RRRRR

World Journal of Advanced Research and Reviews W,

eISSN: 2581-9615 CODEN (USA): WIARAI R vanced

Cross Ref DOL: 10.30574/wjarr Begews
WJARR Journal homepage: https://wjarr.com/ o
(REVIEW ARTICLE) W) Check for updates

Advancing EHR Interoperability: Technical Challenges and Scalable Solutions from
Microsoft 365 and Azure Healthcare Integration

Kehinde Sulaimon *

Department of Business Administration, Lincoln University, San Jose, California.

World Journal of Advanced Research and Reviews, 2024, 24(01), 2824-2840

Publication history: Received on 15 August 2024; revised on 25 October 2024; accepted on 28 October 2024

Article DOI: https://doi.org/10.30574 /wjarr.2024.24.1.2959

Abstract

Interoperability of electronic health records (EHRs) has presented ongoing difficulties for medical facilities around the
globe. Health systems frequently function in silos and are unable to efficiently exchange data. Data analytics, care
coordination, and clinical efficiency are among the critical functions that are weakened by this breakdown. Duplicate
tests, unnecessary administrative work, and elevated safety hazards result from the ongoing fragmented data
interchange. Healthcare organizations must strive to lower costs while raising care quality in order to solve these issues.

This study looks at the organizational, legal, and technical obstacles that prevent smooth data transfer across healthcare
organizations. Additionally, it suggests using Azure Healthcare and Microsoft 365 systems strategically. By doing this, it
draws attention to important problems including disparate data formats, security risks in shared settings, mapping and
normalization difficulties, the challenge of integrating legacy systems with contemporary APIs, and the high cost of cloud
adoption. These conclusions are based on a qualitative analysis of the literature on interoperability, Microsoft's cloud
architecture, and legal requirements such as FHIR and HL7. The report suggests continuous compliance monitoring,
gradual system rollouts, and personnel training. The results will help guide healthcare CIOs and policy stakeholders and
add to conversations on the transformation of digital health.

Keywords: EHR Interoperability; Microsoft; Azure Health Data Services; API For FHIR; Healthcare IT; Cloud
Integration

1. Introduction

Digital methods of record keeping are called electronic health records, or EHRs. They are now a common digital solution
in high-income health systems around the globe [1,2].

"The ability of different information systems, devices, and applications (systems) to access, exchange, integrate, and
cooperatively use data in a coordinated manner, within and across organizational, regional, and national boundaries, to
provide timely and seamless portability of information and optimize the health of individuals and populations globally"
is how the Healthcare Information and Management Systems Society defines interoperability [3].

EHR interoperability is defined as "the ability of two or more applications to communicate effectively without
compromising the content of the transmitted EHR" [4] from a technological standpoint. It means "electronic health
information that is shared appropriately between healthcare and public health partners in the right format, through the
right channel at the right time" [5] when viewed from a public health, administrative, or policy perspective.
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Interoperability has a more pragmatic meaning for end users, such as patients and healthcare professionals. Providers
anticipate features including improved coordination of complex treatment plans across institutions, secure
communication with other experts, and remote access to records from other care locations [6,7,8,9]. Conversely,
interoperability is frequently linked by patients to more seamless treatment experiences and increased control over
their medical records [10].

A vast array of health information and exchange procedures are covered by EHR systems. These include of charts,
reports, patient records, and any information that was formerly kept on paper. Yet EHR adoption should not be seen
only as the digitization of print documents. It often expands the functions of record systems.

EHR solutions, for instance, improve system capabilities while streamlining communication and record keeping. They
increase data transfer speeds, retain more patient data, and facilitate advanced analytics [13]. Even with stringent
security measures, electronic information transfer between healthcare organizations is quicker and simpler to handle
than physical data [14].

The capacity to track patient data over extended periods of time across numerous providers is an obvious advantage of
electronic health record (EHR) systems. Due to retention regulations, physical record systems, like paper files,
frequently restrict information to a particular organization and archive it after a predetermined period of time. EHR
platforms, on the other hand, store patient records, including historical data, on small servers by fusing digital and
physical technologies [14,15].

Preventive and regular care are also supported by EHR systems. They assist personnel in tracking medical histories,
identifying and verifying impending operations, examinations, and screenings [13]. This ability is absent from physical
systems. Real-time monitoring is another essential feature. Along with a patient's medical history and allergies,
providers can monitor the patient's status and readings. This integration helps guarantee that the appropriate
treatments are administered and enhances care decisions.

Universality is one of the main ways that EHR differs from physical systems. EHR systems create and store records that
are standardized, readable across platforms, and coordinated across enterprises [14,15,16]. Because of this flexibility,
EHR systems are significantly more efficient at sharing information than paper systems.

Data standardization is also advanced by EHR systems. Patient data must adhere to common, objective standards rather
than being restricted by standardized methods. This guarantees that documents are safe, transparent, and consistent
both inside and between organizations [14,17]. Electronic medical record solutions encourage standardization, which
increases record accuracy and dependability [18,15,16].

Adoption of EHRs has been shown to enhance patient safety and care quality [19,15,20]. Coordination and improved
organizational communication are encouraged by these systems. Reducing overprescribing is one advantage that has
been demonstrated [21]. Patients who see multiple doctors receive better care, preventing dangerous drug
combinations or duplication prescriptions. Safe prescription practices are further improved by the ability to obtain and
share allergy information across connected systems.

Simplifying healthcare procedures is one of the possible advantages of electronic health record (EHR) systems [16]. The
gathering and examination of patient data is the first step in the care process. By providing doctors with instant,
comprehensive, and focused access to records, EHR platforms streamline this process. Electronic platforms cut down
on waste and inefficiencies in operations and treatment as compared to paper-based methods [22].

Consumers' uneven access to their medical records is the issue this study looks at. Patients have encountered unequal
access to their own data, despite the fact that EHR systems offer a number of advantages [23,24,25]. Patients who seek
and receive healthcare services are considered consumers in this study. Differences in access point to variations in the
configuration of EHR systems. Therefore, laws and policies must continue to be adaptable enough to take into account
various information-sharing models. Researchers contend that by promoting patient empowerment and self-care,
increased patient access enhances health outcomes [23,24,25]. This necessitates determining the rationale behind
access restrictions and the impact they have on patient outcomes.

The extent to which stakeholders should have access to patient records held in secured electronic systems is still up for
debate, despite mounting evidence of EHR success [23,24,25]. Patients, providers, insurers, employers, pharmaceutical
corporations, and governmental organizations are examples of stakeholders. Broader access has been shown to enhance
care and service quality [26]. All stakeholders should have unfettered access to EHR data warehouses, according to
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several researchers [27, 28]. Others question that degree of transparency from an ethical and security standpoint [26,
29].

In order to facilitate more fair access to health data, modern practitioners contend that enhanced interoperability is
required [30, 31]. They demand that present procedures be changed to provide patients more authority over their
medical records.

The Institute of Medicine's (IoM) six criteria of quality of care, safety, efficacy, patient-centeredness, timeliness,
efficiency, and equity, are all impacted by a lack of interoperability [11,12]. Inaccurate or missing records jeopardize
security. Clinical decisions are less successful when there is insufficient information. Patient-centeredness is
compromised when patients receive fragmented treatment due to disconnected records. When data is hard to retrieve,
timeliness is delayed. Duplicating tests and documentation reduces efficiency. When different groups do not have equal
access to high-quality, coordinated care, equity suffers.

Scalable and secure solutions are offered by Microsoft 365 and Azure to businesses updating their IT infrastructure.
Azure provides enterprise-grade security by safeguarding workloads during development and runtime with solutions
like Microsoft Defender for Cloud and Microsoft Sentinel. By protecting privacy and promoting adherence to industry
standards, this tiered security paradigm enables enterprises to safely implement technologies on a large scale.

The constraints of legacy systems are eliminated by Azure's infrastructure. It makes it possible to scale databases,
storage, and computation dynamically to meet fluctuating demand while preserving cost and performance [32, 33].
Additionally, Azure's connectivity with Microsoft 365 promotes agility. Because they enable secure collaboration,
efficient data management, and reliable communication, these platforms are perfect for enterprise applications [34].

Electronic health record (EHR) interoperability is still severely hindered by technical problems. These include the
absence of universal data standards, vendor lock-ins, inconsistent formats, and fragmented systems, all of which
compromise patient safety by impeding seamless data interchange. Microsoft 365 and strategies based on Azure can
assist in overcoming these obstacles. Their strong security frameworks, standardized APIs, and cloud scalability enable
safe, real-time integration and unified management of EHR data. This approach enables consistent and scalable
interoperability across healthcare systems.

2. Literature review

2.1. Current Adoption Rates and The Global Push for Data Exchange Standards

Strong global momentum toward healthcare interoperability is demonstrated by the adoption rates of FHIR and HL7
v2. Approximately 95% of U.S. healthcare organizations and more than 35 nations utilize HL7 v2 for medical data
interchange, making it the most extensively used standard. However, FHIR (Fast Healthcare Interoperability Resources)
is becoming more popular because to its adaptability, contemporary style, and simplicity of usage. FHIR is currently
used in more than 70% of nations, and its use is predicted to rise rapidly in the years to come [61].

The ONC Cures Act Final Rule and other regulatory frameworks are driving the United States' adoption of FHIR.
Currently, FHIR-compliant APIs are used by about 85% of healthcare organizations in the United States. Adoption
among providers is about 60% in Canada [64]. In Europe, the UK has already surpassed 75% adoption, while Germany
has set a goal of 70% by 2025. By 2026, the European Health Data Space project hopes to increase uptake to above 80%
in all EU member states [64].

Stronger security protocols like OAuth 2.0, governance frameworks, and continuous improvement all promote the
global move toward HL7-based standards, and with particular emphasis FHIR. However, difficulties still exist. Unified
adoption is still being slowed by financing shortages, regulatory discrepancies, and version fragmentation threats [63].

FHIR is widely seen as the future foundation of healthcare interoperability in spite of these obstacles. As businesses
gradually abandon outdated dependencies, it will gradually replace and augment HL7 v2 over the ensuing years.
Progress will rely on sustained innovation, clear regulation, and international collaboration to achieve fully
interoperable healthcare ecosystems worldwide.

2826



World Journal of Advanced Research and Reviews, 2024, 24(01), 2824-2840

2.2. Interoperability progress and challenges in the last decade

One of the biggest obstacles to the exchange of medical data across hospitals and centers is interoperability.
Communication breakdowns within healthcare departments and communication issues between various companies are
two major issues that frequently surface [35]. Thus, it is essential to guarantee interoperability throughout healthcare
facilities.

Healthcare interoperability has improved over the last ten years, according to research, but there are still enduring
issues. Its significance in enhancing patient outcomes and healthcare efficiency is clear. Interoperability has improved
the management of chronic diseases, decreased medical errors, and increased care coordination globally. More than
90% of stakeholders accept its benefits, according to surveys and qualitative research conducted in 24 countries. These
include improved patient safety through improved data access and fewer hospital readmissions. Health information
exchanges (HIEs) and digital health frameworks have greatly enhanced provider collaboration, resulting in increased
efficiency and better continuity of treatment [65].

The advantages are demonstrated by examples from various geographical areas. According to Canada, interoperability
reduces testing and hospitalizations, resulting in expected yearly savings of USD 3 billion. Additionally, Estonia and the
US exhibit more coordinated services and cost reductions. Early efforts in Tanzania show promise for better clinical
workflows. Globally, 55% of nations publish data standards that promote better uniformity, and 57% are developing or
putting into place national digital health frameworks [66].

However, obstacles still stand in the way of complete adoption. Progress is hampered by a lack of digital literacy and
infrastructure, especially in low- and middle-income countries (LMICs). Just 18% of nations regularly use the most
recent data standards, and only 13% have sophisticated data architectures. The advantages of interoperability are
diminished by these shortcomings. Results are additionally weakened by fragmented initiatives, insufficient funding,
inconsistent regulatory compliance, and a lack of patient-centered data models [65].

Future work must concentrate on interoperability models that are inexpensive, scalable, and flexible enough to fit a
variety of situations, particularly those with low resources. To gauge how interoperability affects system resilience,
expenses, and health outcomes, longer-term research is required. Adoption could be accelerated by increasing patient
control over personal health data and carrying out more international comparative research. For interoperability to
advance globally, cooperation between technology providers, developers, and legislators will continue to be essential
[66].

2.3. Federal initiatives across the world

The need for data interchange and interoperability has grown as healthcare service models have expanded. Health IT
systems were incorporated into national healthcare reform in the United States via the Health Information Technology
for Economic and Clinical Health (HITECH) Act of 2009. By using incentive and penalty systems, it hastened the adoption
of electronic health records (EHRs) [36]. The Office of the National Coordinator for Health Information Technology was
established by the U.S. Department of Health and Human Services to support this endeavor. This organization promotes
electronic data interchange, pushes for the adoption of cutting-edge standards, and raises service standards across the
country.

By creating Canada Health Info way, a separate, federally supported non-profit corporation, Canada took a similar
approach. Its goal is to hasten the nation's embrace of digital health, particularly EHR systems. In collaboration with the
Canadian Institute for Health Information, a ten-year implementation plan has been created [37].

Japan has concentrated on developing technologies for remote healthcare. Through software-as-a-service or app-based
electronic medical record (EMR) platforms, the nation has established communication networks across regional
facilities [38].

Another important influence has been played by China's state health system. Reforms have been led by large public
hospitals run by local, provincial, and federal governments. To improve collaboration between healthcare institutions
at all levels, the government has released policies [39, 40]. The development of high-quality EMR systems, regional
interoperability, and intelligent hospital services is all guided by these policies, which are backed by qualitative and
quantitative assessment standards.
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2.4. Comparison Of Solutions from Other Vendors

About 36% of the hospital EHR market is owned by Epic Systems. Epic Bridges, a proprietary integration platform that
supports FHIR and HL7 APIs, is necessary for its compatibility. Epic is a member of the Carequality network, a public-
private partnership created to facilitate system-to-system data interchange. Epic permits FHIR-based third-party app
integrations through its App Orchard marketplace; nevertheless, the procedure necessitates development work and is
occasionally perceived as less transparent than Cerner. By granting access to patient data to clinicians outside of the
Epic ecosystem, EpicCare Link expands interoperability [69].

With around a quarter of the industry, Cerner is known for its transparency and extensive third-party integrations.
Through APIs like Oracle Health Seamless Exchange and Cerner Ignite, it provides more than 50 external connections.
Cerner is a co-founder of the Common Well Health Alliance, a nonprofit organization that advocates for uniform data
sharing among EHR systems. Features like Reference Lab Networks, which simplify lab data sharing without the need
for separate connections, are advantageous to users. Organizations can link across systems more easily because to
Cerner's flexibility and support for a variety of interoperability scenarios [70].

For big healthcare companies and research institutes managing huge datasets, AWS Health Lake offers a cloud-native
solution. It is compatible with FHIR standards for querying, storing, and ingesting data. By integrating with the AWS
environment, Health Lake makes it possible to use machine learning and advanced analytics for tasks like personalized
care and predictive modeling. In spite of its analytics prowess, the platform needs AWS know-how to be implemented,
and it currently offers fewer workflow capabilities tailored to the healthcare industry than Epic or Cerner. Although its
pay-as-you-go model facilitates scalability, it also presents issues with data migration and vendor lock-in [71].

3. Existing Research on H17, Azure Health Data Services, Fir Api, Power Bi In Healthcare Analytics,
And Microsoft Teams Use In

3.1. Care Coordination

3.1.1. High Level 7 [HL7] and Fast Healthcare Interoperability Resources [FHIR]

The non-profit standards-developing group Health Level 7 (HL7) was established in 1987 and develops frameworks
and standards for the sharing, retrieval, integration, and interchange of electronic health data. Clinical practice, as well
as the administration, provision, and assessment of healthcare services, are supported by these standards. HL7
published several standards over time, such as the Clinical Document Architecture (CDA), HL7 version 2, and HL7
version 3 [42].

Health institutions started using APIs to expose digital services as the internet developed and the API business grew. In
2014, HL7 responded by launching Fast Healthcare Interoperability

Resources (FHIR). Resources, the lowest logical units of data interchange, are the foundation of FHIR. It uses web
technologies like XML, JSON, and RESTful APIs to standardize the exchange of healthcare data. Modular, interoperable
architecture made possible by the resource-based paradigm facilitate the easier integration of various health IT systems
[43].

For healthcare companies to communicate clinical data in an accurate, secure, and efficient manner, HL7 FHIR must be
implemented. It facilitates interoperability while maintaining data confidentiality and integrity by offering standardized
formats and communication methods. In addition to improving patient access to medical records, this allows continuity
of care. The requirement for worldwide terminology harmonization, variations in implementation, legal and safety
concerns, and changes in FHIR content are some of the obstacles to its increasing use.In order to overcome these
obstacles, partnerships like the one between WHO and HL7 facilitate the application of open standards at the national
level and develop technical expertise [43, 44].

As seen in Figure 1, FHIR has garnered consistent interest from healthcare stakeholders since its initial introduction.
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According to the chart, the top three countries for published studies on FHIR are the United States (28.39%; 197/694),
Germany (11.67%; 81/694), and Canada (4.18%; 29/694). Adoption has been greatly impacted by national
policymakers in addition to the work of researchers and health IT players. Initiatives that have been introduced by the
US, UK, and Canada show how government action can support the implementation of FHIR [41]. FHIR is positioned as
the standard with the best chance of future widespread adoption since it has, all things considered, achieved acceptance
and recognition throughout the global healthcare industry.

3.2. Azure Health Data Services

By allowing enterprises to standardize, integrate, and manage health data at scale, Microsoft Azure Health Data Services
is a cloud-based platform that improves healthcare interoperability. Its foundation is the Azure API for FHIR, which
facilitates the open architecture for exchanging electronic health data known as the HL7 FHIR standard. Role-based
access controls that govern data access, secure processing of protected health information (PHI) in accordance with
HIPAA and GDPR, and quick deployment of FHIR-compliant infrastructure are all made possible by the platform [45].
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[Azure’s Contribution to Enhancing Healthcare Data Interoperability in the USA]

By supporting DICOM standards for medical imaging, Azure Health Data Services goes beyond FHIR and makes it
possible to store, query, and retrieve imaging files in addition to clinical data to construct unified patient records.
Because of its cloud scalability, businesses may handle increasing data quantities without sacrificing efficiency [45].
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By removing data silos and promoting comprehensive patient views that promote clinical decision-making and care
coordination, the platform improves interoperability. Al-driven diagnostics and predictive modeling are two examples
of advanced analytics and Al applications made possible by standardized data formats. Azure's ability to integrate
diverse data sources and incorporate Al insights into clinical operations is demonstrated by case studies from
organizations such as Cleveland Clinic [45].

Two of the platform's main pillars are security and compliance. To secure PHI, it employs advanced threat detection,
multilayer security protections, and multi-region data isolation. Role-based access controls that are connected to
Microsoft Entra identities offer granular permissions that comply with HITRUST and HIPAA regulations. In addition to
managed services for DICOM imaging data and MedTech IoT data, the FHIR service operates as a managed PaaS under
Azure Health Data Services. Coordinated administration is made possible by the single workspace in which these
services function [46].

In general, Azure Health Data Services promote intelligent data transmission across healthcare ecosystems by providing
a standardized, scalable, and safe platform for healthcare interoperability.

3.3. Power Bl in Healthcare Analytics

Microsoft Power Bl is a potent business intelligence application that turns medical data into insights that can be put to
use. In order to facilitate real-time decision-making, it transforms complicated datasets—such as imaging, clinical notes,
and operational metrics—into interactive dashboards and reports. These roles enhance the quality of care, optimize
resource allocation, and improve patient outcomes [47]. According to research, a significant portion of the vast volumes
of data generated by the healthcare industry is underutilized. In order to address this, Power BI offers easily
comprehensible analytics and visualization that highlight trends like readmission rates, patient risk factors, and
resource usage, all of which are consistent with value-based care models that prioritize service quality [48].

Additionally, by automating compliance reporting in accordance with standards such as HIPAA and HL7, the platform
lessens administrative load. Power BI is appropriate for healthcare settings because of its role-based access controls
and encryption, which improve data security [48]. Power BI's efficacy in enhancing the efficiency of the healthcare
system is demonstrated by Shabari Vasan et al.'s (2024) evaluation of hospital performance, patient demographics, and
expenses, which revealed trends that aided in strategic planning and operational enhancements [49]. Additional
research highlights how Power Bl integrates with Al and predictive analytics to support population health management
and individualized care. These functionalities expand the platform's role in data-driven healthcare, improve patient
monitoring, and support clinical processes [50].

3.4. Microsoft 365 in Care Coordination

For safe, real-time communication, teamwork, and workflow management in the healthcare industry, Microsoft Teams
is an essential tool. Clinicians can effectively cooperate across departments and locations with Teams' integrated chat,
video, phone, document sharing, and task management features, which is crucial for patient care [51]. Rapid team
mobilization in emergency scenarios is made possible by features like virtual huddles, status alerts, and real-time
clinical data exchange, which allow prompt actions and better results. Security throughout these interactions is
guaranteed by HIPAA compliance [51].

By streamlining processes and minimizing the need for face-to-face meetings, teams can also combat provider burnout.
By distributing workloads more equitably, task prioritization and visibility technologies allow doctors to devote more
time to patient care [52]. Multidisciplinary teams can work together on cases with shared access to information,
outcomes, and treatment plans thanks to persistent chat histories and dedicated channels, which improves decision-
making and care continuity [52].

Through remote training and live broadcasting of surgeries, the platform adds value to medical education, and its
interface with EHRs makes clinical data easily accessible without requiring system switches [52]. Adoption of Teams
has been shown to have benefits, such as improved work completion and job prioritizing among junior physicians as a
result of file sharing and communication features [53]. According to broader research, Teams is a digital communication
tool that improves interdisciplinary healthcare teams' collaboration, leading to better results and increased operational
efficiency [53,54].
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4. Gaps in integrating Microsoft 365 collaboration tools with

4.1. Ehr workflows

Peer-reviewed research evaluating the integration of Microsoft 365 collaboration features with clinical EHR workflows
is few. In contrast to actual use of Teams, Outlook, SharePoint, or Power Platform in care settings, the majority of
research concentrates on standards, APIs, and interoperability frameworks. There are few robust outcome studies on
collaboration platforms, according to reviews of EHR-integrated systems [55].

There is little data on the impact of process. Though Vos and Robertson point out that there is limited research on how
external collaboration platforms change task sequences, communication flows, or time allocation, systematic studies
demonstrate that EHRs have an impact on cooperation dynamics [56]. Seldom do usability studies look at using
Microsoft 365 products and EHRs together. Research on documentation burden, clinician engagement, and handoff
efficiency rarely assesses whether SharePoint task lists or Teams channels lower workload or errors [57].

The safety and outcome evidence is also lacking. There are no credible studies that connect Microsoft 365-enabled
workflows to quantifiable benefits like fewer redundant tests or quicker care coordination. Standardized metrics are
needed to assess these interconnections, according to major evaluations [58]. Few studies have compared Microsoft
Cloud for Healthcare integrations with Epic or Oracle Health in terms of usability, data completeness, or clinical
relevance, indicating that vendor-specific differences are not well understood [59].

The majority of Microsoft whitepapers discussing HIPAA compliance for Teams and Office 365 touch on security and
governance issues. Few scholarly research examines the dangers posed by misconfigurations or evaluate these
safeguards in real-world scenarios [60]. Impacts on equity are rarely discussed. There is no proof that Microsoft 365
features lessen inequities in access or results, and reviews point to low participant representativeness [55].

Future studies should monitor task time, mistakes, and safety incidents while integrating Teams or SharePoint
workflows into EHR use. While security research should examine audit logs and configuration hazards, comparative
studies should evaluate the quality of integration among vendors. In order to assess whether collaboration technologies
reduce or increase care gaps, implementation studies must also provide participant demographics.

5. Technical, compliance and operational challenges

Data Fragmentation: HL7 vs FHIR Adoption Gaps, Incompatible Schemas

One of the primary obstacles to healthcare interoperability is still data fragmentation. Despite being extensively used,
HL7 Version 2 (V2) is based on a strict, segment-based architecture designed for closed system communication.
Clinical data is fragmented among companies due to its varying versions, specialized schemas, and uneven deployment
across institutions [79]. A complete picture of the patient's history and care cannot be seen since patient records
created under various HL7 implementations frequently remain isolated.

According to research that examined three public health registries, FHIR provided 71-92% of the necessary data
pieces. The remaining 8-29% were either unstandardized, needed manual mapping, or required extensions [82].

Using contemporary web technologies like RESTful APIs, JSON, and XML, as well as modular "resource" components
that allow for flexible, real-time data sharing across many systems, Fast Healthcare Interoperability Resources (FHIR)
was developed to close these gaps [77]. However, adoption happens gradually. Uptake is constrained by vendor
heterogeneity, migration complexity, and legacy HL7 V2 infrastructure [81]. Schema incompatibility and integration
complexity are increased in hybrid settings that run HL7 V2 in addition to FHIR.

Fragmentation has quantifiable costs. Treatment delays, duplicate testing, and diagnostic errors are all associated with
poor interoperability. According to studies, inefficiencies slow clinical decision-making by up to 30% and increase
operating expenses by 10% to 15% [77]. For instance, clinical support, registry services, or population reporting risk
may overlook one fifth of crucial data if only 80% of items map to FHIR. This disparity may result in redundant manual
labor, missing notifications, or insufficient insights. These gaps are filled by extending schemas and profiles, but doing
so comes with additional expenses and upkeep requirements.
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5.1. Security and Compliance: HIPAA, GDPR Requirements, Risk of Breaches During

5.1.1. Data Transfer

Because healthcare data is so sensitive, it must abide by laws like GDPR in Europe and HIPAA in the US. Because data
flows across networks, cloud platforms, and systems, interoperability increases vulnerabilities [83]. Weak encryption,
illegal access, or hacked endpoints are frequently the causes of transfer breaches.

By utilizing security protocols like as transport-layer encryption and OAuth2 for authorization, FHIR enhances security
and facilitates compliance [77]. Legacy HL7 systems, on the other hand, have uneven security procedures that make
them more susceptible. The attack surface is also increased by integrating several systems. According to a study of 796
Android health apps, the majority had inadequate or abused transmission security, 77.9% of those gathering sensitive
data had inconsistent behavior, and 23.7% lacked comprehensive privacy rules [87].

The risks are confirmed by real-world incidents. Interoperability points were exploited as entry points in data breaches
that exposed over 40 million records globally in 2023 [83]. According to research, over 70% of cyberattacks target
systems that are out-of-date or inadequately patched. There are monetary and legal repercussions for noncompliance.
According to one poll, maintaining and patching legacy systems to comply with regulations takes up the majority of IT
budgets [85]. In addition to incurring penalties, noncompliance damages patient confidence.

5.1.2. Legacy System Integration: High Cost and Complexity of Connecting Old On-Prem Systems to Cloud

Legacy on-premises EHR systems that were developed before cloud architecture became popular are still in use by
many healthcare providers. There are financial and technical challenges when integrating these with contemporary
Microsoft 365 and Azure services. Legacy platforms frequently need constant maintenance, bespoke adapters, and APIs
[88].

Recurring issues include managing technical debt, resolving dependencies, reconstructing architectures, working with
proprietary formats, and reverse-engineering undocumented code, according to an empirical study of legacy-to-cloud
migration across industries. Projects are often pushed past deadlines or over budget by these problems [87]. According
to one study, up to 75% of a hospital's IT budget may be spent on legacy EHR maintenance alone [85]. Due to
redevelopment, vendor licensing, and employee training, integration expenses sometimes amount to millions of dollars.
Latency and consistency problems are introduced by synchronization. A large hospital case study found that legacy-
cloud integration delayed clinical data access by as much as 24 hours, disrupting acute care coordination [88].

5.1.3. Scalability and Cost: Challenges in Handling Increasing Data Volume and Controlling Infrastructure Spend

With the growth of digital records, imaging, wearable technology, and genomics, healthcare data is growing quickly.
Scalable infrastructures that can efficiently store, process, and exchange information are necessary to manage this
expansion. Such scalability is offered by cloud systems such as Azure, but they also provide cost-control issues [78].

According to a study on cloud integration, processing claims with antiquated systems took 30% longer than with
contemporary real-time cloud solutions [89, 90]. In the absence of efficient architectures, costs may rise at
unpredictable rates. Healthcare providers have to balance budgetary constraints with performance requirements. 20-
30% of healthcare IT budgets go toward cloud spending, according to an industry survey, while ineffective data
pipelines contribute another 15-25% to expenses [78].

5.1.4. User Resistance: Clinician Workflow Disruptions, Training Gaps

Poor interface designs cause physicians' workflows to be disrupted, according to a scoping study of EHR usability
conducted between 2007 and 2024. Documentation time is increased by reported problems such as long navigation
pathways, fragmented material, duplicate entry, and frequent job switching [82]. One important but frequently
overlooked obstacle to interoperability is user resistance. Clinical procedures may be disturbed and cognitive strain
increased when Microsoft collaboration technologies are incorporated into EHR processes [86]. Research indicates that
when digital technologies are not completely integrated, users are less satisfied and productive, which results in partial
adoption.

Frustration with hybrid record systems, numerous logins, instability, "note bloat,” and non-intuitive interfaces were
reported in qualitative hospital research. Errors and delays resulted from these issues, and physicians also reported
poor integration with other providers and sluggish system response times [84]. Training gaps worsen adoption issues,
as many clinicians lack adequate preparation for using integrated systems [80].
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6. Methodology

e Design: This study adopted a qualitative case-based research design to capture experiential insights from real-
world implementations of interoperability solutions.

e Data Sources: Peer-reviewed journal articles published between 2015 and 2025 were analyzed to gather
academic perspectives on interoperability challenges and solutions.

e Evaluation Framework: The study used the Fast Healthcare Interoperability Resources (FHIR) framework as
the primary reference point, given its widespread adoption. Microsoft 365 and Azure were evaluated against
FHIR principles, including modular resources, RESTful APIs, and data normalization.

6.1. Interoperability Criteria

e Five criteria were defined for assessing performance:

e Data format standardization: the extent of normalization of heterogeneous data into structured, exchangeable
formats.

e Scalability: the capacity of infrastructure to manage growing data volumes and user loads without loss of
performance.

e Security: safeguards for maintaining confidentiality, integrity, and availability of data during exchange.

e Compliance: alignment with HIPAA, GDPR, and other relevant regulations.

e User adoption: clinician and organizational uptake, including usability and workflow integration.

Analytical Procedure: Standards (FHIR, HL7), security and governance (blockchain, consent, data integrity), technical
implementation (tools, APIs, cloud integration), and adoption barriers (workflow, policy, regulation) were thematically
categorized into categories. To find recurrent issues, facilitators, and quantifiable results, case studies were examined.
The interoperability maturity of Microsoft's solutions was evaluated by comparing them to industry alternatives, with
FHIR compliance serving as the baseline.

7. Thematic analysis of peer-reviewed articles

7.1. Gordon and Catalini [2018]: “Blockchain Technology for Healthcare: Facilitating the Transition to Patient-
Driven Interoperability” [74]

The peer-reviewed paper by Gordon and Catalini (2018) explores how blockchain can change healthcare
interoperability from models that are institution-centric to ones that are patient-driven. In order to overcome obstacles
to scalable adoption, the study focuses on blockchain mechanisms that facilitate safe, transparent, and effective
interchange of health data.

7.2. Standards: FHIR and HL7

The essay places blockchain in the context of the larger standards environment. It highlights the inflexibility of HL7 v2
while acknowledging its significance un institution-to-institution exchange. The modular, API-driven design of FHIR
makes it a complementing standard. By addressing data liquidity and patient identity gaps, blockchain and FHIR enable
flexible and patient-centered data sharing.

7.3. Security and Governance: Blockchain, Consent, Data Integrity

The authors present five blockchain-enabled mechanisms for patient-driven interoperability

Digital access rules through smart contracts to enforce precise permissions.
Data aggregation to unify patient records across diverse sources.

Data liquidity via real-time secure exchange.

Decentralized patient identity services to reduce record mismatches.
Immutable ledgers for verifiable audit trails and protection against tampering.

While scaling blockchain to handle healthcare transaction volumes and protecting privacy in distributed systems
present problems, these technologies can improve trust and compliance.

Incentives for providers and patient involvement are also necessary for adoption.
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7.4. Technical Implementation: Tools, APIs, and Cloud Integration

One key component of managing access and consent is smart contracts. The authors suggest that blockchain solutions
must interface with current EHR APIs and cloud systems, even though they do not specifically address platforms like
Microsoft Azure. It is advised to use hybrid strategies that combine cloud infrastructures for storage and performance
scalability with blockchain for auditability and governance. This is consistent with Microsoft's cloud-native and API-
centric integration efforts.

7.5. Adoption Barriers: Workflow, Policy, and Regulation

Non-technical barriers include high transaction volume, privacy risks, governance complexity, patient engagement, and
provider incentives. Policy and regulation are also cited as critical enablers or obstacles to large-scale adoption.

7.6. Quantitative and Data Insights

The article synthesizes conceptual frameworks and existing literature rather than presenting primary data. Notable
statistics cited include

e Over 80% of U.S. healthcare providers participate in data exchange, though primarily institution-centric.
e Patient identity errors affect 20-30% of healthcare records, supporting blockchain’s potential value in identity
management.

The study argues blockchain, integrated with standards like FHIR and deployed through scalable cloud platforms, has
the potential to advance patient-controlled data sharing and address key interoperability barriers. Success depends on
hybrid blockchain-cloud models, stakeholder incentives, and adaptive regulatory policies.

8. Brehmer et al. [2024]: “Establishing Medical Intelligence: Leveraging Fast Healthcare
Interoperability Resources to Improve Clinical Management” [73]

In keeping with this study on Microsoft 365 and Azure healthcare integration, this review summarizes the paper
Establishing Medical Intelligence: Leveraging Fast Healthcare Interoperability Resources to Improve Clinical
Management by Brehmer et al. The study adds knowledge on the difficulties in scaling clinical interoperability, the
function of FHIR standards, and technical implementations like FHIRPACK.

8.1. Standards: FHIR and HL7

The main standard facilitating extensive, practical data interchange is FHIR. FHIRPACK, a Python toolkit that facilitates
the extraction, transformation, and analysis of multimodal FHIR datasets, is presented by Brehmer et al. Over 2 billion
FHIR resources spanning 1.4 million distinct patients in one of Germany's biggest hospital systems were included in the
collection. The modular resource model of FHIR facilitates flexible and fine-grained integration with pharmaceutical,
diagnostic, laboratory, and procedural systems. The study places FHIR as the new RESTful API-driven framework that
is essential for scalable analytics, even though HL7 v2 is still frequently utilized. Although the authors recognize that
FHIR's nested structures are complicated, they point to tools like SMART on FHIR as mitigating factors.

8.2. Security and Governance: Blockchain, Consent, Data Integrity

According to the study, reliable interoperability depends on FHIR's defined APIs and safe data exchange protocols.
Although the benefits of provenance, auditability, and dependability are consistent with blockchain ideas, blockchain is
not at the center of the conversation. System design ensures ethical and compliant data usage for dashboards and
analytics by adhering to legislative standards like GDPR.

8.3. Technical Implementation: Tools, APIs, and Cloud Integration

The paper's main contribution is FHIRPACK. It allows academics and clinicians to use Python processes to query, clean,
and analyze huge multimodal datasets. Clinical dashboards created with Streamlet and available at the point of care are
powered by the conversion of complex FHIR structures into Panda’s data frames. Myocardial infarction, stroke, diabetes,
sepsis, and prostate cancer are among the clinical use cases. combining ICD-10 diagnoses, lab results, drugs, procedures,
reports, and aggregated demographics into dashboards that may be used for action. Although there is no explicit
mention of cloud use, the real-time and API-driven design points to interoperability with Microsoft Azure, which offers
compute resources, scalability, and compliance.
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8.4. Adoption Barriers: Workflow, Policy, Regulation

8.4.1. The study identifies key barriers

Complexity of FHIR data structures that hinder query and transformation.

Workflow integration challenges requiring co-design with physicians to reduce cognitive load.
Difficulty translating raw EHR data into usable clinical insights.

Policy-level gaps, including inconsistent terminologies and governance.

The study shows quantifiable gains in spite of this. Examples include a 39% prevalence of undiagnosed deglycation,
improved detection of prompt stroke therapies, and 72.7% adherence to myocardial infarction medicines. These prove
the clinical utility of analytics driven by FHIR. The study shows that FHIR-based scalable, interoperable analytics can
provide practical therapeutic benefit. Its contributions complement Azure's elastic and secure cloud architecture,
Microsoft 365's API-based user interface integration, and the requirement for sophisticated transformation tools like
FHIRPACK to operationalize complicated healthcare data for decision support.

9. Vorisek et al. [2022]: “Fast Healthcare Interoperability Resources [FHIR] for Interoperability in
Health Research: Systematic Review” [43]

This analysis synthesizes Vorisek et al.’s systematic review on FHIR implementations in health research, aligned with
advancing EHR interoperability through Microsoft 365 and Azure integration. The review highlights adoption trends,
technical implementations, governance considerations, and persistent barriers.

9.1. Standards: FHIR and HL7

The main and developing standard in health research is FHIR which is appropriate for flexible data transmission
because of its resource-based, modular design and utilization of web technologies. 49 of the 998 evaluated studies, 73%
of which were clinical research, met the inclusion criteria. Semantic interoperability was supported by the widespread
use of complementary terminologies, such as SNOMED CT (29% of studies), LOINC (37%), and ICD-10 (18%). Although
HL7 V2 and V3 are still widely used in clinical settings, FHIR's API-driven methodology is causing its popularity to grow.
The "Public Health and Research” resource domain was used in just 8% of research, indicating a low level of uptake in
this field. Frequent FHIR version upgrades and the establishment of dependable FHIR servers that are compatible with
legacy systems are among the reported obstacles.

9.2. Security and Governance: Blockchain, Consent, Data Integrity

With only 4% of papers mentioning consent management, it is underrepresented. This suggests that governance
mechanisms for patient rights and data sharing have not advanced very far. FHIR's flexibility emphasizes how crucial it
is to install it securely while adhering to GDPR and HIPAA regulations. FHIR's standardized terminology contributes to
dependable data integrity. Possible blockchain synergies are mentioned, especially for decentralized consent
management and unchangeable audit trails. In the reviewed literature, these are still mostly theoretical and poorly
studied.

9.3. Technical Implementation: Tools, APIs, and Cloud Integration

9.3.1. Reviewed studies demonstrate multiple FHIR-based implementations

Data capture (29%), enabling standardized intake from heterogeneous sources.
Data standardization (41%), ensuring harmonized multicenter datasets.

Data analysis (12%), supporting retrospective and real-time research.

Patient recruitment (14%), improving trial enrollment through interoperability.
Consent management (4%), limited but emerging.

Adaptable FHIR-compliant servers and APIs were emphasized, with 55% of clinical specialty studies noting their
frameworks were transferable to other domains.
9.4. Adoption Barriers: Workflow, Policy, Regulation

Technical problems like version fragmentation and changing implementation guidelines, regulatory ambiguities
surrounding data privacy, consent, and cross-border law, infrastructure deficiencies, specifically with regard to FHIR
server availability and legacy system integration, and policy deficiencies in implementing governance features for
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patient rights and consent are some of the obstacles that have been identified. The review offers compelling proof of
FHIR's adaptability and scalability in clinical and health research settings. It works effectively in cloud systems like
Microsoft Azure because of its integration with standardized terminologies and flexible APIs. In order to guarantee
patient-centric interoperability, improved frameworks—possibly backed by blockchain or secure audit mechanisms—
are required in light of persistent inadequacies in governance and consent management.

10. Conclusion

In addition to evaluating how Microsoft 365 and Azure Healthcare Data Services offer scalable, secure, and standards-
driven solutions, this study examined the ongoing difficulties with EHR interoperability. Data fragmentation,
governance, legacy integration, and adoption constraints continue to impede progress through HL7 and FHIR, according
to literature and thematic evidence. The significance of strong compliance frameworks is highlighted by inconsistent
standards and security threats in dispersed exchange.

Managed FHIR services, protected APIs, Power BI analytics, and integrated collaboration tools like Teams are some of
the ways Microsoft handles these problems. Azure provides the infrastructure needed for real-time communication
across intricate healthcare systems, as well as scalability and regulatory compliance. However, technical infrastructure
is not enough on its own. Phased adoption techniques, clinician participation, consent governance, and ongoing worker
training to minimize workflow disruption are all necessary for success.

Microsoft has an advantage over alternatives like Epic, Cerner, and AWS HealthLake because it integrates enterprise
collaboration platforms with healthcare services, allowing for coordinated care inside pre-existing workflows. There
are still unanswered questions, especially regarding the long-term cost effectiveness, adoption rates, and equality
effects of Microsoft-based implementations. Technical alignment with FHIR and organizational preparedness for safe,
cooperative, patient-centered models are prerequisites for achieving mature interoperability. When combined with
effective governance and stakeholder involvement, Microsoft 365 and Azure can be effective enablers. To confirm the
role of cloud-based solutions in the transformation of digital health, future studies should assess multi-site installations,
workflow efficiency, and longitudinal patient outcomes.
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