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1. Introduction

The healthcare industry (also called the medical industry or health economy) is
an aggregation and integration of sectors within the economic system that pro-
vides goods and services to treat patients with curative, preventive, rehabilitative,
and palliative care. Clinical laboratory is essential in all areas of healthcare in-
dustry. In today’s world, the clinical laboratory is the heart of any hospital or
healthcare system. It is responsible for greater than 70% of medical diagnoses
and decisions made by physicians each year. From early detection and diagnosis of
disease to individualized treatment plans based on a person’s unique genetic ma-
keup, clinical laboratory testing is the key to improving healthcare quality and
containing long-term health costs. A physician or other clinician orders lab tests to
diagnose, treat, manage, or monitor a patient’s condition. The delay in the delivery
of laboratory results can be fatal and can even lead to the death of patients, partic-
ularly in intensive care or in the emergency department. It is therefore critical that
laboratory results are delivered in the shortest amount of time possible to allow
rapid diagnosis and management of patients. More timely results in hospital labs
have positive implications in at least five key areas: Optimized patient outcomes,
reduced costs, better clinician satisfaction, higher patient satisfaction, better
competitive position against other labs [1].

Turnaround time (TAT) of laboratory tests is a useful marker of laboratory ef-
ficiency and it is used by many clinicians to evaluate the quality of laboratory
service [2]. A study revealed that decreasing TAT diminishes emergency de-
partment patient length of stay and increases physicians’ satisfaction [3]. There-
fore, the World Health Organization (WHO) and the International Organization
for Standardization (ISO) suggest that clinical laboratory, in consultation with
the users, must determine the maximum allowed TAT for each examination
performed in the laboratory. The laboratory shall periodically evaluate whether
or not it is meeting the established TAT [4]. This is quite difficult because at-
tending doctors consider TAT from the time the test is ordered to results re-
porting, whereas laboratory personnel usually use specimen receipt to reporting
of results as the TAT [5]. However, when the attending physicians were asked
about what ideal waiting time was expected for the most commonly ordered
tests, 96% of 330 respondents considered the ideal turnaround time for the
laboratory results should be less than 120 minutes, while 4% consider the ideal
to be 180 minutes [6]. In line with the international guidelines, Bilwani., et al
reported 60 minutes as the recommended threshold [7]. Joan Howanitz and Pe-

ter Howanitz suggest 60 minutes or less from sample registration to reporting
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for all common laboratory tests under optimal conditions [8]. The aim of this
study is to evaluate whether or not the laboratory is meeting the established TAT
and to identify reasons for delay. Taking into account the major source of cus-
tomers’ complaints which is unsatisfactory TAT, we hypothesize that the meas-
ured laboratory TAT is greater than the expected or suggested TAT. This alter-
native hypothesis will be confirmed in case of rejection of the null hypothesis
which states that the measured laboratory TAT is equal to the expected or sug-
gested TAT.

2. Materials and Methods
2.1. Setting and Study Design

It was a hospital based prospective study conducted at the clinical laboratory of
the University Hospital of Kinshasa (UHK) from October 2020 to April 2021.
The UHK is a 565-bed tertiary care teaching hospital. The Department of Labor-
atory Medicine of the UHK runs two clinical laboratories. One is the laboratory
of Microbiology. The other, called laboratory of Clinical biology and which is
concerned by the present study, is the main central laboratory with 5 divisions:
phlebotomy and sampling, cytohematology and hemostasis, clinical immunolo-
gy, clinical biochemistry, immunohematology and transfusion. The laboratory of
clinical biology is located within the UHK building, and inpatient and outpatient
samples are registered and processed in an accessioning area. Samples are then
delivered to the testing laboratory and the site of each division, on the same

floor.

2.2. Sampling and Inclusion Criteria

The sampling was of convenience. A total of 205 samples for each type of analy-
sis chosen were included, resulting in a total of 1025 samples. All specimens
submitted to the clinical laboratory with an order for one of the five most com-
monly ordered tests, namely full hemogram (hematology test), glucose, urea,
creatinine and electrolytes (biochemistry tests) between October 2020 and April
2021 were considered for inclusion in this study. Only those samples that were
received by the laboratory from 08:00AM to 04:00PM were included in the
study.

2.3. Quantifying Turnaround Time

In this study, TAT is defined as the time taken from patient reception to results
availability. This is the intra-laboratory TAT. In fact, the laboratory workflow
process consists of twelve steps outlined below (Figure 1).

The laboratory process was divided into three phases. The preanalytic phase in-
cluded steps 1 (Laboratory tests’ ordering), 2 (Laboratory tests’ billing and payment),
3 (Patient reception), 4 (sampling = phlebotomy), 5 (sample assemblage), 6 (transit
to laboratory), 7 (reception and sorting) and 8 (sample preparation). The analytic

phase was step 9 (Manual or automatically sample analysis). The postanalytic
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Figure 1. Current Value Stream Mapping (VSM) defining the process of laboratory anal-
ysis and identifying all of its components. This is a snapshot capturing how the process is
currently being done.

phase included steps 10 (Result reporting), 11 (Biological validation) and 12
(Making the results available). Steps 1 and 2 are extra-laboratory. Intra-lab TAT
begins by step 3.

First step: Laboratory tests’ ordering. Once the attending physician has com-
pleted the physical examination, he gives the laboratory test request to the pa-
tient.

Second step: Laboratory tests’ billing and payment. The patient makes lab
tests payment at the bank counter.

Third step: Patient reception. After test billing, patients are welcomed in a
waiting room by the laboratory’s receptionist. Waiting for sampling, they give
the request for analysis and proof of payment to the receptionist who records
them in the laboratory notebook.

Fourth step: sampling. The registered patient is welcomed in the phlebotomy
room for sampling.

Fifth step: sample assemblage. The samples taken are recorded in a laboratory
book and placed in a rack, waiting for large batch sizes.

Sixth step: Transit to laboratory ie. transport and distribution of collected
samples on appropriate benches which are either clinical biochemistry laborato-
ry or cytohematology laboratory.

Seventh step: reception and sorting. This is the step of verification of con-
formity and evaluation of information and sample details. It’s also the step of
sample data key in and assigning laboratory IDs.

Eighth step: Sample preparation procedure. The aim of this step is to obtain
an appropriate presentation of samples to the instruments of analysis. Centrifu-
gation of blood results in obtaining serum or plasma for biochemical or hema-
tological analyzes. Centrifugation is followed by decantation and aliquoting of
the serum or plasma.

Ninth step: Analysis. Samples are analyzed manually or on automated ana-
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lyzer.

Tenth step: Result reporting. Results issuing from the laboratory analysis are
completed by the technologist on the Clinical Laboratory Reporting Form.

Eleventh step: Biological validation. Only a “validated” result will be com-
municable. During the biological validation, the medical biologist checks the
consistency of the results by taking into account various criteria: the sex and age
of the patient; comparison of results with usual values; the comparison of the
results between them allowing to highlight a concordance or conversely an im-
plausibility leading the biologist to ask for verifications; Clinical and therapeutic
information (signs leading to a consultation, and current treatment); Compari-
son of latest results with prior results.

Twelfth step: making the results available. The validated results are recorded
in the laboratory results’ books and entered on the computer to constitute a da-
tabase. The entered results are then printed on a sheet which is signed by the
doctor who validated these results. The results are thus ready to be returned to
the prescriber.

As the laboratory had no laboratory information system (LIS) at the time of
the study, the intra-lab TAT was quantified using a time and motion analysis
approach. Standardized data collection forms were developed and distributed to
trained external observers. Each observer was provided with a stopwatch and as-
signed to one of the five most commonly ordered tests. During round, the test
assigned eyewitness recorded, for each test ordered, the time of patient reception
in the laboratory, and then visually followed the test throughout the laboratory
workflow process outlined (Figure 1). The external observer maintained the
attention on the patient and continuously recorded the time taken to perform

each of the ten laboratory workflow process steps.

2.4. Statistical Analysis

The collected data were entered using Microsoft Excel 2010 software. Statistical
analysis was performed using SPSS version 24 (IBM, Armonk, NY). The cate-
gorical variables were tabulated as frequency and percentage. Measured TATs
were checked for normality using Kolmogorov-Smirnov tests of normality. As
the data were normally distributed, four measures were used to represent TAT:
mean and standard deviation (SD), median and interquartile range, 90% com-
pletion time, proportion of acceptable tests or outliers. Acceptable TAT was ne-
gotiated with attending physicians and was of <120 minutes for commonly or-
dered tests [6]. So, the evaluation of TAT consisted of comparing the overall in-
tra-lab TAT with the suggested TAT. Statistical significance was defined at 95%
confidence intervals, as p < 0.05.

2.5. Identification of Causes of Delay

Brainstorming was the root cause analysis tool used for identifying reasons for
delay. After gathering together laboratory personnel who are familiar with TAT
problems, we include one of them to act as a facilitator. This mentor wrote the
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problem on the board: “the clinical laboratory TAT is drastically longer than the
suggested and recommended TAT”. In order to explore all potential or real
causes that result in longer TAT, the 5-Whys investigation was used as a part of
the fishbone (also known as the cause-and-effect or Ishikawa) diagram as
follow : a fishbone diagram was created and the six major categories of causes
were written as branches from the main arrow (Figure 2). These six categories of
causes, also called 6M, are related to Machinery, Management, Manpower,
Materials, Method and Milieu (Mother nature or environment). Once the 6M
factors used to construct cause-and-effect diagrams were established on the
fishbone, we used the 5-Whys technique to drill down to the root causes. The fa-
cilitator asked the first why: “why is the clinical laboratory TAT longer than
suggested TAT”? Everyone in the group gave an idea in rotation (or passes
his/her opportunity to give an idea) until the next round. To wrap it up, the
mentor asked “why” four more times, framing each “why” in response to the
answer the group had just recorded. The root cause of delay was revealed when
asking “why” produces no more useful responses, and the group could go no
further. Hence, the final Why leads the team to a statement (root cause) that the

team can take action upon.

2.6. Ethical Considerations

The research proposal was submitted to the ethical review committee of the
Public Health School, University of Kinshasa, and data collection was started af-

ter getting ethical clearance.

MANAGEMENT MACHINE MANPOWER
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« Delay in materials supply - IDEsEgie mEdhme T @

+Poor choice of device « Not maintained machine « Older workers
« Lack of sanctions

or impunity * Low-power machine = Non-retrained staff o
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Figure 2. Root causes of long TAT.
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3. Results

A total of 205 samples for each type of analysis chosen (full hemogram, glucose,
urea, creatinine and electrolytes), resulting in a total of 1025 samples, were in-
cluded in the study.

Table 1 shows the TAT for each step of the intralaboratory workflow process
and the overall TAT.

In this study, the mean total TAT was 464.4 £+ 31.05 minutes, with a median of
393 minutes (IQR 353 - 435 minutes) and a 90% completion time of 480 minutes
for hemogram; 549.1 + 29.9 minutes, with a median of 481 minutes (IQR 460 -
509 minutes) and a 90% completion time of 525 minutes for glucose; 483.1 +
7.32 minutes, with a median of 483 minutes (IQR 429 - 541 minutes) and a
90% completion time of 619 minutes for urea; 481 *+ 6.2 minutes, with a
median of 481 minutes (IQR 431 - 538 minutes) and a 90% completion time of
583 minutes for creatinine; 536.7 * 30.1 minutes, with a median of 471
minutes (IQR 421 - 513 minutes) and a 90% completion time of 550 minutes
for electrolytes. Major areas in which delays occurred were pre-analytical
phase (70%) and post-analytical phase (25%). The processing steps that caused
the biggest delay in TAT were patient reception (32%), sample assemblage
(28%) and biological validation (15%). Transportation of samples was the most
efficient process with the mean transportation time for all the tests being
around 5 minutes.

In Table 2, the TAT observed in the clinical laboratory is compared to
recommended TAT for the tracked tests.

At the significance level of 0.05, we reject the null hypothesis because p-value
is less than 0.05. The TAT observed in the laboratory is therefore higher than the
suggested TAT.

Table 3 shows the distribution of the samples in different categories of TAT
according to international norms and customers’ suggestions.

After patient reception, only 2 (1%) samples were reported within 60 minutes,
and 3 (1.5%) within 120 minutes. Outliers (or proportions of acceptable tests) =
tests reported in excess of 120 minutes from the time the patient was received
(ie, TATs in excess of 120 minutes.). Our study reveals an outlier rate of 98.5 %.

Taking into account the prolonged TAT revealed by the three previous tables,
the following fishbone diagram (Figure 2) was drawn by the laboratory
researchers team to try to understand the source of long TAT. The team used the
six generic headings to prompt ideas. Layers of branches show thorough
thinking about the causes of delay. The resulting diagram illustrates the main
causes and subcauses leading to long TAT.

The total laboratory results turnaround time is influenced by many factors
which has direct effects on the occurring delay. The root causes of long TAT
related to Manpower (staff tardiness, employee absenteeism, insufficient
personnel, older workers and non-retrained staff), Methods (long-running

workflow, lack of automation), Machine (insufficient number of machines,
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Table 2. Mean total TAT versus suggested TAT.

Parameter Mean + SD total TAT (u) Suggested TAT p-value
Hemogram 464.4 + 31.05 minutes 120 minutes <0.001
Glucose 549.1 + 29.9 minutes 120 minutes <0.001
Urea 483.1 + 7.32 minutes 120 minutes <0.001
Creatinine 481 * 6.2 minutes 120 minutes <0.001
Electrolytes 536.7 £ 30.1 minutes 120 minutes <0.001

Null hypothesis (Hy): u = 120 minutes Alternative hypothesis (H,): # > 120 minutes.

Table 3. Distribution of the samples in different categories of TAT according to interna-
tional norms and customers’ suggestions.

Hemogram Urea Creatinine Glucose Electrolytes
TAT
n % n % n % n % n %
<60 minutes 2 0.98 2 0.98 2 0.98 2 0.98 2 0.98
61 - 120 minutes 1 0.49 1 0.49 1 0.49 1 0.49 1 0.49

>120 minutes 202 98.54 202 9854 202 9854 202 98.54 202 98.54

Total 205 100 205 100 205 100 205 100 205 100

defective machine, not maintained machine, low-power machine), Milieu (lack
of running water, heat in the laboratory, small sample collection room),
Management (non-existent job description, delay in materials supply, poor
choice of device, lack of sanctions or impunity), Material (reagent out of stock,

syringue not provided, micropipette not calibrated, lack of material supply).

4. Discussion
4.1. Discussion

Quality can be defined as the ability of a product or service to satisfy the needs
and expectations of the customer [9]. The laboratory staff generally identifies the
ordering physician as the primary client. In the old days, the attending physician
was only interested in the precision and accuracy of laboratory results. Nowa-
days, the satisfaction of the attending physician is also a function of the speed
with which the laboratory performs the analyzes and returns the results to the
ordering physician, in other words, the turnaround time (TAT). Lundberg
defined the TAT that involves in the performance of a laboratory test as the
brain to brain TAT or the “total testing cycle” [10]. The aim of this study was to
measure the intra-laboratory TAT, ie from patient receipt time to result
electronic record time, in a tertiary hospital, and to identify reasons for delay.
The intra-lab TAT was quantified using a time and motion analysis approach.
Time and motion study (also referred to as motion and time study, the terms are
used interchangeably) is the analysis of the time spent in going through the
different motions of a job or series of jobs. The term Time and Motion Study

refers to a broad branchof knowledge dealing with the systematic determination
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of preferable work methods, with the determination of the time required for the
use of human or machine to perform the work by the stipulated method, and
with the development of materials required to make practical use of these data
[11]. Time study consists of a wide variety of procedures for determining the
amount of time required, under certain standard conditions of measurement, for
tasks involving some human activity while Motion study consists of a wide
variety of procedures for the description, systematic analysis, and means of
improving work methods [12].

In case of laboratory TAT, we chose time and motion analysis approach to
determine the amount of time required to complete each of the ten steps of the
laboratory workflow process and to create a baseline that will be used in the
future in order to improve the TAT. Four measures, namely mean, median, 90%
completion time and outliers, were used to represent the required time. Accord-
ing to Steindel and Novis, these four measures are the quota to be used to ade-
quately represent TAT [13].

However, given the long intra-lab TAT and the normal distribution of our
data, the mean was used principally as it is considered to be a more objective
measure in long TAT. This is founded on a recommendation by Hawkins et al.
[14]. In addition, amongst the four measures of laboratory TAT, namely the
mean, median, 90th percentile, and outlier rate, the mean was found to be the
most reproducible of the four measures, followed by the median. The mean
achieved acceptable precision with sample sizes of 100 - 500 tests [15].

Hence, in our study, the mean + standard deviation overall TAT was 464.4 +
31.05 minutes for hemogram, 549.1 + 29.9 minutes for glucose, 483.1 + 7.32
minutes for urea, 481 + 6.2 minutes for creatinine and 536.7 + 30.1 minutes for
electrolytes (Table 1). Mahdaviazad., et al found that the mean overall TAT
varied between 1.3 - 3.1 hours [16]. Chung., ef a/ demonstrate the average TAT
of 43.6 + 7.7 min for outpatient routine biochemistry samples [17]. A study done
in Oxford determined that the TAT for hematology results was 1 hour 6 minutes
(95% CI: 29 minutes to 2 hours 13 minutes) and that for biochemistry was 1
hour 42 minutes (95% CI: 1 hour 1 minute to 4 hours 21 minutes) [18].

In our study, the median and interquartile range (IQR) total TAT was 393
(353 - 435) minutes for hemogram, 481 (460, 509) for glucose, 483 (429, 541) for
urea, 481 (431, 538) for creatinine, 471 (421, 513) for electrolytes (Table 1). As a
benchmark, the 1996 Q-probes study (a nationwide survey in the United States)
reported a median TAT of 130 minutes for BUN and 120 minutes for white
blood cell counts [13]. In their study, Lee., et al obtained the median total
turnaround time to be 55.0 (45.0 - 69.0) min. [19].

In the present study, the 90% Completion Time was 480 minutes for hemo-
gram, 525 minutes for glucose, 619 minutes for urea, 583 minutes for creatinine,
550 minutes for electrolytes (Table 1). A 90% completion time (sample
registration to result reporting) of <60 minutes for common laboratory tests is
suggested as an initial goal for acceptable TAT [14]. A study done by Steindel

and Howanitz revealed that half of the 693 responding laboratories responded
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that 90% of potassium tests were ordered and reported in 69 minutes or less,
whereas the TAT for 90% of haemoglobin results was 55 minutes or less [20].

The comparison of our results with those from other countries showed that
the TAT in our hospital was longer than the TAT from other countries. The
large differences in TATs can be explained by differences in the study settings
and participants, for example, teaching vs. nonteaching hospitals, numbers of
beds, and the degree of computerization in different laboratories. Evidence has it
that laboratories in non-teaching hospitals and small institutions report the
results more swiftly as compared to the teaching hospitals and larger
institutions, respectively [7].

It was demonstrated that TAT depends on the three phases of total laboratory
testing process, namely; pre-analytical, analytical and post-analytical [21].
Among these three phases, pre-analytical and post-analytical phases contribute
to nearly 96% of the TAT [22]. Our results showed that pre-analytical and
post-analytical phases accounted for 70% and 25% respectively, while analytical
phase accounted for only 5% of the total TAT (Table 1). These results suggest
that if the pre-analytical phase is streamlined, delayed TAT of samples could be
avoided. Our findings further add to the evidence that pre-analytical and
post-analytical phases of laboratory processing contribute up to 96% of total
TAT.

It is generally accepted that the approuvable TAT is 1 - 2 hours [23] [24]. In
our hospital, for common laboratory tests, an average of 120 minutes was sug-
gested by users as acceptable TAT [6]. Hence, Outlier was defined as percentage
of specimens exceeding suggested TAT ie. percentage of tests reported in excess
of 120 minutes from the time the patient was received by the laboratory
receptionnist. Table 2 showed that the laboratory TAT is statistically greater
than the suggested TAT. The TAT in our study was significantly prolonged
compared to recommended TAT for the tracked tests. Table 3 revealed an
outlier rate of 98.5 % while Steindel [13] and Bilwani [7] reported it to be 10.4%
and 2.03% respectively. Only 1.5% of our samples were reported within 120
minutes, while Chung., ef al observed 98% of the specimens being reported well
within one hour [17]. In a study by Wanker, 54.65% fell within the acceptable
TAT of 60 min [25]. Bilwani., et al, in their study, found only 2.03% of the total
samples being reported beyond the acceptable TAT [7]. Similarly, a study
performed by Chauhan KP ef al suggested that percentage of specimens
exceeding TAT was 6.4% [26].

As evident from the results, these variants of TAT in our laboratory were
considerably higher than reported in many other studies. Steindel and Novis
recommand that, when investigating outliers, the cause for all specimens
exceeding the outlier criterion should be established [13]. Figure 2 revealed that
root causes of delay related to Machinery, Management, Manpower, Materials,
Method and Milieu. The major causes concerned methods and manpower (per-
sonnel). In the method category, the long-running workflow was the most of-
fending. Workflow evaluation helps in rethinking of processes and can help
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clinical laboratories do more with less [27]. We developed a value stream map
(VSM) capturing how the process is currently being done (Figure 1). The main
goal of VSM is to find different types of wastes and trying to eliminate them.
Waste is any step or action in a process that is not required to complete a
process (called “Non Value-Adding”) successfully. When waste is removed, only
the steps that are required (called “Value-Adding”) to deliver a satisfactory
product or service to the customer remain in the process. There are eight types
of waste in a work process, namely defects (work that contains errors, rework,
mistakes, or lacks something necessary), overproduction (producing items for
which there is no order), waiting (idle time created when material, information,
people, or equipment are not ready), transport (unnecessary movements of
products and materials), motion (unnecessary movements by people, eg.
walking), over-processing (using more steps to produce a product than
required), non-utilized talent (underutilizing employee’s knowledge, skills,
talents and abilities), excess inventory (holding unnecessary inventory between
process steps) [28]. Table 1 shows that, among the ten workflow steps, major
areas in which delays occurred were patient reception (32%), sample assemblage
(28%) and biological validation (15%). Waiting (waiting for sampling in the
waiting room, waiting for large batch sizes after sample collection) and excess
inventory (many registrations) were the two types of waste observed in these
three areas. Redundant steps in the laboratory testing workflow are particularly
common in low-and middle-income countries, especially in Sub-Saharan Africa
settings, which commonly use paper-based laboratory service requests and
results reporting [29]. The frequent use of manual methods in the analysis of
samples in our laboratory significantly extends the time taken to render results.
The contribution of the automatic method of analysis to the reduction of the de-
lay in rendering results has already been demonstrated: with faster turnaround
and elimination of wasteful practices, automated processes facilitate time savings
[30].

Another important reason for delay in our laboratory related to manpower.
Almost half of the laboratory’s staff are old and can no longer work quickly. In
addition, laboratory staff are often late and sometimes absent. The late arrival of
the staff at the workplace, the delay in the acquisition of equipment, the delay in
materials supply, the delay in the calibration of the equipment ... all these delays
lead to the delay in the rendering of laboratory results. One of the most common
problems business owners and managers find impacts on the effectiveness of the
company is employee lateness. In a survey conducted by the Heathrow Express,
employee lateness costs the UK economy around £9 billion a year. Worryingly
11 per cent say a late arrival has contributed to the loss of a potential new client.
Regular lateness means that each employee loses an average of 97 minutes per
month costing British employers £305 per head every year [31]. Though
managers assume staff members will occasionally be late, if employees begin to
be late for work regularly, then actions need to be taken to protect the company

and to improve the work ethic amongst the team. When someone is chronically
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late, the natural flow of work is disrupted as other team members adjust to cover
for the delay. Punctual employees that are strong and passionate are critical to
productivity as well as the company’s overall success. For business leaders,
tardiness needs to be addressed because it affects productivity and - ultimately -

the reputation of an organization.

4.2. Limitations of the Study and Suggestions for Future Research

This study has some limitations which must be acknowledged.

First, the study is limited to samples collected during the period of 8 hours,
starting from the morning, and to 5 parameters (tests) only. In addition, the re-
search focuses only on intra-lab TAT. Thus, future research should take into ac-
count all parameters regardless of the time of sample collection. In addition,
consider TAT from the request of the analysis to the rendering of results and not
only intra-lab TAT.

Secondly, this preliminary study concerned only outpatients because they are
the most numerous. TAT will likely be different for inpatients tests. Future re-

search should consider inpatients tests too.

4.3. Study Strengths

In spite of the above limitations, this study is the first of its kind to provide da-
ta on clinical laboratory tests’ TAT and to identify reasons for delay in Demo-
cratic Republic of the Congo. Through this study, we demonstrate the need to
analyze TAT systematically in order to implement mechanisms to mitigate
long TAT.

5. Conclusion

The laboratory TAT is significantly very long and does not comply with either
international standards or the suggestions (requirements) of attending physi-
cians who are the laboratory’s primary clients. There are many factors that di-
rectly affect or interact with each other to affect TAT. The root causes of the de-
lay fall into six categories and concern Machine, Management, Manpower, Ma-
terial, Method and Milieu. Preventive and curative measures must be underta-

ken by the laboratory’s manager to reduce the delay and improve the TAT.
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