirmek
icin Pearson ki kare testi kullanildi. Anlamlilik diizeyi
p <0.05 olarak belirlendi.

Bulgular: Reddedilen 6rneklerin ¢cogu laboratuvara teslim
edilmeyen, hemolizli ve yetersiz numunelerden olus-
maktaydi. Diizeltici faaliyetlerle, laboratuvara teslim
edilmeyen ve yetersiz numunelerin yiizdeleri sirasiyla %
3.80°’den % 1.94%e, % 0.33’den % 0.31’e diiserken, hemo-
lizli numunelerin yiizdesi % 2.83’ten % 3.37’ye yiikseldi.
Ayrica, laboratuvara teslim edilmeyen ve hemolizli numu-
neler icin sigma seviyeleri minimum seviyede iken, yeter-
siz numuneler i¢in kabul edilebilir diizeyde idi.

Sonug: Diizeltici faaliyetler laboratuvara teslim edilmeyen
numunelerde istatistiksel olarak anlamli diisiis sagladi.

Anahtar kelimeler: Sigma diizeyi; Preanalitik hata;
Reddetme oranlari.
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Introduction

The detection, prevention and decrease of unwanted
events in laboratories have great importance. So analys-
ing the errors in laboratories has drawn greater attention
recently, aiming to detect, prevent or decrease adverse
events. Since the beginning of the sixties, analytical
quality control has been initiated and focused on issues
such as quality management, the use of quality objectives,
and the determination of processes, and an approach to
quality assurance has been developed [1]. In this respect,
the ISO/TS 22367 standard specifies how risk management
should be implemented in the structure, organization,
and quality management system of clinical laboratories,
and it emphasizes the phases before and after analysis [2].
Errorsin clinical laboratories are measured and controlled
by means of indicators that allow objective evaluation of
the problem and comparison with different laboratories
[1]. According to ISO 15189, laboratory managers should
apply quality indicators systematically to follow the labo-
ratory contribution for clinical evaluation of patients [2].

The analytical phase, which is one of the three basic
processes in the clinical laboratory, is the highest stand-
ardized process with well-defined indicators and inter-
nationally accepted definitions. All studies acknowledge
that extra analytical (especially pre-analytical) processes
are the most common of the faults. Since these processes
involve the participation of various personnel (physi-
cians, medical laboratory specialists, nurses, laboratory
technicians, phlebotomists, etc.), the management of
this phase is very critical and difficult. The pre-analytical
phase errors are responsible for the majority of the total
errors (46—68.2%) in laboratory [3]. Various pre-analyti-
cal errors are observed, such as the suitability of the test
request, patient authentication error, timing errors related
to sample retrieval and preparation, haemolytic or lipemic
sera, inappropriate transport, insufficient sample, and
inappropriate tube usage [4].

The personal impact on sample collection is an impor-
tant factor, and the pre-analytical error rate for phleboto-
mists is 2-4 times higher than that of laboratory staff [5].
Due to blood collection errors, sample incompetence is
generally more commonly observed in blood sample col-
lection by nurses who do not have adequate experience
and training in clinics compared to phlebotomists [6].

The percentages of reasons for rejected samples in lab-
oratories, are also one of the quality indicators. According
to the Health Quality Standards (SBL-03), which are pre-
pared by the Turkish Ministry of Health, it is the respon-
sibility of the medical laboratories to identify and reject
unsuitable samples for analysis, to evaluate the rejected
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sample frequency at regular intervals and to initiate pre-
ventive actions when necessary [7]. All of these are neces-
sary for clinical laboratories to improve performance and
patient safety [6].

In this study, the aim was to analyse the rejected
samples in terms of the reasons and the departments
they are sent from as well as to evaluate the impact of the
improvement actions on the rejection rates.

Materials and methods

All data were obtained from the Uludag University Health
Practice and Research Hospital, which is an 896 bed care
centre. The samples rejected in the Biochemistry Labo-
ratory between 01.05.2016 and 01.04.2017 were exam-
ined monthly in terms of the reasons and the rejecting
departments.

Clinical chemistry, immunochemistry, hematology,
glycated hemoglobin (HbAlc), coagulation, erythrocyte
sedimentation rate (ESR) and urinalysis tests conducted
on these dates were included in the study. Different tubes
were used for each assay. Na-citrate vacutainer tubes for
coagulation, with gel separator for clinical chemistry and
immunoassay, K.EDTA tubes for hematology, ESR and
HbAlc and non-gel separator tubes for urine tests were
used. For inpatients, phelobotomist picked up the requisi-
tion and generated barcoded labels from the system, prop-
erly sticked on pertinent tubes and went to the bedside
to check patient’s identification. For outpatients, this pro-
cedure were done as follows: the barcoded appropriate
tubes were given to patients by the staff and then to the
phlebotomist. After checking the personal information,
the blood is collected by vacutainer. Then, the samples
were transferred to the laboratory by the trained staff for
processing. Only for chemistry and immunochemistry
tests, blood samples were allowed to clot about 20 min,
then centrifuged at 2520 g for 7 min. For coagulation tests
citrated tubes are immediately centrifugated at 2200 g for
10 min. After centrifugation, all samples were delivered to
the analyzers. There is direct spectrophotometric assess-
ment for hemoglobin as haemolysis-index (H-index),
triglyceride as lipemia index (L-index) and bilirubin as
icteric index (I-index) in our clinical chemistry analys-
ers. This measurement allows us to evaluate large number
of serum or plasma samples for interferences mentioned
above in a rapid and inexpensive way.

The reasons for rejection were determined by Pareto
analysis. According to the Pareto rule, the most impor-
tant 20% of the causes were responsible for 80% of the
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results, and this highlights areas of non-compliance and
priority improvement goals. In this study, the reasons for
rejection were ranked according to their numerical size
and percentages, and afterwards, cumulative percentages
were taken. The causes of rejection within a cumulative
90% were identified and assessed. Percent rejection rates
for samples not received and insufficient samples were
calculated by the rejected sample number x 100/total
sample number formula; the percentage rejection rate for
the haemolysed samples was calculated by haemolysed
samples x 100/total number of samples that could be
affected by haemolysis.

The pre- and post-preventative action rates of samples
not received by the laboratory and haemolysed and/or
insufficient were defined on the basis of the precautions
taken. Three preventive actions were taken: (1) written
notification of the error to the departments through the
chief physician; (2) face-to-face interviews with heads
of departments; and (3) corrective and preventive action
(CAPA). CAPA is the most formal preventive action by pro-
viding information for the hospital quality management.
CAPA is a formal process for removing an existing or poten-
tial problem. The process begins with filling and sending
a special form (CAPA form) to the Quality Management
Unit, in which the cause of the problems and necessary
steps to achieve the solution are identified by the labora-
tory manager. The Quality Management Unit, connected to
hospital management, evaluates the form and gives infor-
mation to the related head of the department where the
problem is observed. After the advisement by the Quality
Management Unit, necessary precautions were taken by
the head of department, for example, informing the staff
about the problem. The process is ended by giving feed-
back about the corrective actions performed to the Quality
Management Unit.

Each category included different time intervals
because the quality meetings held at different time inter-
vals. Data evaluated by dividing them to following five
groups: before written notification of error to the depart-
ments through the chief physician (May); after written
notification of error to the departments through the chief
physician (June, July and August); face-to-face interviews
with clinicians (September); pre-CAPA period (October
and November); and post-CAPA period (December,
January, February and March). There was no reference
as to how the separation between the categories should
be made. To solve the causes of high rejection rates at
the end of the August face to face interviews made by the
head of departments. The rates of rejected samples, after
face to face interviews, decreased in the following month
(September) but it was not a permanent solution. The
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rejection rates returned to the initial levels of study in the
next months (November and December). Therefore, only
the results of September utilised for estimating the impact
of face to face interviews. The results of November and
December were used as a pre-CAPA period to evaluate the
CAPA effect better. The results belonging September is not
included to rule out the effect of low rejection rates caused
by face to face interviews.

Pearson’s y? test was used to compare data. The sig-
nificance level was determined as p <0.05.

The data were converted to a six sigma scale using
the Westgard calculator to predict the degree of control
over the processes and to compare the data given in the
literature. For each quality indicator, the rejection number
and the total number of samples were entered online at
https://www.westgard.com/six-sigma-calculators.htm,
and the sigma level was determined. An error rate of 6.68%
according to the equivalence table between the Westgard
sigma level and the number of defects per million corre-
sponds to a sigma of 3, indicating an unacceptable thresh-
old value; the error rate of 0.62% corresponds to a sigma
of 4, indicating that it is well-controlled.

Results

The Pareto analysis was performed to determine the
reasons for rejection. In this analysis for any 1 month,
it was observed that 91% of the rejected samples were
samples not received by the laboratory (52%), haemolysed
samples (31%) and insufficient samples (8%), respec-
tively. The vast majority of samples not received by the
laboratory were urine samples (Figures 1 and 2).

In May 2016, the total number of samples accepted in
the laboratory was 122,232, while the number of samples
not received by the laboratory was 4648 (3.80%). Emer-
gency services with 733 (15%) and the paediatric clinics with
471 (10%) numbers were the two most common services
responsible for not received samples. The high rejection
rates were due to not received urine samples, since urine
tests were requested before the samples were collected. In
the cardiology clinic, the number of samples not received
by the laboratory was 293, whereas in the orthopaedic
clinic, this number was 199. In this month, the number of
samples that could be affected by haemolysis was 43,946,
while the number of haemolysed samples was 1245 (2.83%).
The number of insufficient samples was 408 (0.33%). The
high rates of insufficient and haemolysed samples were due
to same clinics too. Thus, an error declaration was made by
the chief physician to these departments to take care of this
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Figure 1: Pareto analysis for a randomly selected month.
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Figure 2: Rejection ratio according to the months.

issue. Therefore, May was evaluated as the period before
written notification of the error.

After notification of the departments, the results were
analysed in 3 months’ time. The total number of accepted
samples was 350,456 in June, July and August, and the
number of samples not received by the laboratory was
14,205 (4.05%), the number of haemolysed samples was
4532 (3.54%) and the number of insufficient samples was
1137 (0.32%). At the end of August, face-to-face interviews
with the heads of emergency services as well as the paedi-
atric, orthopaedic, cardiology, nephrology, oncology, gas-
troenterology, neurosurgery and general surgery clinics
were conducted, and the high rates of samples not received
by the laboratory and haemolysed samples were reported.
Preventive actions were discussed with heads of these

3

Haemolysed sample

departments to overcome this problem. These 2 months
were analysed as the period after written notification of
error to the departments through the chief physician.

In September, after the interview, the number
of samples not received by the laboratory was 2527
(2.35%). The rates of samples not received by the labora-
tory decreased by 50%, except for the oncology clinics.
The numbers of insufficient samples and haemolysed
samples were 406 (0.38%) and 1826 (4.61%), respec-
tively. It was found that the highest rates were mainly
due to the samples from the paediatric emergency ser-
vices as well as paediatric and cardiology clinics. The
percentages of this month were used for estimating
the impact of face-to-face interviews with the heads of
departments.
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In October and November, it was noted that all of
rates were increased except for that for haemolysed
samples. The average rejection rates for these 2 months
of samples not received by the laboratory, insufficient
samples and haemolysed samples were 3.64%, 0.45% and
4.17%, respectively. Accordingly, improvement action was
started by filling out the corrective and preventive activity
form for the departments whose rates were determined to
be high in the quality meeting held at the beginning of
December. The rejection rates of October and November
were used as pre-CAPA data. Rejection rates that fell after
face-to-face interviews in September were not included in
the pre-CAPA data.

After the corrective preventive activity, in December,
January, February and March, in particular, the percent-
age of samples not received by the laboratory decreased.
The average rejection rates for these months were 1.94%
for samples not received by the laboratory, 3.37% for the
haemolysed samples and 0.31% for insufficient samples,
which were used as post-CAPA data (Table 1).

When the impacts of the preventive actions were
evaluated, there was a significant decrease in only
samples not received by the laboratory after the CAPA
when compared to the mentioned preventive actions
(p<0.001) (Table 2).

Table 1: Rejection rates after corrective and preventive activity.

After corrective Samples not Insufficient Haemolysed
preventive received by samples (%) samples (%)
activity laboratory (%)

December 2.18 0.35 4.06
January 2.11 0.34 3.12
February 1.70 0.26 3.26
March 1.80 0.30 3.14
Average 1.94 0.31 3.37
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Discussion

Pre-analytical errors account for approximately 70% of
total laboratory errors and have significant clinical and
economic impact in medical care. The pre-analytical stage
should be tightly controlled so that the laboratory can
attain a sufficient performance level. Quality indicators
are useful performance monitoring tools for the pre-ana-
lytical phase of the test process [8].

In the literature, Jandial and Gosai found that the
main reasons for rejection in a university hospital study
in India were insufficient samples (78%), haemolysed
samples (18.92%) and lipemic samples (1.81%) [9].
Similarly, Gajjar et al. reported that the most common
reason for rejection was insufficient samples (82%) [10].
Similarly, Atay et al. found the most common reason
for rejection was insufficient samples (34%), clotted
samples (24%) and haemolysed samples (8%) at the
[zmir Ataturk Training and Research Hospital [6]. A like
Aykal et al. reported that the most frequent cause of
rejection was insufficient samples (38%) and the second
was haemolysed samples (34%) at the Antalya Training
and Research Hospital. They also reported that before
preventive actions (face to face interview, clinical staff
education, etc.) rejection rate was found 0.25% whereas
rejection rate has been found to decrease after preven-
tive actions [11]. Gimenez-Marin et al. reported that
the most frequent cause of rejection was haemolysed
samples (87%) and that the second most frequent was
urine samples not received by the laboratory (1.6%) [1].
Simundic et al. also reported the most common rejec-
tion as haemolysed samples (65%) [12]. Grecu et al.
reported the main reasons for rejection as haemolysed
samples (46.4%), clotted samples (43.2%) and samples
not received by the laboratory (6.4%) for the study they
carried out for 1 year [8].

Table 2: Changes in the rejection rates of samples not received by the laboratory, haemolysed and insufficient samples with the preventive

actions.

Preventive actions

Samples not received

Insufficient samples Haemolysed samples

by laboratory

% Sigma level % Sigma level % Sigma level
Before a written notification of error to the departments 3.8 3.3 2.83 3.5 0.33 4.3
through the chief physician
After a written notification of error to the departments 4.05 3.3 3.54 3.4 0.32 4.3
through the chief physician
The first month after face-to-face interviews with clinicians 2.35 3.5 4.61 3.2 0.38 4.2
Pre-CAPA period 3.64 3.3 4.17 3.3 0.45 4.2
Post-CAPA period 1.94 3.6 3.37 3.4 0.31 4.3

CAPA, Corrective and preventive action.
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The six sigma scale was used to compare the results
with previous studies. Kulkarni et al. [13] indicated that
a pre-analytical quality indicator with a sigma value of 4
and above was well controlled, whereas Grecu et al. [8]
divided the sigma values into four levels for pre-analytical
errors (very good: sigma >5; good: sigma of 4-5; minimum:
sigma of 3-4; and unacceptable: sigma <3) and suggested
that these classifications made it easier to assess improve-
ment in laboratory services.

In this study, sigma values ranged from 3.3 to 3.6 for
samples not received by the laboratory. According to the
above classification, this sigma value is above the unac-
ceptable limit but is in the position to be improved. In the
study conducted by Grecu et al. the sigma value of samples
not received by the laboratory was stated as 4.8 [8]. Haemo-
lysed samples had sigma values between 3.2 and 3.5. The
sigma value was found to be at the minimum level accord-
ing to the above classification and was similar to those of
other studies. Grecu et al. found the sigma value to be 4.2
in the study they performed [8]. In the study conducted by
Sciacovelli et al. the sigma value for haemolysed samples
were found to be 3.6 [14]. The sigma value for the insuffi-
cient samples ranged from 4.2 to 4.3. According to the clas-
sification, the sigma level was at a good level. Sciacovelli
et al. [14] reported the sigma level for insufficient samples
as 4.8, whereas Gajjar et al. [10] reported it as 3.8. Kulkarni
et al. found a sigma level of 4.3 for insufficient samples
[13]. Aykal et al. reported that before preventive actions,
sigma value of rejected samples was found between 3.5
and 3.65, whereas sigma value of rejected samples was
found between 3.75 and 3.87 after interview [11].

International professional laboratory organizations
are becoming increasingly interested in performance
standards. To reduce laboratory errors, the International
Federation of Clinical Chemistry (IFCC) and Laboratory
Errors and Laboratory Medicine on Patient Safety have
developed a number of specific quality indicators, and
they have also defined quality specifications for these
indicators. Of the 56 quality indicators, 34 were focused
on the pre-analytical phase [15]. Three levels, minimum,
desired, and optimum levels, were defined for these
quality indicators, and values below the minimum were
considered unacceptable [8].

According to IFCC values, post-CAPA rejection rates
of samples not received by the laboratory (1.94%) and
haemolysed samples (3.37%) were above the unaccep-
table level and required improvement; the rejection rate
of insufficient samples (0.32%) was within the optimum
level.

Haemolysis is one of the most common sources of error
in clinical laboratories and accounts for approximately
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60% of rejected samples during studies [16]. In this study,
the haemolysis sigma value was similar to other study
data but at the minimum level. It was observed that con-
formity with the sampling and transport procedures as
well as with the centrifuge procedures were important for
improving the haemolysed sample rejection rate.

Insufficient samples was the third most common
cause of rejection. It is known that it is difficult to collect
large enough blood specimens, especially from neonates,
children and oncology patients. As expected, in this study,
the paediatric clinics were the leading department with
the highest number of insufficient samples. Insufficient
samples lead to longer coagulation times in tests such
as the prothrombin time (PT), activated partial thrombo-
plastin time (aPTT), thrombin time, and lower fibrinogen
level. As a matter of fact, Lippi et al. have found significant
differences in outcomes if the citrate tube target volume is
less than 89% for aPTT, less than 78% for fibrinogen and
less than 67% for coagulation factor VIII. Therefore, cit-
rated tubes with a target volume of less than 80% should
be rejected [17]. In this study, it was observed that the
insufficient sample rejection rate was similar to the data
from other studies and had a good sigma level. However,
when insufficient sample rates were analysed according
to the clinics, it was observed that the ratio in the paediat-
ric clinics was higher than that of other clinics. It has been
concluded that the use of micro-tubes may be beneficial to
reduce this rate in paediatric clinics.

It was found that the ratio of samples not received
by the laboratory, which is the first reason for rejec-
tion, was higher when compared to other study data.
When the cause of this high ratio was questioned, it was
observed that the clinics had made additional unneces-
sary test requests at night hours for samples that must be
requested in the morning. It was determined that urine
specimens not received by the laboratory were responsi-
ble for the high rejection rate of emergency and paediatric
emergency services. To reduce this rate, it may be sug-
gested that clinics other than emergency and paediatric
emergency services should make requests immediately
before sampling, while emergency and paediatric emer-
gency services should make urine requests after taking
urine samples.

Although many preventive actions such as error noti-
fication through the chief physician and face-to-face inter-
views with clinicians were taken in order to decrease the
rejection rates, which are important in terms of quality
standards in healthcare, it was observed that only CAPA
achieved statistically significant decreases in the rejection
rates for longer periods. We think that CAPA, which is an
official procedure that is linked to hospital management,
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is considered seriously by the staff compared to face to face
interviews and written notifications, which are carried out
through bilateral relations. The rotation of the staff and
the lack of knowledge among the entire staff could also be
the possible cause of insufficient improvement with face
to face interviews and written notifications.

In conclusion, the rejection rates can be improved in
cooperation with the hospital management and the labo-
ratory staff as well as all the other employees involved in
this process.
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