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Background: The increase of medical laboratory test errors represents the increase of all
defects within the process. An error can be any defect during the entire process, from
ordering to reporting. It may have negative effects on patient care, by contributing to
inappropriate treatment, an increase in lengths of hospital stay, and dissatisfaction with
healthcare services. Therefore, this study aimed to determine factors affecting the quality
of laboratory results through the entire process.

Methods: A cross-sectional study was conducted at Hawassa University hospital from
October 2018 to May 2019. Data were collected by using structured questionnaires and
checklist and entered and analyzed using SPSS version 21. P-values less than 0.05 were
considered statistically significant.

Results: A total of 455 individuals participated in this study. During the actual observational
assessment, 72.5% of laboratory professionals identify their patients correctly and 62.5% of
them label the sample before collection. In multivariate logistic regression, labeling of
sample before collection (AOR=1.357, 95% CI=1.09, 1.58, P- 0.017), use of unmixed
(AOR=4.364, 95% CI=1.950, 20.036, P- 0.049) and hemolyzed blood for testing
(AOR=1.403, 95% CI=1.096, 1.692 P- 0.021) were associated with laboratory test errors.
The clinical service providers who requested the test believed, lack of efficient laboratory
service (P=0.005), unable to use manuals (P=0.025), and incorrect interpretation of reference
booklets were associated with laboratory errors. Patient residence and frequency of first
and second visits of the hospital were statistically associated with laboratory errors.
Conclusion: The occurrence of laboratory errors in our study was demonstrated by the distribu-
tion pattern, the preanalytical, analytical, and post-analytical steps. But changes have occurred in the
types and frequencies of errors in these phases of testing by laboratory professionals, clinicians, and
patients in the current study. Therefore, the hospital administrations, laboratory professionals and
clinicians should work harder and closer to solve the identified problems.
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Introduction
Recognizing that the diagnostic laboratory plays a very important and significant
role in medical decisions and public health, and recognizing the grave implications

of the rising threat of multidrug-resistant organisms, and non-communicable
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diseases in healthcare services.'”* However, the preanaly-
tical phase of laboratory testing has long been known as
the most vulnerable part of the total testing process where
the majority of all errors in the laboratory occur, poten-
tially leading to misidentifications, transportation/storage
errors or erroneous results due to poor sample quality
(hemolysis) or contamination, which could have negative
consequences for patient care™* which takes place before
the sample reaches the laboratory and most of these errors
are caused by human mistakes.’

Even though laboratory testing is a highly complex
process and service, it is the backbone of the modern
health care sector. Despite its rapid advances in laboratory
science, it is still susceptible to various manual and sys-
temic errors.® These errors are classified as pre-analytical,
analytical, and post-analytical, depending upon the time of
their presentation.”®

The fact that preanalytical processes primarily take
place outside the laboratory makes it challenging to estab-
lish and implement quality control measures comparable
to those used as standard throughout the analytical
processes.” It also encompasses many different partici-
pants such as patients, clinical service providers, manage-
ment staff, sample transporters, and logistic personnel,
who are the possible variables for contributing to the
nonconformity of test results.’

Errors occurring starting from the time of test order
from the physician until the sample is ready for analysis
can account for up to 70% of the total errors.'® Errors at
any stage of ordering, collection, testing, and reporting can
lead to severe patient misdiagnosis. The total uncertainty
in the test result due to pre-analytical reasons can be
calculated,'" for example, changes in pre-analytical proce-
dures can explain up to 41% of the variation of the value
of hypercholesterolemia.'> Many mistakes in the total
testing process are caused due to poor communication
between laboratories and others involved in the testing
(eg,
patients themselves), or poorly designed processes.

process physicians, nurses, phlebotomists, and

In a modern approach to total quality to address
patient-centered needs and satisfaction, the occurrence of
errors in pre-to post-examination steps must be minimized
to guarantee the total quality of laboratory services.'
Recently, there was increasing attention to improving the
quality of healthcare activities for patients worldwide,
focusing on the quality of the laboratory’s results.

Despite their importance, laboratories are often under-

resourced, resulting in inadequate infrastructure, poorly
trained personnel, and lack of standardization.'*'>

In Ethiopia, laboratory services are given little atten-
tion until recent years. Improved testing technologies were
made available to laboratories after the HIV pandemic
burdened medical facilities.'® Among these improvements,
a task-based, hands-on training program called SLMTA
was aimed at effecting tangible laboratory improvements
in developing countries'” It includes a series of three
workshops that are supplemented by assigned improve-
ment projects and supportive site visits or mentoring.'®
This stepwise approach recognizes where a laboratory
stands currently and encourages continual improvement
through positive reinforcement by rewarding progress at
each step.'”*°

In peripheral and hospital, laboratories the total testing
process depends first on what clinician thinks about the
possible diagnosis, test selection, collection of patient’s
sample, transportation to the laboratory, second it depends
on the analysis and sending the report back to the
clinician.?' Many studies indicated many errors in between
these steps for example; missed and exchanged results
which lead to delay in treatment and improper laboratory
diagnosis.*

The causes of errors include inappropriate test requests,
order entry, misidentification of patient and specimen,
sample collection errors, hemolysis, clotting, insufficient
quantity, inappropriate container, handling, storage, and
transportation.”® These errors can have numerous conse-
quences, such as an invasive procedure performed on the
wrong patient as a result reported for the wrong patient,
and missed or delayed diagnoses. Worst-case scenarios
include missed cancer, unnecessary, surgical procedure,
and hemolytic transfusion reactions.**

Quality laboratory result in the laboratory has a huge
impact on diagnosis and patient management as 80-90%
of all decision is made based on laboratory tests. Efficient
and reliable laboratory services and networks are essential
and fundamental components of effective, well-
functioning health systems.

Among the sub-Saharan African countries, Ethiopia
has the worst health status in the world as could be attested
by accepted health indicators such as inefficient utilization
of the availability of human material resources, health
service management together measuring the efficiency of
health care units, patient waiting for time and customer
satisfaction and clients’ preference regarding the labora-
tory service. As a result, the accessibility of quality
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laboratory test results and the quality of available services
remains a serious challenge. In addition to this, there is
a complaint of a patient and health care providers on the
quality of the laboratory test results.

Therefore, this study was aimed to determine factors
affecting the quality of laboratory test results during order-
ing, handling, and testing patient specimens in Hawassa
University College of Medicine and Health Science
Comprehensive Specialized Hospital from October, 2018-
may, 2019.

Materials and Methods
Study Design Area and Period

This cross-sectional study design was conducted at
Hawassa University College of Medicine and Health
Science Comprehensive Specialized Hospital in Sothern
Ethiopia from October 2018-May 2019. The hospital is
located in the capital city of Southern Nations and
Nationalities People’s Region (SNNPR), Hawassa which
is 275 km from Addis Abeba the capital city Ethiopia. It is
the largest hospital in the region which serves about
15-22 million people around the catchment area, to the
nearby zones and regions of the country. It also serves as
a teaching, training center, and clinical service providing
hospital. Different laboratory diagnostic services are given
for patient diagnosis, treatment follows up, and monitoring
of disease prognosis for both outpatient and inpatient
departments.

Population

Source population

The source population of this study was laboratory profes-
sionals working in the hospital diagnostic laboratory dur-
ing data collection, randomly selected patients who get
laboratory service at least once in the hospital and clinical
service providers who requested laboratory tests and used
it for patient management in the hospital were included in
the study. However, patients who were at emergency con-
ditions requiring urgent intervention and staff of diagnostic
laboratories who were not in place during, data collection
and clinical service providers who were not requested
laboratory tests were excluded from the study.

Sample Size and Sampling Technique

The sample size was estimated in different groups of the
study participants, based on the assumption of single
population proportion formula, taking the previous study

in eastern Ethiopia®® where patient satisfaction level on the
laboratory results was (87.6%) and Clinical service provi-
ders (80%). Taking a 5% margin of error and a 95%
confidence level. The sample size was
a /72 2
he (z%/2) pz(l -p) N (1.96) 0.876(12— 0.876) s
d (0.05)
(1.96)%0.80(1 — 0.80)
(0.05)

from health care providers, could be total of 413 subjects.

= 246

samples from the patient &

By adding a 10% non-response rate for patients and clin-
ical service providers, the total sample size was 455 (184
patients + 231 clinicians + 40 Laboratory professionals)
who participate in sample collection, handling, processing,
and performing the test at Hawassa comprehensive specia-
lized hospital were included in the study. A systematic
random sampling technique was used to select the clinical
service providers based on their qualifications and patients
using card numbers and laboratory information system
generating numbers in the laboratory. (Where: n = mini-
mum sample size, P = taken from the previous study of
clients and clinician satisfaction with laboratory services,
d= the margin of error, za/2= the standard normal variable
at 1-0/2 confidence level).

Data Collection Method

After obtaining informed written consent data on socio-
demographic, laboratory service, and specimen related
factors were collected by using self-administered struc-
tured questionnaires for clinical service providers, both
(self-administered structured questionnaires and observa-
tional checklist) for laboratory professionals and inter-
views and self-administered questionnaire for randomly
selected patients by the trained data collector. The quality,
validity, and completeness of data were checked by pre-
testing in Adare hospital and the necessary amendment
was made and its completeness was checked by the prin-
cipal investigator daily.

Data Analysis

Data were coded, cleaned, entered, and analyzed using
SPSS version 21. A 5 point Likert Scale rating of Poor
(1-point), Fair (2-points), good (3-points), very good
(4-points), and excellent (5 points) was used. Association
between the explanatory variable and the outcome variable
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adjustment to identify variables that were associated inde-
pendently with the laboratory errors. A variable with P <
0.26 in the bivariate analysis was included in multivariate
analysis. Poor, fair, and good responses were considered as
less quality laboratory results, whereas very good and
excellent were considered as high-quality laboratory
results for patient management. P-value <0.05 was con-
sidered as statistically significant.

Responses with neutral ratings were excluded and the
percentage of less or high-quality laboratory results was
calculated by dividing the number of less or high
responses by the total number respondents excluding neu-
tral response ratings, respectively.

The overall rate of satisfaction by Likert scale was cal-
culated as (No. of excellent rating x 5) + (No. of very good
rating x 4) + (No. of good rating x 3) + (No. of fair rating
x 2) + (No. of poor rating x 1) divided by the total number of
ratings (1-5) for the specific laboratory service. While the
percentage of the excellent, very good, good, fair, or poor
rating was calculated by dividing the number of excellent,
very good, good, fair, or poor rating by the total number of
ratings (1-5) for specific laboratory service, respectively.

Ethical Consideration

This study was reviewed and approved by the Institutional
Review Board (IRB) of Hawassa University College of
Medicine and Health Science with Reference No. IRB/
034/11 and permission letter was obtained from the hospi-
tal clinical and academic director office. The purpose and
importance of the study were explained to each study
participant. To ensure confidentiality of participant’s infor-
mation, anonymous typing was applied.

Results

Sociodemographic Characteristics

From a total of 455 participants. One hundred and eighty-
four were patients with their accompanying request papers,
40 laboratory professionals, and 231 clinical service pro-
viders who requested laboratory tests were enrolled in this
study. Among 40 laboratory professionals, 16 (40%) and
24 (60%) were males and females, respectively, with work
experience of one to nine years and more.

From a total of 40 laboratory professionals 18 (45%)
did not attend any work-related refreshment training, 19
(47.5%) of them believed that their laboratories did not
produce quality laboratory results for their patients.
According to the laboratory professionals, the major

factors affecting the quality of laboratory results in this
study were the shortage of supplies and reagents (95%),
poor management support (72.5%), high workload 35
(87.5%), missing of laboratory results 28 (70%) and lack
of equipment 37 (92.5%) (Table 1). Moreover, bivariate
logistic regression analysis showed statistically significant
association between the occurrence of laboratory result
errors and factors such as result verification
(COR=2.464, 95% CI=2.26, 7.480), IQC (COR= 1.439,
95% CI=1.107, 1.801), turnaround time (COR=1.700,
95% CI=1.420, 6.881), shortage of equipment
(COR=1.35, 95% CI=1.55, 16.574), communication with
clinicians (COR=1.63, 95% CI=1.15, 2.59) and lack of job
description (COR=4.50, 95% CI=1.498, 10.22) (Table 1).

In addition to the interview, the observational assess-
ment was also done on laboratory professionals to assess
the actual laboratory practice on sample collection, testing,
and reporting using a checklist. According to this assess-
ment, 72.5% and 62.5% of them were correctly identified
their patient and label patient sample before collection,
respectively. Bivariate logistic regression was used to
assess the association between the explanatory variable
and the outcome variable (laboratory error) was checked
by using binary logistic regression. Based on this improper
labeling of patient specimen (COR=1.357, 95% CI=1.09,
1.58, P- 0.017), use of unmixed blood for testing
(COR=4.364, 95% CI=1.950, 20.036, P- 0.049) and use
of hemolyzed blood for testing (COR=1.403, 95%
CI=1.096, 1.692, P-0.021) were significantly associated
with laboratory errors, respectively. But, statistical asso-
ciation was not observed between patient identification
(COR=0.462, 95% CI=0.101-2.100, P-0.317), adherence
to SOP (COR=1.120, 95% CI=0.278, 4.508, P- 0.873) and
application of tourniquet (COR=1.796, 95% CI=0.403,
8.002) (Table 2).

A total of 231 clinical service providers who requested
laboratory tests were interviewed to assess their contribu-
tion to the occurrence of laboratory test errors introduced
during ordering, sample collection, and interpreting of
laboratory test results in this study. Among these 19
(8.2%), 9(3.9%), 91 (39.4%), 108 (45.9%), and 6(2.6%)
of them were specialists, general practitioners, residents,
intern students, and other health care professionals, respec-
tively. In bivariate logistic regression, the efficiency of
had
a significant association between laboratory test errors

laboratory service provided in the hospital

introduced by clinical service providers (P=0.005) who,
are unable to use the available laboratory manuals such as
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Table | Sociodemographic Characteristics of Laboratory Professionals and Factors Affecting Laboratory Test Results at Hawassa

University Hospital

Variables Yes, n (%) No, n (%) P-value AOR 95% ClI P-value
Sex

Male Il (66.75) 5 (31.25) 0.665 - - -

Female* 18 (75) 6 (25)
Educational status

Diploma 6 (100) 0(0) - - - -

Bachelor degree 19 (65.52) 10 (34.48) 0.530 - - -

Master’s degree 4 (80) 1 (20) - - - -

Others 0 (0) 0 (0)
Work experience

|-3 years 5(83.33) 1 (16.67) 0.512 - - -

36 years I'1(73.33) 4 (26.67) - - - -

6-9 years 9 (69.23) 4 (30.77) 0.760 - - -

>9 years 4 (66.67) 2 (33.33) 0911 - - -
TAT 8 (20) 32 (80%) 0.038 1.844 1.311-2.290 0.037
Result Satisfaction by the lab staff 19 (47.5) 21 (52.5%) 0.002 1.453 1.114-1.790 0.025
Customers satisfied by the result 18 (45%) 22 (55%) 0.042 1.060 1.116-9.643 0.003
Purchasing team Response 6 (15%) 34 (85%) 0.013 1.246 1.119-6.560 0.001
Employee recognition 21 (52.5%) 19 (47.5%) 0.006 1.499 1.059-4.226 0.240
Attending training 22 (55%) 18 (45%) 0.217 0.471 1.069-3.234 0.238
Uninterrupted service 15 (37%) 25 (62.5%) 0.927 - - -
Job description 30 (75%) 10 (25%) 0.014 3.899 0.315-8316 0.289
Presence of enough equipment 3 (7.5%) 37 (92.5%) 0.138 1.350 0.111-6.574 0.158
Performance of client satisfaction 8 (20%) 32 (80%) 0.002 1.046 1.120-8.450 0.012
High workload 35 (87.5%) 5 (12.5%) 0.415 - - -
Satisfaction by your profession 33 (82.5%) 17 (17.5%) 0.316 - - -
Management support Il (27.5%) 29 (72.5%) 0317 - - -
Knowledge with quality essentials 32 (80%) 8 (20%) 0.521 - - -
System for employee recognition 21 (52.5%) 19 (47.5%) 0.584 - - -
Continuous education program 32 (80%) 8 (20%) 0.308 - - -
Supplies and reagents availability 2 (5%) 38 (95%) 0.028 1.174 1.199-6.35 0.026
Client Satisfaction assessment 8 (20%) 32 (80%) 0.482 - - -
Missing of laboratory results 28 (70%) 12 (30%) 0817 - - -

Note: *Reference group.

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; No, number; TAT, turnaround time.

laboratory handbook (P=0.025) and inappropriate use and
interpretation of reference booklets with the occurrence of
laboratory result errors (Table 3).

A total of 184 patients were interviewed to assess their
contribution to the errors that occurred in the laboratory
during ordering, sample collection, and interpreting
laboratory test results. Among these 90 (48.9%) of them
were males and 94 (51.1%) were females. By their occu-
pational distribution 37 (20.11%), 36 (19.6%), 45 (24.5%),
22 (12%), 17 (9.2%) 25 (13.6%) and 2(1.1%) were gov-
student,
laborer, housewife and retired, respectively. But, none of

ernment employee, farmer, merchant, daily

these were significantly associated with laboratory test
result errors. Of them, 101 (54.9%) and 83 (45.1%) were
urban and rural residents, respectively, in this study.
Patients from the rural area were significantly associated
with the occurrence of laboratory test results errors
(AOR=0.724, 95% CI=0.158-0.856, P-0.031).

On the other hand, the frequency of visiting the hospi-
tal laboratory was significantly associated with the occur-
rence of laboratory result errors in the current study.
Moreover, patients who were visiting the laboratory once
(AOR=0.869, 95% CI=0.315-2.398, P-0.015) and twice
(AOR=2.873, 95% CI=1.104-7.454, P-0.030) were
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Table 2 Observational Assessment of the Actual Laboratory Practice at Hawassa University Hospital (n=40)

Parameters Yes, n (%) No, n (%) P-value AOR 95% CI P-value
Do they check and identity patient during collection 29 (72.5) 11 (27.5) 0.442 - - -
Does he/she ask the patients full name 25 (62.5) 15 (37.5) 0.937 - - -
Does she/he ask the hospital ID number 22 (55) 18 (45) 0.501 - - -
Does he/she ask the patients name by saying are you 19 (47.5) 21 (52.5) 0.873 - - -

Do they label the sample 38 (95%) 2 (5%) 0.481 - - -
Labeling before collection of sample 25 (62.5) 15 (37.5) 0.017 2.031 1.114-3.636 0.031
After collection and before the patient leave the room 10 (25) 30 (75) 0.213 7.271 0.483-10.937 0.150
Proper application of tourniquet 7.5cm above the vein 16 (40) 24 (60) 0.442 - - -
Does she/he use a syringe with needle properly 37 (92.5) 3 (7.5) 0.688 - - -
Does he/she transfer blood safely 21 (52.5) 19 (47.5) 0.024 | | |

Do they mix blood properly during testing 19 (47.5) 21 (52.5) 0.049 16.340 2.340-17.482 0.005
Do they use hemolyzed blood for testing 21 (52.5) 19 (47.5) 0.021 1.446 1.073-2.728 0.038
Do they counsel the patient how to collect the sample 14 (35) 26 (65) 0.040 0.052 0.005-0.581 0.017
Do they collect an appropriate volume of blood/sample 23 (57.5) 17 (42.5) 0.629 - - -

Is sampling and handling procedure in place 8 (20) 32 (80) 0.395 - - -
Adherence to SOP 21 (52.5%) 19 (47.5%) 0.873 - - -
Internal Quality Activities 24 (60%) 16 (40%) 0.023 1.528 1.087-3.207 0.048
Laboratory Result verification 20 (50%) 20 (50%) 0.293 - - -
Equipment Calibration and Maintenance 13 (32.5%) 27 (67.5%) 0.665 - - -
Use of quality control materials for each test 14 (35%) 28 (65%) 0.003 1.024 1.006-2.176 0.012

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; ID, identification; No, number; SOP, standard operating procedure.

significantly associated with the occurrence of laboratory
result errors. In the current study, most of the laboratory
test errors by patients were believed as 41 (22.3%) were
occurred in pre-analytical phase 113 (61.40%) in analyti-
cal, and 30 (16.03) were in post-analytical phase (Table 4).

Observational assessment on 184 laboratory request
papers was done on the completeness of patient informa-
tion, handling, and sample collection, processing, and
reporting using a standard checklist. Of these laboratory
requests 161 (87.5%), (12.5 %), (15%) were incomplete
with patient clinical diagnosis, gender, and age, respec-
tively (Figure 1).

But, in bivariate analysis, laboratory requests incomplete
with specimen collection time (AOR=3.502, 95%
CI=0.602-20.380, P-0.163), name and signature of the phy-
sician (AOR=1.196, 95% CI=0.332-4.310, P-0.785) and
gender (AOR=2.041, 95% CI=0.184-22.660, P-0.561) of
the patient were not statistically associated with the occur-
rence of laboratory result errors. However, laboratory
requests incomplete with address of the patient (AOR
=5917, 95% CI=1.573-25.503, P- 0.017), hospital ID
(AOR=0.060, 95% CI=0.011-0.330, P-0.001) and patient
clinical diagnosis (AOR=0.151, 95% CI=0.024-0.955, P-
0.045) were significantly associated with the occurrence of
laboratory errors in this study (Figure 1).

Discussion

The healthcare structure is increasingly dependent on reli-
able laboratory results, as part of other healthcare systems,
which are prone to errors. Even though numerous studies
have been conducted to enhance total laboratory quality,
the literature on errors in laboratory results during order-
ing, handling and testing is scarce and presents several
limitations.”® Some important achievements have been
made, however; in the last 40 years, there has been
a remarkable decrease in error rates, particularly for ana-
lytical errors.”® Furthermore, evidence from recent studies
demonstrates that a large percentage of laboratory errors
occur in the pre- and post-analytical steps.”’ Therefore,
this study was aimed to assess the laboratory errors and
associated factors during ordering, handling, testing, and
reporting.

In this study, a total of 455 participants (184 patients
with their accompanying request papers, 40 laboratory
professionals, and 231 clinical service providers) were
included. From a total of 40 laboratory professionals 21
(52.5%) were not satisfied by the result they produce in
their laboratory. This finding was higher than the study
conducted in Addis Abeba where 75 (35.2%)** of labora-
tory professionals believed that their laboratories did not
provide quality laboratory results. This could be due to the
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Table 3 Sociodemographic Characteristics of Clinical Service Providers and Factors Affecting Laboratory Test Results at Hawassa

University Hospital (n=231)

Parameters Yes, n (%) | No., n (%) | P-value | AOR | 95% CI P-value
Sex
Male 182 (78.8) 0.640 - - -
Female* 49 (21.2) -
Educational background
Specialists 19 (8.2) 0.735 - - -
General practitioner 9 (3.9) 0.521 - - -
Resident 89 (394) 0814 - - -
Intern students 106 (45.9) 0.013- 0.570 | 0.331-0.981 | 0.042
Other health professionals* 6 (2.6) - - -
Age group
<25 years 76 (32.9) - - - -
25-50 years 154 (66.7) - - - -
50-75years 1 (0.4) - - - —
Is the laboratory test menu sufficient 84 (36.4) 147 (63.6) 0.124 1.135 | 0.449-2.687 | 0.774
Is the laboratory result trust full 58 (25.1) 173 (74.90) | 0.211 1.649 | 0.637—4.273 | 0.303
Is the laboratory service efficient 32 (13.9) 199 (86.1) 0.005 0.683 | 0.182-0.856 | 0.032
Is laboratory notification for the changes efficient 50 (21.6) 181 (78.4) 0.155 1.843 | 0.675-6.034 | 0.233
Do you use the available manuals and protocols 101 (43.7) 130 (56.3) 0.025 0317 | 0.128-0.788 | 0.013
Reference value booklet fit for use 123 (53.2) 108 (46.80) | 0.019 1266 | 1.493-3.254 | 0.034
TAT for routine tests for inpatients good 36 (15.6) 195 (84.4) 0.007 1.356 | 1.456—4.256 | 0.050
TAT for routine tests for outpatients good 37 (l6) 194 (84) 0.250 1.081 | 0.339-3.442 | 0.896
Is an abnormal result notification adequate 78 (33.8) 153 (66.2) 0.328 - - -
Are you satisfied by the LIS system 66 (28.6) 165 (71.4) 0.035 0.703 | 1.246-2.013 | 0.045
Giving instructions for patient preparation 139 (60.2) 92 (39.8) 0.005 0.544 | 0.240-0.934 | 0.014
Information on the collection and Handling of laboratory samples. | 150 (64.9) 81 (35.1) 0.008 1.328 | 1.462-3.815 | 0.021I
Have you encountered missing of test results 192 (83.1) 39 (16.9) 0.927 - - -
Contact of laboratory staff for missing results 190 (82.3) 41 (17.7) 0.319 - - -
Volume and time of collection affect the laboratory result 189 (81.8) 42 (18.2) 0.820 - - -
Regular meeting with the laboratory staff 17 (7.4) 214 (92.6) 0.557 - - -
Are all errors due to the laboratory 53 (22.9) 178 (77.1) 0.605 - - -

Note: *Reference group.

Abbreviations: AOR, adjusted odds ratio; LIS, laboratory information system; No, number; TAT, turnaround time; Cl, confidence interval.

difference in sample size and the sampling technique of
each study.

Most laboratory professionals 32 (80%) believe that
TAT was not followed for most laboratory tests performed
in the hospital indicating a statistical association with the
occurrence of laboratory test errors (AOR=1.844, 95%
CI=1.311-2.290, P- 0.037). Lower than this finding was
reported from Addis Abeba 70 (32.9%)** of laboratory
results were claimed not to be released within predefined
turnaround time. This difference may be due to the differ-
ence in sample size, study design, workload, and workflow
arrangement difference in the study institutions.

In our study 34 (85%) of laboratory, professionals
believed that the purchasing system was one of the

contributing factors for the occurrence of laboratory test
errors (AOR= 1.246, 95% CI =1.119-6.560, P- 0.001).
But, lower than this result was reported from a study
conducted in Addis Abeba.?® Thirty-eight (95%) of labora-
tory professionals point out that lack of sufficient supplies
and reagents were factors for the occurrence of laboratory
error and a significant association was observed when
multinomial logistic regression was used for confounders
(AOR=1.174, 95% CI=1.199-6.350, P-0.026). This find-
ing was higher than the study reported in Addis Abeba”®
which was indicated to be 64.3% lack of supplies and
reagents contributes to the occurrence of laboratory errors.

During the actual observational assessment of labora-
tory practice by using a checklist, lack of labeling before
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Table 4 Sociodemographic Characteristics of Patients and Factors Affecting Laboratory Test Results
Comprehensive Specialized Hospital (n=184)

at Hawassa University

Factors Total, Yes, No, N (%) | P-value | AOR 95% CI P-value
N (%) N (%)

Sex
Male 90 (48.9) 57 (63.33) | 33 (36.66) 0.546 - - -
Female 94 (51.1) 57 (60.64) | 37 (39.36)

Age group
<20 years 47 (25.5) 34 (72.34) | 13 (27.66) 0.566 - - -
20—40years 124 (67.4) 69 (55.65) | 55 (44.35) 0.848 - - -
40-60 years 8 (4.3) 8 (100) 0 (0) | | | |
>60 years 5(27) 3 (60) 2 (40) - - - -

Occupation
Government employee 37 (20.11) 26 (70.27) | 11 (29.73) 0.769 - - -
Farmer 36 (19.6) 15 (41.66) | 21 (58.33) 0.275 - - -
Merchant 45 (24.5) 27 (60) 18 (40) 0.595 - - -
Student 22 (12) 16 (72.72) | 0 (0) I | | [
Daily laborer 17 (9.2) 12 (70.59) | 6 (35.29) 0.738 - - -
Housewife 25 (13.6) 16 (64) 5 (20) 0.385 - - -
Retired 2 (1.1) 2 9 - - -

Educational status
llliterate 21 (11.4) 10 (8.85) 11 (15.49) | | | |
Read and write 1 (0.5) | (0.885) 0 (0) 0.379 - - -
Elementary school 6l (33.2) 39 (34.51) | 22 (30.99) 0.389 - - -
Secondary school 46 (25) 28 (24.79) | 18 (25.35) 0.750 - - -
College and above 55 (29.9) 35(30.97) | 20 (28.17) | — - -

Residences
Urban 101 (54.9) 67 (66.34) | 34 (33.66) 0.034 0.724 | 0.158-0.856 | 0.03I
Rural 83 (45.1) 47 (56.63) | 36 (43.37)

Frequency of visiting the Lab./year
One time 19 (10.3) Il (57.89) | 8 (42.11) 0.008 0.869 | 0.315-2.398 | 0.015
Two times 39 (21.2) 26 (66.67) | 13 (33.33) 0.041 2.873 1.104-7.454 | 0.030
Three times 20 (10.9) 15 (75) 5 (25) 0.143 1.521 0.512—4.510 | 0.450
More than three times 108 (57.6) 64 (57.41) | 44 (40.74) - - - -

Errors introduced by patients
Yes 63 (17.9) 0.436 - - -
No 121 (82.1)

Information about the laboratory outside the

laboratory
Poor 151 (82.1) 94 (62.25) | 57 (37.75) 0.042 8.195 1.828-11.030 | 0.017
Fair 9 (4.9) 7 (77.78) 2 (22.22) 0.094 10.500 | 0.66816.510 | 0.090
Good 20 (10.9) 10 (50) 10 (50) 0.226 4500 | 0.395-5.298 | 0.265
Very good 4(2.2) 3 (75) 1 (25) | | | |

TAT
Poor 164 (62) 69 (42.07) | 45 (27.44) 0.904 1.051 0.469-2.354 | 0.904
Fair 29 (15.8) 19 (65.52) | 10 (34.480) | 0.121 1.451 1.165-1.532 | 0.021
Good 41 (22.3) 26 (63.41) | 15 (36.59) | | | |

(Continued)
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Table 4 (Continued).
Factors Total, Yes, No, N (%) | P-value | AOR 95% CI P-value
N (%) N (%)
General satisfaction of the patient on the service
Poor 11 (6) 5 (45.45) 6 (54.54) 0.047 0.092 | 0.009-0.973 0.049
Fair 34 (18.5) 23 (67.65) | |1 (32.35) 0.044 0.110 | 0.013-0.939 | 0.040
Good 125 (67.9) 79 (63.20) | 46 (36.800) | 0.140 0.210 | 0.027-1.670 | 0.340
Very good 14 (7.6) 7 (50) 7 (50) | | | |
Have to get loss of results
Yes 64 (34.8) 0.527 - - -
No 120 (65.2)
Phase most errors occur
Preanalytical 41 (22.3) 24 (58.54) | 17 (41.46) 0.177 2.058 1.722-5.871 0.027
Analytical 113 (61.40) | 78 (69.03) | 35 (30.97) 0.725 - - -
Post analytical 30 (16.03) Il (36.67) | 19 (63.33) | — - - -
Council for sample collection
Yes 55 (29.9) 0.575 - - -
No 129 (70.1)
Can quality, quantity and time of specimen collection
affect the result
Yes 55 (29.9) 0.082 1.955 1.909—4.057 | 0.22
No 129 (70.1)
Trust on the results
Yes 113 (61.4) 0.592 - - -
No 71 (38.6)
Have you received exchanged result
Yes 35 (19) 0.448 - - -
No 149 (81)
Order to the private hospitals
Yes 145 (78.8) 0.301 - - -
No 39 (21.2)
The reason to order to private hospitals
To save time 40 (21.7) 0.176 0.498 1.181-1.367 | 0.046
Reagent and supplies 50 (27.2) 0.313 0.602 | 0.225-1.612 | 0.313
Lack of trust 16 (8.7) 0.882 | | |

sample collection (AOR=2.031, 95% CI=1.114-3.636,
P —-0.017) and use of unmixed blood for testing
(AOR=16.340, 95% CI=2.340-17.482, P- 0.049) were
significantly associated with the occurrence of laboratory
test errors. Comparable results were reported from the
study conducted in India®® which showed mislabeling of
sample and use of unmixed blood were associated and the
most fatal type of laboratory test errors.

In the current study, 21 (52.5%) of laboratory profes-
sionals used hemolyzed blood for testing (AOR=1.446, 95%

CI=1.073-2.728, P- 0.021) this finding was significantly
associated with laboratory test errors. Higher than this find-
ing was reported from Croatia 65%°° and Iran 74.1%."'
Lower than this finding was reported from Iraqi Kurdistan
26%* of hemolyzed samples were used for analysis.

A total of 231 clinical service providers who requested
the laboratory test indicated a lack of efficient laboratory
service, unable to use available laboratory manuals, and
improper use and interpretation of reference booklets

(Table 3) were statistically associated with the occurrence
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Figure | Observational assessment of laboratory requests using checklist (n=184).

of laboratory result errors. A similar finding was reported

from Spain™®

that states requesting physicians have to
know the basic concepts of testing, that would signifi-
cantly reduce inefficient test requests and errors in inter-
pretation of laboratory test results.

Intern students were 5.7 times higher than other clin-
ical service providers to introduce laboratory test errors
(Table 3). This finding was consistent with the study
reported from the United States that indicated “a medical
student often leaves the walls of his objectives with a false
conception use of the laboratory results”.** Currently, this
problem not only continues but is even becoming more
serious. These could be due to the degree of knowledge
shown by Intern students regarding the importance of the
biological and analytical variability, the reference value
theory and the clinical sensitivity and specificity of labora-
tory test results for an appropriate data interpretation to
clinical decision making.**

In our study, the LIS system of the hospital was con-
sidered as sources of laboratory result error by clinical
service providers (Table 3), Inconsistent, result to our
finding was reported from England35 which indicated that

using LIMS system was significantly associated with the
decrease of the occurrence laboratory test errors.

Clinical service providers believed 178 (77.1%) of labora-
tory test errors occurred outside the laboratory (preanalytical),
whereas only 53 (22.9%) occur inside the laboratory either in
(analytical or post-analytical) phases. This finding was in line
with the finding from India which accounts for 49.2% pre-
analytical, 17.4% analytical, and 33.4% post-analytical.*®
But, the inconsistent finding was reported from the United
States 78 (60%) of errors occurred inside the laboratory
(analytical and post-analytical) and 27 (21%) in pre-
analytical phases.>’ This difference might be due to the
presence of a well-structured laboratory system and the dif-
ference in the knowledge status of the study population.

One hundred and ninety-two (83.1%) of clinical ser-
vice providers were encountered missing laboratory test
results, but not statistically associated with the laboratory
result errors (Table 3). This report was higher than the
finding from the United Kingdom (39%)’> and Northwest
Ethiopia 42 (10.7%).%®

From a total of 184 patients interviewed to assess their
contribution to the errors that occurred in the laboratory
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during ordering, sample collection, and interpreting, the
residence was significantly associated with the occurrence
of errors (AOR=0.724, 95% CI=0.158-0.856, P-0.031).
Comparable report to our finding was reported from
a study at Debre Markos referral hospital, Northwest
Ethiopia.*®

Frequency of visiting the hospital laboratory once or
twice was significantly associated but, those who visited
three or more times were not associated with laboratory
test errors (Table 4). Consistent results to this finding were
reported from Debre Markos referral hospital, Northwest
Ethiopia.”® According to the patient, 113 (61.4%) of error
has occurred in the analytical phase followed by 41
(22.3%) pre-analytical and 30 (16.03) post-analytical
phases. Different findings to this study were reported
from India 7.9% analytical, 77.1% preanalytical, and
15% post-analytical errors.* This difference might be
due to the difference in sample size, study design, and
health service system structure of the study areas.

A total of 184 laboratory requests were assessed for the
completeness of patient-related factors, sample related, and
clinical service provider information. Of these requests, 161
(87.5%) were incomplete with patient clinical diagnosis and
12.5% with the gender of the patient (Figure 1). One hun-
dred and fifty-six (85%) of these requests were incomplete
with a specimen collection time. Similar findings were
reported from Croatia®® in which request forms with miss-
ing information about sample collection, patient diagnosis,
sample type, and patient unique identification (ID) number
could introduce error. But, incomplete requests with address
of the patient (AOR =5.917, 95% CI=1.573-25.503,
P 0.017), hospital ID (AOR=0.060, 95% CI=0.011-0.330,
P- 0.001) and patient clinical diagnosis (AOR=0.151, 95%
CI=0.024-0.955, P- 0.045) were significantly associated
with laboratory test errors. Findings in line with this result
were reported from Croatian study where incomplete with
patient diagnosis (33.64%), hospital ID (0.23%), and patient
ID (23.54%) (P-0.0001)*° were significantly associated.
This study has the following limitations: the evidence of
the study would have been enriched if it was supported by
the qualitative method. Face-to-face interviews of respon-
dents at the hospital might have exposed the study for social
desirability bias.

Conclusion

The prevalence of the occurrence of laboratory test errors
in our study is demonstrated by the distribution pattern of
the preanalytical, analytical, and post-analytical steps. But

changes have occurred in the types and frequencies of
errors in these phases of testing by laboratory profes-
sionals, clinicians, and patients. Moreover, the high fre-
quency of laboratory errors (77.1%) was suggested to
come from the preanalytical phase of the laboratory by
clinical service providers, 52.5% of laboratory errors was
suggested by laboratory professionals to come from the
analytical and preanalytical phase of the laboratory and
(61.4%) laboratory error was suggested by patients to
come from the analytical phase of the laboratory in this
study. Therefore, as laboratory results are an essential
component of the health care system, avoiding the gap
observed in the above finding by laboratory capacity build-
ing and quality management system implementation
should be in place to provide quality and reliable labora-
tory results for disease treatment and prevention.

Furthermore, for clinical health care providers and
laboratory professionals training on laboratory guidelines
and protocols that include changes in laboratory repertoire,
obsolete tests, recommended repetition intervals, or poten-
tial interventions and the design of the request form, either
in paper or electronic format, has been used as a strategy
to manage the occurrence of laboratory errors.

To make patients’ interests are safeguarded and well
addressed, there must be a departure from the conventional
view of the laboratory, which focuses on the quality activ-
ities within the laboratory by thinking out of the box by
providing information for the patient on the sample collec-
tion procedure (type, time, volume, TAT) and develop the
positive communication skill with the patient about the
whole process of laboratory testing procedure.

Further studies should be performed on a greater num-
ber of cases and in more than one health facility using
more-effective methods for detecting errors and trends that
contribute additional information on the true frequency,
sources, and factors of laboratory errors, thus keeping
laboratory service in pace with changes in the new tech-
nology, procedures, tests, and effective information.

Abbreviations
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