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Abstract 
In Democratic Republic of the Congo (DRC), the laboratory TAT is signifi-
cantly very long and do not comply with either international standards or the 
suggestions of customers. However, there is neither a national nor a local 
strategy to improve the laboratory TAT. The aim of the present study is to 
develop practical management strategies to shorten clinical laboratory tests’ 
TAT. This was a qualitative study conducted in Kinshasa. Focus groups and 
Lean tools were used respectively to generate a wide range of views from a va-
riety of laboratory staff and to eliminate several form of waste in the labora-
tory flow process. Based on the identified root causes of delay, focus groups 
participants reported that there is a lot of scope for the improvement of TAT 
in DRC. Consistent attendance and punctuality are essential. The hospital 
management should implement the Laboratory Information Systems (LIS) 
and install Middleware. Total laboratory automation, inventory system for all 
reagents and supplies used in the laboratory, expansion of the sampling area, 
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sufficient number of high-power machine and a clear job description are in-
dispensable. LIS, 3.5 mL BD vacutainer BarricorTM tube and point-of-care 
testing (POCT) are necessary for workflow improvement. A reduction of 312 
minutes was achieved by eliminating or decreasing non-value-added activi-
ties. Applying the suggested key strategies, and particularly the new workflow 
process, is a basis for improving the laboratory tests’ TAT. The algorithm 
presented can be easily implemented in other laboratories that face this type 
of problem. 
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1. Introduction 

The word quality has many meanings, but basically, it refers to the set of inhe-
rent properties of an object that allows satisfying stated or implied needs. Ac-
cording to Bergman and Klefsjö, quality means to satisfy, and preferably exceed, 
the needs and expectations of the customers [1]. Quality primarily is the total 
attribute of a product or service that causes satisfaction or contented feeling in 
the minds of a customer after the consumption of that product/service [2]. 
Quality, being a fitness for use, is an outcome of inner comparison taken place in 
the mind of each customer on the expectation before purchasing the service and 
the perception he/she got after consuming that service. When expectations are 
perfectly aligned with perception, service quality occurs [3]. Quality means those 
features of products/services, which meet customer needs and thereby provide 
customer satisfaction [4]. In service marketing literature, service quality is a 
marketing term used to convey the evaluation of fitness of services offered by an 
institution and to what extent it confirms to the expectation of customers [5]. 
Quality is defined by Wicks and Roethlein as the summation of the affective 
evaluations by each customer of each attitude object that creates customer satis-
faction [6]. Juran defines quality means freedom from deficiencies—freedom 
from errors that doing work over again or that result in failures, customer dissa-
tisfaction, and customer claims and so on [7]. As Robert Cole said, “total quality 
means completely satisfying customers on the full range of product and service 
needs. Thus, we define quality in terms of customer satisfaction” [8]. Philip 
Crosby, one of the founding fathers of the quality movement, states quality is an 
ability to satisfy needs [9]. Edwards Deming was onto something when he said 
that the customer’s definition of quality is the only one that matters [10]. In ac-
cordance with all the above definitions of quality, we can conclude that quality 
means “customer satisfaction” i.e. “conformance to customer requirements” [4].  

A quality indicator is a tool that enables the user to quantify the quality of a 
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selected aspect of care by comparing it with a criterion [11]. Quality indicators 
are one of the tools of Quality Management System (QMS) used to monitor and 
control process functioning, whereby the data collected provide a basis for the 
implementation of corrective measures and continuous quality improvement 
[12]. For Medical Laboratory, ISO 15189:2012 requires the establishment of 
quality indicators to monitor and evaluate laboratory performance throughout 
critical aspects of pre-examination, examination, and postexamination processes 
[13]. Shahram Shahangian and Susan R. Snyder have identified 14 quality indi-
cators or performance measures which were grouped according to the stage of 
the total laboratory testing process. These indicators are: test order appropriate-
ness, inpatient wristband identification error, patient satisfaction with phlebot-
omy, specimen inadequacy/rejection, blood culture contamination, specimen 
container information error, proficiency testing performance, gynecologic cy-
tology-biopsy discrepancy, inpatient laboratory result availability, corrected la-
boratory reports, critical values reporting, clinician satisfaction with laboratory 
services, follow-up of abnormal cervical cytology results, turnaround time [14]. 
Turnaround time (TAT) is the total amount of time required to complete a cycle 
of the process. In laboratory management, this cycle encloses the time from or-
dering a test to delivering reports to end customers. At the beginning, laboratory 
performance evaluation only focused on result quality including accuracy and 
precision. Nowadays, TAT is increasingly used as a quality indicator to assess 
laboratory performance. Managing TAT is important in clinical laboratories be-
cause TAT is a metric used to monitor the efficiency and productivity of a labor-
atory. Benefits of TAT control are so many: 1) With faster and reliable report 
delivery time, you have more credibility from patients, referrals, and business 
partners as well; 2) shorter reporting time enables doctors to take quick action 
on reports much faster. This improves patient service time; 3) improved service 
delivery time leads to an increase in the volume of samples processed per day; 4) 
Monitoring the variabilities in TAT helps laboratory managers get insights on 
the causes of delay. This can be useful in making improvements in different 
areas of laboratory processes; 5) reviewing TAT can help reduce delivery time 
and reduce costs in a significant manner; 6) etc. The purpose of the first study by 
Chabo et al. was to evaluate the quality of laboratory services and to identify 
priorities for quality improvement. This study revealed that the most important 
opportunity for quality improvement was the laboratory tests’ turnaround time 
[15]. The second study conducted in Democratic Republic of the Congo, from 
October 2020 to April 2021, evaluated the laboratory tests’ turnaround time 
(TAT) and identified reasons for delay. Four measures were used to represent 
TAT: mean and standard deviation (SD), median and interquartile range, 90% 
completion time, proportion of acceptable tests or outliers. The study results 
were alarming: The laboratory TAT was significantly very long and did not 
comply with either international standards or the suggestions (requirements) of 
attending physicians who are the laboratory’s primary clients. The root causes of 
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the delay fall into six categories and concern Machine, Management, Manpower, 
Material, Method and Milieu. Finally, the authors recommended that preventive 
and curative measures be taken to reduce the delay and improve the TAT [16]. 
However, to the best of our knowledge, there is neither a national nor a local 
strategy to improve the laboratory TAT in DRC. Therefore, based on the above 
results, the aim of the present study is to develop practical management strate-
gies to shorten clinical laboratory tests’ TAT.  

2. Material and Methods 

This was a qualitative study conducted in Kinshasa. The study received ethical 
approval from the ethical review committee of the School of Public Health of the 
University of Kinshasa N˚ ESP/CE/55/2020. Focus groups and Lean tools were 
used in order to develop practical management strategies to shorten clinical la-
boratory tests’ TAT. 

2.1. Focus Groups 

Focus groups were held with laboratory professionals from hospitals, academia 
and NGO (Non-Governmental Organisations) in Kinshasa. The objective was to 
generate a wide range of views from a variety of laboratory experts. 

2.1.1. Focus Group Topic Guide 
The topic guide was tailored around Key Strategies for Reducing TAT in Clinical 
Laboratory. The guide proceeded logically from one topic to another, and flow 
from the general to the specific. Questions were open-ended, simple, unbiased 
and non-threatening. For example, how to fight against the staff tardiness and 
employee absenteeism, what to do to avoid the delay in the supply of materials 
and reagents, how to make a good choice of devices, which is developing the job 
description and what is the content, ... The guide was pre-tested with several 
“mock” focus groups.  

2.1.2. Recruiting Participants 
Snowballing recruitment technique was used [17]. Five weeks before the focus 
groups, the lead author (CBA) contacted the service manager of each concerned 
laboratory service and provided study information sheet, consent form and a 
poster to recruit health professionals from within their service. Health profes-
sionals were eligible to participate if they were working in a clinical laboratory or 
a laboratory service for more than two years. Participants’ selection was made by 
the service manager. 

All participants received further information about the study’s aims and ob-
jectives via the study information sheet. This invited them to reflect on their ex-
perience of the management of medical laboratory, and how the laboratory tests’ 
TAT could be improved taking into account the root causes of long TAT. All 
participants were asked to sign a consent form before taking part in the focus 
groups. In the consent form, the respondents were informed of the purpose of 
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the study and assured of confidentiality and their right to withdraw from the 
study.  

2.1.3. Number of Focus Group Sessions 
The number of focus groups held was informed by previous literature on re-
search methodology in qualitative studies, according to which, three focus 
groups are sufficient to capture more than 80% of coded themes [18]. In this 
study, five focus groups with 35 participants (i.e. seven participants for each fo-
cus groups) were run between 20 July and 30 August 2021.  

2.1.4. Conducting a Focus Group 
Focus group interviews took place in one of the meeting rooms of each service. 
Participants were arranged to sit around a table to enable them to see and hear 
one another. CBA had the role of moderator and established a welcoming and 
open environment with some basic ground rules: emphasize there are no right or 
wrong answers to the questions, ask participants to listen respectfully to each 
response, have all attendees turn off cellphones, require that only one person 
speak at a time [19]. The moderator facilitated the conversation and prompted 
participants with questions to guide the discussion over topics that were relevant 
to the objectives of the study. Focus group interviews were audio-recorded. The 
recorder recorded focus group basics such as date, time, topic, number of par-
ticipants; briefly summarized responses and assisted the moderator in monitor-
ing time [19]. The time allocated for each focus group was 120 min (20 min for 
consenting, 80 min for the focus group, and 20 min for debriefing). 

2.1.5. Debriefing 
Participants took this opportunity to begin summarizing themes presented dur-
ing the conversation. They spent 15 - 20 minutes after the session to debrief and 
review the notes. The recorder finalized a summary of overall themes, provided a 
summary of responses for each questions, proofreaded and edited the report to 
ensure accuracy and clarity.  

2.1.6. Data Analysis 
Content analysis was performed using NVivo 10, which is a computer-assisted/ 
aided qualitative data-analysis software. Action plans were prioritized according 
to those solutions that were “quick wins”, to reduce TAT. 

2.2. Lean Tools 

The focus of Lean in the present study was to improve the workflow process and 
reduce processing time. The current-state value stream map defining the process 
of laboratory analysis and identifying all of its components was created in a pre-
vious study (Figure 1). This study showed that the mean total 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; 536.7 ± 30.1 minutes for 
electrolytes. Major areas in which delays occurred were pre-analytical phase  
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Figure 1. Current value stream mapping.  
 
(70%) and post-analytical phase (25%). The processing steps that caused the 
most delays in TAT were patient reception (32%), sample assemblage (28%) and 
biological validation (15%) [16]. Workflow improvements consisted in reducing 
the TAT according to the customers’ suggestion i.e. <120 minutes or interna-
tional standards i.e. <60 minutes. This was done in two steps. The first step con-
sisted from identifying and eliminating wastes i.e. non-value-added steps in the 
workflow process. The current Value Stream Mapping was reviewed in detail by 
the focus groups participants to identify waste (i.e., non-value-added activities) 
that could be eliminated and identify opportunities to minimize potential for 
errors. The team then brainstormed potential solutions to address activities or 
process steps identified as non-value-added and to maximize value-added activi-
ties. The definitions of value-added and non-value-added activities were based 
on Lean principles, whereby assigning value to process steps is directly related to 
the benefit to the customer. Value-added activities were those activities that di-
rectly contributed to patient’s specimen processing, such as phlebotomy, sample 
analysis, and result’s validation. Non-value-added activities were those activities 
that were considered duplication of work or not directly contributing to patient’s 
specimen processing. The following is a summary of these wasteful activities: 
overproduction, inventory, motion, transportation, over-processing, defects, 
waiting, under-utilizing [20]. During analysis of the process, the team focused 
on steps that were categorized as waste, particularly those steps that took long 
periods (highlighted in the value stream mapping). From these raw data, the 
moderator developed visual graphs that demonstrated to the team how much 
time was spent in non-value-added activities (i.e., waste) such as storage (i.e., 
waiting for the next step), transportation, inspection, and certain processing 
steps. Participants also discussed the ideal future state and identified opportuni-
ties for improvement. The second step was to draw the future state map that 
shows how the process of laboratory analysis should be done after the wastes and 
inefficiencies have been removed. The future state map was created based on 
answering a collection of questions on topics relevant to efficiency and imple-
menting technical issues related to lean techniques. Finally, the suggested map 
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was applied as a basis for making essential changes to the system: a new process 
was then designed based on the identified opportunities.  

3. Results 

Five focus groups were conducted with 35 staff members in total.  
Table 1 shows the socio-demographic characteristics of focus groups partici-

pants. 
There were 35 total focus groups participants; 21 (60%) were male and 14 

(40%) were female; 28 (80%) were hospital professional i.e. medical biologist 
(physicians) or laboratory technicians, 4 (11.4%) were academia professional, 3 
(8.6%) were NGO professional. Academia professional and NGO professional 
were management experts.  

Table 2 shows the key strategies for reducing TAT in clinical laboratory. 
These root cause based strategies were developed by focus group participants. 

Figure 1 shows the Current Value Stream Mapping (VSM) defining the 
process of laboratory analysis and identifying all of its components. This is a 
snapshot capturing how the process is currently being done.  

The laboratory process was divided into three phases. The preanalytic phase 
included steps 1 (Laboratory tests’ ordering), 2 (Laboratory tests’ billing and 
payment), 3 (Patient reception), 4 (sampling = phlebotomy), 5 (sample assem-
blage), 6 (transit to laboratory), 7 (reception and sorting) and 8 (sample prepa-
ration). The analytic phase was the step 9 (Manual or automatically sample 
analysis). The postanalytic phase included steps 10 (Result reporting), 11 (Bio-
logical validation) and 12 (Making the results available). Steps 1 and 2 are ex-
tra-laboratory. Intra-lab TAT begins by step 3.  

 
Table 1. Socio-demographic characteristics of focus groups participants.  

Socio-demographic characteristics n % 

Gender   

Male (M) 21 60 

Female (F) 14 40 

Age (years)   

18 - 27 4 11.4 

28 - 37 7 20 

38 - 47 14 40 

48 - 57 6 17.2 

≥58 4 11.4 

Profession   

Hospital professional 28 80 

Academia professional 4 11.4 

NGO professional 3 8.6 
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Table 2. Root causes-based key strategies for reducing TAT in clinical laboratory. 

Categories Root causes of long TAT Key Strategies (Suggested Solutions) 

MANPOWER 

Staff tardiness Laboratory manager should communicate to staff employees the importance of timely and 
regular attendance and develop written unit rules with a call-in procedure. These rules apply 
to all laboratory staff employees, from the chairman (director) on down. The call-in  
procedure should define when and whom an employee should call if he/she is going to be 
absent or tardy. It should also address a time frame when an employee who will be delayed is 
required to notify supervision. Employees must record attendance and absences in the  
attendance tracking system. Supervisors should be observant and identify pattern absences. 
Employees will be subject to immediate corrective action for pattern unscheduled absences. 
Unscheduled absences, tardiness, and unscheduled early departures (whether excused or 
unexcused), failure to provide appropriate notification, or abuse of sick leave or other paid 
time off may result in corrective action up to and including termination of employment. 

Employee absenteism 

Insufficient personnel Laboratory manager should hire new workers to fix the labor shortage. 

Older workers Hiring young employees can be beneficial to clinical laboratory. 

Non-retrained staff 
Laboratory directors should offer training to their existing employees in order to tailor them 
to fill current gaps. This can mean training offered in-house, where a knowledgeable  
employee shares with others their valuable expertise, or outside training. 

MACHINE 

Insufficient number of machines 
Laboratory directors should provide sufficient number of machines that meet the  
operational requirements. 

Defective machines 
The technical director of the laboratory should repair damaged machines or replace them 
altogether with new ones. He must ensure that a back-up is provided for broken machines. 

Not maintained machines 
Good maintenance habits and an effective repair system will minimise the amount of time 
equipment is unusable. The Technical Director is responsible for this. 

Low-power machines 
The laboratory should acquire high-powered machines which are capable of developing a 
large amount of work in a short time. 

MANAGEMENT 

Non-existent job description 
Job descriptions should reflect all skills needed and accurately describe tasks, roles, and 
authorities. Critical competencies for each task should be identified. First-line supervisors 
should be involved in this step. 

Delay in the supply of materials 
Stocks must be properly assessed: this involves defining a minimum stock level, which once 
reached triggers replenishment. The laboratory’s stock manager must analyze the remaining 
stock and issue in order to bring it up to the maximum authorized stock level. 

Poor choice of device 
The hospital management should involve experts who have knowledge of laboratory tools in 
the selection of laboratory equipment. 

Lack of sanctions or impunity 
Laboratory manager should establish standards and rules that all laboratory personnel 
should observe and predict the sanctions for recalcitrant. 

MATERIAL 

Reagent out of stock 

Laboratory should have a system for inventory maintenance and purchasing. 
Syringue not provided 

Micropipette not calibrated 

Lack of material supply 

MILIEU 

Lack of running water 
The technical department of the hospital should set up a drinking water supply system and 
ensure that there is no shortage of good quality water in the laboratory. 

Heat in the laboratory 
The hospital’s technical department should establish a system to maintain the temperature 
and humidity of the laboratory within acceptable ranges. 

Small sample collection room 
The hospital management should expand the sampling area and increase the number of beds 
and staff. 
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Continued 

METHODS 

Lack of automation The hospital management should implement the total laboratory automation. 

Long-running workflow 
The hospital management should implement the Laboratory Information Systems (LIS) and 
install Middleware. Then, the laboratory manager should reorganize the laboratory process 
flow to eliminate non-value-added steps or waste (see Figures 1-4). 

 

Figure 2 shows the value-added time (black) and non-value-added time (red) 
as percentage of overall processing time. 

 

 
Figure 2. Time line analysis pie chart of process steps showing value-added time (black) and non-value-added 
time (red) as percentage of overall processing time. Steps: 1 = Laboratory tests’ ordering; 2 = Laboratory tests’ 
billing and payment; 3 = Patient’s reception; 4 = sampling or phlebotomy; 5 = sample’s assemblage; 6 = transit to 
laboratory; 7 = reception and sorting; 8 = sample’s preparation; 9 = manual or automatically sample’s analysis; 10 
= Result’s reporting; 11 = Biological validation; 12 = Making the results available. 

 

Figure 2 is a pie chart that shows value-added and non-value-added time as a 
percentage of overall Processing Time. This graph clearly demonstrates that 
most of the Processing Time in the current state was spent in non-value-added 
activities, and these should be the potential targets for the improvement strategy. 
Figure 2 shows the current workflow with the specific steps that were believed to 
be wasted activities highlighted in red. It was determined that 62% (312 minutes 
out of 503 minutes) of the intra-laboratory overall mean TAT was spent in 
non-value-added activities, which are patient reception (patients are waiting for 
phlebotomy in a waiting room), sample assemblage (the samples taken are rec-
orded in a laboratory book and placed in a rack, waiting for large batch sizes) 
and Result reporting (Results issuing from the laboratory analysis are completed 
by the technologist on the Clinical Laboratory Reporting Form. This is a dupli-
cation of work because the information is recorded on both the reporting form 
and in the laboratory book before the record in the database). 
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Figure 3. Process flow after eliminating the non-value-added steps. Steps: 1 = Laboratory tests’ ordering; 2 
= Laboratory tests’ billing and payment; 3 = sampling or phlebotomy; 4 = transit to laboratory; 5 = recep-
tion and sorting; 6 = sample’s preparation; 7 = manual or automatically sample’s analysis; 8 = Biological 
validation; 9 = Making the results available. 

 

 
Figure 4. Improved workflow subsequent to waste elimination and opportunities identification. Steps: 1 = 
Laboratory tests’ ordering; 2 = Laboratory tests’ billing and payment; 3 = sampling or phlebotomy; 4 = 
transit to laboratory; 5 = reception and sorting; 6 = sample’s preparation; 7 = automatically sample’s analy-
sis; 8 = Biological validation; 9 = Making the results available. 

 
Figure 3 shows the process flow after eliminating the wastes i.e. the non-value- 

added steps. 
After waste elimination, the intra-laboratory TAT decreased from 503 mi-
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nutes to 191 minutes (>120 minutes). Other operational improvements must be 
implemented in order to reduce the overall TAT according to customers’ sug-
gestion (<120 minutes) or to international standards (<60 minutes). Improve-
ment opportunities which were identified included the following (Table 3).  

Objectives and key strategies for workflow improvement are presented in Ta-
ble 3. 

After waste elimination and improvement opportunities identification, a new 
process was then designed based on the identified opportunities (Figure 4). 
Changes introduced to the process are presented in Table 3. 

Improved workflow subsequent to waste elimination and opportunities iden-
tification is presented in Figure 4. 

Note the reduction in steps as compared with Figure 2 (9 steps instead of 12) 
and the reduction in total time as compared with Figure 3 (59 minutes instead 
of 191 minutes). 

4. Discussion 

To improve turnaround time in the laboratory is an important benchmark that 
all medical laboratories strive for. The current study used Focus groups and Lean 
tools in order to develop practical management strategies to shorten clinical la-
boratory tests’ TAT. Research has demonstrated that focus groups are an effec-
tive way to obtain a diverse range of information to improve some specific 
product or service or, more globally, during the development of strategic plans  
 

Table 3. Objectives and key strategies for workflow improvement. 

Step Objective Key strategy to achieve the objective 

1 Test requesting: ≤7 minutes The test requesting will be made online. The laboratory will be computerized. 

2 Laboratory tests’ billing: ≤10 minutes The number of counter for the payment of fees will be increased: 4 counters instead of just one. 

3 
Sampling: ≤5 minutes instead of 10 
minutes 

The sampling area will be expanded: 30 square meters instead of 12 square meters. The number of 
beds and phlebotomists will be increased: 7 instead of 3. 

4 
Transport and distribution of collected 
samples: ≤5 minutes 

The staff responsible for transporting the samples will be on time and steady. Absences, tardiness, 
and early departures may result in corrective action up to and including termination of  
employment. In addition, it will be necessary to install a satellite laboratory. 

5 
Reception and sorting: ≤6 minutes  
instead of 20 minutes 

The staff responsible for receiving the samples and verifying their compliance will be punctual 
and regular. Unscheduled absences, tardiness, and unscheduled early departures (whether  
excused or unexcused) will be severely penalized. 

6 
Sample preparation procedure: ≤4  
minutes instead of 15 minutes 

Centrifugation time will be reduced using 3.5 mL BD vacutainer BarricorTM tube centrifuged 3 
min at 4000 × g. 

7 
Sample analysis: ≤8 minutes instead of 
25 minutes 

Laboratory will implement the point-of-care testing (POCT). The POCT will be used in satellite 
laboratories. In the central laboratory, personnel will use high-powered automatons which are 
able to analyze several samples of patients in a short time. 

8 
Biological validation: ≤10 minutes  
instead of 76 minutes 

The number of doctors responsible for this work will be increased: 2 doctors per unity instead of 
just one per 4 unities. 

9 
Making the result available: ≤3 minutes 
instead of 40 minutes 

The doctor who validated the results is also the responsible for recording in the validated results 
on the computer to constitute a database. 
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or mission statements [21]. Focus groups are an important tool in strategies de-
velopment and evaluation, as they provide the contextual information necessary 
for a program that meets the needs of the population in focus [22]. Focus groups 
showed dimensions of understanding that often remain untapped or inaccessible 
by other forms of data collection [21]. Results from focus groups enable quality 
assurance practitioners to provide better remedial action plans [19]. Considering 
the social distancing and isolation policy due to COVID-19 pandemic, online 
focus groups via a web videoconferencing platform (Zoom, Google meets, Ku-
do, …) could be a useful way of eliciting public views related to matters of long 
TAT, particularly from diverse and geographically dispersed participants [23]. 
But, taking into account the problems related to poor technology in DRC, focus 
group interviews took place in one of the meeting rooms of each service. In this 
study, the strategies resulting from the focus group addressed the six root causes 
of the long TAT which were identified in a previous study [16]. 

The first root cause related to manpower. Human resources being part of the 
four factors of production is something that can not be overlooked at any or-
ganization. Personnel are the most important laboratory resource [24]. It is vital 
to the Clinical Laboratory for all employees to have reliable attendance: em-
ployees are expected to arrive at work punctually and to be at work during the 
time they are scheduled to work. Absenteeism, tardiness and job abandonment 
negatively impact laboratory personnel ability to effectively provide services to 
customers. Patients specimen processing is an activity that comprises many steps 
and involves many people. Therefore, one employee tardiness or absences, either 
in duration or frequency, can have a ripple effect on other employees and on the 
entire operation. For instance, an entire work batch can be delayed, setting back 
reporting of patient tests’ results. Consistent attendance and punctuality is es-
sential to staying current with work and to performing jobs well. Staff employees 
must arrive and be prepared to commence work at their scheduled start time. To 
clear the high volume during a short period, technical staff on the early morning 
shift are requested to stay in the technical area to perform tests. Quality system 
essential personnel involves recruiting, hiring, and retaining an adequate num-
ber of qualified, well-trained, and competent laboratory personnel to perform 
and manage the activities of the laboratory [25]. African laboratories are affected 
by lack of training [26]. Broader knowledge, skills, and competencies in best 
practices are essential in implementing innovative strategies to improve the 
quality of laboratory testing in resource limited environments like the DRC. 
Studies have shown that education and training of laboratory personnel im-
proves the quality of test results and clinicians’ trust in the laboratory and their 
subsequent willingness to remain in an under-developed area for a longer time 
[27] [28]. An efficient laboratory can dramatically reduce waiting time to get re-
sults and leads to faster and better health care delivery. One need in clinical la-
boratories today is to develop workers to carry out new and highly complex 
procedures. These workers must also learn to use new automated testing equip-
ment and master the theories behind the new tests involved while developing 
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new the skills [29]. A study done in Sweden also pointed out the effectiveness of 
in-service training to equip trainees with the new knowledge and skills required 
for the job [30]. Another systematic review emphasized the importance of train-
ing to health professionals to enrich their pre-existing knowledge and skills [31].  

The second root cause of delay related to machine. The most important ad-
vantage of laboratory machines is a considerable acceleration and facilitation of 
work procedures in laboratories. Clinical and analytical laboratories are under 
constant pressure to increase throughput. Throughput is the amount of material 
or items passing through a system. In this case, it’s analyzing a higher volume of 
samples per day. This brings several advantages: reduced cost per sample, de-
creased sample turnaround time, fewer instruments needed, and reduction of 
laboratory space required. These reasons, among others, are why laboratory 
managers are pushing instrument manufacturers to increase their throughput. 
High-throughput machines are indispensable for TAT reduction.  

The third root cause of delay was in management, primarily the non-existence 
of the job description. Previous studies revealed that many of the hiring mistakes 
companies make are the result of not having a clearly defined description of 
what the company really wants the new applicant to do [32]. A well-written job 
description should assure that all parties involved, including the head of the 
company, the applicant, and the supervisors, understand what the positions en-
tails and share the same expectations. Being a medical company, a clinical labor-
atory should have a well-written job description. A job description will not only 
inform an employee about the laboratory’s expectations of him or her, but it also 
will help managers to supervise and appraise performance and determine com-
pensation categories. A precise job description will assist interviewers by keeping 
them focused on the duties of the job and skills required. In addition to assisting 
in recruitment and selection, the job description will help guide the laboratory 
management in determining proper compensation and in developing training 
programs to meet the standards set in the job description [32]. 

The delay in the supply of laboratory materials was the fourth leading cause of 
long TAT. In implementing an inventory management system, the laboratory 
must assign responsibility for the programme, analyze the needs of the labora-
tory and establish the minimum stock needed for an appropriate time period. 
Appropriate logs and forms will be needed, as well as a procedure for receiving, 
inspecting and storing supplies. The laboratory will need to maintain an inven-
tory system for all reagents and supplies used in the laboratory [24]. This system 
must include all areas where reagents and supplies are stored, the maximum 
number of samples that can be processed per hour, the number of samples that 
can be loaded at a single time, and the numbers of reagent containers and assays 
that can be stored onboard.  

The long TAT was also due to the smallness of the sampling room (fifth root 
cause). This in itself also contributed to longer waiting times for patients. The 
area designated for outpatient phlebotomy must be as large as possible in order 
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to create a patient-friendly space and provide privacy and comfort for the phle-
botomy service. The phlebotomist should work in a quiet, clean, well-lit area, 
whether working with outpatients or inpatients [33]. The number of rooms, beds 
and phlebotomists should be sufficient to handle the demand at peak hours. 

The latest root cause of delay concerned the long-running workflow. The fo-
cus of Lean in the present study was to improve the workflow process and re-
duce processing time. Lean thinking is a time-based philosophy that focuses on 
creating value for the customer by eliminating several forms of waste including: 
defects (waste from a product or service failure to meet customer expectations), 
overproduction (waste from making more product than customer demand), 
waiting (waste from time spent waiting for the next process step to occur), un-
used talent (waste due to underutilization of people’s talents, skills, and know-
ledge), transportation (wasted time, resources, and costs when unnecessarily 
moving products and materials), inventory (waste resulting from excess prod-
ucts and materials that aren’t processed), motion (wasted time and effort related 
to unnecessary movements by people) and extra-processing (waste related to 
more work or higher quality than is required). This philosophy aims at conti-
nually reducing the time from client order arrival until delivery with the smallest 
cost and highest quality. Simply put, Lean is focused on the elimination of waste, 
or non-value-added activities, from the process [34]. Value Stream Mapping 
(VSM) is a useful tool of Lean Manufacturing to reduce the wastage in any 
process by segregating Value Added (VA) and Non-Value Added (NVA) activi-
ties. VSM is a graphical Lean tool that integrates the materials and information 
logistical flows by using normalized icons in a chart, showing a “Big Picture 
Mapping” of the value stream [35]. Jones and Womack define VSM as the 
process of mapping the flow of information and materials as they are in a graph-
ical manner and preparing a future state map with better methods and perfor-
mance [36]. Finality of VSM is to suggest an as-is and to-be state map that will 
be applied as a basis for making essential changes to the system [37]. Thus, in 
the present study, to generate the strategies for improving the flow of samples, 
the focus groups participants first retraced the current VSM (Figure 1 and Fig-
ure 2). This mapping made it easy to read, as well as an understanding of the 
process and the identification of areas for improvement. Then, the participants 
determined the operational objectives and defined the desired situation, i.e. the 
future state which will have to correspond to international standards or to cus-
tomer requests. A new VSM has been traced. Finally, the team defined the ac-
tions required to arrive at the future state. 

Key strategies to arrive at the future state are development of laboratory in-
formation management system referred to by the acronym LIMS or LIS, 3.5 mL 
BD vacutainer BarricorTM tube and point-of-care testing (POCT). An appro-
priately designed and installed LIS brings accuracy and accessibility to the flow 
of samples and data in the clinical laboratory. The paper requisition will be re-
placed by the electronic requisition for inpatients and outpatients’ orders. A 
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complete computerized information system will be able to handle all the basic 
information management needs. A computer system has the capacity to quickly 
and easily manage, analyze and retrieve data. The computerized system offers 
some definite advantages over paper-based systems such as error reduction, 
quality control management, provision of options for data searching, Access to 
patient information, Generate reports, Ability to track reports, Ability to track 
and analyze trends, improved capability for maintaining patient confidentiality, 
Financial management, Integration with sites outside the laboratory [24]. 
Among process involved in lab TAT, the centrifugation is one of them that can 
be modulated. Centrifugation is a consuming time step which participates to in-
crease the turnaround time (TAT) in laboratories. Reduction of centrifugation 
time could reduce the lab TAT. Moreover, during the pre-analytical step in the 
lab, centrifugation setting could also generate hemolysis according to a higher 
speed or higher time used. In all case, hemolysis sample should need a re-sampling 
and delayed management of patients. Replacing regular tubes with the low va-
cuum BD BarricorTM tubes has two advantages which are a reduction of centri-
fugation time allowing improvement of lab TAT and a reduction of hemolyzed 
samples that improve sample and result quality. A study by Badiou et al. eva-
luated the impact of replacing 4 mL BD vacutainer heparin lithium tubes with 15 
min at 2000 × g as centrifugation setting by low vacuum 3.5 mL BD vacutainer 
BarricorTM tube centrifuged 3 min at 4000 × g. A significantly reduced TAT and 
a significative decrease in hemolysis rate were observed with the reduction time 
of centrifugation allowed by use of BarricorTM tubes compared to regular heparin 
lithium tubes [38]. Another study evaluated the impact of BD Vacutainer® Bar-
ricorTM Tube (BarricorTM) on laboratory efficiency by measuring its effect on 
TAT and sample quality, as well as evaluate potential cost opportunities result-
ing from improved sample quality. By implementing BarricorTM, researchers saw 
a significant reduction in TAT and a reduction in fibrin-related remediation 
time and costs, when compared to a predominant serum workflow. In fact, Bar-
ricorTM significantly reduced the median TAT, especially for routine-priority 
samples during peak-hours. The TAT key-performance-indicator (percentage of 
results available within 90 min) improved to >90% for STAT as well as routine 
priority samples. Converting from serum gel, BarricorTM reduced fibrin-related 
remediation activities from 2.3% to 0.4%. This resulted in remediation-related 
cost reduction of €6.01047 over the study period [39]. Another study evaluated 
the effects of using the Barricor tube in a stat (statin) laboratory on the results 
and TAT of routine chemical tests. Reseachers verified the impact of Barricor 
tube on reducing TAT and providing results similar to those obtained using se-
rum separator tubes (SSTs). As results, the Barricor tube showed allowable dif-
ferences compared with the SST. After introducing the Barricor tube, TAT was 
reduced owing to decreased centrifugation time and clogging-related problems. 
Hence, the study concluded that the Barricor tube is an alternative to SST for 
routine chemical tests in institutions aiming to reduce TAT, with clinically al-
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lowable differences in test results [40].  
Implementation of point of care testing (POCT) has been suggested for ana-

lytes that have a required reporting TAT of <30 minutes [41]. Kendall et al. 
demonstrated a significant decrease in time to medical decision making for a 
number of patients that received hematologic, biochemical, and arterial blood 
gas testing after the implementation of point-of-care testing [42]. Kilgore et al. 
also demonstrated a decrease in therapeutic TAT using the point-of-care option 
[43].  

Transport is one of the wastes of Lean and should be removed from the new 
VSM or improved by the use of pneumatic tubes. The pneumatic tube system 
(PTS) significantly reduces laboratory TAT, and for this reason, the PTS has 
been used frequently for the transport of patients’ samples to the central labora-
tory [44]. Nevertheless, this technology is expensive and inaccessible for the ma-
jority of laboratories in the DRC. The focus group participants have developed 
strategies that are realistic and achievable in the current context of the country. 
The implementation of pneumatic tubes is very difficult and even impossible for 
the majority of laboratories in the DRC. However, the solution to the problem of 
transport may be the decentralization of laboratory services in satellite laborato-
ries. The objective of creating a satellite laboratory is to provide adequate TAT 
for critical tests in emergency situations. Steindel and Howanitz realized that the 
TAT of satellite laboratories installed near critical care units or emergency de-
partments in hospitals is similar to those institutions that introduce an opti-
mized transport system to limit or reduce transport time [45]. There is some 
evidence that installation of a satellite laboratory may shorten laboratory TAT. 
The main purpose of the study by Hamdan et al. was to determine the advantag-
es of having a satellite laboratory in an oncology outpatient treatment unit. 
Moreover, this study assessed whether the presence of a satellite laboratory could 
help reduce laboratory TAT and chemotherapy waiting time for cancer patients. 
The laboratory TAT and chemotherapy waiting time were analyzed and com-
pared before and three years after the establishment of the satellite laboratory. 
The mean laboratory TAT decreased from one hour and 30 minutes at baseline 
in 2012 to 43, 43, and 37 minutes in 2013, 2014, and 2015, respectively; a reduc-
tion rate of 59%. Mean chemotherapy waiting time also reduced, from a 2012 
baseline of 252 minutes to 170, 157, and 146 minutes in 2013, 2014, and 2015, 
respectively; a reduction rate of 42% [46]. A prospective cohort study aimed at 
measuring the impact of a satellite laboratory upon laboratory result TATs and 
clinical decision making times. The data were collected over a six-week period 
before the laboratory was opened, and a subsequent six-week period. The time to 
haematology (blood count) results in the intervention group decreased by 47.2 
minutes (95% CI 38.3 to 56.1, p < 0.001) after the laboratory was opened. Similar 
sized differences were also seen for haemostasis (d-dimer) testing 66.1 (41.8 to 
90.4) minutes compared with −14.2 (−47.1 to 18.7) and chemistry 41.3 (30.3 to 
52.2) compared with −4.2 (−17.4 to 8.9) testing. Decisions to discharge patients 
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were significantly faster (28.2 minutes, 13.5 to 42.8, p < 0.0001) in the interven-
tion group after the laboratory was opened (controls; −2.6 minutes −27.0 to 
21.7) [47]. Another study evaluated the impact of a satellite laboratory on TAT 
for the emergency department and concluded that a satellite laboratory in the 
emergency department can significantly reduce laboratory TAT [48]. Lewan-
drowski et al. described an average reduction of 51.5 minutes in test TAT, an 
emergency department patient length of stay reduction of 41 minutes and an in-
crease in physician satisfaction [49]. Many of the satellite laboratories in DRC 
will function 24 hours a day, 7 days a week. They will usually perform stat he-
matology, chemistry, urinalysis, and even immunochemistry procedures. Test 
menus will be limited in these satellite laboratories: procedures they will not 
perform will be performed in the central laboratory of each hospital. Satellite la-
boratories in many cases will use POCT instrumentation, especially for blood 
glucose testing and urinalysis. 

Potentials and Limitations 

The limitations of the current study are similar to those previously identified. A 
fundamental disadvantage of focus groups is its susceptibility to bias, because 
group and individual opinions can be swayed by dominant participants or by the 
moderator [21]. However, to the best of our knowledge, this is the first project 
within the hospital setting in DRC to identify strategies for TAT improvement 
and to apply Lean principles to the workflow processes of clinical laboratory.  

5. Conclusion  

When faced with the challenge of improving TAT within the clinical laboratory, 
focus groups interview were conducted involving policy elites who had pre-
viously participated in decision-making processes for health policy. Results from 
focus groups enabled quality assurance practitioners to provide better remedial 
action plans. Suggested strategies should be implemented as parts of laboratory 
management; that not only reduces the overall TAT but also ensures convenient 
diagnostic services for end-customers.  

Recommendations 

It is evident from the results of our study that the proposed strategies and par-
ticularly the reorganization of laboratory process flow improve laboratory quali-
ty, increasing effectiveness and efficiency. Therefore, policy makers, healthcare 
providers and, consequently, laboratory managers need to take into account the 
suggested strategies to improve clinical laboratory quality. Even though Lean 
Healthcare is not free from difficulties, including adjustments in transferring the 
principles and tools to a new setting, as well as methodological restrictions at the 
implementation phase [50] [51], this work is easily replicable to other laborato-
ries that need to improve their tests’ TAT. The modified sample workflow 
process can be easily implemented in other laboratories that face this type of 
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problem. The suggested strategies can also be adapted to other clinical laborato-
ries faced by long TAT. In general, the application of such strategies is particu-
larly interesting and relevant as the problem of long TAT increases in DRC. The 
successful implementation of lean or any other improvement framework re-
quires that the hospital and medical leadership all be strong supporters of the 
methodology, speak the same process improvement language, and are able to 
generate support and resources [52]. The effect of the changes will be evaluated 
by measuring the TAT before and after the implementation of the modified 
sample flow. 
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