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Abstract:

Background: Laboratory turnaround time (TAT), defined as the time between collection of the sample and making
the results available for the clinician, is a key indicator in healthcare. TATs can affect nursing workflows and
patient satisfaction. Delayed TAT can increase nurse workload, disrupt care delivery, and decrease patient trust,
while short turnaround time promotes efficiency, satisfaction, and patient outcomes. Aim: To assess the impact of
TAT on nursing care delivery and patient satisfaction, identify potential steps for optimizing TAT, and address the
barriers to changing TAT. Methods: This review comprised a synthesis of peer-reviewed literature examining the
effect of TAT on nursing workflow, patient satisfaction, and interventions, including point-of-care testing (POCT)
and electronic health record (EHR) integration, based on clinical, operational, and patient-focused outcomes.
Results: Long laboratory turnaround time can worsen nurse workload, increase stress, and raise error rates, with
the worst impact occurring in high acuity settings. Similarly, shorter TAT had an improved workflow by allowing
for POCT to remove redundant activities. Long TAT can negatively lower patient satisfaction due to the added
anxiety of waiting, while the less time a patient waits, the better. Optimizing TAT improves care delivery and trust
with patients. Interventions such as POCT and EHR integration can reduce TAT by about 20-50%. Barriers to
optimized TAT can include costs associated with creating an intervention and staffing shortages. Professional
collaboration and creating standardized TAT protocols may help to eliminate delays. Conclusion: Improving TAT
can improve healthcare efficiency and improve patient satisfaction. Implementation of POCT, electronic health
record interface, and standardized protocols will be crucial, and support with education and investigation on cost-

effective solutions.
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Introduction

Laboratory turnaround time (TAT), which is
defined as the duration of time from the collection of
a clinical sample to its results being available to the
healthcare providers, is one of the foremost metrics to
evaluate the efficiency of healthcare delivery (Apostu
et al,, 2021). In nursing, where access to timely
laboratory results is essential to make treatment
decisions and modify care plans as well as monitor
patients for deterioration (especially in the context of
EDs and Intensive Care Units), prompt laboratory
results are crucial for starting treatment, moving
patients, or integrating further care. Nurses rely on
accurate and timely laboratory information to allow
for coordination of patient care and respond quickly to
changes in patients' conditions. TAT is a vital metric
for the delivery of clinical operations, as it is related to
the delivery of services and therefore may influence
the degree to which patients' perceptions of quality of
care and positive experiences in the healthcare system,
representing an important area of focus for healthcare

improvement processes.

TAT delays can impact nursing workflows
and patient outcomes. Delays in laboratory results
result in increased nurse workload because when
laboratory results are not provided promptly, nurses
will have to do additional patient assessments or
contact laboratory staff multiple times to retrieve
important information (Ballin et al., 2022). Care can
be disrupted by delays in providing care, such as
delays in offering interventions or making medication
errors that affect patient safety and quality of care. In
both the emergency department (ED) and the intensive
care unit (ICU), time is critical, and delays increase
nurse stress and can contribute to burnout, both of

which affect healthcare resources (Harrison et al.,
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2018). These operational challenges need to be
addressed and improved by implementing workflows
to decrease TAT in nursing practices to improve

workflows and patient care.

TAT not only affects clinical workflow but
also affects patient satisfaction. Since TAT and the
provision of results are directly associated with
perceived care quality, TAT will have a substantial
impact on patient expectations. Delayed laboratory
results via TAT will likely lead to a lengthened stay
for the patient, resulting in unnecessary frustration,
anxiety, and a breakdown of trust in the continuity of
care (White et al., 2021). Delays in outpatient settings
will ultimately result in patients spending longer
periods of time in clinics, negatively impacting their
overall patient experience, while a more serious case
in critical care settings, if a laboratory test result is
delayed in reporting for urgent cases, will heighten
patient anxiety about their health. This comprehensive
review assesses the numerous ways in which the TAT
influences the delivery of care by nurses and the
patient experience, with an emphasis on identifying
barriers, evaluating successful interventions, and

suggesting future directions for healthcare delivery.

This review aims to investigate the important
relationship between TAT in the laboratory, nursing
practice, and patient-centered care. First, the review
will assess the effect of TAT on the registration of
nursing workflows and the delivery of -care,
considering the effect on task prioritization, care
coordination, and operational efficiencies in a variety
of healthcare environments. Second, the review will
investigate the relationships between TAT and patient
satisfaction depending on whether results are timely or
delayed, and qualitative and quantitative evidence will

be used to analyze how any perceived quality of the
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care is shaped by TAT. Last, the review will highlight
methods to optimize TAT, including POCT testing,
EHR integration, and standardizing protocols, while
considering the obstacles to implementation and
providing insights on actionable recommendations to

improve outcomes for nurses and patients.

Methods

This integrative review was conducted using
a systematic process, including a search of the
databases PubMed, CINAHL, and Scopus for peer-
reviewed articles published between 2015 and 2023.
The search used keywords such as '"laboratory
turnaround  time,”  "nursing care," "patient
satisfaction,” and "clinical outcomes." The studies
included were in English, focused on nursing within
the context of laboratory TAT, and included patient

outcomes in either the inpatient or outpatient setting.

Impact on Nursing Care Delivery

Laboratory TAT has a significant impact on
nursing care delivery, especially in high-acuity clinical
environments like emergency departments (EDs) and
intensive care units (ICUs). In these settings, timely
laboratory results are critical to enable prompt clinical
decision-making. For example, Brown et al. (2019)
illustrated how delays for arterial blood gas results in
ICUs can restrict necessary ventilator adjustments and
result in increased stress and workload for nurses
conducting time-consuming patient assessments to
still provide care in light of incomplete data.
Fernandes et al. (2022) characterized the long TAT
typical to the laboratory process in the ED setting as
resulting in delays for interventions, especially for
troponin levels in patients suspected of having acute
coronary syndrome, upon evaluation of potentially
very time-critical care. Compounding the work, the
absence of complete diagnostic results places an

increased burden on nurses to deliver care in less-than-
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1deal circumstances. This can lead to inefficiencies, as
in many cases, nurses are the liaison between
laboratory and clinical teams who need sample
collections and to communicate laboratory results
(Thakur et al., 2023). Increased length of TAT
compounds these duties, which results in duplication
of tasks, and in some cases, monitoring/reporting lab
test results, which can lead to errors (Morias et al.,

2018).

Increased TAT varies greatly across
departments, but can be dramatically reduced when
TAT is short, like during POCT in a critical care
setting. In a recent study, Carson (2022) studied the
perceived amount of time lab sample collection took
and reported an overall decrease in the length of TAT
by approximately 40% for Electrolytes and Glucose,
which ultimately allowed nurses to engage in patient
monitoring, not clerical or follow-up duties. Length of
TAT can also vary based on patient acuity, but, for
length of TAT area across all tests and settings that can
negatively impact nurse morale, Brenner et al. (2016)
recently concluded that consistent short delays
primarily contributed to nurse burnout because in their
review a lack of lab results places undue pressure on
the nurse to help relieve the patient's stress because of
time, have enough time and enough staff to conduct
the appropriate care for patients whose hospitals may
be overworked and under-resourced (Gohar &

Nowrouzi-Kia et al., 2022). Figure 1 summarizes the

workflow of TAT.
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Figure 1. The workflow of TAT.

Impact on Patient Satisfaction

From the laboratory aspect of patient care,
laboratory TAT is in the top ten timely analyses for
patient satisfaction, in that performance better at
shorter TAT improves selected patients' perceptions of
the speed and quality of care. Long TAT typically
results in prolonged patient wait times and can
precipitate patient frustration, anxiety, and decreased
confidence in the healthcare provider (Wilson et al.,
2023). In outpatient clinics, delayed chemistry panel
results can result in lengthy visit duration, ultimately
negatively impacting the patient experience (Colvin et
al., 2023). A study by Alelign & Belay (2019) found
that patients waiting for a delayed clinical consultation
reported significantly lower patient satisfaction scores
attributed to the wait times, which represented a
significant driver of dissatisfaction. In contrast, that
same research found that TAT was more rapid, such as
POCT for glucose and cardiac biomarkers, which can
improve patient perception of care delivery efficiency.

Similarly, Marcus et al. (2021) identified that patient
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satisfaction improved by 20% due to the availability of
immediate glucose results at diabetic clinics because
patients felt that their health conditions were more

adequately addressed.

Overall, qualitative studies highlight the
important role played by nurses in offsetting patient
dissatisfaction that arises from TAT delays. In fact,
patients prefer to be informed of the estimated
timelines for expected results, and this is often
accomplished by nurses (Hill et al., 2023). In critical
care settings, for example, prolonged TAT may cause
higher levels of anxiety in patients, particularly when
waiting for results about life-threatening conditions
(Paul et al., 2023). A recent study by Byrum (2021)
indicated that decreasing TAT for CBC result
reporting in EDs by 30 minutes improved patient
satisfaction scores by 15% showing a direct
relationship between TAT and patient experience.
Figure 2 provides an overview of the relationship

between TAT and patient satisfaction

Prolonged
TAT

° 0
p -

Anxiety Trust

Figure 2. Relationship between TAT and patient

satisfaction.

Interventions to Improve TAT

To address the challenges related to TAT and
improve nursing time efficiency and patient outcomes,
several interventions are currently being implemented.
One of the most promising interventions is point-of-

care testing (POCT) for both laboratory and non-
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laboratory tests. Employing POCT promptly for time-
sensitive tests such as electrolytes, cardiac biomarkers,
and blood gases is a very effective strategy. Kundu et
al. (2021) reported that POCT in EDs resulted in a
TAT that was up to 50% shorter and gave nurses a
prompt result to use for quicker clinical decision
making. Nurses trained in POCT also reported as
much as 50% improvement in their workflow, in terms
of time spent following up on laboratory results
(Botker et al., 2018). POCT implementation will also
require initial training and ongoing quality control
practices to provide an accurate report of the POCT

results (Drvim Selvik et al., 2018).

Technological innovations also provided
interventions shown to be of wvalue, including
electronic health records (EHRs) with laboratory
information systems. Fan & Wang (2021) showed that
EHRs reduced TAT by 20%, in that they provided
timely reporting of results and allowed automated
alerts for critical values. By employing this strategy,
nursing staff will respond appropriately and faster as a
result of key alerts made from EHRs (Umar et al.,
2019). Interprofessional collaboration is another core
intervention, and not surprisingly, Green et al. (2022)
found that the best way to improve collaboration, and
ultimately reduce TAT variability, was to hold regular
meetings across the interdisciplinary function.
However, even with regular meetings, implementation
of the priority schemes will only reduce TAT, for
example, recognizing that "stat" orders are more
urgent than normal orders in making sure urgent orders
are completed before normal orders typically lowers
TAT by 15% in order of priority in the order
processing scheme in busy or high-volume
environments (Smith, 2020). Lean management
techniques, such as process mapping, designing
workflows, and  improving  workflows or
simplification of workflow, have reduced the

laboratory TAT by up to 25% or more if efficiencies
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are done wisely (Wilson et al., 2023). Cost, resource
shortages, and resistance to change by the staff are real
limitations to laboratory TAT interventions and are
useful in situations where the resource environment
cannot  support continued laboratory = TAT
optimizations (Hennein et al., 2022). Figure 3

summarizes the strategies to optimize TAT.

Point-of-care

testing (POCT) EHR integration

Standardized
protocols

Interprofessional
collaboration

Figure 3. Interventions to optimize TAT.

Challenges & Barriers

Laboratory TAT is affected by various
distinct barriers; the main barriers are related to
operational limitations, resource limits, and systemic
inefficiencies. High laboratory workloads, clinical
staff shortages, and issues are known systems or
systemic factors that otherwise impact laboratory
workload (Gohar & Nowrouzi-Kia et al., 2022) are all
known causes of delays in TAT when hospitals are
under-resourced or challenged with staffing shortages
related to clinical supply chain and not the laboratory
itself that can add delays in laboratory processes and
operations. Communication between the clinical staff
(nurses) and laboratory staff tends to be clearly
inconsistent and not totally transparent, and unfocused
often impacts reports due to unclear priorities or lags
in time. With outdated or under-resourced laboratory
facilities, and where laboratory processes rely on non-

electronic manual processes, TAT will increase even
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more so with sites, and will be evident, especially in
low-resource sites may not be able to provide higher

clinically ordered tests (Thakur et al., 2023).

Factors related to patient factors (e.g., failure
of the nurse to collect a sample from the patient
properly) can also affect turnaround time (TAT).
Ombelet et al. (2022) indicated that inadequate
education on proper sample handling and
prioritization often results in rejected samples that
need to be recollected for processing, delaying TAT.
Financial factors prevent more advanced technologies
that would focus on TAT, for example, Goel et al.
(2023) identified that the high cost of point-of-care
testing (POCT) devices and POCT maintenance
created barriers to implementation in low-resourced
settings.  Furthermore, staff resistance to change,
specifically when facilities implement new protocols
or new technologies, can hinder TAT optimization

efforts (Hennein et al., 2022).
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Summary of Key Findings

Table 1 summarizes the reviews' key findings
with regard to TAT and the implications on nursing

care delivery, patient satisfaction, interventions, and

considerations.

Impact on
Nursing Care

Impact on

Delays increase
workload, stress,
and errors; rapid
TAT (e.g.,
POCT) improves
efficiency.

Prolonged TAT

Fernandes et
al., 2022;
Brown et al.,
2019;

Carson, 2022

Wilson et al.,

Patient reduces 2023;

Satisfaction satisfaction; rapid Byrum,

TAT and clear 2021;
communication Marcus et al.,
improve 2021
experience.

Interventions POCT, EHR Kundu et al.,
integration, 2021; Fan &
standardized Wang, 2021
protocols,  and
lean management
reduce TAT.

Challenges Staffing Gohar &
shortages, Nowrouzi-
outdated Kia et al.,
equipment, 2022,
improper sample Alelign &
collection, and Belay, 2019;
costs hinder Goel et al.,
optimization. 2023

Discussion
The literature reviewed consistently

identified TAT as an important factor affecting
nursing care and patient satisfaction in all types of
healthcare settings. With TAT, much quicker TAT
improves the quality of nursing care by allowing for
more efficient nursing care. For example, when
reducing TAT means that nurses avoid redundant tasks
like contacting the laboratory staff to see why lab
results are delayed or having to reassess the patient due
to delayed reporting of a laboratory result, it frees up

time for nurses to spend more time in direct patient

care (Smith, 2020). In high-acuity settings, such as
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emergency departments (EDs) and intensive care units
(ICUs), timely results for tests, such as troponin and
blood gases, allow rapid clinical decisions that help
avoid harmful patient outcomes (Green et al., 2022).
Conversely, a long TAT interrupts and eventually
limits the effectiveness of the nurse, as they have time
available but no data to act upon, and must shift their
time away from patient care to simple, basic data,
creating stress and worker frustration and errors (Lo et
al., 2022). This is especially apparent in under-
resourced settings where TAT in an already sub-
optimal working environment adds significant burden
to already difficult situations, including inadequate
staffing, overcrowded conditions, and increasing nurse

burnout and morale (Anderson et al., 2017).

Strategies to reduce TAT and improve care
delivery include point-of-care testing (POCT) and
integration with electronic health records (EHRs). For
example, the nurse can now secure results for life-
ending tests like electrolytes or cardiac biomarkers in
a matter of minutes, hence improving workflows and
outcomes (Kundu et al., 2021). However, the
investments for equipment costs, staff education, and
maintenance are often too great in low-resource
settings to invest in (Green et al., 2022). EHR
integration allows real-time transmission of results
and alerts for critical values, thus allowing nurses to
respond quickly and decreasing TAT according to
some studies by up to 20% (Fan & Wang, 2021).
However, the usage of EHR and LIMS systems was
limited because of inconsistent adoption, employee
hesitancy towards new technology, and financial

impact (Hennein et al., 2022).

Nurses play an important role in decreasing
TAT-related issues in the laboratory. Unlike
physicians, nurses serve as go-betweens for laboratory
and clinical teams. Minimizing delays for TAT that

occur due to improper sample collection (a nurse not
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asking for a fasting sample), or miscommunication of
results between the nurse and physician is dependent
on effective communication and proper sample
handling by nurses (Anderson et al, 2017).
Interprofessional collaboration with nursing is equally
important, as studies suggest nurses and laboratory
staff should be trained together to align priorities and
coordinate care (Wilson et al., 2022). Collaboration
offers an opportunity to decrease TAT variations and
help improve efficiency, particularly in high-volume
areas where adherence to protocols is not always

possible.

From the perspective of the patient, TAT
contributes broadly to satisfaction, as same-day lab
results contribute to their perceptions of timely care
and high-quality care (Ridho et al., 2021). Wait times
of hours for results, particularly in outpatient or
emergency rooms, do contribute to feelings of
frustration and anxiety as well as limiting trust in care
providers (Alelign & Belay, 2019). Nurse-led
conversations on expected result update timelines
have been demonstrated to lessen these negative
experiences, as patients value honesty and
communication during their care (Hill et al., 2023).
Byrum (2021) found that reducing turnaround time
(TAT) for reportable results of complete blood count
(CBC) by 30 minutes in the emergency departments
(EDs) increased patient satisfaction scores by 15%,
indicating TAT plays a role in shaping patient

experience.

Future research should focus on cost-
effective methods to reduce turnaround time,
specifically in situations where the technology, such as
point of care testing (POCT) may not be achievable in
low-fidelity settings (Khatab & Yousef, 2021).
Longitudinal studies are also warranted to assess the
impact of interventions such as POCT and electronic

health records (EHR) on nurses' workflow and patient
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care over time (Schumacher et al., 2020).
Additionally, qualitative studies examining the patient
experience regarding TAT would add valuable data to
designing strategies to support patient-centered care
that recognize patient communication needs and
concerns about wait times (da Cruz & da Silva
Martins, 2019). Addressing these gaps in the literature
will better align TAT interventions with the needs of

nurses as well as patients related to TAT.

Recommendations

To optimize laboratory turnaround time
(TAT) and to improve nursing care delivery as well as
patient satisfaction, a multi-faceted approach
embracing practice, education, policy, and research is
recommended. Healthcare settings must incorporate
point-of-care testing (POCT) into high acuity care,
such as the emergency department (ED) and intensive
care unit (ICU), when it is desirable to have rapid
results for critical tests. A nurse can receive training
on how to label a specimen and handle it properly so
that they do not delay care (Malla & Amin, 2023).
Integrating electronic health record (EHR) systems
into laboratory systems regarding communication can
also be an important strategic process for decreasing

the time for results. The reduction can be up to 20%

(Fan & Wang, 2021).

From an educational ~ perspective,
interprofessional training would help collaborative
learning between nurses and laboratory staff to reduce
turnaround time for results by improving
communication regarding standardized processes
(Gamble et al., 2023). From a policy perspective,
developing standardized turnaround time protocols for
urgent or critical tests and seeking funding for point-
of-care testing technology are especially important in
resource-constrained settings (Garcia et al., 2018).

Systematic efforts to describe the cost effectiveness
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for POCT technology interventions, and ongoing
studies to determine the long-term sustainability and
effectiveness (>6 months) of technology in low
resource environments, is also imperative if you are to
develop evidence-based care practices that improve
the improvement of care delivery and patient

outcomes (Vazquez et al., 2021).

Conclusion

Laboratory turnaround time has a profound
impact on nursing care delivery, as well as patient
satisfaction. Timely laboratory information has the
potential to improve nursing care efficiency by
unnecessary  future

decreasing nursing  tasks,

decreasing workload, and optimizing clinical
decisions in a timely manner, all of which can improve
patient outcomes. Conversely, increased TAT creates
workflow inefficiencies that cause stress for nurses
and make patients less likely to trust those who are
caring for them, resulting in lower quality of care and
lower satisfaction. Innovations like POCT, EHR
integration, and standardized protocols can
meaningfully reduce TAT, and possible future
applications may all be affected by barriers such as
staffing shortages, outdated technology, and a lack of
funds. If health systems support interprofessional
development, educate, and equip providers, they will
be able to overcome barriers and engage in solutions
that address TAT reduction for both nurses and
patients. Future research should include exploring
cost-effective solutions and including the patient's
perspective to identify opportunities to strengthen care
delivery, assuring laboratory TAT is meeting the

creation of timely, high-quality, and patient-centered

care.



Mohammed Hazzaa Hufayr Alanazi 201

References

Alelign, A., & Belay, Y. A. (2019). Patient
satisfaction with clinical laboratory services and
associated factors among adult patients attending
outpatient departments at Debre Markos referral
hospital, Northwest Ethiopia. BMC research
notes, 12(1), 517.
https://doi.org/10.1186/s13104-019-4558-8

Anderson, E. S., Gray, R., & Price, K. (2017).
Patient safety and interprofessional education: A
report of key issues from two interprofessional
workshops. Journal of Interprofessional
Care, 31(2), 154-163.
https://doi.org/10.1080/13561820.2016.1261816

Apostu, S. A., Vasile, V., & Veres, C. (2021).
Externalities of lean implementation in medical
laboratories. Process optimization vs. adaptation
and flexibility for the future. International
Journal of Environmental Research and Public
Health, 18(23), 123009.
https://doi.org/10.3390/ijerph182312309

Ballin, M., Iloannidis, J. P., Bergman, J,
Kivipelto, M., Nordstrom, A., & Nordstrom, P.
(2022). Time-varying risk of death after SARS-
CoV-2 infection in Swedish long-term care
facility residents: a matched cohort study. BMJ
open, 12(11), €066258.
https://doi.org/10.1136/bmjopen-2022-066258

Batker, M. T., Jacobsen, L., Rudolph, S. S., &
Knudsen, L. (2018). The role of point of care
ultrasound in prehospital critical care: a
systematic review. Scandinavian journal of

trauma, resuscitation and emergency

Saudi J. Med. Pub. Health Vol. 1 No.1(2024)

medicine, 26(1), 51.
https://doi.org/10.1186/s13049-018-0518-x

Brenner, S. K., Kaushal, R., Grinspan, Z., Joyce,
C., Kim, I., Allard, R. J., ... & Abramson, E. L.
(2016). Effects of health information technology
on patient outcomes: a systematic review. Journal
of the American  Medical  Informatics

Association, 23(5), 1016-1036.
https://doi.org/10.1093/jamia/ocv138

Brown, K. M., Jones, M. B., Moore, L., Meliones,
C., Montgomery, J. A., & Ascenzi, J. (2019).
Advanced Nursing Practice in Pediatric Cardiac
Critical Care. In Critical Heart Disease in Infants
and Children (pp. 82-93). Elsevier.
https://doi.org/10.1016/B978-1-4557-0760-
7.00010-3

Byrum, D. (2021). Improving Emergency
department Length of Stay by Reducing
Turnaround

Laboratory Times (Doctoral

dissertation, East Carolina University).

Carson, J. (2022). Systematic Review How Point-
of-Care Testing is Currently Implemented in
Healthcare in Compliance with Regulatory and
Implementation  Standards (Master's  thesis,

University of California, Davis).

Colvin, R. B., Chang, A., & Cornell, L. D.
(2023). Diagnostic Pathology: Kidney Diseases
E-Book. Elsevier Health Sciences.

da Cruz, J. R. M., & da Silva Martins, M. D.
(2019). Pneumonia associated with invasive
mechanical ventilation: nursing care. Revista de
Enfermagem Referéncia, 4(20), 87-96.
https://doi.org/10.12707/RIV18035



https://doi.org/10.1186/s13104-019-4558-8
https://doi.org/10.1080/13561820.2016.1261816
https://doi.org/10.3390/ijerph182312309
https://doi.org/10.1136/bmjopen-2022-066258
https://doi.org/10.1186/s13049-018-0518-x
https://doi.org/10.1093/jamia/ocv138
https://doi.org/10.1016/B978-1-4557-0760-7.00010-3
https://doi.org/10.1016/B978-1-4557-0760-7.00010-3
https://doi.org/10.12707/RIV18035

202

Interdependence of Laboratory Turnaround Time, Nursing Workflow, and Patient Satisfaction in Healthcare Delivery

Fan, G., & Wang, Q. (2021). Quality control and

quality  assurance. In Clinical = molecular
diagnostics (pp. 97-113). Singapore: Springer
Singapore. https://doi.org/10.1007/978-981-16-

1037-0_8

Fernandes, L., Santos, D., Santos, M., & Rocha,
N. P. (2022). How to improve emergency
information systems to optimize the care of acute
stroke. Procedia Computer Science, 196, 606-
614. https://doi.org/10.1016/j.procs.2021.12.055

Gamble, B., Dubrowski, A., Torres, A., & Short,
M. (2023, January). Virtual interprofessional
education to support medical laboratory
technologists' participation in interprofessional
collaborative practice within integrated healthcare
models. In Healthcare Management Forum (Vol.
36, No. 1, pp. 21-25). Sage CA: Los Angeles, CA:
SAGE

https://doi.org/10.1177/08404704221114961

Publications.

Garcia, L. S., Arrowood, M., Kokoskin, E.,
Paltridge, G. P., Pillai, D. R., Procop, G. W, ... &
Visvesvara, G. (2018). Practical guidance for
clinical microbiology laboratories: laboratory
diagnosis of parasites from the gastrointestinal
tract. Clinical microbiology reviews, 31(1), 10-

1128. https://doi.org/10.1128/cmr.00025-17

Green, D. A., Weidmann, M. D., & Srivastava-
Malick, M. S. (2022). Diagnostic stewardship: the

central role of clinical microbiology
laboratories. Clinical Microbiology
Newsletter, 44(20), 179-189.

https://doi.org/10.1016/j.clinmicnews.2022.10.00
4

Goel, V., Mathew, S., Gudi, N., Jacob, A., &
John, O. (2023). A scoping review on laboratory

surveillance in the WHO Southeast Asia Region:

Saudi J. Med. Pub. Health Vol. 1No. 1 (2024)

Past, present and the future. Journal of Global
Health, 13, 04028. doi: 10.7189/jogh.13.04028

Gohar, B., & Nowrouzi-Kia, B. (2022). The

forgotten  (invisible)  healthcare  heroes:

experiences of Canadian medical laboratory
employees working during the
pandemic. Frontiers in Psychiatry, 13, 854507.

https://doi.org/10.3389/fpsyt.2022.854507

Hennein, R., Goddard, E., & Sherman, J. D.
(2022). Stakeholder perspectives on scaling up
medical device reprocessing: A qualitative

study. Plos one, 17(12), ¢0279808.

https://doi.org/10.1371/journal.pone.0279808

Hill, M. A., Coppinger, T., Sedig, K., Gallagher,
W. J., Baker, K. M., Haskell, H., ... & Smith, K.
M. (2023). “What Else Could It Be?”” A Scoping
Review of Questions for Patients to Ask
Throughout the Diagnostic Process. Journal of
safety, 10-1097. DOL:
10.1097/PTS.0000000000001273

patient

Khatab, Z., & Yousef, G. M. (2021). Disruptive
innovations in the clinical laboratory: catching the
wave of precision diagnostics. Critical reviews in
clinical laboratory sciences, 58(8), 546-562.
https://doi.org/10.1080/10408363.2021.1943302

Kundu, S., Tabassum, S., & Kumar, R. (2021).
Plasmonic point-of-care device for sepsis
biomarker detection. /IEEE
Journal, 21(17), 18837-18846. DOI:
10.1109/JSEN.2021.3088117

Sensors

Lo, J., Fayyaz, Y., Jaswal, S., Gohar, B., Yazdani,
A., Chattu, V. K., & Nowrouzi-Kia, B. (2022).
Factors associated with job satisfaction in medical
laboratory professionals during the COVID-19

pandemic: An exploratory study in Ontario,


https://doi.org/10.1007/978-981-16-1037-0_8
https://doi.org/10.1007/978-981-16-1037-0_8
https://doi.org/10.1016/j.procs.2021.12.055
https://doi.org/10.1177/08404704221114961
https://doi.org/10.1128/cmr.00025-17
https://doi.org/10.1016/j.clinmicnews.2022.10.004
https://doi.org/10.1016/j.clinmicnews.2022.10.004
https://doi.org/10.3389/fpsyt.2022.854507
https://doi.org/10.1371/journal.pone.0279808

Mohammed Hazzaa Hufayr Alanazi 203

Canada. European Journal of Investigation in
Health, Psychology and Education, 13(1), 54-66.
https://doi.org/10.3390/ejihpe 13010004

Malla, A. M., & Amin, U. (2023). Scope of
technology in health care, special focus on
nursing. Journal of Integrative Nursing, 5(4),
300-310. DOL: 10.4103/jin.jin_92 23

Marcus, M. E., Ebert, C., Geldsetzer, P.,
Theilmann, M., Bicaba, B. W., Andall-Brereton,
G., ... & Vollmer, S. (2021). Unmet need for
hypercholesterolemia care in 35 low-and middle-
income countries: a cross-sectional study of
nationally surveys. PLoS
medicine, 18(10), e1003841.
https://doi.org/10.1371/journal.pmed. 1003841

representative

Morias, C., Palmer, G., & Santhakumar, A.
(2018). Pre-analytical errors and patient outcomes
in the total testing process. Australian Journal of
Medical Science, 39(1/2), 14-27.
https://search.informit.org/doi/10.3316/informit.
535368235007189

Ombelet, S., Kpossou, G., Kotchare, C., Agbobli,
E., Sogbo, F., Massou, F., ... & Jacobs, J. (2022).
Blood culture surveillance in a secondary care
hospital in Benin: epidemiology of bloodstream
infection  pathogens and  antimicrobial
resistance. BMC infectious diseases, 22(1), 119.
https://doi.org/10.1186/s12879-022-07077-z

Paul, I. L., Victoria, M., & Olalere, O. S. (2023).
Patient turnaround time: Concern of medical
laboratory scientist. Sokoto Journal of Medical
Laboratory Science, 8(1).

https://dx.doi.org/10.4314/sokjmls.v8il.12.

@rvim Selvik, U., Risey, A. J., Kjome, R. L., &
Sandberg, S. (2018). Quality control of

Saudi J. Med. Pub. Health Vol. 1 No.1(2024)

Norwegian pharmacy HbAlc testing: a modest
beginning. Journal of Diabetes Science and
Technology, 12(4), 753-761.
https://doi.org/10.1177/1932296818766378

Ridho, F., Hartono, S., & Istigomah, I. (2021).
Easy, quality of service, and timeliness of
delivery to customer satisfaction. Almana. Jurnal

Manajemen  dan  Bisnis, 5(2), 184-191.
https://doi.org/10.36555/almana.v5i2.1552

Schumacher, L. D., Jiager, L., Meier, R.,
Rachamin, Y., Senn, O., Rosemann, T. &
Markun, S. (2020). Trends and between-physician
variation in laboratory testing: a retrospective
longitudinal study in general practice. Journal of
clinical medicine, 9(6), 1787.
https://doi.org/10.3390/jcm9061787

Smith, T. L. (2020). Reducing Blood Culture
Contamination Rates by Utilizing a Blood
Collection  Procedural  Checklist (Doctoral

dissertation, Grand Canyon University).

Thakur, V., Akerele, O. A., & Randell, E. (2023).
Lean and Six Sigma as continuous quality
improvement frameworks in the clinical
diagnostic  laboratory. Critical ~ Reviews in
Clinical Laboratory Sciences, 60(1), 63-81.
https://doi.org/10.1080/10408363.2022.2106544

Umar, A., Ameh, C. A., Muriithi, F., & Mathai,
M. (2019). Early warning systems in obstetrics: A
systematic literature review. PloS one, 14(5),

e0217864.
https://doi.org/10.1371/journal.pone.0217864

Vazquez, M., Anfossi, L., Ben-Yoav, H.,
Diéguez, L., Karopka, T., Della Ventura, B., ... &
Franco-Martinez, L. (2021). Use of some cost-

effective technologies for a routine clinical


https://doi.org/10.3390/ejihpe13010004
https://doi.org/10.1371/journal.pmed.1003841
https://doi.org/10.1186/s12879-022-07077-z
https://dx.doi.org/10.4314/sokjmls.v8i1.12
https://doi.org/10.1177/1932296818766378
https://doi.org/10.36555/almana.v5i2.1552
https://doi.org/10.3390/jcm9061787
https://doi.org/10.1080/10408363.2022.2106544
https://doi.org/10.1371/journal.pone.0217864

204 Interdependence of Laboratory Turnaround Time, Nursing Workflow, and Patient Satisfaction in Healthcare Delivery

pathology laboratory. Lab on a Chip, 21(22),
4330-4351.
https://doi.org/10.1039/D1LC00658D

White, T. E., Wong, W. B., Janowiak, D., &
Hilborne, L. H. (2021). Strategies for laboratory
professionals to drive laboratory
stewardship. Practical Laboratory Medicine, 26,
¢00249.
https://doi.org/10.1016/j.plabm.2021.00249

Wilson, G. M., Walker, P. H.,, & Ball, M. J.
(2022). Emerging Need for a New Vision of
Multi-Interprofessional ~ Training in Health
Informatics. In Healthcare Information
Management Systems: Cases, Strategies, and
Solutions (pp.  363-374). Cham:  Springer
International Publishing.

https://doi.org/10.1007/978-3-031-07912-2 24

Wilson, C. D., Mand, D., Ring, D., & Ramtin, S.
(2023). A systematic review of satisfaction
measures in hand and wrist surgery. The Journal
of Hand Surgery, 48(1), 1-8.
https://doi.org/10.1016/j.jhsa.2022.10.012

Saudi J. Med. Pub. Health Vol. 1No. 1 (2024)


https://doi.org/10.1039/D1LC00658D
https://doi.org/10.1016/j.plabm.2021.e00249
https://doi.org/10.1007/978-3-031-07912-2_24
https://doi.org/10.1016/j.jhsa.2022.10.012

