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Abstract
Introduction: Turnaround time (TAT) is a crucial clinical parameter that reflects the performance of a
laboratory especially in the context of oncology and the COVID-19 pandemic. Based on the Lean Six Sigma
methodology, we performed a retrospective analysis of the TAT of the complete blood count (CBC) of cancer
patients with the aim of reducing this delay in the future.

Materials and methods: Over one month of the COVID-19 pandemic, a retrospective evaluative audit was
carried out on the TAT of the CBC in an oncology department. The root causes of failures of the overall
analysis process were detected. The initiation of an improvement approach was implemented through the
creation of an improvement flowchart and a new request form. The hospital information system (HIS)
data were exported to Microsoft Excel® (Microsoft Corporation, Redmond, Washington, United States).
Using the collected data, the mean, standard deviation, median, and interquartile range were calculated
using IBM SPSS Statistics for Windows, Version 23, (Released 2015; IBM Corp., Armonk, New York, United
States). All time intervals were expressed in minutes.

Results: Among 263 intra-laboratory TATs analyzed, the median intra-lab TAT was 56 minutes (interquartile
range (IQR): 36-80 minutes). A total of 82% of the analyses were performed in less than 90 minutes with a
predominance of the interval 30-59 at 42.9%. The main causes of failures were essentially the lack of time
stamping of the samples as well as the lack of real-time communication between the biologists and the
clinicians. The proposed improvement model is currently being approved by all practitioners whose main
items are as follows: At the clinical department level, distinguish the request forms but also the labels of the
samples of the oncology hospital by a particular color, indication of clinical signs and sampling time on the
request forms and on the HIS. At the laboratory level, create a specific chain for oncology department
samples, alarm notification on the HIS, and rapid telecommunication of results for vital situations.

Conclusion: The intra-lab TAT of our study is biologically acceptable. Because our work is limited by the
phases outside the control of the laboratory, it should lead to a continuous improvement project.
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Introduction
The COVID-19 pandemic represents the greatest public health challenge of the current generation. It is
transmitted by an infectious disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1,2]. Compared to the general population, cancer patients are at increased risk of infection and
complications during COVID-19 [3-5].

Neutropenia is the most frequent side effect of chemotherapy. It is associated with the risk of serious life-
threatening infections as well as a therapeutic arsenal delay due to the restriction of chemotherapy doses [6].
When cancer involvement is associated with COVID-19 infection, the mortality rate is significantly higher in
neutropenic patients [7-9]. According to the United Kingdom National Institute for Health and Care
Excellence, the symptoms of COVID-19 and neutropenia may be difficult to differentiate at the initial
consultation [10]. Increased attention to the management of febrile neutropenia is recommended to
minimize the risk of infection in cancer patients and reduce the need for hospital visits [7,8].

The laboratory has a crucial role in providing timely and reliable results for proper clinical decision-making.
In order to achieve this objective, the laboratory can adopt a quality approach that consists of improving its
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results' turnaround time (TAT) [11]. The TAT is a crucial parameter in the clinic that reflects the performance
of a laboratory and the efficiency of all the analysis processes from the pre-analytical phase to the post-
analytical phase [12,13]. Currently, the Lean Six Sigma (LSS) method is the most adopted methodology by
several laboratories in Europe and America and their impact has been well illustrated [11,14-16]. LSS is the
combination of two quality methods, which aims to identify and eliminate failures and improve the quality
of a process. It is based on a structured approach to problem-solving abbreviated as DMAIC, which expands
to Define, Measure, Analyze, Improve, and Control [11,17,18].

Based on the LSS methodology, the aim of our work was initially to carry out a retrospective analysis of the
TAT of the complete blood count (CBC), essentially the absolute neutrophil count (ANC) of cancer patients.
Following this, we set out to identify the root causes of failures in the total analysis process and finished by
initiating a quality improvement approach.

Materials And Methods
Study design
This study is part of a clinical-biological quality approach between the central hematology laboratory of the
Ibn Sina University Hospital Center (UHC), Rabat, Morocco, and the National Institute of Oncology, Rabat,
Morocco. It was a retrospective observational study over a period of one month from June 1 to July 1, 2022
(when Morocco noted a high peak of cases tested COVID-19 positive), in order to improve the TAT for the
results of the CBC (ANC) of cancer patients referred to the Oncology hospital.

Pre-intervention
The central hematology laboratory treats all requests from the various services of 10 hospitals detached from
the UHC, including the oncology hospital. Every day our laboratory processes an average of 700 analyses per
day, which corresponds to 21,000 per month. The laboratory operates 24 hours a day in three shifts: in the
morning (from 8 AM to 3 PM), in the afternoon (from 3 PM to 8 PM), and the night shift (from 8 PM to 8 AM).

For inpatients, samples are collected, barcoded, and sent to the central laboratory receiving unit via an
ambulance driver. Appropriate and adequate samples are accepted, recorded in the electronic hospital
information system (HIS), and analyzed. Test results are validated, interpreted, and released via the HIS.

Data collection and statistical analysis
Data items which included sample registration, acquisition to HIS, and authorization of results were
extracted from the HIS onto Microsoft Excel® (Microsoft Corporation, Redmond, Washington, United
States). Thereafter, analysis was done using IBM SPSS Statistics for Windows, Version 23, (Released 2015;
IBM Corp., Armonk, New York, United States). Descriptive statistics, including median, percentages, and
interquartile range (IQR) were calculated. Intra-lab TAT was expressed as median with IQR. All time
intervals were presented in minutes. The establishment of the control chart of the first phase was also
carried out in Excel software (Microsoft Corporation, Redmond, Washington, United States).

Intervention: the LSS methodology
We initiated with the application of the LSS methodology and finished by modeling the future state. The
main tools of this methodology are the five phases of DMAIC, which expands to define, measure, analyze,
improve, and control.

A. Define the Problem

Neutropenia in cancer patients undergoing chemotherapy is a severe hematologic toxicity and is associated
with the risk of life-threatening infections, especially if accompanied by COVID-19 infection. Any delay in
the laboratory's reporting of the CBC results (ANC) negatively impacts the timely management of these
patients. Based on this observation, after brainstorming conducted by our multidisciplinary team, we
decided to initiate a quality approach with the aim of satisfying the patient and all practitioners.

B. Measure

Due to the lack of time stamping of the pre-analytical phase from patient sampling to the reception of the
samples in the laboratory, it is possible to determine only the timelines related to the analytical and post-
analytical phases.

On 263 processed CBC reports, we determined two intervals: Interval 1: from registration to acquisition on
HIS, and Interval 2: from acquisition to validation on HIS in addition to the delay of intra-laboratory results
(TAT-intra lab), which is defined by the time between specimen registration in the HIS and the release of the
validated biological results.
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C. Analyze

We used a control chart to further analyze the temporal evolution of intra-laboratory TAT. A control chart
was constructed by Excel software (Microsoft Corporation, Redmond, Washington, United States). To build
the control chart, we used the TAT of the results obtained respecting the following limits: the central limit
(CL), the upper control limit (UCL), and the lower control limit (LCL). These limits are calculated according
to validated mathematical formulas in force from the process data (Association Française de Normalisation
(AFNOR) standards) [19]. The chart used is the average chart or X-bar chart, which allows the variation
between the averages of the subgroups of the process indicator to be followed chronologically.

To explain the causes of the delay of the intra-lab TAT, the constraints responsible for the lack of calculation
of the global TAT during the global analysis process, as well as the reasons for the dissatisfaction of all
practitioners, we used an Ishikawa diagram. 

D. Improve

On the basis of the analysis, corrective actions presented as a flowchart were proposed to bring in
improvement for a later evaluation. We tried to limit the human factor as much as possible by using reliable
schedules from the HIS. Nevertheless, the purpose of using a new request form was to expose ourselves to
measurement bias (see Appendices). An indefinite period was left for their full approval and eventual
implementation.

E. Control

The evaluation phase, which was intended to monitor the evolution and deduce the impact of the measures
implemented, is modeled in this work. It will be the subject of another study.

Results
Measurement results: analytical and post-analytical phases
The majority of the analyses (82%) were performed in less than 90 minutes with a predominance of the
interval (30-59 minutes) at 42.9%. In contrast, only 12.6% were obtained in less than 30 minutes. Our results
showed that 86% of the assessments were processed in less than 60 minutes for interval 1 and 66.6% in less
than 30 minutes for interval 2 (Table 1). The intra-lab median was 56 minutes (IQR: 36-80 minutes). The
median for interval 1 was greater than that for interval 2, 29 minutes (IQR: 20-40 minutes) and 20 minutes
(IQR: 09-35 minutes), respectively (Table 2). The different TATs of the results obtained are presented in
Table 1 and Table 2.

Time
(minutes)

Interval 1: registration acquisition on HIS,
n=263

Interval 2: acquisition validation on HIS,
n=263

Intra-lab TAT,
n=263

 n % n % n %

<30 135 51.72 174 66.66 33 12.64

30-59 93 35.63 65 24.90 112 42.91

60-89 14 5.36 18 6.89 69 26.43

90-119 10 3.83 1 0.38 24 9.19

120-149 4 1.53 2 0.76 8 3.06

>150 5 1.91 1 0.38 15 5.74

TABLE 1: Contribution of all turnaround times of results in minutes from the analytical to the
post-analytical phase
HIS: hospital information system; TAT: turnaround time
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Time in minutes
Interval 1: registration acquisition on HIS,
n=263

Interval 2: acquisition validation on HIS,
n=263

Intra-lab TAT,
n=263

Average 8 25 80

Median 29 20 56

Standard
deviation

31 28 44

Interquartile
range

20-40 09-35 36-80

TABLE 2: Summary of turnaround times between intermediate process phases

Analysis results
Observation of the X-bar mean control chart of the TAT of the CBC results (Figure 1) revealed that the
process was generally controlled. More than 93% of the intra-lab TATs were compliant. The process was out
of control for two observations, points 26 and 30; it was above the UCL at these two points and took time to
stabilize again.

FIGURE 1: X-bar control chart of the means of the turnaround time for
intra-laboratory blood count results obtained over one month of
observation for 263 tests
CBC: complete blood count; CL: central limit; UCL: upper control limit; LCL: lower control limit

On the basis of an Ishikawa diagram (Figure 2), we revealed the following main causes: For the pre-analytical
phase, we revealed a lack of time stamping of the time between the collection and the reception of the
samples at the laboratory level. For the analytical phase, we revealed that samples from the oncology
hospital were treated in the same panel as those of the other services. For the post-analytical phase, we
revealed a lack of rapid communication of results or alarming notification on the HIS in cases of extreme
urgency (low absolute neutrophil count (ANC) rate with evocative clinical signs).
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FIGURE 2: Ishikawa diagram to identify the root causes of failure of the
entire process from the pre-analytical to the post-analytical phase

Improvement results
In the pre-analytical phase, we could distinguish the request forms and also the labels of the samples of the
oncology hospital by a particular color in order to alert the laboratory staff that these were samples to be
treated in an emergency. It is also necessary to add any clinical sign suggestive of febrile neutropenia or
COVID-19 infection, as well as information on empirical antibiotic therapy and the last round of
chemotherapy. A section will be added to these request forms indicating the time of sample collection by the
transport agent.

In the analytical phase (the creation of a specific chain for oncology department samples), it would be
important to time-stamp the reception of the samples by the laboratory by loading them in specific boxes for
oncology patients. These boxes will be labeled and differentiated by the same color as the request forms,
which will make it easier for the laboratory technician to treat them as quickly as possible. The samples in
question will be loaded and treated by the analyzer separately from those of other departments. Therefore,
the treatment of the samples will be established according to a new, rapid, and exclusive panel.

In the post-analytical phase, it would be important to establish rapid and effective telecommunications
between the hematology laboratory and the clinicians of the oncology hospital or to notify an alarm on the
HIS for vital situations, which would make it possible to inform the treating clinician on site in real time. We
could also propose that the calculation of the TAT be carried out automatically on the HIS, which would
make it possible to notify the biologist of out-of-time analyses during biological validation stages. It is also
possible to provide training of medical personnel by the laboratory biologist because this role is his
responsibility according to the International Organization for Standardization (ISO) 15189 [20].

Control results: our objectives and estimations
First, we estimate that turnaround time will be improved after the implementation of the proposed
flowchart measures. The overall TAT will be defined as the time from specimen collection to receipt in the
laboratory, from receipt to registration of the request, from registration to completion of the analysis, and
from analysis to authorization of the release of the validated results to the system. In fact, in order to respect
the medical emergency that is the examination of the ANC count, the laboratory has set itself a time limit
(global TAT) of a maximum of two hours and 30 minutes to give its result.

Considering that the oncology hospital is detached from the central laboratory of UHC, the time from
sampling to the transportation of the samples to the laboratory will be a maximum of two hours. The average
intra-laboratory TAT would be reduced from 80 minutes to 30 minutes: 15 minutes between the reception,
registration, loading, and processing of samples on the analyzer and 15 minutes between result verification
and releasing of validated results to the Laboratory Information System (LIS).

Second, mean values out of control of the intra-laboratory TAT of the CBC will be followed using another
mean control chart. Third, we could even control the variations in the overall TAT process with another
mean control chart. Fourth, knowledge of the TAT could allow clinicians to establish goals that are consistent
and compatible with the clinical needs of their patients as well as those of the hematology laboratory. Fifth,
our approach will have a contributing impact on the control and improvement of the quality of the entire
analysis process, which is strongly correlated with the increase in patient satisfaction.

The suggested improvement flowchart is given in Figure 3.
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FIGURE 3: Suggested improvement flowchart

Discussion
The decision to urgently grant a chemotherapy session or even a possible transfusion is highly dependent on
the results of the blood count and mainly on the ANC and platelets. The results of this study are compared
with TAT studies in emergency departments. Our results showed that most samples were processed in the
laboratory within 90 minutes and the median TAT-intra laboratory was 56 minutes (IQR: 36-80 minutes).
These results are similar to the studies of Mutema et al. [13] and Mahdaviazad et al. [21]. In contrast,
Winkelman et al. stated that this median time was 35 minutes for urgent hospital tests [22]. On the other
hand, a generalized Chinese survey showed that the median intra-laboratory TAT for white blood cells and
platelets was 44.7 minutes and 80 minutes, respectively [23].

The definition of TAT often varies between practitioners. The overall TAT is categorized into pre-analytical,
analytical, and post-analytical stages [24]. In our study, the time taken into consideration is the TAT intra-
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laboratory, which is the time between the registration of the samples and the release of the results on the
HIS that the laboratory could control. Generally, short TATs are necessary; the sample must be transported
to the laboratory as soon as possible. A better CBC is one that is ideally performed between 30 minutes and
two hours but does not exceed four hours given the collection, transportation, and analysis [25,26].

The observation of the X-bar average control chart revealed that the process is generally controlled. More
than 93% of the intra-lab TATs were in compliance. The process was out of control only for two observations,
points 26 and 30, which were above the UCL and took time to stabilize again. Overall, according to our study,
the current intra-lab TAT is biologically acceptable. However, given the urgency of the cancer cases
including neutropenia and the COVID-19 context, a number of procedures mentioned above (improved
phase) that require rigorous organization will be put in place once our suggested model is accepted and
adopted by all practitioners.

Study limitations
The pre-analytical phase is one of the most important steps in the biological cycle from the blood sampling
to the return of the results. It constitutes a real informative value of the biological result. The first part of the
pre-analytical phase is the blood sampling. According to the ISO 15189 guidelines [20], the biological sample
must be accompanied by a request form that must contain the information necessary to identify the patient
and the authorized prescriber, the relevant clinical data relating to the patient, and also the date and time of
collection. However, the sample collection time is not communicated between the two departments (clinical
service and laboratory).

There are two reasons for this anomaly. At the oncology hospital, the sample is usually taken in the
dedicated sampling unit the day before the chemotherapy session. This is the reason why we could not
extract the time of the sampling from the HIS. In another situation, it is done directly at the patient's bed
when the patient is hospitalized and developing a post-chemotherapy complication. In this case, the time of
the request does not really reflect the time of the sampling.

This study is also limited by the lack of an objective follow-up process for the previously proposed actions.
Modeling of the proposed actions will aim to reduce the intra-laboratory time from 80 minutes to 30 minutes
+/- five minutes and will also define the global TAT in two hours and 30 minutes. The reduction of these
times will have a significant impact on the management of cancer patients undergoing chemotherapy,
especially if they present signs suggestive of febrile neutropenia and/or infection by the coronavirus. A pilot
study in this setting will be the focus of a future study.

Conclusions
On the basis of available data, intra-laboratory TAT of CBC results of cancer patients was within a
biologically acceptable range. Our work is certainly limited by the phases outside the control of the
laboratory, but it should, however, initiate a continuous quality project, particularly an integration of the
notifications in the HIS and a relevant communication between the two clinical-biological structures. The
evaluation of the impact of the proposed improvement approach will be the subject of another study.

Appendices

2024 El Assil et al. Cureus 16(5): e61149. DOI 10.7759/cureus.61149 7 of 10

javascript:void(0)
javascript:void(0)


FIGURE 4: New request form for the oncology hospital
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