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ABSTRACT
Ensuring patient safety is a critical priority in healthcare systems worldwide. This paper shows the current
state of International patient safety, highlighting advancements, challenges, and strategies to enhance
safety practices globally. Drawing on global statistics and regional comparisons, we identify common
systemic issues, technological and infrastructural hurdles, and cultural factors that impact patient safety.
Through detailed case studies of successful implementations-such as Sweden’s Patient Safety Law and the
UK’s National Health Service (NHS) Safety Standards-we extract key lessons and effective strategies. We
propose comprehensive laboratory-centric approaches to improve patient safety, including enhanced
training and education, robust policy and regulation, technology integration, and active patient
involvement. The paper concludes by discussing future directions, emphasizing the importance of
innovation and the necessity of international collaboration.
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1. INTRODUCTION injury. Collectively, they facilitate the provision

The concept of patient safety has undergone of effective, effic_ignt, and safe care. _
considerable evolution since the early 2000s, Healthcare practitioners must prioritize ongoing

catalyzed by pivotal publications like the education, training, and compliance with
Institute of Medicine’s To Err Is Human, which evidence-based procedures to enhance patient

revealed the frequency of medical mistakes and safety. By focusing these initiatives, institutions
their impact on patient outcomes [1]. Patient may markedly enhance care quality and patient

safety, as the foundation of excellent healthcare, outcomes [4]. This article examines current
involves systematic initiatives to avert mistakes, breakthroughs, ongoing issues, and novel tactics

adverse events, and injury during the provision of in patient safety, specifically within  clinical
care [2]. It necessitates cultivating a safety laboratories. We underscore the imperative for

culture and  establishing  comprehensive synchronized, interdisciplinary efforts to protect

mechanisms that promote patient welfare, patients worldwide.
assuring lowest risk while optimizing treatment
quality.

Quality improvement (QI) and patient safety are
mutually reliant foundations of contemporary
healthcare. QI use systematic, evidence-driven
strategies to rectify inefficiencies and improve
results [3], whereas patient safety focuses
explicitly on minimizing mistakes and avoidable

2. Patient Safety

Patient safety in diagnostics pertains to the
methodical assurance of precise, prompt, and
secure diagnostic procedures from the initial
patient evaluation to the conclusive diagnosis
and subsequent follow-up. The paramount
significance of diagnostic safety arises from the
considerable damage and negative consequences
that may ensue from diagnostic inaccuracies.
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Key reasons for this include preventing harm,
improving outcomes, reducing costs, building
trust between patients and healthcare providers,
and enhancing the quality of care. Accurate
diagnoses prevent unnecessary treatments,
complications, and adverse events, reducing the
risk of harm [5]. Correct diagnoses lead to
effective treatment plans, improving overall
health. Additionally, avoiding diagnostic errors
can lower healthcare costs by preventing
unnecessary tests, treatments, and
hospitalizations.

Global and National standards:

Various organizations and initiatives at both
national and international levels are dedicated to
improving patient safety. The World Health
Organization (WHO) has established the World
Alliance for Patient Safety and developed
guidelines and campaigns to promote safe
practices globally. Additionally, many countries
have implemented their own patient safety
standards and regulations to protect patients
within their healthcare systems.

International standards and guidelines are crucial
for ensuring patient safety in diagnostic labs. The
WHO has launched the Patient Safety Flagship to
guide strategic action on patient safety at global,
regional, and national levels. The plan aims to
eliminate avoidable harm in healthcare and
improve patient safety through policy actions and
recommendations at the point of care. 1SO
15190:2020, ISO  15189:2022 & our
accreditation body ‘National Accreditation
Board for Testing and Calibration Laboratories’
(NABL) 112 specifies requirements for safe
practices in medical laboratories, covering areas
such as laboratory design, safety management
programs, staff health, emergency preparedness,
and safety training. These are further enhanced
by ‘National Accreditation Board for Hospitals
& Healthcare’ (NABH) standards, which place a
strong emphasis on risk management, patient-
centered care, and ongoing diagnostic process
quality improvement. Implementing 1SO
15189:2022 accreditation guarantees
competency-based quality management and
standardized workflows for laboratories, which
can reduce diagnostic errors by as much as 40%
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[6]. Robotic sample sorters and Al-powered
analyzers reduce the need for human intervention
during pre-analytical stages, resulting in a 58%
reduction in misidentification rates [7]. Legally
required staffing ratios as per WHO 2003, have
been shown to reduce critical incidents by 30%
after implementation, preventing burnout-related
errors (WHO, 2023). Together, these tactics
address systemic weaknesses and support
international patient safety objectives. The
Clinical and Laboratory Standards Institute
(CLSI) provides standards and guidelines for
medical  professionals, covering  quality
management systems, safety protocols, and
diagnostic accuracy. The WHO Patients for
Patient Safety (PFPS) program empowers
patients and families to play an active role in their
own care, facilitating partnerships between
patients, families, and healthcare professionals to
make healthcare services safer worldwide. By
facilitating knowledge sharing and real-time
outbreak response, membership in WHO's
Global Patient Safety Network promotes
confidence in healthcare systems [8]. These
international standards and guidelines provide a
framework for healthcare organizations to
implement effective patient safety measures,
leading to better patient outcomes and a safer
healthcare environment.

3. Current state of Patient Safety

Adverse events and harm in healthcare occur in
134 million hospitals in low- and middle-income
countries. Only 27% of WHOQO's criteria were
fully met, and only one-third of countries have
completely integrated patient safety into their
national strategies for achieving Universal
Health Coverage [9]. Most countries recognize
patient safety as a health priority. However, there
is still a significant gap in implementing
comprehensive measures to address patient
safety issues. This highlights the need for greater
collaboration and commitment from all
stakeholders to improve healthcare quality and
prevent adverse events.

These statistics highlight the significant
challenges and areas for improvement in patient
safety globally. The WHO's Global Patient
Safety Action Plan 2021-2030 aims to address
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these issues and foster safer healthcare practices
worldwide.

4. Key challenges in Patient Safety

a. Systemic Issues: Insufficient staffing and
high nurse-to-patient ratios in healthcare can
lead to increased workload, burnout, and
fatigue, compromising patient care and
safety, which may lead to errors. Insufficient
resources, such as medical supplies,
equipment, and technology, can hinder
effective care. Poor communication between
healthcare providers and patients can cause
misunderstandings, errors, and delays in
treatment, which may lead to delayed
diagnosis. Healthcare-associated infections
(HAIS) can result from inadequate infection
control practices. Mis-prescription errors,
such as illegible handwriting and
standardized protocols, can lead to incorrect
treatment. Diagnostic errors can result in
inappropriate treatment and harm to patients.
Patient misidentification can also lead to
incorrect treatments, tests, or procedures
[10].

b. Technological challenges
Technical and infrastructural  sprints
significantly compromise patient safety in

clinical laboratories through multiple
pathways. Poor integration  between
electronic health records (EHRs) and

laboratory information systems (LIS) leads
to fragmented patient data and clinical blind
spots [11], while reliance on manual data
entry introduces transcription errors that
account for 38% of laboratory mistakes.
Outdated equipment with inconsistent
calibration protocols generates inaccurate
results, particularly problematic in low-
resource settings where unstable power
supplies and inadequate temperature control
further jeopardize testing reliability [6].
These systemic deficiencies collectively
increase diagnostic errors, delay treatment,
and ultimately endanger patient outcomes
across healthcare systems.

c. Cultural factors: Cultural attitudes
significantly  impact  patient  safety.
Communication barriers, health literacy,
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trust in healthcare providers, perceptions of
pain and suffering, and stigma can all
contribute to miscommunication and poor
health outcomes. Language differences and
misunderstandings can lead to incorrect
diagnoses, inappropriate treatments, and
delays in care. Low health literacy can result
in non-adherence to treatment plans and poor
health outcomes. Trust in healthcare
providers can be influenced by cultural
beliefs and past experiences, leading to
withholding important information or
avoiding necessary tests. Cultural attitudes
towards pain and suffering can also influence
how patients report symptoms, leading to
under-treatment or over-treatment [12].
Cultural attitudes in low-resource settings
can lead to challenges such as limited access
to healthcare, resource constraints, and
workforce diversity. Cultural beliefs can
discourage seeking medical care, causing
delays in diagnoses and treatment [13].
Limited resources can hinder culturally
competent care, such as translation services
or culturally tailored health education
materials. A lack of diversity among
healthcare providers can result in cultural
misunderstandings and a lack of culturally
sensitive care. Inadequate training in cultural
competence can also contribute to these
issues.

5. Case studies

Case studies demonstrate the significance of
precise  specimen  management,  prompt
communication, and ongoing improvement in
diagnostic procedures to guarantee patient safety.
Diagnostic errors are a significant concern in
primary care settings, with a study aiming to
identify the types of diseases missed and the
diagnostic processes involved in such cases. The
study involved 190 unique instances of
diagnostic errors detected between October 1,
2006, and September 30, 2007. The main
outcome measures included data on presenting
symptoms at the index visit, types of diagnoses
missed,  process  breakdowns,  potential
contributory factors, and potential for harm from
errors [14].
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Their study found that most missed diagnoses
were common conditions in primary care, with
pneumonia, decompensated congestive heart
failure, acute renal failure, cancer, and urinary
tract infection or pyelonephritis being the most
common. Process breakdowns were most
frequently involved in the patient-practitioner
clinical encounter, but were also related to
referrals, patient-related factors, follow-up and
tracking of diagnostic information, and
performance and interpretation of diagnostic
tests [14].

Diagnostic errors occur in a large variety of
common diseases and had significant potential
for harm. Preventive interventions should target
common contributory factors across diagnoses,
especially those that involve data gathering and
synthesis in the patient-practitioner encounter
[15].

Case studies observed in our Laboratory
safety audits

Clinical laboratory work involves potential
hazards from pathogenic and chemical agents
across all  testing phases—preanalytical,
analytical, and post-analytical [16]. Safeguarding
the health and safety of laboratory personnel is
critical, as they handle infectious materials, toxic
chemicals, and sophisticated equipment. Proper
protocols help prevent errors that could lead to
misdiagnoses, delayed treatments, or adverse
patient outcomes. Additionally, comprehensive
biological and chemical waste management is
essential to minimize the spread of infections and
environmental contamination.

Case 1: Needlestick injury during Home visit

collection

A needlestick injury occurred while collecting

blood from an elderly patient during a home visit,

exposing laboratory staff to health risks. The

incident resulted from improper handling of

butterfly needles, without safety guards, and

incorrect recapping practices.

Learnings:

This case underscores the need for:

a. Educating phlebotomists on the proper
disposal of needles, emphasizing a no-
capping policy and adherence to best
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practices, followed by a competency
evaluation that includes direct observation
and a checklist during the practical
demonstration of phlebotomy techniques
with a simulated arm.

b. Use of safety-engineered needles and
puncture-proof containers for disposal in
home collection kits,

c. Ensuring staff immunization as a primary
protective measure (eg. Hepatitis B vaccine).

Safety-featured devices reduce exposures by

80% [17]. These devices are intended to lessen

the likelihood of needlestick injuries and other

hazards associated with healthcare workers' jobs.

Workplace safety can be greatly improved and

the likelihood of accidents or injuries reduced by

implementing safety-engineered devices.

Case 2: Chemical Spill in the Chemistry
Laboratory
A nitric acid spill occurred in a chemistry lab
during heavy metal testing when a bottle slipped
while being removed from storage. The incident
was caused by improper handling and storage—
specifically, storing large chemical containers at
elevated heights, making them difficult to
manage.

Learnings:

To prevent such recurrence, the lab must:

a. Train staff on safe handling and storage of
hazardous chemicals,

b. Ensure heavy or dangerous chemicals are
stored at accessible heights in flame-resistant
cabinets.

Appropriate containment and storage practices

can significantly reduce the likelihood of a

chemical spill and potential workplace hazards.

Employers must prioritize safety protocols and

provide workers with adequate training in order

to prevent accidents and protect their employees

and the environment [18].

Case 3: Electrical Failure in a Biochemistry
Analyzer

A newly installed biochemistry analyzer
malfunctioned due to an electrical short circuit,
along with two non-analytical devices. Although
electrical requirements were verified during
installation, staff accidentally connected the
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analyzer to an unregulated power source instead

of the UPS-enabled power source.

Learnings:

This incident highlights the importance of

a. Proper electrical safety planning during
equipment installation,

b. Ensuring all sensitive instruments are
connected to a UPS-enabled power sources
to prevent power fluctuations.

c. Ensure all power sockets are labelled
displaying whether they are UPS-enabled or
raw power source.

Case 4: Non-compliance with Biomedical waste

guidelines

A laboratory failed to autoclave biomedical

waste (e.g., blood samples) or neutralize

chemical waste (e.g., alcohol, xylene) before
disposal, risking environmental contamination

and community infection [7].

Learnings:

The lab violated Biomedical Waste rules by not

autoclaving infectious waste at the source, and

failing to use approved vendors for chemical
waste disposal.

Corrective Actions:

a. Train staff on updated biomedical waste
protocols,

b. Implement on-site autoclaving for biological
samples,

c. Ensure implementation through quarterly
safety audits for all labs,

d. Partner with authorized vendors for chemical
waste disposal.

e. Usage of innovative chemical reagent
management, the installation of solvent
recycling units in histopathology laboratory
results in significant cost savings, increased
sustainability, and improved workflow
efficiency.

By implementing on-site autoclaving with

validated cycle monitoring (121°C for 30

minutes) and conducting quarterly audits, waste

handler infection risks were reduced by 72%

while 100% compliance with India's BMW Rules

2016 was guaranteed [19]. Our expertise with the

chemical (alcohol, xylene) reagent recycler

allowed us to reuse these reagents in tissue
processing for up to three cycles without
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sacrificing quality, which drastically lowers
material consumption and expenses.
Furthermore, the final recycled reagent maintains
its reduced chemical potency, allowing for safe
disposal and guaranteeing environmental
compliance as well as laboratory safety. In order
to prevent laboratory-acquired infections and
ecological harm, this emphasizes the need for
mandatory  sterilization  procedures  and
accountability measures [20].

6. Strategies to Improve Patient Safety
Patient safety is the cornerstone of quality
healthcare and cannot be overstated. As a
fundamental aspect of healthcare delivery, it
encompasses preventing errors, adverse events,
and harm to patients during treatment. Ensuring
patient safety requires establishing a culture of
vigilance and implementing systems that
prioritize patient well-being, thereby minimizing
risks while delivering optimal care.

To maintain and enhance safety standards,
healthcare institutions must focus on several key
components:

Key components of patient safety

a. Error reporting and learning systems:
Developing comprehensive systems that
encourage reporting of errors and near
misses without fear of retribution. This
fosters a culture of continuous improvement
and learning from mistakes [21].

b. Patient involvement: Actively involving
patients in their own care, encouraging them
to ask questions, understand their treatment
plans, and voice concerns. Patient
participation can significantly reduce errors
and improve outcomes [22].

d. Technology and infrastructure: Utilizing
modern technology such as Electronic
Health Records (EHRs), computerized
physician order entry (CPOE) systems, and
advanced diagnostic tools to enhance
accuracy and efficiency in patient care [23].
Technology and infrastructure play a crucial
role in enhancing patient safety in diagnostic
labs. Key technologies include Electronic
Health Records (EHRS), automated systems,
Decision Support Systems (DSS), barcoding
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and RFID technology, telemedicine, and
advanced diagnostic equipment. EHRs
improve record-keeping accuracy, facilitate
quick access to patient data, and support
seamless information sharing among
healthcare providers. Automated systems
reduce human errors and increase efficiency,
while  DSS  provide evidence-based
recommendations and alerts for potential
adverse events. Barcoding and RFID
technology ensure accurate patient and
specimen identification, reducing the risk of
errors in sample handling and testing.
Telemedicine allows for remote
consultations and  second  opinions,
improving diagnostic accuracy and patient
outcomes [24]. Advanced diagnostic
equipment, such as high-resolution imaging
machines and automated analyzers, enhances
the precision and reliability of diagnostic
tests. However, low-resource settings face
unique challenges, such as limited material
resources, workforce shortages, inadequate
training and education, poor infrastructure,
communication barriers, and limited data
collection and reporting. Addressing these
challenges is essential for improving patient
safety in diagnostic laboratories.

c. Safety protocols and  checklists:
Implementing standardized protocols and
checklists for procedures and surgeries to
ensure consistency and completeness,
reducing the likelihood of errors [25].

d. Interdisciplinary collaboration: Promoting
teamwork and communication among
healthcare professionals across different
specialties and departments to ensure
comprehensive and coordinated care [26].

e. Continuous training and education:
Providing ongoing education and training for
healthcare workers to keep them updated on
the latest safety practices, guidelines, and
technologies [27].

f. Risk management: Identifying potential
risks and wvulnerabilities within the
healthcare system and developing strategies
to mitigate them proactively [28].

g. Quality improvement initiatives:
Regularly evaluating and improving care
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processes through quality improvement
projects and adhering to evidence-based
practices [29].

Error reporting &
learning systems

Quality improvement

initiatives Patient involvement

I//

Technology &

Risk management Patient safety innovation

Continuous training &

Safety protocols &
education

checklists
Interdisciplinary
collaboration

Figure 1. lllustrates the key components of
Patient safety in healthcare.

Healthcare organizations are implementing
various patient safety strategies to improve
patient outcomes (Figure 1). These include
establishing robust communication protocols,
adopting evidence-based practices, using safety
checklists, promoting a safety culture, providing
continuous education and training, and calling to
action. Clear, concise communication prevents
misunderstandings and errors, while evidence-
based practices improve patient outcomes. Safety
checklists ensure correct procedures and
surgeries, while promoting a culture where safety
is a shared responsibility. Regular training
sessions keep staff updated on safety practices
and technologies, and stakeholders are urged to
prioritize patient safety.

Safety dashboards are crucial for establishing
trust and institutional accountability. They
should include action plans, benchmarking
against national and international standards, and
comparisons  between before and after
interventions. Patient-centric feedback
mechanisms like QR code surveys can boost
engagement and identify recurring issues.
Training healthcare professionals, policy
changes, technology integration, patient
involvement, and international collaboration are
also essential. These measures help improve
patient safety and ensure quality care in a clinical
laboratory.

Biomedicine — Vol. 45 No. 2: 2025



Maruthi Prasad & Rajesh Bendre : Advancing Patient Safety in Clinical Labs: Case Studies and Solutions

7. Summary and Conclusion

Patient safety underpins healthcare quality, vital
for mitigating risks, mistakes, and harm in
medical treatment. By fostering trust in
healthcare systems, it motivates patients to
pursue prompt treatment and participate in

preventative measures, thereby improving
clinical  outcomes, decreasing  recovery
durations, and reducing complications. In

addition to its therapeutic advantages, patient
safety constitutes an ethical imperative that
fosters a culture of ongoing education and
systemic enhancement. From an economic
standpoint, emphasizing safety minimizes
superfluous treatments, legal expenditures, and
malpractice litigations, resulting in substantial
healthcare  savings. Compliance  with
international standards guarantees uniformity in
care quality across all environments, while a
robust emphasis on safety fosters innovation in
policies, technology, and practices. Furthermore,
educating patients on their diseases, treatments,
and safety standards empowers them to take an

active part in protecting their health. In
conclusion, patient safety is essential for
providing high-quality healthcare. It

encompasses ethical, therapeutic, economic, and
inventive aspects, establishing it as a universal
priority that advantages patients, providers, and
healthcare systems collectively.

Acknowledgments: The authors are thankful to
Mr. Narendra Vadlamudi, Dr. Rajesh Battina,
and Dr. M. Sujana Reddy, Department of
Clinical Chemistry, Apollo Diagnostics Global
Reference Lab, Hyderabad 500037, India for
their support during the study.

Conflict of interest: The authors declare no
conflict of interest.

Funding: Not applicable.

8. References:

[1] Schiff G, Shojania KG. Looking back on
the history of patient safety: an opportunity
to reflect and ponder future challenges.
BMJ  Qual Saf  2022;31:148-52.

DOI: https://doi.org/10.51248/v45i2.80

88

[2]

3]

[4]

[5]

[6]

[7]

(8]

https://doi.org/10.1136/bmjqgs-2021-
014163.

David W. Bates, MD; Lucian L. Leape,
MD; David J. Cullen, MD; et al., Effect of
Computerized Physician Order Entry and a
Team Intervention on Prevention of
Serious Medication Errors | Clinical
Pharmacy and Pharmacology | JAMA |
JAMA Network 1998.
https://jamanetwork.com/journals/jama/ful
larticle/188074 (accessed June 19, 2025).
Hughes RG. Tools and Strategies for
Quality Improvement and Patient Safety.
In: Hughes RG, editor. Patient Safety and
Quality: An Evidence-Based Handbook for
Nurses, Rockville (MD): Agency for
Healthcare Research and Quality (US);
2008.

Ricciardi W, Cascini F. Guidelines and
Safety Practices for Improving Patient
Safety. In: Donaldson L, Ricciardi W,
Sheridan S, Tartaglia R, editors. Textbook
of Patient Safety and Clinical Risk
Management, Cham (CH): Springer; 2021.
Connor L, Dean J, McNett M, Tydings
DM, Shrout A, Gorsuch PF, et al.
,Evidence-based practice improves patient
outcomes and healthcare system return on
investment: Findings from a scoping
review. Worldviews Evid Based Nurs
2023;20:6-15.
https://doi.org/10.1111/wvn.12621.

Lippi G, Plebani M. The critical role of
laboratory medicine during coronavirus
disease 2019 (COVID-19) and other viral
outbreaks. Clin Chem Lab Med
2020;58:1063-9.
https://doi.org/10.1515/cclm-2020-0240.
Lippi G, Henry BM, Mattiuzzi C. The
Crucial Role of Laboratory Medicine in
Addressing Future Public Health Infectious
Threats: Insights Gained from the COVID-
19 Pandemic. Diagnostics 2025;15:323.
https://doi.org/10.3390/diagnostics150303
23.

Sheridan S, Sherman H, Kooijman A,
Vazquez E, Kirk K, Metwally N, et al.,
Patients for Patient Safety. In: Donaldson
L, Ricciardi W, Sheridan S, Tartaglia R,

Biomedicine — Vol. 45 No. 2: 2025



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

DOl:

Maruthi Prasad & Rajesh Bendre : Advancing Patient Safety in Clinical Labs: Case Studies and Solutions

editors. Textbook of Patient Safety and
Clinical Risk Management, Cham (CH):
Springer; 2021.

Dhingra-Kumar N, Brusaferro S, Arnoldo
L. Patient Safety in the World. In:
Donaldson L, Ricciardi W, Sheridan S,
Tartaglia R, editors. Textbook of Patient
Safety and Clinical Risk Management,
Cham (CH): Springer; 2021.

Carayon P, Gurses AP. Nursing Workload
and Patient Safety—A Human Factors
Engineering Perspective. In: Hughes RG,
editor. Patient Safety and Quality: An
Evidence-Based Handbook for Nurses,
Rockville (MD): Agency for Healthcare
Research and Quality (US); 2008.

Plebani M, Aita A, Sciacovelli L. Patient
Safety in Laboratory Medicine. In:
Donaldson L, Ricciardi W, Sheridan S,
Tartaglia R, editors. Textbook of Patient
Safety and Clinical Risk Management,
Cham (CH): Springer; 2021.

Schouten BC, Cox A, Duran G, Kerremans
K, Banning LK, Lahdidioui A, et al.,
Mitigating language and cultural barriers in
healthcare communication: Toward a
holistic approach. Patient Educ Couns
2020:S0738-3991(20)30242-1.
https://doi.org/10.1016/j.pec.2020.05.001.
Togioka BM, Young E. Diversity and
Discrimination in Health Care. StatPearls,
Treasure  Island  (FL):  StatPearls
Publishing; 2025.

Singh H, Giardina TD, Meyer AND,
Forjuoh SN, Reis MD, Thomas EJ. Types
and origins of diagnostic errors in primary
care settings. JAMA Intern Med
2013;173:418-25.
https://doi.org/10.1001/jamainternmed.201
3.27717.

Hall KK, Shoemaker-Hunt S, Hoffman L,
Richard S, Gall E, Schoyer E, et al.,
Diagnostic Errors. Making Healthcare
Safer 1lI: A Critical Analysis of Existing
and Emerging Patient Safety Practices
[Internet], Agency for Healthcare Research
and Quality (US); 2020.

Hawkins R. Managing the Pre- and Post-
analytical Phases of the Total Testing

https://doi.org/10.51248/v45i2.80

89

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Process. Ann Lab Med 2012;32:5-16.
https://doi.org/10.3343/alm.2012.32.1.5.
Schuurmans J, Lutgens SP, Groen L,
Schneeberger PM. Do safety engineered
devices reduce needlestick injuries. J Hosp
Infect 2018;100:99-104.
https://doi.org/10.1016/j.jhin.2018.04.026.
Tupper C, Swift CJ. OSHA Chemical
Hazards And Communication. StatPearls,
Treasure  Island  (FL):  StatPearls
Publishing; 2025.

Attrah M, Elmanadely A, Akter D, Rene
ER. A Review on Medical Waste
Management: Treatment, Recycling, and
Disposal Options. Environments
2022;9:146.
https://doi.org/10.3390/environments9110
146.

Cornish NE, Anderson NL, Arambula DG,
Arduino MJ, Bryan A, Burton NC, et al.,
Clinical Laboratory Biosafety Gaps:
Lessons Learned from Past Outbreaks
Reveal a Path to a Safer Future. Clin
Microbiol Rev 2021;34:e0012618.
https://doi.org/10.1128/CMR.00126-18.
Walker D, Barkell N, Dodd C. Error and
near miss reporting in nursing education;
The journey of two programs. Teaching
and Learning in Nursing 2023;18:197-203.
https://doi.org/10.1016/j.teln.2022.10.001.
Hickmann E, Richter P, Schlieter H. All
together now — patient engagement, patient
empowerment, and associated terms in
personal healthcare. BMC Health Serv Res
2022;22:1116.
https://doi.org/10.1186/512913-022-
08501-5.

Queen Elizabeth Enahoro, Jane Osareme
Ogugua, Evangel Chinyere Anyanwu,
Opeoluwa Akomolafe, Ifeoma Pamela
Odilibe, Andrew Ifesinachi Daraojimba.
The impact of electronic health records on
healthcare delivery and patient outcomes:
A review. World J Adv Res Rev
2023;21:451-60.
https://doi.org/10.30574/wijarr.2024.21.2.0
478.

Al-Worafi YM. Healthcare Facilities in
Developing Countries: Infrastructure. In:

Biomedicine — Vol. 45 No. 2: 2025



Maruthi Prasad & Rajesh Bendre : Advancing Patient Safety in Clinical Labs: Case Studies and Solutions

Al-Worafi YM, editor. Handbook of
Medical and Health Sciences in
Developing Countries : Education,
Practice, and Research, Cham: Springer
International Publishing; 2023, p. 1-21.
https://doi.org/10.1007/978-3-030-74786-
2_209-1.

[25] Chance EA, Florence D, Sardi Abdoul I.
The effectiveness of checklists and error
reporting systems in enhancing patient
safety and reducing medical errors in
hospital settings: A narrative review.
International Journal of Nursing Sciences
2024;11:387-98.
https://doi.org/10.1016/j.ijnss.2024.06.003

[26] McLaney E, Morassaei S, Hughes L,
Davies R, Campbell M, Di Prospero L. A
framework for interprofessional team
collaboration in a hospital setting:
Advancing team competencies and
behaviours. Healthc Manage Forum
2022;35:112-7.
https://doi.org/10.1177/084047042110635
84.

[27] Tapio R. Why Continuous Education is
Crucial for Healthcare Staff. Medcycle
Solutions 2024.
https://medcyclesolutions.com/why-
continuous-education-is-crucial-for-
healthcare-staff/ (accessed January 4,
2025).

[28] McGowan J, Wojahn A, Nicolini JR. Risk
Management Event Evaluation and
Responsibilities.  StatPearls, Treasure
Island (FL): StatPearls Publishing; 2024.

[29] Endalamaw A, Khatri RB, Mengistu TS,
Erku D, Wolka E, Zewdie A, et al.,, A
scoping review of continuous quality
improvement in healthcare system:
conceptualization, models and tools,
barriers and facilitators, and impact. BMC
Health Services Research 2024;24:487.
https://doi.org/10.1186/s12913-024-
10828-0.

DOI: https://doi.org/10.51248/v45i2.80 90 Biomedicine — Vol. 45 No. 2: 2025



