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Abstract

The introduction of electronic health records (EHRs) into American hospitals has fundamentally
changed the way healthcare is provided, yet remains prone to numerous issues concerning
usability, interoperability, compliance and patient safety. Conventional software quality
assurance (QA) methods are frequently unable to keep up with the complexity and dynamism of
healthcare IT settings. Other frameworks based on agile QA have been proposed, which focus on
a more iterative method to testing, collaboration between clinicians and developers, and constant
improvement. This paper examines the issues and opportunities of applying the agile QA
practices to the EHR systems of the U.S. hospitals. The systematic review of recent publications
in the years 2020-2023 allows synthesizing the findings about the challenges, including
regulatory restrictions, resource constraints, and cultural resistance, and opportunities, including
increased adaptability, greater user feedback integration, and shorter deployment timeframes. As
the analysis shows, agile QA has potential to resolve the long-term challenges in EHR quality
and safety, but its implementation needs to be in line with the needs and requirements of the U.S.
healthcare environment, organizational culture, and patient safety. The paper emphasizes with a
conclusion and recommendations to support the introduction of the agile-based QA in hospitals
by the healthcare provider, policymakers, and researchers.

Keywords: Agile Software Quality Assurance, Electronic Health Records (EHRs), Patient
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1. Introduction

In the United States, Electronic Health Records (EHRs) are now the focus of the healthcare
delivery system and allow improving the quality of documentation, information exchange, and
patient outcomes (Alexandre et al., 2024; Cross et al., 2024). Although these advantages are
present, hospitals still struggle with the long-standing problem of making sure that EHR systems
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are of high usability, reliability, and patient safety. The quality of EHR may lead to failures in
care coordination, burnout among clinicians, and may cause more risks of medical errors (Garcia
et al., 2019; Azyabi et al., 2021). These issues underscore the necessity of strong practices of the
software quality assurance (SQA) that can respond to the dynamic and complicated nature of the
healthcare IT environment.

The traditional SQA methods based on the rigid and sequential models might not work in a
healthcare environment because updates are mandatory and immediate, as well as the integration
with various systems, and the need to adhere to strict regulations, including HIPAA and
interoperability requirements (Giachetti et al., 2024). In its turn, agile methodologies have also
become a potentially promising alternative, which provides iterative developmental cycles, a
closer working relationship between clinicians and developers, and ongoing quality feedback
(Natarajan & Pichai, 2024). SQA frameworks based on Agile are especially relevant to the U.S.
hospitals, where the presence of multiple populations of patients, regulatory demands, and
financial limitations predetermine the successful implementation and use of health IT systems
(Nikpay et al., 2024; Tung et al., 2024).

The paper researches the pitfalls and prospects of integrating agile-based SQA frameworks to the
EHR systems in hospitals in the U.S. Particularly, it discusses the ways agile practices can
positively affect patient safety culture, quality standards compliance, and being flexible in the
presence of the rapid technological change. This study will help create a systematic strategy that
integrates the quality assurance with the changing demands of the U.S. healthcare by
synthesizing the knowledge of recent studies on the implementation of EHRs, patient safety, and
agility.

2. Literature Review

2.1 Electronic Health Records in U.S. Hospitals

Electronic Health Records (EHRs) usage has increased significantly in hospitals in the United
States thanks to the Health Information Technology for Economic and Clinical Health (HITECH)
Act and the meaningful use incentives (Alexandre et al., 2024). Although EHRs present
additional effective opportunities in clinician workload, data sharing, and decision support, there
are still issues in regard to interoperability between different platforms, system usability, and
decision support (Cross et al., 2024; Lee et al., 2024). Research also shows that inequalities in
access and adoption of the same continue to persist among hospitals depending on organization
structures and resources availability (Nikpay et al., 2024; Tung et al., 2024). In addition, the
sensitivity of working with sensitive patient data in EHRs requires high privacy and security
levels, and blockchain and IoT-based solutions are suggested as a solution in the future (Li et al.,
2024; Lee et al., 2024).

2.2 Agile Software Quality Assurance (SQA) Practices.
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Agile software development has become popular as a substitute to the conventional waterfall
models because of its iterative and co-located characteristics. Agile also focuses on quick
feedback, user interaction and incremental developments which makes it perfectly suited to a
dynamic environment such as healthcare IT (Natarajan and Pichai, 2024). The recent literature
shows the ability of agile to enhance the quality scope achievement and meet lapses in the
software processes (Giachetti et al., 2024). Moreover, newly developed innovations like
behavior-driven development and integrated quality assurance systems have improved agile
practices, which led to the increase of traceability and the use of metrics to make improvements
(Prianes & Palaoag, 2024). But the obstacles like stakeholder resistance, resource limitations,
and insufficient training in agile practices can ensure less efficiency in hospital settings (Hidalgo
et al., 2024).

2.3 Patient Safety and Quality in Healthcare IT

Patient safety has been one of the pillars of health care delivery and ITs such as EHRs have
decided on the outcome of safety. It has been found that a favorable culture of patient safety in
hospitals has a close relation with fewer adverse events and enhanced collaboration (Azyabi et
al., 2021; Hwang et al., 2019). On the other hand, clinician burnout may negatively affect patient
safety and the successful utilization of EHRs when it is high (Garcia et al., 2019). Emerging
technologies like mindfulness interventions, involvement of patients in safety processes, etc.
further stress the importance of organizational culture in technology-enabled care (Liu et al.,
2022; Huang et al., 2022). Agile-based SQA, in this regard, can be applied to help with
achieving patient safety objectives via consistent monitoring, periodical testing, and quick
adjustment to new clinical demands.

3. Methodology

The study methodology was formulated to offer a suitable and rigorous process of exploring the
challenges and opportunities of implementing agile based software quality assurance (SQA)
models to electronic health record (EHR) systems within U.S. hospitals. The study undertook a
guided literature review process which incorporates systematic review principles, but gives it the
option of exploring thematically. This method was chosen since agile-based SQA in the medical
industry remains a developing area, and the synthesis of recent research can provide a solid
means of determining patterns, gaps, and avenues to explore. The methodology has been
structured into four subsections which are interrelated, which are the data sources and search
strategy, inclusion and exclusion criteria, the data extraction and analysis, and the measures to
ensure validity and reliability.

3.1 Data Sources and Search Strategy

The initial action was to find the sources of relevant academic and professional literature. They
have gathered peer-reviewed literature through the known databases such as PubMed, IEEE
Xplore, ScienceDirect, SpringerLink, and Web of Science. Moreover, open-access repositories
like PLOS ONE and MDPI were searched to include the wide-accessible and commonly used
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studies in health informatics studies. Keywords and Boolean operators were used together in
order to be all-encompassing. Such search criteria as agile software quality assurance AND
electronic health records, agile testing AND healthcare IT, patient safety culture AND EHR
systems, and software quality frameworks AND U.S. hospitals were used. In order to include the
latest innovation in agile methodology and healthcare IT applications, search filters were used to
limit the results to research published within 2019 and 2024. The reason behind this period is
that the past five years have been characterized by a rapid increase in the adoption of agile in
highly regulated sectors of the economy, and healthcare is no exception (Natarajan and Pichai,
2024).

Table 2: Comparison of Traditional vs. Agile SQA Approaches in Healthcare IT

Criteria Traditional SQA Approach Agile-Based SQA Approach

Development
Model

Waterfall, sequential stages with limited
flexibility.

Iterative and incremental,
responsive to change.

Regulatory
Alignment

Compliance tested at final stages, risk of
late non-conformance.

Continuous compliance checks
through sprint reviews.

Clinician
Involvement

Limited engagement until user acceptance
testing.

Ongoing collaboration with
clinicians during sprints.

Error Detection Defects often detected late in
development.

Early detection through continuous
testing and feedback.

Cost Implications High upfront investment; rework costs
significant.

Reduced rework and adaptive cost
distribution.

Adaptability to
Innovation

Struggles with emerging tech like AI,
blockchain, IoT.

Agile integrates innovations
incrementally.

Impact on Patient
Safety

Risk of fragmented processes; limited
responsiveness to safety issues.

Enhances patient safety culture via
rapid feedback loops.

3.2 Inclusion and Exclusion Criteria

The second step was to use inclusion and exclusion criteria to filter studies and eliminate those
that were not relevant. The inclusion criteria were as follows: (1) the articles had to be
specifically devoted to the use of EHRs in the US hospital setting; (2) the articles had to
investigate agile-based methodologies or frameworks to assure the quality of the software used
or (3) the articles had to examine the connection between the implementation of EHRs and
patient safety or quality outcomes; and (4) the articles were to be peer-reviewed, and they had to
be in English. Research studies which had only examined non-healthcare settings e.g. banking or
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manufacturing software systems were not included, unless they presented transferable results
into the agile SQA practice. As well, abstracts of conferences without peer review, or technical
reports, were also excluded to ensure high level of evidence. Language limitations excluded non-
English studies but this has been realized as a possible source of bias.

3.3 Data Extraction and Analysis

Upon screening 65 studies were initially identified. After inclusion/exclusion protocol, 32
articles were considered to be reviewed in detail. Data extraction was done through the
systematic recording of all the objectives of each study, methods, findings and its relevance to
agile SQA in healthcare. The findings were organized using a thematic approach to coding.
Three key domains were included in the coding: (1) barriers to the implementation of agile SQA
in EHR systems such as organizational, technical, and regulatory barriers; (2) opportunities that
agile approaches offer in improving the quality of software and patient safety; and (3) best
practices and frameworks offered to harmonize agile practices with the workflows of hospitals
and regulatory requirements. To increase rigor, two reviewers independently coded the findings
prior to their consolidation.

3.4 Validity and Reliability

One of the concerns in this study was to ensure methodological rigor. The use of peer-reviewed
and high-quality sources alone and the use of multiple databases helped to enhance validity by
eliminating selection bias. The search strategy was reported and used the same way so that it
could be reproduced. The aspect of reliability was increased by independent review where
various researchers reviewed and coded the articles and compared the results. Differences were
sorted out by discussing and consensus-building so that the subjective interpretation would not
affect the findings. The systematic reviews that focused on patient safety and agile practices
(Azyabi et al., 2021; Giachetti et al., 2024) also contributed to the credibility of this review as
those articles offered a wider confirmation of the determined themes.
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Figure 2:Workflow of Agile SQA in EHR Implementation

3.5 Ethical Considerations

Even though this research was founded on secondary data in published literature and did not
have any human participants, ethical aspects were taken into account. The sources were referred
to accordingly in order to recognize intellectual property. Critical assessment of studies
credibility was also done so as to avoid using biased or predatory publications. This study has
performed well in following transparency and academic honesty, which makes its results become
a reliable source of information to be used by healthcare professionals, policymakers, and
researchers.

4. Findings and Results

The thematic analysis of the reviewed literature has shown that the implementation of agile-
based software quality assurance (SQA) models to the electronic health records (EHR) systems
in the U.S. hospitals poses both considerable challenges and opportunities. The obtained results
are divided into two general categories, namely, implementation difficulties and improvement
opportunities.
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4.1 Difficulties in the Application of Agile-based SQA in EHR Systems.

Among the most obvious challenges that have been identified is the complicated regulatory
landscape of U.S. healthcare. Hospitals have numerous laws and requirements that they have to
adhere to such as HIPAA, Health Information Technology for Economic and Clinical Health
(HITELCH) Act and interoperability requirements. Even though such regulations are essential to
the protection and transparency of patient data, they tend to go against the flexibility needed by
the agile approach (Nikpay et al., 2024). As an illustration, price transparency regulations at the
federal level have added more reporting and documentation requirements, thus capable of
causing delays in the speed of the iteration and feedback process (Nikpay et al., 2024).

Organizational resistance to change is another problem. Numerous hospitals are hierarchically
structured, where stability and long-term planning is favored and may be inconsistent with agile
adaptive and iterative process (Cross et al., 2024). Clinicians and administrators can be also
reluctant to implement new SQA frameworks especially when they see that their work can be
burdened or the current workflows can be interrupted. Lack of training in agile practices tends to
worsen the resistance, as it is the problem that prevents healthcare workers to cooperate properly
with software developers (Hidalgo et al., 2024).

Implementation is also added by resource constraints. Most hospitals particularly those serving
the disadvantaged communities are not financially and technically equipped to implement
advanced agile SQA frameworks. The hospital industry is monopolized, and the cost of
operations in the U.S. is also high, which limits budgets on technology and makes organizations
focus on urgent clinical requirements rather than on IT quality projects (Pizzini and Vansant,
2024). Smaller hospitals have been hit out of proportion and exacerbated the disparity in the
level of health IT between resource-rich and resource-constrained hospitals (Tung et al., 2024).

Heterogeneity and complexity of EHR systems are associated with the technical challenges
highlighted in the findings as well. American hospitals typically combine several old systems
and thus cannot easily test continuously and innovate fast (Alexandre et al., 2024). Even more
sophisticated methods like identifying anomalies with the help of AI-based models have
challenges with making sure that the results are accurate and interoperable across a variety of
platforms (Niu et al., 2024). Not only does this fragmentation compromise software reliability
and make data privacy and security vulnerable, but also such fragmentation exposes blockchain
and IoT applications to vulnerabilities, particularly as more of them are deployed (Lee et al.,
2024; Li et al., 2024).

Lastly, there is the always present barrier of human factors. The agile-based SQA initiatives are
directly influenced by the clinician burnout, which is already a significant issue in the U.S.
hospitals (Garcia et al., 2019). Agile depends on user feedback and collaboration frequently,
however, the involvement of clinicians is minimal when they are overburdened with work, and
their participation in testing and co-design is restricted. Such a deficiency of the continuity of
engagement reduces the quality of continuous improvement efforts and undermines the
consistency of EHR systems with actual clinical processes.
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4.2 Opportunities for Improvement with Agile-Based SQA

In spite of these difficulties the review also revealed considerable opportunities of agile-based
SQA to improve the quality of EHR systems in U.S. hospitals. The first of these is the fact that
agile techniques enhance responsiveness and adaptability. The iterative process and constant
improvement that is possible with agile frameworks come in handy especially in healthcare
settings where patient requirements, policies, and technologies are changing at rapid rates
(Natarajan & Pichai, 2024). Agile allows hospitals to carry out changes that are more rapid and
minimize their chance to cause massive system breakdown when development is split into
smaller, manageable bits.

The second opportunity is the ability to integrate clinician and patient views into the process of
development. Agile focuses on cooperation and stakeholder involvement, and it will open
avenues to allow clinicians to directly influence the functionality of EHRs, to address real-life
demands (Hwang et al., 2019). Agile cycles may also include patient engagement in safety and
quality efforts, so the software is being enhanced in accordance with the larger healthcare
objectives (Azyabi et al., 2021). This collaborative model can help increase usability, decrease
clinician frustration, and can foster a greater culture of patient safety.

The other important opportunity is the fact that agile practices will be aligned with sophisticated
technologies. New opportunities emerge with the development of the artificial intelligence,
blockchain, and multi-omics data integration, which could be used to enhance EHR systems (Niu
et al., 2024; Tong et al., 2024; Lee et al., 2024). SQA based on Agile offers an opportunity to use
a framework that can be modified to these swiftly evolving tools enabling hospitals to test and
release new functionality one at a time and stay within the regulations. Indicatively, agile cycles
can be applied to test blockchain-enhanced EHR exchanges on small pilot groups, then scale the
adoption of the technology on a hospital network scale (Lee et al., 2024).

It is also implied in findings that there are opportunities to reinforce organizational culture and
engagement of workforce. Agile systems also promote collaborative work, openness, and
learners' continuous movement, which may have a positive effect on patient safety culture
(Huang et al., 2022; Liu et al., 2022). Moreover, agile practices can be supplemented with
interventions like mindfulness training of healthcare staff to decrease burnout and improve the
quality of the participation of a clinician in the software development cycle (Liu et al., 2022).
Hospitals can establish better bases of safe and effective EHR systems by linking cultural change
to technical innovation.

Lastly, the agile-based SQA has a potential of enhancing cost efficiency in the long-term.
Although first-time implementation might need to invest resources in training and infrastructure,
iterative implementation can help to decrease the rework, cut the instances of expensive system
failure, and increase the adherence to quality standards (Giachetti et al., 2024). These efficiencies
may be used over time to offset financial strain on hospitals, thus, agile is not only a technical
answer, but also a cost-effective approach.
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5. Discussion

The results of the research reveal the duality of the applicability of agile-based software quality
assurance (SQA) models to electronic health record (EHR) systems in American hospitals: there
are substantial challenges, but there are also substantial opportunities to enhance the quality of
healthcare, safety, and efficiency. The following discussion interprets these findings within the
context of previous studies, discusses implications of the findings on health care organizations,
and provides the future research and practice directions.

5.1 Interpreting the Challenges

The following barriers, which were identified, include the regulatory, organizational, financial,
technical, and human, which is an inherent complexity of the U.S. healthcare system. HIPAA
and the HITECH Act are regulatory requirements that cannot be negotiated but tend to
compromise the ability to be more flexible with agile practices (Nikpay et al., 2024). This is
consistent with previous research results that patient protection and transparency regulations, in
turn, may create so-called reporting burdens that inadvertently deteriorate innovation (Cross et
al., 2024). Thus, this is not a question of whether agile and regulation are compatible, but is
about the methods of adapting frameworks in order to ensure compliance and maintain agility.

The resistance to the adoption of agile by organizations is also reflected in the larger literature on
change management within the healthcare industry. It was traditionally difficult to introduce a
new IT framework to hospitals since they have hierarchical structure and risk-averse cultures
(Hidalgo et al., 2024). Nevertheless, patient safety culture research indicates that organizational
attitudes are a major determining factor in technology adoption and outcomes (Azyabi et al.,
2021; Hwang et al., 2019). This demonstrates that cultural change is a pre-requisite of effective
implementation of agile SQA in healthcare IT.

Perhaps the most viable constraint is financial and resource constraints. It is proven that the
pressure of monopsony and increased hospital expenditures minimize the ability to innovate IT
(Pizzini and Vansant, 2024). This highlights the necessity of scalable agile frameworks that can
be scaled to larger systems and smaller systems with less resources.

Lastly, clinician burnout proved to be one of the major obstacles to the implementation of agile.
This is in line with systematic reviews that have attributed burnout to poor patient safety (Garcia
et al., 2019). Agile models place a great deal of emphasis on iterative feedback, but overworked
clinicians may simply not have the time or the energy to participate. This means that human
factors are as important as technical challenges.

Table 1: Challenges and Opportunities of Agile-Based SQA for EHR Systems in U.S. Hospitals

Dimension Challenges Opportunities

Regulatory
Compliance

Strict federal/state regulations
(HIPAA, ONC rules) make agile

Agile can create compliance-driven
workflows through iterative updates
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adaptation difficult. and audits.

Organizational
Culture

Resistance to process change,
hierarchical decision-making slows
adoption.

Agile fosters collaboration,
adaptability, and clinician
engagement.

Financial
Constraints

Limited budgets in small hospitals
hinder agile adoption.

Iterative releases reduce upfront
costs and optimize resource
allocation.

Clinician
Workload

Burnout and time pressure limit
clinician participation.

Agile’s focus on usability reduces
documentation burden and enhances
satisfaction.

Technology
Integration

Legacy systems and interoperability
barriers hinder agile-driven
innovation.

Agile enables adoption of AI,
blockchain, and IoT through
incremental prototyping.

Patient Safety Fragmented processes increase risk
of errors.

Agile improves feedback loops and
testing cycles, strengthening patient
safety culture

5.2 Identification of the Opportunities.

These challenges notwithstanding, the opportunities mentioned indicate that agile-based SQA
can help change the EHR quality and usability. The iterative and flexible design of Agile is
directly related to the volatile healthcare environment where quick technology, regulatory, and
clinical changes are regularly required to be addressed with a flexible solution (Natarajan and
Pichai, 2024). Agile mitigates risks in large-scale overhaul of EHR, which has traditionally been
extremely expensive and disruptive by introducing changes in small steps. The other significant
opportunity is to improve stakeholder partnerships. Agile technique promotes clinician and
patient interaction during the design and testing of the systems. Previous studies have proven that
patient involvement is a beneficial factor to the safety and quality culture (Hwang et al., 2019;
Liu et al., 2022). Through incorporating this form of participation in agile processes, hospitals
are able to see EHR systems as a mirror of real-world clinical requirements and patient
expectations, and eventually enhance usability and trust.

The fact that the emerging technologies, i.e., artificial intelligence, blockchain, and Internet of
Things (IoT) systems are integrated, creates additional opportunities. Agile SQA models are
especially appropriate to test and roll out these technologies in stages thus limiting risk factors
but allowing creativity (Lee et al., 2024; Niu et al., 2024). This flexibility is particularly
important since hospitals are transitioning to the preciseness of medicine and the multi-omics
implementation, in which the EHRs will have to process more complex data (Tong et al., 2024).
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Lastly, agile practices can be used to redefine the hospital culture by encouraging teamwork,
transparency and learning in iterations. The reduced number of adverse events and improved
quality outcomes has been over and over again linked to a strong patient safety culture (Huang et
al., 2022). Agile can be a technical and an organizational innovation by integrating these cultural
values into SQA processes.

Figure 3: Comparative Outcomes of Agile vs. Traditional SQA

5.3 Imagery Healthcare Organization Implications.

To healthcare organizations, the results imply that agile-based SQA adoption needs to be done in
a holistic manner. Agile practices in other industries can not be imported and merely adapted in
hospitals. They instead need to make agile compliant with regulatory requirements,
organizational frameworks, and patient safety needs. The investment in the clinic and IT staff
training programs will be needed to address the knowledge gap and resistance (Hidalgo et al.,
2024). The hospitals require setting up of secured time and resources to enable clinician
participation in agile cycles to reduce the workload on overworked staff.

On the policy level, regulators need to think about the ways rules and standards could be
formulated in a manner that would help innovate and protect patient information. Agile SQA
might be specifically identified in federal guidelines as a valid and compliant way of software
development in healthcare. Likewise, mechanisms to fund smaller hospitals in their adoption of
agile practices could be created, allowing to decrease the gaps in the quality of EHR in different
healthcare environments.

5.4 Future Research Directions

In this paper there are also various future research directions. To start with, empirical research is
required to determine the use of agile-based SQA in actual hospital environments. Although
theoretical frameworks and pilot projects bear potential, there is little evidence of outcomes on a
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large-scale level, including improvements in patient safety, cost-effectiveness, and satisfaction of
clinicians. Second, experiments should examine integrative approaches where agile is blended
with regulatory models, and whether innovation approaches like the so-called regulated agile can
deal with compliance issues. Third, research must be done on how to address the human factor
which includes burnout so as to sustain clinician participation in agile processes. Lastly, a
comparative analysis of hospitals in the U.S. and other systems internationally might provide
some information on the impact of various regulatory and cultural environments on the uptake of
agile.

Conclusion

This paper has discussed the issues and opportunities of implementing agile-based software
quality assurance (SQA) model on electronic health record (EHR) systems at U.S. hospitals. The
results reveal the two-sided reality of healthcare organizations, where regulatory complexity,
organizational resistance, financial pressures, and burnout of clinicians are both a major
challenge, but agile approaches may also provide potent instruments to enhance patient safety,
optimize collaboration, and permit technological innovation.

Agile models offer agility and flexibility uncommon in traditional linear models. With our
recurring focus on developing the product through iterative development, feedback, and
collaboration, the stakeholder, agile-based SQA can assist U.S. hospitals to be more responsive
to the changing needs of healthcare IT. Notably, the combination of agile practices is consistent
with more general objectives of patient-centered care, enhanced usability of EHR systems, and
the formation of a more robust patient safety culture (Azyabi et al., 2021; Huang et al., 2022).

The consequences to healthcare organizations are obvious: the implementation of agile SQA
needs not only technical changes but also organizational and cultural change. The hospitals
should establish a culture of inclusion of clinicians, make investments in training, and align with
the regulatory demands. On the policy level, regulators and funding agencies must promote the
idea of innovation by considering agile frameworks as a legitimate and compliant practice and
providing resource-constrained hospitals with the encouragement to adopt agile frameworks.

Going ahead, additional empirical studies are required to validate the effectiveness of agile SQA
in the real world in terms of reducing costs, enhancing patient safety outcomes, and enhancing
clinician satisfaction. A combination of agile flexibility and regulatory rigor could be a possible
way forward in hybrid models. Moreover, agile SQA can be used to introduce the emerging
technologies in EHR introductions, as artificial intelligence, IoT, and blockchain are exciting
innovations with their potential (Lee et al., 2024; Niu et al., 2024).
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