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ABSTRACT

Background: Over the years, modemn medicine has provided better quality services to patients. However, medical error is still
prevalent and has a lot of negative consequences on patients’ outcomes. These may include delayed treatment, longer
hospital sfays, or even worsening of the patient's condition. This study aimed to determine the sample rejection rate at KCMC
Clinical Laboratory and characterize pre-analytical errors that contribute to it.

Methods: Data extraction sheet was used fo collect information from rejection forms from January to December 2016. The
data collection form gathered information on where samples were collected and send for laboratory analysis, and the types
of rejected sample. Information on the reasons for sample rejection were also collected.

Results: The proportion of rejected samples stand at 0.19% (out of 117181 samples received from January to December 2016,
234 were rejected). The highest rates of rejection were from haematology section 78 (33.3%). The major type of rejected
sample was blood {86.3%) and 20% of the rejected samples came from internal medicine department, mainly from its inpatient
department (13.6%). The commonest reason for rejection was unpaid specimens 84 (35.9%).

Conclusion: Study results indicate the need for improving quality control system which will enhance sample management and
prompt identification of deficiencies. The high rate of sample rejection due to lack of payment signify the need for improved
government policies that address health expenses coverage. Provision of trainings on phlebotomy and blood samples
fransportation can reduce the rate of sample rejection due to clotting.
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INTRODUCTION analytical, analytical and post-analytical phases of
sample analysis, but pre-analytical errors account for

around 70% of all the errors.2® The pre-analytical
phase includes procedures that start from the clinician
requesting a laboratory test on a patient, identification
of the patient and sample, patient preparation,
collection of the samples, sample handling,
transportation, processing and storage”.

Clinical laboratory services play a significant role in

the management of patients. Clinicians rely on
laboratory investigations for contirmation ot diagnosis
and ensuring quality service to patients. The proper
management of patients is mainly influenced by
accurate! and timely released results from the
laboratory?. Laboratory errors stand as barriers to
achieving this. These errors can occur during the pre-
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Clinical laboratories worldwide have established
protocols for sample collection and analysis and
several criteria to judge the quality of a sample for
analysis. The protocols are essential in guiding
appropriate testing and quality results. In the pre-
analytical phase, a sample is deemed inappropriate for
analysis in the following case scenarios: unlabelled
specimen, insutficient patient information,
haemolysed specimen, wrong container, the
inadequate volume of sample, wrong specimen,
prolonged transport, clotted sample, no specimen
submitted, leaking specimen containers, contaminated
request forms, and unpaid specimens'®.

The occurrence of laboratory errors cause delays in
sample analysis and prevents the clinicians from
providing timely management to their patients which
negatively impacts patients” outcome’, especially for
the critically ill. A longer stay in the hospital due to
delay in sample analysis and treatment also means
wasted economic resources on the patient and
insurance companies. Sample rejection causes the
need to repeat withdrawing more samples and lead to
much discomfort, especially for painful procedures like
withdrawing blood or cerebrospinal fluid.

Identitying quality indicators is a critical step in the
laboratory services that enables the user to quantity,
document, monitor, and improve quality?. Quality
indicators such as patient safety, etfectiveness, equity,
patient-centeredness, timeliness and efficiency are
objective measures to evaluate critical healthcare
domains!®. Determining the suitable quality indicators
for the pre-analytical phase is critical as most of the
errors occur in this phase of the total testing process
(TTP). The initial stages of TTP are neither done in the
clinical laboratory nor solely carried out by laboratory
personnel. Evaluation, monitoring and improving all
the initial process of the TTP is crucial for appropriate
patient management!'!12,

To ensure the quality of results in the laboratory,
external quality control is done to measure laboratory
performance in pre-analytical, analytical and post-
analytical phases. The external quality control is a
performance indicator for our quality system and
positively contributes to reducing errors in all phases.
Sample handling guidelines are available in KCMC
clinical laboratory and other hospital departments in
order to minimise errors in pre-analytical phases
because these errors occur in ditferent places and not
only laboratory personnel are involved but also
clinicians, nurses and patients'®. Errors in the pre-
analytical phase affect both analytical and post-
analytical phases't. Information on what goes wrong
during the pre-analytical phase is vital in deciding
where to focus interventions and what improvements
can be brought to the currently available guidelines.

There is also a laboratory information system (LIS)
which is used to record the required details of all
samples received in the laboratory, entering test
results and authorising their release. Information of
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In spite of guidelines on sample handling being
available at KCMC clinical laboratory and other
hospital departments, there is still an obvious need to
improve on the quality of samples provided to the
laboratory for analysis. With a better understanding of
the sample rejection rate and pre-analytical errors, it
will be possible to develop strategies that can help
improve the quality of samples submitted to the
clinical laboratory department and provide timely
management to the patients. This study aimed to
assess the overall rate of sample rejection, the reasons
and type of sample rejected, the hospital departments
they come from, and the clinical laboratory sections
they go to.

METHODS

Study design

This was a hospital based cross-sectional study. The
KCMC Clinical Laboratory Department systematically
records every rejected sample using a sample rejection
form. The rejection forms are kept in the laboratory’s
archives and are arranged chronologically.

Setting

This study was conducted in the Clinical Laboratory
department at KCMC Referral Hospital Moshi,
Kilimanjaro Region in the Northern zone of Tanzania.
This clinical laboratory is accredited as Zonal Reference
Laboratory for the Arusha, Dodoma, Kilimanjaro,
Singida and Tanga regions. The clinical laboratory is
divided into different sections, namely Haematology,
Clinical biochemistry, Microbiology, Serology, Blood
transfusion, Parasitology and Molecular diagnostics. It
receives specimens from outpatient department (OPD)
clinics, Casualty, and inpatient departments (Internal
Medicine, Obstetrics and Gynaecology, Surgical
departments, namely General surgery, Orthopaedics,
Urology, ENT, Ophthalmology, and Paediatrics). The
laboratory is also a teaching area for students from
ditferent programs (Doctor of Medicine, Bachelor of
Science in Health Laboratory Sciences, and Diploma in
Health Laboratory Sciences).

Data Collection

Basing on the study’s objectives, a data extraction
sheet was created and used to manually record the
relevant information from the sample rejection forms
from the 1st of January to the 31st of December 2016.
This will include the patient’s hospital number, the
hospital department, the time of sample collection and
reception, the test requested, the clinical laboratory
section, the type of sample and the reason for
rejection.

the total number of samples received in the laboratory
in 2016 was obtained from LIS.
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Data Analysis

Data were entered, cleaned and analysed using
Statistical Package for Social Science (SPSS); IBM
Corporation, New York, USA released in 2012, IBM
SPSS Statistics for window, version 20. After
extracting information from LIS using data extraction
sheets, data were entered in SPSS. Our outcome of
interest, number of samples rejected was defined as
number of samples rejected during the study period.
Rejected samples were coded 1 as samples rejected at
the laboratory and 0 as samples that were received and
tested in the laboratory. Rejected samples were
categorised based on reasons for rejection which
included; incomplete patient information (unlabelled
samples), samples missing payment details, samples
with wrong test, samples with prolonged transport
time, haemolysed and clotted samples. Categorical
data were summarised by using frequencies and
percentages. Graphs and tables were used for data
presentation.

Ethical Approval

Ethical approval was sought from the Kilimanjaro
Christian Medical University College (KCMUCo)
Ethical Review Committee (Ethical approval reference
number: 2398). Permission to access rejected samples
data was requested from the Executive Director and
Director of Clinical Laboratory Department of KCMC

referral hospital. Patients” rejected samples were
identitfied by hospital numbers and no names were
mentioned to ensure confidentiality.

RESULTS

Rate of Sample Rejection and Reasons

A total number of 117181 samples were registered by
the KCMC clinical laboratory from the 1st of January
to the 31st of December 2016. Out of these, 234 were
rejected over this time period for not fulfilling the
requirements of the laboratory’s collection manual.
This means the proportion of sample rejection was
0.2% and rejection rate was 200 per 100,000 samples.
The rates of sample rejection varied in ditferent
sections, the highest rates being recorded in the
haematology and biochemistry sections. (Table 1).
Analysis of sample rejection rate in ditferent steps of
the pre-analytical phase revealed that most of the
sample were rejected at the stage of sample
identification and data entry (Table 2). In most cases,
the reason for sample rejection included unpaid
request, clotted and haemolysed samples, and wrong
sample collection container (Table 3). Analysis by
types of samples (not shown in table) revealed that
blood was the most frequently rejected sample 202
(86.3%) followed by urine 28 (12%) and stool 4
(1.7%).

TABLE 1: Number, Frequency and Rate of Sample Rejection in Different Laboratory Sections

Laboratory type Rejected samples

Frequency of

Rate of rejection (per

rejection 100,000 samples)

Haematology 78 33.3 67

Biochemistry 69 29.5 59

Serology 34 14.5 29

Parasitology 24 10.3 20

Microbiology 12 5.1 10

Blood transfusion 10 4.3 9

Molecular biology 7 3.0 6

All 234 100.0 200

TABLE 2: Rate of Sample Rejection at Each Pre-Analytical Stage (N=234)

Pre-analytical stage Rejected Rejection Rejection rate (per
samples frequency (%) 100,000 samples)
Patient identification 5 2.14 4.3
Data entry of the request 85 36.32 73
Sample identitication 11 4.70 94
Sample collection 53 22.65 46
Transport of sample 14 5.98 12
Suitability of sample 66 28.21 56
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TABLE 3: Reasons for Sample Rejection

Description Rejected Rejection Rejection rate (per
samples frequency 100,000 samples)

Clotted sample 33 14.10 28

Haemolyzed specimen 33 14.10 28

Inadequate sample volume 9 3.85 8

Missing patient information 5 2.14 4

No specimen submitted 10 4.27 9

Prolonged sample transportation 4 1.71 3

Unlabeled specimen 11 4.70 9

Unpaid sample 84 35.90 72

Wrong sample collection container 36 15.38 31

Wrong specimen 8 3.42 7

Wrong test ordered 1 0.43 1
234 100.00 200

FIGURE 1: Frequency of Sample Rejection in Different Laboratory Sections
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The highest frequency of sample rejection was
observed for samples collected in the internal medicine
department 47 (20%), with the frequency of rejection
from the inpatient medical wards being 32 (13.6%)
which was more than double that of the outpatient
clinic 15 (6.4%). The ophthalmology department had
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the lowest rejection frequency of 5 (2.1%) among all
departments. The frequency of sample rejection from
different hospital departments are shown in Table 4.
Haematology and biochemistry section of clinical
laboratory had the highest number of rejected samples
(Figure 1).
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TABLE 4: Frequency of Sample Rejection by Hospital Departments (N=234)

Department n (%)
Internal medicine total 47 (20)
OPD 15 (6.4)
IPD 32 (13.6)
Obstetrics and Gynecology total 33 (14.1)
OPD 27 (11.5)
IPD 6 (2.6)
Surgery total 16 (6.8)
OPD 9 (3.8)
IPD 7 (3)
Pediatrics total 9 (3.8)
OPD 4 (1.7)
IPD 5 (2.1)
Dermatology 15 (6.4)
ENT 8 (3.4)
Ophthalmology 5(2.1)
Urology 32 (13.7)
Casualty 40 (17.1)
CCFCC 6 (2.6)
Diabetic clinic 6 (2.6)
IDC 6 (2.6)
SSHS 11 (4.7)
DISCUSSION collection and analysis of ditferent laboratory samples

The proportion of sample rejection was 0.19% for the
year 2016 in KCMC clinical laboratory. This finding is
consistent with the findings from China'®, Q-Probe
analysis of 78 clinical laboratories® and close to that
conducted in Texas, USAS. The sample rejection
frequency in this study is within (0.1% to 5.3%) the
reported range from ditferent laboratory
Se[ﬁngs.z,h,&(),l‘?-lﬁ

This study also looked at different causes of sample
rejection, and unpaid specimen 84 (35.9%) was the
most commonly mentioned reason for sample
rejection. This can be possibly explained by a lack of
careful inspection of sample collection forms to ensure
that the requested sample has been paid for or patients
could not atford to pay for laboratory tests. Laboratory
personnel at the sample collection area or in
phlebotomy should verity a payment stamp on the
sample collection forms before collecting a specimen.
The limited number of personnel compared to the
number of patients that require laboratory services can
be another contributing factor to this overlook. An
introduction of digital health technology could be the
best option to significantly minimise this problem both
in the outpatient and inpatient set up. The patients'
socioeconomic status is a factor that cannot be
overlooked in explaining the lack of payment for
received samples. In addition to this, it is important to
realise that medical insurance coverage is not available
to all patients, limiting their ability to atford laboratory
services. A lack of wunderstanding of payment
procedures and a readily available taritt of the cost of
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to the patients is another contributing factor to this
problem. However, there is a contrast between this
study and others where sample clotting was
mentioned as the commonest reason for rejection,
with a 55.8% in a Turkish university hospital
laboratory? 43.8% in Porto Alegre, Brazil® and 51.2 %
in Indian®. If the laboratory test needs whole blood or
plasma, blood sample should be drawn into
anticoagulant tubes. Clotting in laboratory blood
samples usually occurs when blood is left too long in a
tube without an anticoagulant or when it is not
adequately mixed in the anticoagulant containing
tube!. In our study, clotting was ranked second
among the reasons for rejection with a frequency of
14.1%, which is also a bit lower than the study done
in Ethiopia, which had 16.4% and higher than the
study done in Kenya reported 1.4%32%2!. The high
frequency of clotted samples might be explained by
the lack of in-depth training in phlebotomy, and blood
samples transportation for nurses and physicians, as
most of clotted samples came from inpatient
departments. The high workload for phlebotomists,
nurses and physicians is also a contributing factor to
these tindings.

Blood was the most commonly rejected type of sample
with a frequency of 86.3%. This correlates with
previous studies conducted in Turkey, China and
India.>'>!'® The high frequency of rejection of blood
samples might be due to different factors which
include the ditticulty of collecting these samples, the
frequency of orders made for these samples by
clinicians, and the special requirements for their
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containment and transportation. Among other factors
investigated was the origin of the rejected samples.
The frequency of sample rejection from different
hospital departments was calculated and compared.
The internal medicine department had the highest
frequency of sample rejection 47(20%), with most of
these coming from its inpatient division. This finding
is different from a study conducted in Brazil, which
showed that the paediatrics department had a higher
sample rejection frequency than other departments’.
However, concerning inpatient departments, our
findings were in line with a study conducted in Turkey
that found that adult inpatient departments had a
higher frequency of sample rejection than outpatient
departments?.

The highest sample rejection frequency being from the
haematology section 78(33.3%) and followed by
biochemistry 69 (29.5%) can be explained by the fact
that these clinical laboratory sections receive a higher
load of samples compared to others. It also correlates
to a study conducted in Brazil where the haematology
section was responsible for most recollection requests
43.6%, followed by the biochemistry section 29%?1.
Clotted and haemolysed samples are the main reasons
for high rejections for haematology and biochemistry
sections.

CONCLUSION

This study allows for a better understanding of the
factors that may contribute to laboratory sample
rejection in KCMC hospital. Keeping in mind the
negative consequences of a delayed sample analysis on
a patient’s management plan, addressing these tactors
is invaluable in improving patient care at the pre-
analytical phase of the laboratory process.

This can be done through an improved quality control
system of laboratory processes that will allow for
prompt identification of deficiencies in sample
management. Therefore, corrective measures can be
put in place in a timely manner to allow for improved
quality of care.

The high rate of sample rejection due to lack of
payment observed in this study can indicate the need
for improved government policies that address health
expenses coverage.

Identitying vulnerable patients and the availability of
support services that help in the payment of their
hospital bills can be an initial step in addressing this
issue. The introduction of an electronic medical record
system that allows easy access to patient information
and financial status with regards to hospital expenses
can be a possible solution.

Additionally, further training in phlebotomy and
blood samples transportation can reduce the high
number of samples rejected due to clotting. This can
be done through regular, continuous medical
education (CME) sessions and joint ward rounds,
including clinicians and laboratory personnel. The
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information gathered from this study can serve as a
basis for more research and guide policy makers in
implementing these interventions.
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