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Abstract: The fusion of healthcare and IoT has produced smart hospitals —digitally empowered institutions that use
connected devices and data-driven technologies to improve patient outcomes and operational efficiency. This review
outlines the different facets of the role of IoT in transforming healthcare systems using real-time monitoring, predictive
analytics, workflow automation, and interoperability. We analyze case studies, technological frameworks, and
implementation challenges to provide a comprehensive understanding of IoT applications in modern hospitals. The
implications are that while IoT significantly enhances the delivery of care, it depends on solid infrastructure, policy
evolution, and cross-professional collaboration.
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. Introduction

The medical digital revolution has been accelerated with the increasing number of interconnected medical
devices, driving the development of traditional hospitals into smart hospitals. These hospitals utilize IoT, cloud
computing, big data, and Al to enhance clinical processes, guarantee patient safety and

reduce costs [1]. Global smart hospital market will be valued at USD
1475 billion in 2029 at a CAGR of 19.6% [2].

Smart hospitals use wearable sensors, RFID systems, Al-driven analytics, and electronic health records
(EHRs) for seamless data transfer. These technologies aid in continuous patient monitoring, asset tracking,
environmental control, and predictive maintenance —creating a responsive, patient-centric ecosystem...

. Methodology
This review is based on over 120 peer-reviewed articles, white papers, and case studies published between
2016 and 2025 from databases like PubMed, IEEE Xplore, ScienceDirect, and Scopus. Search terms utilized were:
smart hospitals, IoT in healthcare, remote patient monitoring, and hospital automation.

We also analyzed six international case studies (e.g., Mayo Clinic, Singapore General Hospital) and
interviewed stakeholders including healthcare IT managers, clinicians, and biomedical engineers to validate the
operational and clinical implications of IoT deployment.

. Methods
This review was conducted by implementing a systematic search strategy using the services of multiple
databases, i.e, PubMed, IEEE Xplore, ScienceDirect, and Scopus. The search terms utilized were smart hospitals,
IoT in healthcare, remote patient monitoring, and hospital automation.

Inclusion was between peer-reviewed journals and case studies from 2016 to 2025. Article selection was on
the basis of how they were applicable to using IoT in healthcare, but those without empirical data were excluded.
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Data extraction involved condensing major findings from selected articles, and then synthesizing them to
identify the common themes and insights regarding IoT applications within smart hospitals. This assisted in
gaining a comprehensive overview of current trends and challenges.

. Architecture of IoT in Smart Hospitals
IoT in healthcare follows a three-layer architecture:

- Perception Layer: Includes sensors and medical devices for data collection.
- Network Layer: Ensures secure data transmission via Wi-Fi, Bluetooth, or 5G.
- Application Layer: Hosts software and platforms for data processing and user interfaces.

Smart hospitals often utilize middleware platforms such as Microsoft Azure IoT, Siemens MindSphere, or Philips
HealthSuite for data integration and analytics [3].
Key applications of IoT in Smart Hospitals

3.1 Remote Patient Monitoring - RPM

Wearables such as Fitbit, Apple Watch, BiolntelliSens and BioSticker enable continuous monitoring of vital
signs including heart rate, oxygen saturation, and glucose levels. [4].

3.2 Smart Infrastructure (Beds and Rooms)

- Smart beds like Hillrom Centrella automatically detect patient movement and adjust pressure points to
prevent ulcers.

- Smart rooms integrate lighting, temperature, and entertainment systems according to patient preferences
[5].
3.3 Asset Tracking and Inventory Management

Using RFID and IoT sensors, hospitals can track equipment, wheelchairs, and medications in real time,
improving asset utilization by 25% and reducing inventory costs [6].

3.4 Predictive Maintenance

IoT sensors monitor equipment health (e.g., MRI machines, ventilators), reducing downtime by 40-60%
through predictive maintenance scheduling [7].

3.5 Workflow Optimization

Real-time staff location tracking and automated patient flow systems reduce wait times and support better
resource allocation. For example, Johns Hopkins Hospital reported a 35% reduction in ER wait times after IoT
implementation [8].

3.6 Predictive Analysis

Predictive analytics, in smart hospitals applies Al algorithms to forecast the needs of patients and optimize
the use of resources. To illustrate, predictive analytics in hospitals makes it possible to forecast patient
admissions, improving bed utilization rates and reducing waiting times. A case study proved that
implementation of these technologies improved patient throughput by 25%.

3.7 Interoperability

Interoperable systems such as those using FHIR standards, facilitate seamless data exchange between
devices and platforms and it will enhance care coordination and patient safety by ensuring that all healthcare
providers have access to the same up-to-date patient information, reducing the likelihood of errors.

. Case Studies

Singapore General Hospital

Implemented an IoT framework with over 850 smart devices, enabling real-time monitoring of patients and
equipment. Resulted in 20% faster response times and enhanced infection control [9].
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Mayo Clinic (USA)

Uses Al and IoT to integrate patient data from wearables and EHRs into a centralized dashboard, enhancing
diagnostic accuracy and care coordination [10].

5. Comparative Analysis

Metric (%) Pre-IoT Baseline Post-IoT Baseline Change
Patient wait time 38 mins 18 mins -52.6%
Bed occupancy rate | 67% 84% +25.4%
Nurse response time | 8mins 3 mins -62.5%
Equipment 20hrs/month 4hrs/month -80%
Downtime

Readmission Rate 18% 12% -33.3%

Source: Aggregated from multiple hospital reports and academic studies
(2018-2024)

6. Challenges and Ethical Considerations

Despite its benefits, smart hospital deployment faces several challenges:

- - Threats to cybersecurity: IoT expands the attack surface. Regulations like HIPAA, ISO/IEC 27001, and
NIST must be enforced.

- Interoperability issues: Goods from different makers are likely to be not seamless in data transfer.
Solutions like FHIR (Fast Healthcare Interoperability Resources) strive to address this [11].

- Data privacy: Patient information has to be encrypted and stored securely, as per GDPR and local
regulations.

- Cost and training: High initial setup costs and resistance to change among staff can delay adoption.

7. Future Outlook

Future smart hospitals will be founded on a fusion of Al, blockchain, and edge computing to provide more
secure data, real-time data processing, and decentralized decision making. More collaboration between
governments, technology companies, and healthcare facilities will be needed to develop strong, scalable smart
hospital systems.

8. Conclusion

Smart hospitals are an IoT and digital innovation-led paradigm shift in healthcare delivery. From predictive
maintenance to patient monitoring, these technologies not only enhance care quality and reduce costs but also
make operational processes easier. But in order to leverage them fully, it will require focus on cybersecurity,
interoperability and compliance with regulations.
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Appendix A

Selected IoT Devices in Smart Hospitals

May 2025 IJSDR | Volume 10 Issue 5

Device type

Function

Typical location

Smart bed

Auto-adjusts to prevent
ulcers, monitors vitals

Inpatient tooms

RFID scanner

Tracks equipmens

Storage units, ICU, ER

Wearable ECG patch Monitors heart rhythm | ICU, Home monitoring
in real time

Smart infusion pump Automated drug | Surgical Wards, ICU
delivery

Environmental sensor Monitors air quality, | Isolation units

temperature, humidity

Appendix B
IoT Integration Framework in Hospital Systems

Block Diagram: IoT Architecture in Smart Hospital IT Systems

Components:

- Input Layer:

- Wearable sensors

- Smart beds

- RFID tags

- Mobile health apps

- Communication Layer:

- Wi-Fi/5G

- Bluetooth Low Energy (BLE)
- MQTT / CoAP protocols

- Middleware Layer:

- IoT Gateways

- Edge Computing Units

- Cloud Platforms (e.g., Azure IoT, AWS HealthLake)

- Application Layer:

- EHR Integration

- Clinical Decision Support Systems
- Real-Time Dashboards

- Output Layer:
- Alerts to clinicians
- Automated reports

- Predictive analytics for management

(Visual diagram format can be created using diagramming tools in MS Word or Visio)
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