Synergizing Quality, Cost and
Engineering for Sustainable
Healthcare Infrastructure: A
Multidisciplinary Framework

by Jana Publication & Research

Submission date: 15-Jul-2025 11:54AM (UTC+0700)
Submission ID: 2690328678

File name: |JAR-52797.docx (22.53K)

Word count: 1259

Character count: 8035



Synergizing Quality, Cost and Engineering for Sustainable Healthcare Infrastructure:

A Multidisciplinary Framework

Abstract

Globally, healthcare systems are under increasing pressure to provide high-quality care
while controlling expenses and guaranteeing structural and environmental sustainability.
This article examines how hospital infrastructure can be optimized through the integration of
engineering design, economic frameworks, and quality management technologies. The paper
provides useful implementation methods and emphasizes the synergistic advantages of this
multidisciplinary approach using data from peer-reviewed literature and international case
studies.
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1. Introduction

The health care industry is the most complex in the world. Maintaining structural and
environmental sustainability, controlling or reducing costs, and delivering high-quality care
are all becoming more difficult for the health care system. The healthcare industry is
undergoing significant transformation as a result of the demands for efficiency, cost
containment, and patient-centred care. Infrastructure is necessary to meet these demands. In
order to build strong, efficient, and long-lasting healthcare infrastructure, this study
encourages the collaborative integration of modern engineering methods, economic
reasoning, and quality management strategies. Sustainable development in hospital
infrastructure includes operational efficiency, financial sustainability, and environmental
responsibility.

Physical environment to patient and staff in the hospital reduce staff stress, fatigue and
increase in the effectiveness of patient care, improve patient safety and improve overall
health care quality ( Roger Ulrish, 2004). The planning and execution of preventive and
maintenance services, as well as routine audits of equipment energy and environment, are
among the functions of hospital engineering services. Utilizing overall quality management

technologies is crucial for these (S K Joshi, 2009). The fundamental requirements for




enhancing hospital safety and quality are appropriate medical equipment management, risk
assessment, environmentally friendly practices, structural safety, particularly in crucial areas,

and frequent inspections (NABH, 2024).

In order to create an effective, and sustainable healthcare infrastructure, this study promotes
the synergistic integration of quality management approaches, economic rationality, and
contemporary engineering practices. In healthcare infrastructure, sustainable development
means not just being environmentally conscious but also being economically viable and

operating efficiently.

2. Quality Management Tools in Hospital Engineering

In the healthcare industry, quality management aims to reduce errors, streamline procedures,
and improve patient satisfaction. The following tools have proven effective in hospital
engineering:

2
2.1 Lean Six Sigma

Lean places a strong emphasis on removing waste, enhancing process flow, and providing
value from the viewpoint of the patient. The health care sector makes extensive use of 58, an
efficient lean management technique. The goal of Six Sigma is to minimize errors or process
variation._Lean Six Sigma integrates both Lean's efficiency and Six Sigma's precision. The
lean tool known as the 58 (Sort, set in order, Shine, Standardize, Sustain) is used to increase
workplace productivity and safety. This tool serves as a foundation for improving the quality
of healthcare. Japan's manufacturing companies were the first to use it. It is used in the

healthcare industry as a systemic approach to standardize and organize the workplace.

Potential failure spots in clinical engineering are proactively identified and prioritized via
FMEA (Failure Mode and Effect Analysis). In hospitals, Failure Mode and Effect Analysis
helps to reduce or prevent errors and thereby improving patient safety and quality of care.
Frequent errors in paediatric oncology ward related to wrong medication in a hospital in
South India used this application thereby reduced 60% medication related incidents within

6months and improved nurses” satisfaction with workflow safety (Narayana Health, 2022).




For root cause analysis, the Ishikawa (Fishbone) Diagram is employed. It assists in
determining the root causes of systemic problems with hospital operations, like high waiting
times or prescription errors. It supports more sophisticated statistical tools despite being
simple. The frequent lack of surgical equipment during treatments has been attributed to a
root cause analysis by the Amrutha Institute of Medical Science in Kochi. Poor
communication, inadequate equipment checklists, a lack of sterile kits, equipment
breakdowns, etc. were all highlighted by the analysts as important causes. Corrective
measures were implemented, which had an effect on the OT cancellations because the
number of missing instruments was decreased to zero within three months. (Kochi's Amrutha

Institute, 2021).

3. Economics in Health care infrastructure

When making decisions about healthcare, economics is the foundation. Important elements
include cost normalization, capital budgeting, and effective resource use.

In order to normalize the overall project cost and the cost parts of healthcare facilities,
Vivek Sharma and others conducted a study in which they used publicly accessible cost
indices to identify a set of cost indices. The difficulties in normalizing the project cost for
health care facilities are also covered in the study (Vivek Sharma et al., 2024). Apollo
Hospital in Chennai recommended cost normalization for laboratory services because of high
pre-test costs caused by non-standard consumables. By implementing appropriate strategies,
they were able to lower lab costs per test by 22%, improve turnaround times, and decrease

stockouts. (Hospitals in Apollo, 2021)

4. Engineering innovation for health care infrastructure

In addition to being useful, engineering interventions make sure that hospitals can adapt to
upcoming problems like pandemics, climate change, and demographic changes. Future
challenges can be addressed and safety, quality, and cost efficiency ensured by hospital
engineering innovations such as HVAC and energy efficient systems, automated guided
vehicles, modular construction, green buildings, evidence-based design, predictive
maintenance, aerobiological engineering for infection control, virtual reality for disaster

preparedness, etc.




5. Synergistic Outcomes

By reducing infection rates, adverse events, length of stay, and high recovery rates, among
other things, combining quality management tools with engineering design improvements
and economic optimization can enhance patient outcomes and satisfaction. Using tools like
Lean management time and motion studies with economic evaluations can increase
operational efficiency by reducing waste, optimizing staffing and scheduling based on actual
needs, combining capital budgeting, and combining ABC VED analysis with breakeven
analysis to ensure cost savings and budget predictability. Combining quality tools, economic
methods, and engineering advancements can also increase adaptability and environmental
sustainability.

6. Future Challenges

Implementation obstacles include regulatory obstacles, upfront expenses, and change
aversion, notwithstanding their potential. Future studies ought to concentrate on the areas:
interdisciplinary training modules; longitudinal impact studies

Public-private partnerships for financing innovation
7. Conclusion

Incorporating engineering design, economic effectiveness, and quality into healthcare
infrastructure is not only advantageous but also required. A healthcare system that is durable,
adaptable, and patient-centred is guaranteed by a multidisciplinary approach. For this goal to
be realized, cooperation between policymakers, engineers, economists, and medical

specialists is required.
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