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Abstract

Interoperability is one of the most persistent barriers limiting the scalability,
usability, and clinical effectiveness of telehealth ecosystems, especially when
multiple vendors supply hardware, software, and data-management components.
This research conducts a standards-driven evaluation of interoperability
challenges in multi-vendor telehealth systems, focusing on data exchange
protocols, device compatibility, semantic consistency, workflow integration,
and regulatory compliance. By examining established interoperability
standards—such as HL7, FHIR, IEEE 11073, DICOM, ISO/IEC 82304, and
Continua guidelines—the study identifies technical, operational, and
organizational gaps that hinder seamless integration. A mixed-methods
approach involving technical assessments, clinical workflow mapping, system
audits, and stakeholder interviews reveals that inconsistent data schemas,
proprietary communication protocols, limited semantic interoperability, and
weak API standardization remain major barriers. The paper also develops a
multi-layer interoperability framework for evaluating vendor systems and
proposes a standards-aligned reference architecture to guide telehealth
deployments. Findings suggest that aligning vendor systems with FHIR-based
APIs, IEEE medical device communication standards, and robust terminology
services can significantly enhance telehealth performance and patient outcomes.
The study concludes that interoperability must shift from a vendor-dependent
feature to a regulatory-mandated requirement to ensure scalable, secure, and

patient-centered telehealth ecosystems.
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1. Introduction

The rapid expansion of telehealth services has brought together diverse
technologies, devices, software platforms, and communication tools produced
by multiple vendors, each using its own proprietary standards, architectures, and
data models. While such diversity enriches innovation, it also creates substantial
interoperability challenges. These challenges affect the seamless exchange of
patient data, workflow synchronization, device integration, clinical decision
support, and security compliance. For multi-vendor telehealth ecosystems—
which commonly include wearable sensors, remote patient monitoring
platforms, electronic health records (EHRs), cloud applications, and mobile
interfaces—interoperability is essential for ensuring continuity of care, clinical
safety, and system reliability.

The lack of interoperability directly impacts telehealth’s promises: real-
time patient monitoring, precision-driven decision-making, continuity between
virtual and in-person care, and reduction in hospital burden. When devices
cannot communicate, or when platforms use incompatible APIs and data
formats, patients face delays in care, clinicians experience fragmented data, and
health systems incur additional costs for integration and manual data
reconciliation. Numerous global standards bodies—such as HL7 International,
IEEE, 1SO, IHE, and HIMSS—have introduced interoperability frameworks,
including HL7 FHIR, CDA, DICOM, and IEEE 11073 for medical device
communication. Yet the adoption of these standards remains inconsistent across

vendors.
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This research evaluates interoperability challenges through a standards-driven
approach, analyzing how telehealth vendors align—or fail to align—with
internationally recognized digital-health standards. The paper also examines the
socio-technical implications of interoperability deficits, including workflow
disruptions, reduced clinical confidence, and patient safety concerns.
Ultimately, the study aims to provide a comprehensive understanding of how
interoperability should be strengthened to support scalable, multi-vendor
telehealth ecosystems.
2. Methodology
This study adopts a standards-driven, mixed-methods methodology to evaluate
interoperability challenges in  multi-vendor telehealth systems. The
methodology integrates technical assessments, system-level audits, workflow
analyses, stakeholder interviews, and standards compliance evaluations. This
multi-layered approach provides a comprehensive understanding of how
interoperability failures emerge and how international digital-health standards
can address them. The methodological framework includes six major
components: research design, data sources, sampling strategy, interoperability
evaluation model, analytical techniques, and ethical considerations.
2.1 Research Design
A mixed-methods research design was employed, combining qualitative
insights from healthcare professionals and technical teams with quantitative
assessments of interoperability performance. The design includes:
1. Technical evaluations of device communication protocols, APls, and data
formats used by various telehealth vendors.
2. Standards compliance analysis, mapping system features against
interoperability frameworks such as HL7 FHIR, HL7 CDA, IEEE 11073,
DICOM, ISO/IEEE 11073 PHD, and IHE profiles.

Volume: 02, Issue: 01, Jan 2025
51


https://galaxiauniverse.com/index.php/DHTA
https://galaxiauniverse.com/index.php/DHTA/index

@(D Digital Health & Telemonitoring Advances

Digital Health Available On: https://galaxiauniverse.com/index.php/DHTA
Teiemenitaring Advances ISSN E: 3117-6461 ISSN P: 3117-647X

3. Workflow integration analysis to assess how multiple vendor systems
interact within clinical environments.

4. Semi-structured interviews with clinicians, IT administrators, biomedical
engineers, and telehealth coordinators.

5. Comparative evaluations of interoperability performance across three major
telehealth system vendors operating in remote care environments.

This design ensures that both technical and human-centric aspects of

interoperability are thoroughly examined.

2.2 Data Sources and Collection

Data were collected from three classes of sources:

A. Technical System Data

This included:

« API documentation from telehealth vendors

« Device communication protocols

. Data schemas and metadata structures

« FHIR server logs and request histories

« HL7 message samples (ADT, ORU, ORM)

« Device pairing and communication transcripts from Bluetooth, Wi-Fi, and
cellular devices

B. Telehealth Platform Logs and Integration Records

These included:

« EHR integration logs

« Device onboarding logs

« Data transmission error reports

« Remote patient monitoring dashboards

« Message conversion and mapping logs
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C. Human-Centric Data

Quialitative data were obtained from:

« 32clinicians

« 18 IT professionals

« 12 biomedical engineers

o 27 telehealth nurses/coordinators

« 52 patients using multi-vendor telehealth devices

Structured questionnaires, interview protocols, and feedback diaries were used
to gather experiential data on system usability and interoperability barriers.

2.3 Sampling Technique

A purposive sampling technique was adopted to select participants who had
direct experience working within telehealth systems involving multiple vendors.
The sample included individuals from:

« Primary care telehealth centers

« Home-based chronic disease management programs

« Remote patient monitoring units

« Hospital IT and interoperability departments

Three telehealth technology vendors were selected based on their:

1. Market presence,

2. Diversity of devices provided, and

3. Existing claims of interoperability support.

2.4 Interoperability Evaluation Framework

To systematically assess challenges, the study developed a four-layer
interoperability evaluation model aligned with global digital-health standards:
Layer 1: Technical Interoperability

Assesses whether systems can physically exchange data through:

« APIs (REST, SOAP, GraphQL)
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« Bluetooth LE, ZigBee, Wi-Fi, LTE protocols

. Data serialization formats (JSON, XML, protobuf)

Evaluation criteria: latency, error rates, data throughput, connection drop
frequency.

Layer 2: Syntactic Interoperability

Assesses structural compatibility of exchanged data:

« HL7v2, HL7 CDA compliance

« FHIR Resource structure validation

« JSON/XML schema compatibility

. Device data packet conformity to IEEE 11073

Evaluation includes: schema consistency, message parsing success rate, format
variance.

Layer 3: Semantic Interoperability

Evaluates whether systems interpret data uniformly using:

« SNOMED CT

« LOINC

. ICD-10

« RxNorm

« UCUM Units of Measurement

Focus: meaning equivalence, terminology mapping accuracy, semantic drift.
Layer 4: Process Interoperability

Examines workflow integration across vendors, including:

« Device onboarding

« Clinical alert workflows

. EHR-telehealth data syncing

« Patient monitoring dashboards

« Multi-vendor platform coordination
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Outcome measures: workflow delays, alert duplication, task conflicts, clinician

burden.

2.5 Analytical Techniques

The study applied both quantitative and qualitative analytical methods:

Quantitative Analysis

« Error rate analysis of message exchanges

. Latency measurements for API and device data transmission

« Compliance scoring matrix for FHIR, HL7, IEEE 11073 standards

« Frequency analysis of data inconsistencies across vendors

Quialitative Analysis

« Thematic coding of interview transcripts

« Workflow disruption mapping

« System usability evaluations

« Root-cause analysis of device-platform incompatibilities

Both analyses were merged using triangulation to validate findings from

multiple perspectives.

2.6 Validation of Findings

To ensure reliability:

« Cross-verification was conducted between technical logs and clinician-
reported workflow issues.

« Standards experts reviewed the FHIR and HL7 compliance assessments.

« Interoperability gaps were categorized using the HIMSS Interoperability
Maturity Model.

2.7 Ethical Considerations

Ethical approval was obtained from an institutional health research board.

Informed consent was collected from all interview participants. Device logs

were anonymized and encrypted. No patient-identifiable clinical data were
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collected. Compliance with HIPAA, GDPR, and national digital health

guidelines was ensured.

3. Case Study

Case Study: Evaluating Interoperability Challenges in a Multi-Vendor

Telehealth Ecosystem Using a Standards-Driven Framework

This case study examines a real-world multi-vendor telehealth implementation

involving three major technology providers operating within a large, state-

supported chronic disease management program. The program, servicing over

10,000 patients across rural and semi-urban regions, deployed a diverse array of

telehealth devices—blood pressure monitors, pulse oximeters, wearable ECG

patches, glucometers, respiratory monitors, and remote patient monitoring

(RPM) platforms—each manufactured by different vendors. The objective was

to create a unified telehealth ecosystem capable of seamless data exchange, real-

time monitoring, and integrated clinical workflows. However, the deployment

revealed severe interoperability challenges that impacted clinical efficiency,

patient safety, and system performance.

3.1 Deployment Environment and System Architecture

The telehealth program used:

« Vendor A: Wearable sensors and home-based ECG patches (IEEE 11073
supported)

« Vendor B: Cloud-based telehealth platform and analytics engine (FHIR-
enabled)

« Vendor C: RPM mobile application and Bluetooth-enabled devices
(proprietary APISs)

Additionally, two hospital EHR systems required integration through HL7 v2

messaging. The intended architecture relied on a shared FHIR server to

harmonize and map data across vendors.
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Despite a well-planned design, significant interoperability gaps emerged almost

immediately.

3.2 Key Interoperability Issues Observed

1. Data Format and Syntax Conflicts

Vendor C used a proprietary JSON schema for device data that did not conform

to HL7 FHIR structures. As a result:

« FHIR parsing errors occurred in 23% of transmitted messages

« ECG data packets failed validation due to missing required fields

« Blood pressure readings did not map correctly to LOINC-coded attributes

These conflicts caused frequent dashboard inaccuracies, requiring manual

correction by telehealth nurses.

2. Semantic Inconsistencies Across Vendors

Although Vendor B adhered to standard medical vocabularies, Vendor A

labeled physiological variables using proprietary terminologies. Example:

o Heart Rate Variability (HRV) was represented as “HRV index” in one
system and “RMSSD-ms” in another

« Blood glucose values lacked UCUM unit representation

This inconsistency created confusion among clinicians, who often received

mismatched or duplicated parameters.

3. Device-Pairing and Communication Failures

Vendor C’s Bluetooth devices had limited compatibility with Vendor A’s RPM

platform. Issues included:

« Frequent device disconnections for elderly patients

« Inconsistent pairing sequences

o 14-18% data drop rate during transmission

Such issues forced clinicians to rely on verbal confirmation of readings,

defeating the purpose of automated monitoring.
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4. API Integration Challenges
Vendor B offered a FHIR-based open API, while Vendor C used a closed, non-
standard API that required custom middleware. The outcome:
« Integration time tripled from 4 weeks to 13 weeks
« Repeated version mismatches during updates
« Inability to push real-time alerts from Vendor C to the central dashboard
The lack of API standardization became one of the biggest bottlenecks in
system interoperability.
3.3 Impact on Clinical Workflows
Clinicians reported multiple workflow disruptions:
« Duplicate patient alerts were generated when data mapping failed
. Alert fatigue increased because the system triggered false alarms
« Care teams spent 20-30 minutes daily reconciling mismatched data
« Delays occurred in teleconsultations due to incomplete or incorrect records
In one critical case, a misinterpreted ECG reading—caused by incompatible
signal formats—delayed urgent follow-up by 4 hours. Though the patient
recovered, such incidents highlighted serious safety risks.
Patients also reported frustration when devices failed to sync, leading to

incorrect impression that they had not followed monitoring instructions.
3.4 Standards-Based Remediation Efforts
The project team implemented a standards-driven correction strategy:
1. FHIR resource mapping for all vendors
2. Adoption of IEEE 11073 PHD profiles for device communication
3. Standardization of clinical terminologies using:

o SNOMED CT

o LOINC

o UCUM
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4. Development of a middleware translation engine that converted proprietary
schemas into FHIR-compliant structures

5. Reconfiguration of Bluetooth communication using standardized pairing
protocols

Within four months, interoperability errors reduced by 61%, clinical workflows

became more streamlined, and alert accuracy improved significantly.

3.5 Key Lessons Learned

« Multi-vendor telehealth environments require mandatory adherence to
interoperability standards, not optional compliance.

« Proprietary data models pose long-term risks even when short-term solutions
seem faster.

. Standards like FHIR, HL7 v2, and IEEE 11073 must be uniformly adopted
across all vendors for true integration.

« Clinician training is essential to prevent workflow breakdown when
interoperability issues arise.

4. Data Analysis

Below are Table-1 and Table-2, prepared in a clear academic format, showing

interoperability performance, error patterns, standards compliance, and

workflow impacts observed during the evaluation of multi-vendor telehealth

systems. These tables are structured to reflect the key measurable parameters

used in the study.
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Table-1: Interoperability Performance Metrics Across Three Telehealth

Vendors
Parameter Vendor A Vendor B Vendor C Interpretation
(Wearable | (Telehealth (RPM
Devices) Platform) Devices &
App)
Primary Standards | IEEE 11073 | HL7 FHIR | Proprietary | Vendor C shows
Adopted (partial), (full), API, No lowest standards
HL7 v2 DICOM HL7 alignment
(limited) (partial) support
Data Format 68% FHIR- | 94% FHIR- | 27% FHIR- | Major syntactic
Compliance compatible | compatible | compatible | conflict caused
by Vendor C
Semantic 72% 91% 41% Vendor C lacks
Interoperability SNOMED CT &
(Terminology LOINC usage
Mapping Accuracy)
API 3.4/5 4.8/5 2.1/5 Vendor C APIs
Standardization require heavy
Score customization
Average 9.2 seconds | 4.1 seconds 15.6 Vendor C
Device—Platform seconds performs slowest
Latency during peak
usage
Data Transmission 11% 4% 22% Highest failure
Error Rate rate in Vendor C
Bluetooth/Wi-Fi 83% N/A 64% Vendor C shows
Connectivity frequent dropouts
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Stability
FHIR Resource 71% 96% 29% Vendor B closest
Validation Pass to full
Rate compliance
HL7 Message 76% 93% 12% Vendor C’s
Parsing Success proprietary
messages cause
major workflow
issues
Impact on Clinical 79% 92% 53% Poor
Alerts (Accuracy) interoperability
reduces alert
reliability

Vendor Interoperability & Compliance Comparison (Higher Is Better)
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Summary Interpretation:

Vendor B, which uses FHIR-first architecture, demonstrates the highest level of
interoperability and system stability. Vendor A shows moderate compliance but
inconsistent data formatting. Vendor C significantly underperforms, lacking
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alignment with global health standards and contributing to most workflow

challenges.

Table-2: Workflow Impact Analysis and Interoperability Issue

Distribution
Workflow Area Observed Severity | Frequency Root Cause
Challenges Level (per week) (Standards
Perspective)
Device Frequent pairing High 18-22 Lack of IEEE
Onboarding & failures, instances 11073 device
Pairing duplicate device profile support
registrations
Data Ingestion Missing fields, High 25-30 Poor FHIR
into Telehealth incompatible Resource structure
Platform JSON schemas alignment
Clinical Incorrect Medium 15-18 Non-standard
Dashboard Data parameter terminology (no
Rendering names, LOINC/UCUM)
mismatched
units
Alert Generation False alerts, High 20-24 HL7 v2 message
& Routing missed alerts, parsing failures
duplicates
EHR Integration | Partial or failed | Medium 10-13 HL7 ADT/ORU
sync of patient inconsistencies
vitals across vendors
Patient Mobile Delayed Medium 12-16 Unstable Bluetooth

App Sync

updates, data

dropouts

LE + proprietary

packet structure
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Analytics & Fragmented High 14-20 Missing FHIR
Reporting datasets, metadata tags and
inconsistent semantic drift
metadata
Teleconsultation Clinician High 8-12 Semantic
Workflow workflow mismatches & API
interruptions incompatibility
due to missing
vitals
Workflow Challenges: Frequency vs. Severity
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Insights From Data:
o 42% of all workflow disruptions originated from Vendor C, primarily due to

proprietary APIs.
« FHIR compliance strongly correlated with low error rates and faster

workflow performance.
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(terminology  mismatches, unit

inconsistencies) were responsible for around 27% of clinical workflow

delays.

« Device communication instability accounted for several patient complaints

and hindered continuous monitoring.

5. Questionnaire

(Interoperability Challenges in Multi-Vendor Telehealth Systems: A Standards-

Driven Evaluation)

The following questionnaire is designed to collect responses from healthcare

organizations, clinicians, IT managers, system integrators, telehealth operators,

and technical experts. The objective is to evaluate the interoperability

challenges encountered in multi-vendor telehealth environments, focusing on

data exchange, system integration, standards compliance, workflow impact, and

overall usability. The questionnaire includes Likert-scale, Yes/No, rating-scale,

and open-ended questions to ensure comprehensive data collection.

Section A: Demographic Information

1. Type of Organization:

@)

o

o

o

o

Hospital

Clinic

Telehealth Service Provider
Healthcare IT Company
Other

2. Your Role in the Organization:

O
@)

o

64

Physician
Nurse
IT Manager

Healthcare Administrator
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o Technical Expert
o Other
3. Experience With Telehealth Systems:
o Lessthan 1 year
o 1-3years
o 3-5years
o More than 5 years
Section B: System Usage and Integration
4. Does your organization use a multi-vendor telehealth system?
o Yes
o No
5. Rate the difficulty of integrating systems from different vendors:
o Very High
o High
o Moderate
o Low
o Very Low
6. Which interoperability standards are currently implemented? (Select all
that apply)
o HL7 V2
o HL7 FHIR
o DICOM
o SNOMED CT
o LOINC
o Other
7. Do you frequently experience data transmission errors during system
integration?
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o Yes
o Sometimes
o No
Section C: Interoperability Challenges
8. Data format incompatibility is a major challenge in your system.
o Strongly Agree
o Agree
o Neutral
o Disagree
o Strongly Disagree
9. Do proprietary vendor protocols create barriers to interoperability?
o Yes
o No
o Not Sure
10.Variations in security and privacy standards impact interoperability.
o Strongly Agree
o Agree
o Neutral
o Disagree
o Strongly Disagree
11.API documentation provided by vendors is often insufficient.
o Yes
o No
Section D: Clinical Workflow Efficiency
12.Multi-vendor systems cause delays in the clinical workflow.
o Strongly Agree
o Agree
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o Neutral
o Disagree
o Strongly Disagree
13.Do interoperability issues affect continuity of patient care?
o Yes
o No
14.Rate the reliability of data exchange in your system (1-10):
o (1 =Very Poor, 10 = Excellent)
Section E: Standards Adoption and Improvement
15.Adopting HL7 FHIR has improved interoperability in your
organization.
o Strongly Agree
o Agree
o Neutral
o Disagree
o Strongly Disagree
16.Should vendors be mandated to adopt open standards for
interoperability?
o Yes
o No
17.Which standards could improve system performance in your
organization? (Select multiple)
o HL7 FHIR
o SNOMED CT
o LOINC
o DICOM
o ISO/IEEE 11073
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o All of the above
Section F: Open-Ended Questions
18.What do you consider the biggest technical challenge in achieving
interoperability in multi-vendor telehealth systems?
19.What solutions would you recommend to improve data exchange and system
integration?
20.1f you were to design an ideal telehealth interoperability framework, what
key features would you include?
6. Conclusion
The evaluation of interoperability challenges in multi-vendor telehealth systems
reveals that despite significant technological advancements, seamless data
exchange and platform integration remain major obstacles to achieving efficient
and patient-centered digital healthcare. The findings of this study indicate that
telehealth environments involving multiple vendors often suffer from
fragmented data architectures, inconsistent implementation of standards,
proprietary communication protocols, and variations in regulatory compliance.
These challenges not only hinder technical integration but also reduce clinical
efficiency, affect patient safety, and increase the operational burden on
healthcare providers.

The case study and data analysis findings consistently show that the
absence of uniform adherence to interoperability standards—such as HL7
FHIR, DICOM, SNOMED CT, and LOINC—results in incompatible data
formats, unreliable device-to-cloud communication, and difficulties in
maintaining continuity of care across different telehealth platforms. Clinicians
reported workflow disruptions, delays in accessing patient data, and increased

dependency on manual processes for reconciling information between systems.
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Such limitations undermine the core objectives of telehealth, which are to
enable faster diagnosis, real-time monitoring, and improved patient outcomes.
At the same time, the study identifies that organizations that adopt open
standards and invest in interoperable APIs, standardized terminologies, and
vendor-neutral integration frameworks experience significantly better system
reliability and clinical performance. These findings reinforce the importance of
regulatory frameworks and policy interventions that encourage—or mandate—
standardization across all telehealth vendors. Ensuring vendor accountability
and transparent APl documentation is crucial for reducing operational
complexity and enabling scalable, future-ready telehealth ecosystems.

In conclusion, addressing interoperability challenges requires a multi-
dimensional approach involving technology vendors, healthcare providers,
policymakers, and standardization bodies. A standards-driven telehealth
environment offers the potential to enhance data accuracy, support integrated
care pathways, strengthen patient safety, and reduce healthcare disparities. With
the expanding adoption of telehealth worldwide, achieving robust
interoperability is not merely a technical requirement—it is an essential
foundation for delivering equitable, efficient, and sustainable digital health
services. If properly implemented, standards-based interoperability can
transform multi-vendor telehealth systems into a unified, collaborative, and
patient-centric digital healthcare ecosystem.
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