OPTIMIZED HEALTHCARE
LEVERAGING TECHNOLOGY FOR
EFFICIENCY AND ACESSIBILITY

- PART 1]




Optimized Healthcare:
Leveraging Technology for
Efficiency and Accessibility

(Part 1)

Edited by

AKhil Sharma

R. J. College of Pharmacy, Raipur, Gharbara, Tappal, Khair
Uttar Pradesh 202165, India

Shaweta Sharma
School of Medical and Allied Sciences, Galgotias University

Yamuna Expressway, Gautam Buddha Nagar, Uttar Pradesh
201310, India

Pankaj Kumar Singh
Institute of Biomedicine University of Turku, Turku, Finland

&

Neeraj Kumar Fuloria
Department of Pharmaceutical Chemistry
Faculty of Pharmacy, AIMST University
Semeling Campus, Jalan Bedong—Semeling
08100 Bedong, Kedah Darul Aman, Malaysia



Optimized Healthcare: Leveraging Technology for Efficiency and
Accessibility (Part 1)

Editors: Akhil Sharma, Shaweta Sharma, Pankaj Kumar Singh & Neeraj Kumar Fuloria
ISBN (Online): 979-8-89881-156-3

ISBN (Print): 979-8-89881-157-0

ISBN (Paperback): 979-8-89881-158-7

© 2025, Bentham Books imprint.

Published by Bentham Science Publishers Pte. Ltd. Singapore, in collaboration with
Eureka Conferences, USA. All Rights Reserved.

First published in 2025.



BENTHAM SCIENCE PUBLISHERS LTD.

End User License Agreement (for non-institutional, personal use)

This is an agreement between you and Bentham Science Publishers Ltd. Please read this License Agreement
carefully before using the ebook/echapter/ejournal (“Work”). Your use of the Work constitutes your
agreement to the terms and conditions set forth in this License Agreement. If you do not agree to these terms
and conditions then you should not use the Work.

Bentham Science Publishers agrees to grant you a non-exclusive, non-transferable limited license to use the
Work subject to and in accordance with the following terms and conditions. This License Agreement is for
non-library, personal use only. For a library / institutional / multi user license in respect of the Work, please
contact: permission@benthamscience.org.

Usage Rules:

1. All rights reserved: The Work is the subject of copyright and Bentham Science Publishers either owns the
Work (and the copyright in it) or is licensed to distribute the Work. You shall not copy, reproduce, modify,
remove, delete, augment, add to, publish, transmit, sell, resell, create derivative works from, or in any way
exploit the Work or make the Work available for others to do any of the same, in any form or by any
means, in whole or in part, in each case without the prior written permission of Bentham Science
Publishers, unless stated otherwise in this License Agreement.

2. You may download a copy of the Work on one occasion to one personal computer (including tablet,
laptop, desktop, or other such devices). You may make one back-up copy of the Work to avoid losing it.

3. The unauthorised use or distribution of copyrighted or other proprietary content is illegal and could subject
you to liability for substantial money damages. You will be liable for any damage resulting from your
misuse of the Work or any violation of this License Agreement, including any infringement by you of
copyrights or proprietary rights.

Disclaimer:

Bentham Science Publishers does not guarantee that the information in the Work is error-free, or warrant that
it will meet your requirements or that access to the Work will be uninterrupted or error-free. The Work is
provided "as is" without warranty of any kind, either express or implied or statutory, including, without
limitation, implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the
results and performance of the Work is assumed by you. No responsibility is assumed by Bentham Science
Publishers, its staff, editors and/or authors for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods, products instruction,
advertisements or ideas contained in the Work.

Limitation of Liability:

In no event will Bentham Science Publishers, its staff, editors and/or authors, be liable for any damages,
including, without limitation, special, incidental and/or consequential damages and/or damages for lost data
and/or profits arising out of (whether directly or indirectly) the use or inability to use the Work. The entire
liability of Bentham Science Publishers shall be limited to the amount actually paid by you for the Work.

General:

1. Any dispute or claim arising out of or in connection with this License Agreement or the Work (including
non-contractual disputes or claims) will be governed by and construed in accordance with the laws of
Singapore. Each party agrees that the courts of the state of Singapore shall have exclusive jurisdiction to
settle any dispute or claim arising out of or in connection with this License Agreement or the Work
(including non-contractual disputes or claims).

2. Your rights under this License Agreement will automatically terminate without notice and without the


mailto:permission@benthamscience.org

need for a court order if at any point you breach any terms of this License Agreement. In no event will any
delay or failure by Bentham Science Publishers in enforcing your compliance with this License Agreement
constitute a waiver of any of its rights.

3. You acknowledge that you have read this License Agreement, and agree to be bound by its terms and
conditions. To the extent that any other terms and conditions presented on any website of Bentham Science
Publishers conflict with, or are inconsistent with, the terms and conditions set out in this License
Agreement, you acknowledge that the terms and conditions set out in this License Agreement shall prevail.

Bentham Science Publishers Pte. Ltd.

No. 9 Raffles Place

Office No. 26-01

Singapore 048619

Singapore BENTHAM
Email: subscriptions@benthamscience.net SCIENCE


mailto:subscriptions@benthamscience.net

CONTENTS

FOREWORD ...ttt ettt ettt ettt b et nenenn i
PREFACE ..ottt ettt ii
LIST OF CONTRIBUTORS ..ottt il
CHAPTER 1 EVOLUTION OF TECHNOLOGY IN HEALTHCARE 1
Sumita Singh, Ashish Verma, Akhil Sharma, Shaweta Sharma and Swasti Arora
INTRODUCTION ..ottt s 2
Overview of Technological Advancements in Healthcare ............cccocccniiniiniincnninccnens 2
The Role of Technology in Modernizing Healthcare Infrastructure ............ccccoecevienecnennn 4
TECHNOLOGICAL ADVANCEMENTS IN HEALTHCARE ... .. 4
Electronic Health Records (EHRS) ......cccooevievivinieieieienee, 4
Streamlining Patient Information Management ..............c....cccocecreeercneccnennienecennenns 5
Benefits in Data Accuracy, Sharing and Security ............cccceeeveevoineccnceecenecnnes 6
Artificial Intelligence (AI) in Healthcare ...........c.ccccoeonineiniininiinccnene 6
Al for Diagnostics, Treatment Planning, and Predictive Analytics ... 6
Machine Learning in Personalized Medicine .................c.cccocueucenc. 6
Telemedicine and Telehealth ............ccccoiiiiiiiiiiii e 7
Remote Consultations and MORIIOTING .........cccccuevuevueneeeeeeeeieeeeeteneesie e 7
Enhancing Healthcare AcceSSiDility ...........cococoiviivinioniniiiiniiiiieieesceese e 7
Wearable Devices and ToT ........ccocoiiiiiiiniiiiiiiiiicccc e 8
Continuous Health Monitoring 8
Integration with Healthcare Systems for Real-Time Data Analysis ..............c.cccoeu... 8
Robotics and AUtOMAtION ........cecivirieuiiiiniiiiiiiiieeie e 8
Use in Surgeries, Patient Care, and Hospital Management ................ccccoccveecneeunncne 9
Automation of Routine Tasks and Administrative DUties ...............cccocceveenecencenncnnene 9
TECHNOLOGICAL TRANSFORMATIONS IN HEALTH INSURANCE ..........cccoccviinne 9
Claims Processing and Fraud Detection ..........c.cccocvevinerenenccnenencnecnnens 9
Use of Al and Blockchain to Streamline Claims 10
Enhancing Transparency and Preventing Fraud 11
Personalized Health P1ans ..........c.cccocooiiiiiiiiniiiiiiicicec e 11
Al and Data Analytics for Tailored Insurance Offerings ................ 12
Integration with Health Monitoring Devices for Real-time Data ... 12
Telemedicine INtEEration ..........c.coceverieirienieinieineieencceree e 12
Coverage of Telemedicine CONSUILALIONS  ...........c.ccvevivviniecininiiiniciiieeneeneeeeaeee 13
Role of Insurers in Adopting Virtual Care Models ...............ccoccevvinvcnconiinccncnnncns 13
Blockchain in Health Insurance ...........ccccccovviiinicnnnne. 14
Ensuring Secure, Transparent TransSACtions ............ccceceeeveeeeieriieieeeeinenienienenseneenean 14
Improving Data Exchange and Claim Management ..............c..coccccucevenceinceenennecnn. 15
TECHNOLOGICAL TRANSFORMATIONS IN HEALTHCARE QUALITY
MANAGEMENT ..ot
Healthcare Quality Standards ..........c.cccoeririnieinenininenecc e
Impact of Technology on Maintaining High-Quality Care Standards ...
Automation in Quality Checks and Compliance Monitoring .................
Data-Driven Decision MaKing .........ccccceveririirininieieieieiesiesie ettt eneens
Role of Big Data and Analytics in Improving Healthcare Outcomes
Real-Time Quality Control and Patient Satisfaction Metrics ................
Continuous Improvement Frameworks .........c..cccocovveneiineninenernenninecneenes

Lean, Six Sigma, and Other Methodologies Enhanced by Technology . .
Real-time Feedback Loops and Performance ANQIVtiCS ..........c.ccovevvcinccevinccincnenncns 18



IMPACT OF TECHNOLOGY ON HEALTHCARE EFFICIENCY .......cccccooiiiiniiniennn 18
Improved Diagnosis and TTeatment .........c.cceceeoeerierererenenenieteteierese sttt 19
Precision Medicine and Individualized Care ................cccccocccuvenvvinccineniincneeeennn. 19
Faster and More Accurate Diagnostics Through Al and Imaging Technologies ......... 20
Operational EffiCIENCY ...co.oeiiiiiiiiiiiiiii ettt e
Streamlining AdminiStrative PrOCESSES ..........cccceoeevevieriercerieeieienienienenenneas
Enhancing Workflow and Communication Among Healthcare Providers
Cost Reduction and Resource Optimization ..........cccceeeeerereeienienieneneneneseeeeeeee e enes
Reducing Unnecessary Tests and Treatments ............c.ccccovcevoeveeeeeeeeseesiesiesenenenenes
Efficient Allocation of Resources and Staff Management .............c.ccocccevevevencencencenas
Patient Centred Care
Empowering Patients Through Access to Their Health Data .................ccocvcenenennenns
Promoting Active Participation in Treatment DeCISIONS .........cccceveeveveroeeeesenenenenas
CHALLENGES AND BARRIERS IN THE TECHNOLOGICAL TRANSFORMATION OF
HEALTHCARE ..ottt sttt s 23
CASE STUDIES RELATED TO I0T AND AI IN EVOLVING HEALTHCARE
TECHNOLOGY ..ottt sttt st sttt saens
Al-Driven Fetal Monitoring in Malawi
Real-Time Health Monitoring System Using IoT ......ccccoceiviiiiiiiiiiniiiieeeeeenee
Al-Enabled Diagnostics in Medical DEVICES .......ccceeerieieierienienienienieniteete e
Remote Patient Monitoring and Predictive Analytics ...
Al in Vaccine Distribution ............cccocoeveeinincncnnn.
THE FUTURE OF HEALTHCARE TECHNOLOGY
CONCLUSION oottt sttt st s be et eae e seene
REFERENCES ... ettt ettt st st es

CHAPTER 2 CURRENT CHALLENGES IN HEALTHCARE DELIVERY ......cccccoccviinininene 33
Sagar Pamu, Akanksha Sharma, Sunita, Ashish Verma, Shaweta Sharma and Akhil
Sharma
INTRODUCGTION ..ottt ettt ettt b e bbbttt et e tesaesaesaeebeeneene 34
Importance of Addressing Challenges .........cccoceoeirieirireineeeee e 34
ACCESS TO CARE ..ottt ettt
GEOographic DISPATIHIES ......c.erveieierieiirieieterte ettt ettt sttt s e b e s ebe st be s enesaene
S0CI0ECONOMIC BAITIEIS .....cvviiiieiiiieiciinietctcer ettt
Cultural and Linguistic Challenges ....
Strategies to IMProve AcCeSSIDIlILY .......ccooeirieriiinieieeee e 36
HEALTHCARE COSTS .ottt ettt st sttt nee 37
Rising Costs and Their IMPaCt .........cceirieiiiiieirieeeeee et 37
Disparities in Health Insurance COVEIage ........c.cocoeoieinieirieieiinieieeieieicsee et 37
Cost-Containment Strategies .............c.......
Innovations in Affordable Care
WORKFORCE SHORTAGES .............
Causes of Workforce Shortages
Impact 0n Patient Care ...........cccoeveririnininieiceeeer ettt
Solutions for Workforce Development ..........ccoooeiieiieinieiieeesecee s 39
Retention and SUPPOIt SrAtEZIES .......cceieuirieirieiitiieeeeieeet ettt ns 39
PATIENT CONFIDENTIALITY AND DATA PROTECTION ......ccccocoiiiiiininiiieicienenee 39
Importance of Confidentiality in Healthcare ............cccoeoiineiineiniineeeceeeecene 39
Best Practices for Data ProteCtion ...........cccovieueeioinirieernieneeninieiecenereeseneenev et seeneieens
Encryption and Secure Data Storage
Access Control and MORTIOTING ........cc.cocuevuevierinininiieeteteesteseeeee ettt




Employee Training PrO@UaMS ........cccoceoueiuerereninieseieetetesie ettt 40

Handling Confidentiality Breaches .........ccccoceiiiiiiinininiiiiceeeeeeee e 40
Identifying and Containing Breaches .............c..cccooeveveioiniiniinininieieieieseseeseeseaenn 40
NOTIFICALION PFOTOCOLS ...ttt 40
Post-breach RecOVery ACHIONS ........ccccoouviveiieieieiesiesieeiesesiest ettt 41

MANAGING CONFIDENTIALITY BREACH ISSUES ..
Common Causes of Data Breaches

Preventative MEASUIES .......cccueviiriirereriirieeiteitetet ettt ettt ettt ettt be b bbbt et esaenae e
RESPONSE SLIATEEIES ..euverviimieniiiiteteeteet ettt sttt ettt ettt bbbt et e e bentente e
Immediate CONIAINMENT .......c..cccovereiiiieieieseeeee ettt sttt
Comprehensive Investigations
Lessons Learned and Continuous IMProvement .........c.coccevereeierienienenenenenceeeeeeeniesiesienee 43
CROSS-CUTTING ISSUES IN HEALTHCARE DELIVERY ... 44
Social Determinants of Health ..........cocoiiiiiiiiiiniiiiee e 44
Health Equity and INCIUSION ......coiiuiiiiiiiiiiiiiieseeet ettt 45
Addressing Chronic and Emerging Health Challenges ..........cccccoevininininininiinieiccncnee 45
POLICY AND GOVERNANCE ...t 46
Role of Government and Private SECLOT ......c.ccoceveririiiiiiirierienerieeeeteeieee e 46
Effective Policies for Health System Strengthening ...........cccoveieiniiniieieieneneneneneneeene 46
International Collaboration and Best Practices ........c.coceveveririiiienieninininceeeieeeeeniesee 47

SURVEY REPORT OF CHALLENGES IN OPTIMIZING HEALTHCARE DELIVERY 47
Challenges Faced in Optimizing Healthcare Delivery

Workforce Shortages ..........ccoceeeeeeeveenenenennenne.
TeChnoloGical BATFIETS  .......cccoiiuieiiiiieieieeeteee ettt
Limited Access to Healthcare ServiCes ...............cccoucoieeeeiecoenieieinicieieeeeneeeeeneene
Administrative and Regulatory Challenges ..
Rising Healthcare Costs  .....
Strategies for Optimization ...........ccceceeeeuene
Enhancing Workforce Management ...............ccccoevoevenoeneneeieniesieienenesesesieseeseeeens
Strengthening Technological INtEration ...........c.coceeeeveevuenenieniniiieieieieieseseseae
Expanding Telemedicine and Mobile Health SOIUtions ............cccooevevenoivcienenenencnns 50
Reducing Administrative Burden ............... .. 50
Cost Management and Policy Reforms  ..........ccc.ce.c... .. 50
FUTURE DIRECTIONS IN HEALTHCARE DELIVERY .....ccccoviiiniiinnieieinencicennienenens 51
CONCLUSION ..ottt ettt ettt ettt et a bttt b et st b bttt bt nsebeseenaenes 51
REFERENCES ..ottt ettt ettt sttt naenes 52
CHAPTER 3 ROLE OF SUSTAINABILITY AND DATA ANALYTICS IN HEALTHCARE
EFFICIENCY ..ottt ettt sttt b et b ettt s b se e nanes 60
Geetika Goel, Akhil Sharma, Sunita, Akanksha Sharma, Shekhar Singh and Shaweta
Sharma
INTRODUCGTION ..ottt ettt sttt et be et seaeen 61
Importance of Data ANALYTICS ......ccooeiririeirieieiie ettt 61
Link between Sustainability and Healthcare Efficiency ..........cccooooeineiiiiiiinericceee, 61
SUSTAINABILITY IN HEALTHCARE ......ccococoiiiiiiiiiiiininccteecteeeteneetee e 62
Environmental Sustainability ..........cccooeoiiiiioiieeeee s 63
Establish Strong Product Stewardship PractiCes ..............ccccuvvvcniencereniecnncncncnennens 63
Use ENergy EffiCIENEIY ......ccccouiiieiieieieeeee ettt 63
Invest in Efficient Infrastructure and OPerations ..............cccccoceeeoeneeeneneseneeneneenens 63
Social Sustainability .........cccccevereiirereieneeeeeeeee

Make Use of Holistic, Integrated Evidence Generation



Expand AcCess PrOZIAIMS ....cc.coiiuiiiiiiieieieieseries ettt ettt s 64
Expand Presence in Emerging Markets .........ccocceeeiriieiieiieniininineneneeeteeeee e 64
Consider Public-private Partnerships ........ccccocoverererieiiieereseeeieeeee e 64
Economic Sustainability ........cccoceeiieiiiiiiineenene et 65
Embrace Value-based Care .............cccoouuoeioeiieieiieiiiiiieeiseneeteeeteee ettt 65
Make Medicines More Affordable and Available ...
Utilise Personalized or Precision MediCine .............c.ccoooveevevinenineninieieiesienenenae 65
INVest in TeCHNOIOZY  ........couevuiviiiiiiiiiieieeeseet ettt 65
Measurement of Sustainability in Healthcare ............ccccocvviiiiiiiiiiinininineeeee, 66
Hitting Targets for a Healthier TOMOITOW ......ccccouerieriiririniiieieteieeesiesteei et 66
DATA ANALYTICS IN HEALTHCARE
Types of Healthcare ANALYLICS .....cccooviriririiiiieeee ettt
DeSCriIPtive ANAIVIICS  ....c..oouiiiiiiiiiiieieteeeese sttt sttt
Prescriptive ANGIVIICS  ......oo.eeeiiiiiiiniisiieeee ettt
Predictive ANGIVEICS  .........coeeiiiiiiiiiiieieeseese ettt
DiScOVery ANAIVIICS ......cocoiiieiiiiiiieieseeeeeeeeee e
Health Care Data Analytics Helps with Population Health Management .............ccccceeeneeee.
INTERCONNECTION BETWEEN SUSTAINABILITY AND DATA ANALYTICS ........ 68
Data-driven Decision-making for Sustainable Practices .........c..ccoovrimiiniiniienenenienieneneneene 69
Analytics for Tracking and Optimizing Resource USage ........cccccceverenenienenieninienienenenens 70
Predictive Models for Waste RedUcCtion .............ccoceiriiiiineiiinicincieicesceeeeee e 70
FACTORS OF SUSTAINABILITY AND DATA ANALYTICS IN IMPROVING
HEALTHCARE EFFICIENCY ..ottt
Resource Management ...........coc.ceieiiiriiniinierieeieeie ettt ettt et ettt ettt sbe e e
Patient-CeNtIiC CAI® ........ccooiiiuiieiiiieieiictrtee ettt st
Operational IMProvVemMEeNts ........cccceceereerierienieneninenieieet ettt
HEALTHCARE DATA ANALYTICS TO HELP WITH CO2 EMISSIONS
Telemedicine and Virtual Healthcare ...
Operational Efficiency and Waste Reduction ..........c.ccccevereiiniiiiiinienininineneeeeeeenienee
Supply Chain OPHMIZATION .......ccueruiriiriiriieiieiietetes ettt sttt et esaesaesae e
Digital Health Solutions ..................
CASE STUDIES AND EXAMPLES ..o
Sustainable Hospitals Leveraging Data Analytics .........
Success Stories of Efficiency Gains through Analytics ..........ccooevveriiniinenenienincnceeee
CHALLENGES AND SOLUTIONS ...ttt
FUTURE PERSPECTIVES ...ttt
CONCLUSION oottt sttt a e sttt ea e na s
REFERENCES ... ettt sttt st saes

CHAPTER 4 TELEMEDICINE AND REMOTE PATIENT MONITORING .........cccccccveninnne. 85

Akshaykumar Harshadkumar Shah, Shaweta Sharma, Sunita, Akhil Sharma and

Sagar Pamu

INTRODUCGTION ..ottt ettt ettt b s bbbttt e b estestesaesaeebeeneene

REMOTE PATIENT MONITORING (RPM) ...ooooiiiiiiiiininiicteteeeeeeieeie et
Importance of Telemedicine and RPM in Modern Healthcare ...
Evolution of Telemedicine TeChNOIOZIES .......cccirveirieiiriinieiieeee e

TECHNOLOGIES USED IN TELEMEDICINE AND REMOTE PATIENT

MONITORING (RPM) ...ocoovvoereoeeeeeoeeeeeeeeeeeeesseeeesseeeeeseeeeeseeeeessseeesssees s essseeesseseessessesseseeeseeee
Telecommunication TOOLS .....c.ccciririeueirinieiiinieieetr ettt ettt sseneneae
Remote Monitoring Devices ........
Data Transmission and Storage




Blockchain INTEGIation .......c..cccueiierieriinininieiet ettt ettt 92

APPLICATIONS OF TELEMEDICINE AND RPM IN HEALTHCARE ..........c.ccooevvennnne. 93
ADDRESSING COMMUNICABLE AND NON-COMMUNICABLE DISEASES ................ 93
CommUNICADIE DISEASES ....ccuviiiviiiiiiieeiieectie ettt et e eeteeeetteeeteeeeteeeetaeeeteeeeteeeetaeeeaaeeeeaeeeesseeanns

Telemedicine in Outbreak Management
Case Studies in Communicable Diseases ..

Non-communicable DISEASES .........cccocoieiriiirieiiiiricieieieeeee ettt
Chronic Care for LifeStyle DISEASES ........ccoouuvievieieieieieieeeseseniesieeiteit et
CaANCer FOUOW-UDS  .....cc.oouiviiiiiiiiiiiiieteeese sttt ettt
Behavioral Health: Telepsychiatry and Remote COUNSeling ...........ccccoceevuecueveenencenicnas 97
BENEFITS OF TELEMEDICINE AND REMOTE PATIENT MONITORING (RPM) 97
FOT PAtiBNS ....oiiniiiiiiicic ettt st 97
For Healthcare ProvIiders ...........ccccciiiiiiiiiiiinicinceescencee ettt 98
FOr Healthcare SYSIEIMNS ...cc.ecuiririeieieieieiesiestente ettt ettt ettt ettt s sbeebeene 98
CHALLENGES AND LIMITATIONS ....ooiiiiiiiiettinneeetnenieteereeieieessesetetssese et sesseseeenens 99
FUTURE PERSPECTIVES ..ottt ettt ettt 99
CONCLUSION ..ottt ettt ettt sttt ettt a btttk et eeb bt e et b et ns et seenaenes 100
REFERENCES .....cooiiiiiiiic ettt ettt ettt ettt ettt naenes 101
CHAPTER 5 ELECTRONIC HEALTH RECORDS (EHRS) IMPLEMENTATION .................. 108
Shaweta Sharma, Ashish Verma, Akhil Sharma, Shekhar Singh and Shaik Shafiya
Begum
INTRODUCGTION ..ottt sttt ettt a s
Importance in Modern Healthcare .........
Comparison with Paper-based Records
ADMINISTRATIVE AND CLINICAL NEEDS ......ccccooiniiiiiiinncctnreeetneeeeteneeneesesneneees 111
Patient DOCUMENTATION ......ceoirieueuiinieieieinteteienertetette sttt ettt be e ssesesesessenenean 111
QUATILY ASSUTAINCE ...eviuenieieieiieteeietetet ettt sttt e ettt e st et b st e s e e b e e es e b eseebenseseasenesbenseseseneaean 111
Track Patient Utilization and Healthcare COStS ........ccccvvueuevieeniniercrininieienininiceceneeeeeenneneeeens 112
Health Record Portability
Billing and COGING ...c.eoueieieieiieieiee ettt ettt ettt enan
Patient Confidentiality .........ocoooiiiieiieiee ettt
KEY STEPS FOR SUCCESSFUL IMPLEMENTATION OF EHR .......ccccccoeiinniiininecnne 114
Planning PRASE ......coouiioiiieiie ettt

Stakeholder Involvement and Buy-in ..
Needs Assessment and Goal Setting

Vendor Selection and System CUSIOMIZALION  ..........cccoceverererereeieienieneneeeeeeeeeeans 116
Implementation Phase: Infrastructure Development ...........cccoceoieiiinenineneireeeeeeeee 116
Data Migration and System INteGration ............ccccceveeeeeeeevueseneninineneeeeieseeneeneenaens 117
Training and Capacity BUIlAING ............ccccocevviiiiviniiiiiiieiiiineneneseeeeeeeeeese e 117

Post-implementation PRase ..........ccoooiiiiiiiiieeee e 118
Monitoring and Evaluation ... .. 118

Feedback MeChanisSms ..............c.cccoccoiioiiniciiiiiiec et 118

Continuous Updates and MAiNIENance ................cccocveroerverveneeeeneenieninineneneseneens 119
APPLICATIONS OF ELECTRONIC HEALTH RECORDS (EHR) ......cccocccccinniiinnicnienne 119
Administrative APPLCALIONS .....ccveuiriiiiiieiieie ettt ettt st eenens 119

Computerized Physician Order Entry (CPOE) ......ccooiiiiiiiiiieeceeeeeee e
Laboratory SYSIEIMS ..c.eeueiiiiiiiiintinieet ettt ettt ettt bbbttt nae e
RAIOIOZY SYSIEIMS ...eeeuiiiiiiriiriiieeieeetet ettt ettt b ettt
Clinical Documentation
Pharmacy SYSTEIMS ....ccueuiiueieiiieiieieieie ettt ettt ettt ettt b ettt b e eb et et sb e enennene



EMERGING TRENDS IN ELECTRONIC HEALTH RECORD TECHNOLOGY ............... 123
Artificial Intelligence and Machine Learning INtegration ..........ccccccceeevereneneneerienienenennens
Cloud-based EHR SOIUHIONS ........c.ccoeiiiiiiiiiiiniciiciecsecteeeectee et
Blockchain for Secure Data Management .........c.ccecceeeeeienienienenenenieieeeteseeseesie e sieseesieene
Voice-activated EHRs and Natural Language Processing .........cccccocevevenenenenieenienienenenenne
Real-time Data Analytics and InsSights .......c..cccevievienenininininneene.

BENEFITS OF IMPLEMENTING EHR IN HEALTHCARE SYSTEM

CHALLENGES IN THE IMPLEMENTATION OF ELECTRONIC HEALTH RECORDS

(EHR) WITHIN THE HEALTHCARE SYSTEM .....cccooiiiiiiieitnnicecenseeeeneseiceseenevenes 127
Cost Of IMPIEMENTATION ....evuiriiiiiiiiiiiiieieeeee ettt ettt sbe e 127
Interoperability
Data Security and Privacy CONCEINS ......ccevueriiririeririniieiieiteieniente sttt ettt ettt e sae st nee 129
RESIStANCE 10 CRANGE .....oovirieiiriiiiieieeteteee ettt ettt be e eaees 129
Data Entry and Usability ........cccoeieiiiiiiiiieneres ettt 130
Maintenance and ONgoing SUPPOIT ...cc.eeuieuieieierieniinierienieee ettt ebe et esaenseneenee 130
Legal and Liability ISSUES ....cceeiririiiiiiieieseie ettt 131

SURVEY REPORT OF CHALLENGES IN IMPLEMENTING EHR SYSTEM IN

HEALTHCARE ...ttt ettt ettt ettt 132

CONCLUSION ..ottt ettt ettt ettt a bbbkt b bttt b et nseneseenaenes 133

REFERENCES .....coiiiiiiiiiec ettt ettt etttk ettt naenes 133

CHAPTER 6 AI IN DIAGNOSTICS AND TREATMENT PLANNING .....ccccoeoinmiiinnciccnnene 141

Uttam Prasad Panigrahy, Ashish Verma, Akhil Sharma, Shaweta Sharma and
Rajinikanth Sagapola

INTRODUCGTION ..ottt sttt ettt be e beaeen 142
Historical Context of Al in Healthcare .........cccoocveoeniecniniiieinineccineccneecceneevee e 143
Relevance in Diagnostics and Treatment ...........coccccverieirieineneineeeee e 143

CURRENT CHALLENGES IN HEALTHCARE ADDRESSED BY AI .....cccoccccoinniiinnen 144

AI TECHNOLOGIES INVOLVED IN OPTIMISED HEALTHCARE ........coccccovnviiuinnnen 145
Machine Learning
Natural Language Processing (NLP) .....ccoocooioiiiiiiiiieee e 147
COMPULET VISIOM .eeviiuiiniiiiiinteeteeteeit ettt ettt et ettt st st st b e bt et e b et et besbesbeebeeaeeae 148
DIEEP LEAIMINE ..vivenitiieiieteeetiiet ettt ettt ettt ettt ettt ae et e st et e e e s e st ene et e e eseebeneesenneneaes 149

USE OF ARTIFICIAL INTELLIGENCE IN DIAGNOSTICS .......ccccooviiinneeinneeeneerenene 150
Early Detection of Diseases

CANCET SCTOOMING ...ttt ettt st sttt sae e e
Neurological DISOTACTS ..........cccovieivirieiiieiiiiiniesesteeeeetee ettt 152
Predictive Analytics in HealthCare ...........ococoiiiiiiiiiiiiieie e 154
Disease Prediction MOAELS .............c.cccouevuevenininiiniiieieieietesieeese et 154
Disease Progression FOreCAStNG ..........cocevcieviriiinieeneenieneenieesie e 155
Genomics and Precision MediCINe .........cccovveueuivinieieininieieeninieeinnieieeneeneteneenevesesseseeenenaenes 156
AIL-driven Genetic Profiling .........cccoocoeoieoeineiieeeeseetee ettt 156
Early Detection Through BiOMATKEFS .........c.ccccceveeveevenininininiieieieieienene e 157

ARTIFICIAL INTELLIGENCE IN TREATMENT PLANNING .....c.ccoooeiinecineiceneene 158
Data-driven Decision Support Systems (DSS) ...c.ooiriiiieiiieieeeeee e 158
Precision MEAICING ......c.civirieuiirinieiiiniiieicineeteic ettt ettt 159
Al-assisted Surgical PIANNING ......cccccoiiiiiirieiieeeeee e 160
Medication OPtIMIZATION .......ccueirierieuirieieieiete et cete ettt ettt se st e st sbe e esesaenesseneeseneene 161

ADVANTAGES OF AT INTEGRATION IN HEALTHCARE ........cccccoovniiiiiiinncccnnee 161

FUTURE DIRECTIONS IN AI FOR DIAGNOSTICS AND TREA NT PLANNING .. 162
CONCLUSION ettt st eees 163



REFERENCES ..ottt ettt st st st ens 163

CHAPTER 7 10T (INTERNET OF THINGS) APPLICATIONS IN HEALTHCARE ................ 172
V. Uma Maheswara Rao, Akhil Sharma, Shaweta Sharma, Akanksha Sharma and
Gaviraj E.N.
INTRODUCGTION ..ottt ettt sttt sttt et be e s s 172
ToT Adoption in HEalthCare ...........ccoiieiiiiioiiieiee ettt 173
IoT for Efficiency and Accessibility in Healthcare Industry ... .. 174

COMPONENTS OF IOT IN HEALTHCARE
Sensors and Wearable Devices .........c.cvevenee.
Connectivity TEChNOIOZIES ......cuiiieiiiiieiiieieiee ettt
Data Analytics and Cloud INteZration ...........ccccoevirerieinieieieieceee e
Mobile Applications .........ccceeeereerieereireneenene
APPLICATIONS OF IOT IN HEALTHCARE ...
IoT in Remote Patient Monitoring (RPM) .......
TOT in SMart HOSPITALS ....coveuiiuiiiiiieiiiteieee ettt
Patient Monitoring and Personalized Care ..............ococevoevoenoenceeciencsineninineneenenns 182
Hospital Asset MAnAZEMENTt ............coceeeeeieiieniinieniiniinieeetetee et 182
Infection Control and Hygiene MORIOFING .........cc.cccoceoiiineiieneeineeeeeeeeeeeeeeeiene 183
Improved Workflow and Operational EffiCiency .......c.cccoueouvneoinenseneieeeseeeeens 183
I0T in Personalized MEdiCINE .......ccocueiriiieuioininieuiinieieeineeeice et ere e ees 184
Genetic and Environmental Data INtegration .................cccuevvencenoenceneceeeneencnenennennes 184
Al and Machine Learning Integration ..............
Medication Adherence and Smart Devices ...
TelemediCiNe ......ccooveueeivinieieininieieinnerceeeece e
IOT-ENABLED DIAGNOSTICS AND TREATMENT .....ccocceiniiiiiininiinnecceneiceneeieneees 186
Real-time Data for Decision MaKing ........ccccoceoieerieirieineieiceieceieeeiese et 186
Integration with Electronic Health Records (EHR) .......ccccocooovivininvincieiiicienencncnae 187
Al-driven Analysis Of IOT DAta ...........cccouveneiieieiieiseeeeee et 187
Surgical Assistance

Robotic Surgery INteGration ..............oceceouevevininininieieeeteeetese st

10T Tools for Precision and MORIOFING ...........ccccocceueeieeiiineiieeeeeeeeeeie e
BENEFITS OF IOT IN HEALTHCARE .......ccococooiiiiiiiiiciinictteetcetneeie et
SURVEY OF IOT-BASED HEALTHCARE SYSTEMS ......cccooiiiiiiincienecceneecnenenes
CHALLENGES AND LIMITATIONS OF 10T IN HEALTHCARE ..
Data Security and Privacy CONCEINS ........coueirerieuirieieienieiieiecetestesee et seene
INteroPerability ISSUES ......cerieuirieieiiietieieiet ettt ettt b e b e eean
Technical ChalleNZES ........cccieiririeiiieieieee ettt ettt se e ne s
CONCLUSION ..ottt ettt ettt be et skttt bbbt ns s seneneenen
REFERENCES .......coiiiiiiiecttnettne ettt ettt aenenean

CHAPTER 8 BLOCKCHAIN IN HEALTHCARE ENSURING SECURITY AND
TRANSPARENCQCY ..ottt ettt ettt e e ete et e et e e et e eteeeaeeateeeaeeseeseenteenreeeseeneas 201
Ashish Verma, Akhil Sharma, Akanksha Sharma, Sunita, Neeraj Kumar Fuloria and
Shaweta Sharma
INTRODUCGCTION ..ottt ettt et e et e et e e teeeateeteeesseeteeereeseeseeseennean
Features of Blockchain ..
Decentralisation ...
Immutability .........
TFANSPATEICY ..ottt e st e s et e e e bt e e et e eneesseeeneesseesneesseenseenseenseanee
CHALLENGES IN HEALTHCARE SECURITY ...ooooiiieeeeeeeeeeeeeeee e 204
Data Breaches and UnauthOrized ACCESS .....ooovievieiieeieieereeereceeeeete et enees 204




Interoperability and Fragmented SyStemS .........cccooeverereniniieieiieieeseeeeeceeeee e 205

Lack of Patient Control Over Health Records ..........cccoiieiiiiiiiiniiiiiiccecrcccee 205
BLOCKCHAIN AS A SOLUTION IN HEALTHCARE SECURITY .....ccccocovmeeninnieiiennen 206
How Blockchain ENnsures SECUTITEY? ......ccoeviririieiienienienieriesieeieetete ettt 206
Blockchain-enabled Transparency and Audit Trails for Data Access 207
Blockchain-enabled Decentralized Access Control ..........c.cccccceeeinccincneenee 208
TECHNICAL ARCHITECTURE OF BLOCKCHAIN IN HEALTHCARE .........cccccccovnee. 208
Public vs. Private Blockchains in Healthcare
Public Blockchains in HeGItRCATe .............cc.coeoeviiinoiniiiiiiieieeesese et
Private Blockchains in HEQltRCATe  ...........ccccoceeeeoiiiiiiiiiininiiieteeeesesese e
Role of Consensus Mechanisms in Healthcare ...
Proof-0f-Stake (POS) .....cooueeeiiiiieieeeeeeeeeeeeet ettt
Proof-0f-Authority (POA) ...ttt
Proof-0f-Work (POW) ..ottt st
Integration with Existing Healthcare IT SyStems ........ccccocceviveniiniinieniiniieieienenereseeeeeeaen 212
Existing Healthcare IT Landscape ................
Blockchain Integration Requirements ...
Interoperability and Data Exchange
ADVANTAGES OF BLOCKCHAIN TECHNOLOGY IN HEALTHCARE ............cceen.. 213
IMPLEMENTATION OF BLOCKCHAIN IN HEALTHCARE INDUSTRY .......cccoveueuennne. 214
Implementation of Blockchain in Patient Data Management ..........c.ccoccecevenneee 214
Secure Storage and Sharing of Electronic Health Records (EHRs) ... 214
Patient Consent Management Using Smart CORraCES ........ccocevceeeeeveeneneneneneneneene. 216
Implementation of Blockchain in Drug Supply Chain Management .........cc.cccecevienenencnene 217
Tracking and Verifying Drug Authenticity
Preventing Counterfeit Medicines .................
Implementation of Blockchain in Clinical Trials ....
Transparent Record of Research Data .............
Ensuring Compliance and Reducing Fraud ................cccccoeeeveeveviieniinienienieneneneeeens 220
Implementation of Blockchain in Medical Billing and Claims .........ccccoceveninenienienenenennene 221
Fraud Detection and PreVeNtion ..............cccoeeereroinesesieieieieiesiese et seeneens 221
Streamlined Billing PrOCESSES .........cccccvieiriririiiiieieniesiesee ettt 222
SURVEY REPORT OF BLOCKCHAIN HEALTHCARE INDUSTRY .......ccccccoviicenneenene 223
CHALLENGES AND LIMITATIONS OF BLOCKCHAIN IN HEALTHCARE .................. 224
Scalability and Performance ISSUES .........ccccouerieriiririnininieieieteesee et 224
High Initial Implementation COStS ........ccceeierieiierierenenieriesieeitetete ettt ettt 224
Resistance to Change within the Healthcare ECOSyStem .........ccccocovieinieiiiiiencncncncncncnee 225
CONCLUSION

REFERENCES

SUBJECT INDEX ..ottt ettt ettt ettt eenes



FOREWORD

In "Optimized Healthcare: Leveraging Technology for Efficiency and Accessibility," the
book embarks on a journey into the future of healthcare, where the fusion of technology and
innovation promises to reshape the landscape of patient care. This book arrives at a critical
juncture in the evolution of healthcare as the demand for enhanced efficiency and
accessibility reaches unprecedented levels. Against this backdrop, the exploration of how
technology can be leveraged to meet these challenges is both timely and essential. Through
insightful analyses, real-world examples, and forward-thinking strategies, this book
illuminates the transformative potential of digital innovations such as data analytics,
telemedicine, and artificial intelligence. By embracing these tools and fostering collaboration
across the healthcare ecosystem, we can chart a path toward a more efficient, accessible, and
patient-centric healthcare system. The book "Optimized Healthcare", gives an advantage to
lead constructive change and create a future in which technology enables to provide everyone
with better care.
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PREFACE

The book "Optimized Healthcare: Leveraging Technology for Efficiency and Accessibility”
emerges at a pivotal moment in the evolution of healthcare, where the integration of
technology holds the key to addressing the complex challenges facing healthcare systems
worldwide. In this preface, the book embarks on a journey into the heart of this convergence,
exploring how digital innovations can revolutionize healthcare delivery to enhance efficiency
and accessibility. Through a comprehensive examination of technologies such as data
analytics, telemedicine, artificial intelligence, and digital health platforms, it uncovers
transformative opportunities to streamline processes, improve care coordination, and
personalize patient experiences. Moreover, the book delves into the ethical considerations and
practical strategies essential for harnessing the full potential of technology while ensuring
equitable access and patient-centered care. As we embark on this exploration, let us seize the
opportunity to optimize healthcare for the benefit of individuals and communities around the
globe.
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CHAPTER 1

Evolution of Technology in Healthcare
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Abstract: The technology in healthcare has improved to a level where the healthcare
systems can work more efficiently than they could in earlier times, and it has had a
direct impact on patient care, accessibility, and efficiency. In this chapter, we will look
into the major technological inventions that have transformed the contemporary
healthcare scene, such as Electronic Health Records (EHR), Artificial Intelligence (AI),
telemedicine, wearables, and robotics. These innovations have made it easier to
manage patients, allowed better result deliverance from diagnoses, and made healthcare
seamlessly accessible. The proliferation of AI, IoT, and automation is enabling
personalised medicine and operational efficiency, as well as the optimisation of
hospital management systems. Within health insurance, technology has influenced the
claiming process, fraud detection, and the design of personalised health plans,
incorporating data within real-time data from wearables and telemedicine. This is
where Blockchain comes to the forefront, facilitating secure and transparent
transactions. Additionally, technology has elevated healthcare quality standards
through data-driven decision-making and continuous improvement frameworks.
Despite these advancements, challenges such as data security, implementation barriers,
and regulatory hurdles remain. This chapter highlights the ongoing role of technology
in advancing healthcare, improving patient outcomes, and shaping the future of the
industry.

Keywords: Artificial intelligence, Alectronic health records, Blockchain,
Healthcare technology, Health insurance, Quality management, Telemedicine,
Wearable devices.
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INTRODUCTION

Technology has revolutionised the healthcare industry, making a broad impact on
patient accessibility, care, and management. Originating from primitive tools,
modern technology has changed the game for medicine and healthcare. From
EHRs (Electronic Health Records) to telemedicine and even Artificial Intelligence
(AI), innovations are improving diagnostic and treatment accuracy while
simplifying administrative work and reducing errors to increase access to
healthcare services for varied populations. This rapid advancement of healthcare
technology continues to influence the way healthcare is delivered, ensuring that
patients receive more personalised, efficient, and timely care [1].

The evolution of technology in healthcare has progressed from traditional herbal
medicine and surgical tools to advanced digital health, Al-driven diagnostics, and
precision medicine. Innovations like X-rays, antibiotics, robotic surgery,
telemedicine, and mRNA vaccines have revolutionised patient care, improving
diagnosis, treatment, and overall healthcare efficiency [2], are more elaborated in
the form of the flow chart given in Fig. (1).

Overview of Technological Advancements in Healthcare

The technological evolution of the healthcare sector has been profound, affecting
nearly every area of the system. Significant milestones, such as the introduction of
the Electronic Health Record (EHR) that replaced the traditional paper-based
system, facilitated greater efficiency in patient information management and
reduced errors. Furthermore, telemedicine has broadened the availability of health
care, enabling patients to receive remote consultations, overcoming geographical
barriers, and enhancing accessibility for marginalised groups. Underpinning these
trends has been the rise of Artificial Intelligence (Al) in diagnostics, treatment
planning and allowing healthcare providers rapid access to accurate decision-
making advice. Robotics in surgery has increased precision and minimised
recovery times for patients. Wearable devices and health-monitoring apps enable
individuals to take command of their health, giving them ongoing input for a more
proactive approach. In addition, patient data security and transparency in
healthcare systems have been opened up with Blockchain technology. Together,
these technologies synergistically help to solve complex healthcare problems,
leading to better efficiencies, improved patient outcomes, and cost-effective
solutions [3, 4].
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First hospitals in the Islamic world, invention of

Da Vinci surgical robot (2000), FDA approval of nanodru

Fig. (1). Evolution of technology in healthcare.
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CHAPTER 2

Current Challenges in Healthcare Delivery
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Abstract: This chapter discusses the existing issues in the delivery of health care,
focusing on the significant challenges of health care delivery, from access to costs,
from use of technology, the lack of proper workforce in health care delivery, from the
privacy of the client to the overall functioning of the system. The chapter initiates with
an explanation of health care delivery and the need to address these challenges to
deliver equitable and efficient care for all populations. The obstacles to healthcare
access have been addressed, focusing on location, socioeconomic background, and
culture as key hindrances. The chapter discusses the rising healthcare costs and their
impact, along with strategies to control costs and improve affordability, including
innovations in care delivery models. Workforce shortages and their adverse effects on
patient care are reviewed, with particular attention paid to strategies for workforce
development, retention, and support. It provides a critical analysis of patient
confidentiality and methods of data protection and an overview of associated regulatory
frameworks, actions, and best practices to ensure that patient data is protected against
such breaches. The chapter also addresses cross-cutting issues such as social
determinants of health, health equity, and inclusion. It examines the role of government
and the private sector in developing policies that will work. Looking ahead, the chapter
highlights innovations and opportunities in healthcare, predicts future trends, and
discusses how gaps in current systems can be closed. The conclusion summarises the
key challenges and offers recommendations for stakeholders to help shape a resilient
and equitable healthcare future.

Keywords: Delivery, Data breach, Geographic disparities, Healthcare, Insurance,
Patient care, Socioeconomic barriers.
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INTRODUCTION

The provision of medical care is an essential component of society and
encompasses the systems, processes, and resources through which medical care is
delivered to individuals and communities [1]. Healthcare delivery is the method
of providing medical services to patients from preventive to treatment and
rehabilitation. It is a complex web of interrelated stakeholders like provider
organisations, health systems, policymakers, and technology systems
collaborating toward the health outcomes of populations. The effectiveness of this
network determines the accessibility, quality, and affordability of care 2, 3].

However, healthcare systems are under tremendous pressure from an ageing
global population, the growing prevalence of chronic diseases, technological
change, and pandemics. These pressures are compounded by challenges like
workforce shortages, geographic disparities, and rising costs, forming major
hurdles to equitable and efficient healthcare. This overview sets the context for a
deeper dive into the multifaceted issues within healthcare systems [4, 5].

Importance of Addressing Challenges

There are not only operational problems in healthcare delivery, but instead
performance constraints on achieving UHC as envisioned in the United Nations'
Sustainable Development Goals (SDGs). If we do not solve these problems, we
will continue to suffer from poor patient outcomes, increasing health inequalities,
and the economic fall of governments and individuals [6].

Tackling these issues is crucial both for enhancing patient care and for developing
healthcare systems resilient enough to handle any future emergencies. The
COVID-19 pandemic, for example, shows weaknesses in the best healthcare
systems and illustrates a lack of coping with problems, preventative work, and
quality infrastructures for a public health emergency. Addressing these challenges
may result in a healthier public, improved economic productivity, and more
significant social equity [7, 8].

This chapter aims to provide a detailed examination of the current challenges in
healthcare delivery while offering actionable solutions for stakeholders. The
discussion spans key issues such as access to care, healthcare costs, technology
integration, workforce shortages, and patient confidentiality [9].

ACCESS TO CARE

Access to care is one of the cornerstones of the healthcare delivery system. This
includes ensuring that people can access the medical treatments they need without
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having to face hardships. Yet, a combination of reasons translates into high access
barriers and, consequently, inequalities in terms of health equity. In this section,
we will examine the significant factors, including geographic disparities,
socioeconomic barriers, and cultural and linguistic challenges, and then we will
discuss the strategies for better accessibility.

Geographic Disparities

Uneven distribution of healthcare facilities and medical personnel leads to
geographic disparities in access to healthcare. In rural and remote areas, where
hospitals, clinics, and specialised care providers are few and far between, access is
even more limited. Rural patients tend to travel long distances, have insufficient
transport, and have a limited number of health providers at their disposal. Some
rural counties do not have obstetric care or have no specialists, such as
oncologists or neurologists. Health care delivery in urban areas, though abundant
with health care providers, services, and specialists, often leads to overcrowding,
lengthy waiting periods at hospitals, and inadequate resources, rendering timely
treatment out of reach for so many. Such geographic inequities lead to delayed
diagnoses, poor health outcomes, and increased death rates, especially for time-
sensitive conditions such as strokes or heart attacks [10 - 12].

Socioeconomic Barriers

Socioeconomic status has everything to do with access to healthcare, as money,
job security, and lack of high-end education become serious roadblocks to
receiving proper healthcare services. High costs, including co-payments,
deductibles, and out-of-pocket expenses, are causing uninsured or underinsured
individuals to avoid treatment altogether, which leads to the continued
marginalisation of our population. The problem is even more significant when
housing is factored in, as most workers do not have health benefits associated
with their jobs, and jobs can be taken away at any moment. In addition, low health
literacy ensures that people cannot navigate their healthcare system well enough
to prevent them from suffering and leaving the bounds of preventative care, which
causes worse health results. These and other factors compound the effect of
healthy families, hitting lower-income households, minorities, and, more
generally, underserved communities the hardest, which replicates cycles of poor
health and inequities [13 - 15].

Cultural and Linguistic Challenges

Cultural and language differences are often invisible barriers to accessing care
that have a significant impact on seeking and obtaining care. Social factors such
as beliefs, culture, traditions, and stigma impact the treatment-seeking behaviour
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Abstract: Sustainability and data analytics have become an essential part of our
healthcare system, as the industry seeks to establish the most efficient and
environmentally friendly approach to serving patients while balancing improved patient
outcomes. Sustainability in healthcare includes environmental, social, and economic
aspects. Environmentally friendly practices involve resource efficiency and
conservation, energy-efficient infrastructure, product stewardship, etc. Social
sustainability aims to expand access to health care, promote public-private
partnerships, and integrate evidence generation. Economic sustainability would
strongly emphasise value-based care, affordability, and adoption of cutting-edge
technologies such as personalised medicine. Measuring sustainability is crucial to
achieving targeted improvements for a healthier future. Data analytics, on the other
hand, serves as a transformative tool in healthcare. Employing big data, AIl, ML and
IoMT, and healthcare entities can enhance the allocation of resources, forecast diseases,
and maximise patient outcomes when applied; descriptive, prescriptive, predictive, and
discovery analytics offer visibility into more profound insights and support population
health management. Data analytics empowers sustainability efforts, enhancing
efficiency, optimising resources, and utilising predictive modelling to minimise waste.
The success of sustainable hospitals utilising data analytics to attain outstanding
efficiency gains is evident from case studies. However, cost, data integration, and
privacy concerns must be addressed. In the future, advancements in Al and green
technologies, as well as in policy frameworks, will continue to complement the role of
sustainability and data analytics. This chapter highlights the potential of these
approaches to reshape healthcare systems for a sustainable and efficient future.
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INTRODUCTION

Sustainability in healthcare refers to strategies and actions to meet current health
needs without compromising the ability of future generations to meet their needs.
It encompasses environmental, social, and economic factors to create a well-
rounded and effective healthcare system. Sustainable healthcare practices are
about reducing healthcare facilities' impact on the environment, which includes
reducing greenhouse gas emissions, water and energy usage, and waste
management.

For example, many hospitals are switching to renewable energy sources such as
solar or wind power to minimise reliance on fossil fuels. Other methods are to
work with sustainable building design, digitise patient records to cut down on
paper, and implement waste and recycling protocols as well as a safe disposal of
medical waste (medical waste is one of the largest portions of waste in hospitals).
These actions are vital to solving global challenges such as climate change and
resource shortages, which directly threaten public health, especially for vulnerable
populations. Ultimately, this is how sustainability in healthcare ensures better
health outcomes and resiliency of healthcare systems for the future [1 - 3].

Importance of Data Analytics

Data analytics is revolutionising the healthcare industry and empowering data-
centric decision-making. It is the systematic collection, analysis, and
interpretation of large volumes of data to derive actionable insights that can
enhance the efficiency and effectiveness of healthcare delivery. For healthcare,
predictive analytics can predict disease outbreaks, allocate resources more
effectively, or personalise disease treatment based on patient data. Descriptive
analytics monitors patient outcomes and operational efficiency, while prescriptive
analytics uses data to recommend the best decisions for healthcare organisations.
Furthermore, it helps manage costs by identifying inefficiency or excess spending.
Data analytics is a tool used to enhance transparency, error reduction, and
proactive decision-making that elevates healthcare quality and outcomes [4 - 6].

Link between Sustainability and Healthcare Efficiency

Healthcare efficiency can be significantly improved when its approach is
integrated into sustainable data analytics and responsible practices to reduce
human-induced environmental impact. Healthcare organisations can utilise data
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analytics to measure, track, and optimise resource usage, thus bolstering a push
toward sustainable practices. For instance, analytics can analyse energy
consumption in hospitals and help direct interventions such as automated lighting
and temperature settings to reduce energy waste significantly. In the same way,
predictive maintenance models could be used for medical equipment to avoid
unexpected breakdowns and resource waste [7, 8].

Analytics-driven supply chain management also contributes to sustainability by
making it easier for hospitals to procure eco-friendly materials while minimising
expenses. Telemedicine facilitated through robust data systems, reduces the need
for patient travel, thus lowering carbon emissions and increasing access to care.
Furthermore, advanced data systems can monitor waste management procedures,
assuring environmental compliance and reducing the ecological impact of
healthcare activities [9].

Healthcare analytics for sustainability can bring efficiency by eliminating
duplication, improving workflows, and optimising resource usage. The type of
analytics that identifies unnecessary tests or procedures, for example, learns how
clinicians can provide patient-centred care more effectively. These sustainable
practices also lead to long-term savings by lowering utility costs, decreasing
waste disposal expenses, and fostering preventive care. Supporting sustainability
through the lens of analytics enables healthcare systems to implement a model
that not only meets current challenges but also establishes a horizon of health [10,
11].

SUSTAINABILITY IN HEALTHCARE

The idea of sustainability has changed as humans have become more concerned
about protecting the planet from climate change. Sustainability inspires us to
consider our resource consumption and address how we can satisfy current
generations without jeopardising the future generations' ability to do so. In 2015,
17 Sustainable Development Goals (SDGs), with ambitious targets to be
addressed by 2030, were established by the United Nations (UN) as a universal
call to action to engender equitable living conditions for the world population and
to relieve the adverse anthropogenic effects of climate change [12].

The World Health Organization (WHO) defines a sustainable healthcare system as
one that improves, maintains, or restores health while avoiding or minimising
adverse effects and exploiting positive influences on the environment to benefit
the health and well-being of present and future generations. The pharmaceutical
industry has a vital role in sustainability, from innovating for access to medicines,
particularly in developing countries, and working to mitigate any environmental
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Abstract: Telehealth and Remote Patient Monitoring (RPM) are transforming modern
healthcare through providing better access to medical services and improving patient
outcomes. Telemedicine provides the real-time flow of information between providers
and patients with the help of video conferencing, teleconsultation apps, and other
telecommunication facilities. Simultaneously, using wearables, implantable devices,
and IoMT technologies, RPM can remotely monitor patient health and facilitate timely
interventions. Al-based predictive analytics, secure data storage through Blockchain,
and cloud-based data storage have become critical in optimising personalised and
efficacious care. The applications of telemedicine and RPM are wide-ranging, from
chronic care management to even simple prevention of diseases. They are critical for
the management of chronic diseases like diabetes, hypertension, and cardiovascular
diseases, and they are also essential for the diagnostics and monitoring of infectious
diseases like COVID-19, TB, and hepatitis. Further, it enhances post-operative care,
physiotherapy, and rehabilitation, lowering hospital readmissions. Technological
barriers (e.g., internet unavailability), privacy-related issues, and restrictive regulatory
issues (licensure, reimbursement) continue to hinder the development of telehealth.
Over the next several years, the integration of Al with expanded RPM into remote
regions, along with advancements like 5G technology, will further change the future of
telehealth. Global interoperability and data security standards should be established to
enable telemedicine and RPM for communicable and non-communicable diseases. This
chapter investigates these axes in-depth and provides insights into the digital health
landscape of the future.

Keywords: Artificial Intelligence in healthcare, Digital health transformation,
Healthcare technology, Infectious diseases, Non-communicable diseases, Remote
Patient Monitoring (RPM), Telemedicine.

* Corresponding author Sagar Pamu: Department of Pharmacy Practice, Institute of Pharmacy, Nirma University,
Ahmedabad 382481, Gujarat, India; E-mail: dr.sagar@live.com

Akhil Sharma, Shaweta Sharma, Pankaj Kumar Singh & Neeraj Kumar Fuloria (Eds.)
All rights reserved-© 2025 Bentham Science Publishers


mailto:dr.sagar@live.com

86 Optimized Healthcare (Part 1) Harshadkumar Shah et al.

INTRODUCTION

Telemedicine provides health care from a distance using telecommunications
technology to communicate medical information for diagnostic, therapeutic, and
follow-up purposes. This allows patients and healthcare providers to connect and
interact without the barriers of distance or logistical issues that can be overcome
via virtual means. This technique encompasses several methods, from Internet
video appointment systems to store-and-forward techniques in which a health care
worker distributes diagnostic data such as X-rays or laboratory results to mobile
health (mHealth) applications that provide health monitoring tools and
educational resources. Its ability to provide access, reduce health care costs, and
improve patient convenience, due to its ability to overcome barriers in rural or
low population density areas, has undoubtedly accelerated the trend towards
practices like telemedicine in the past few years. Besides individual patient
benefits, telemedicine represents a public health benefit, while scalable solutions
focus primarily on epidemic/chronic disease management and emergencies.
Moreover, its convergence with modern technologies such as Artificial
Intelligence (Al) and Blockchain makes its future more promising after we can
experience the swift and easy delivery of healthcare [1 - 3].

REMOTE PATIENT MONITORING (RPM)

Remote Patient Monitoring (RPM) is a technology that monitors patient health
remotely. RPM consists of continuously observing vital signs and other health
identifiers, including blood pressure, glucose level, blood oxygen levels, and heart
rate, through more advanced products such as wearable fitness trackers,
implantable monitors, and mobile-connected sensors. RPM allows patients to take
control of their care while also providing healthcare providers with priceless live
data about the well-being of their patients. For instance, a diabetic patient may
wear a glucose-measuring device that continuously sends data to the physician to
adjust treatment plans [4, 5].

RPM is exceptionally prepared to be used in chronic disease management and
other settings, including postoperative care, rehabilitation, and even infectious
disease monitoring, which prevailed with the recent global prevalence of SARS-
CoV-2 infection. It offers the advantages of improved care coordination, timely
identification of health issues, and reduced hospital readmissions. The
convergence of RPM with AI, IoMT (Internet of Medical Things), and cloud-
based platforms is creating the closest thing that approaches a paradigm shift in
the healthcare model as it shifts the healthcare delivery platform from just
being reactive to also providing a pro-active, patient-centred, preventive care with
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improving the scale of effectiveness. This is to meet the demand for sustainable,
high-quality healthcare systems [6, 7].

Importance of Telemedicine and RPM in Modern Healthcare

Telemedicine and RPM have become unavoidable necessities in contemporary
healthcare because of removing access, affordability, and efficiency barriers. They
have revolutionised how healthcare services can be provided to people, especially
in remote and underserved places where access to high-quality healthcare is a
serious concern. Telemedicine has reduced travel-related barriers for patients
looking to visit a doctor since the need for medical consultation would be satistied
from the comfort of their homes. It is beneficial for people with mobility
problems, chronic conditions, or requiring frequent follow-ups. Telemedicine can
also decrease healthcare costs by preventing hospitalisation and using resources
efficiently [8, 9].

RPM provides a nice accompaniment to telemedicine but focuses on the close
remote monitoring of a patient's health to flag any significant risk of complication
as soon as possible. RPM provides actionable and real-time tracking of relevant
metrics for chronic conditions, including but not limited to diabetes, hypertension,
and COPD. For instance, a hypertension patient can track their daily blood
pressure, and physicians get actionable information while personalised and
continuous care is provided. Telemedicine has also been crucial for
communicable disease action during the SARS-CoV-2 pandemic through remote
consultations, remote monitoring, and quarantine management. This approach
reduces risks of exposure and provision of care channels within the facility’s
boundaries [10, 11].

Telehealth and RPM are essential methods of engaging patients in their care and
facilitating more proactive health management. Positive health data-friendly
mobile apps and wearables can be used by patients to self-monitor health data
themselves (e.g., setting wellness goals or reminders to take medicine as needed).
Staffing and bed shortages compel high-income countries to look for alternative
delivery models, and the economics of RPM and telemedicine offer the possibility
to bring solutions to scale. These tools use advanced technologies such as Al,
IoMT, and Blockchain, revolutionising healthcare towards a more efficient,
widely accessible, and patient-centric model [12, 13].

Evolution of Telemedicine Technologies

The evolution of telemedicine technology spans over 30 years of advances in
communication, data management, and digital health. Telemedicine originated as
simple telephone consultations and had very little to offer for citizens residing in
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Abstract: The implementation of electronic health records represents a digital
transformation in modern medicine, converting patient information into an electronic
format to enhance care quality and workflow proficiency. EHRs are characterised by
features that permit instant data access regardless of an individual’s location, with
accuracy ensured through validation and integration with various medical systems. In
contrast to paper records confined to a single location, EHRs facilitate more
coordinated patient care, streamlined administrative processes across departments, and
strengthened data security. This chapter explores the clinical and administrative needs
of EHRs, including documentation, quality assurance, cost tracking, health record
portability, and billing. Successful EHR implementation requires careful planning,
which includes stakeholder engagement, needs assessment, vendor selection, and
system customisation. During the implementation phase, infrastructure development,
data migration, and user training are critical for success, while the post-implementation
phase focuses on monitoring, feedback, and system updates. The applications of EHRs
extend to administrative tasks, computerised physician order entries, laboratory,
radiology, pharmacy, and clinical documentation systems. Emerging trends, such as Al,
cloud solutions, and Blockchain, are reshaping EHR technology. Despite the significant
benefits, challenges such as cost, interoperability, security concerns, resistance to
change, and legal issues must be addressed for effective EHR adoption. This chapter
outlines these critical factors, offering insights into the future of healthcare data
management.
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INTRODUCTION

Electronic Health Records (EHRs) are the digital equivalent of paper-based
medical records maintained by a clinician, with the goal of serving as the
comprehensive, real-time health records of an individual. EHRs also enable the
electronic collection, storage, and exchange of medical information among
different health systems; paper records do not bind it. These contain essential
patient information, i.e., medical history, diagnoses, medications, treatment plans,
immunisation records, allergies, and test results. EHR systems are meant to
provide an overall perspective of a patient's health so that all personnel have
access to a single source of truth with the most precise and up-to-date
information. The communication of data between both patients and healthcare
providers also allows for patient-centric care and makes healthcare coordination
much easier within these systems. EHRs assist with clinical decision-making by
providing alerts and reminders that minimise the likelihood of problems like drug
interactions or allergies. Furthermore, EHRs can be driven by complex analytics
on the data they hold, facilitating research and public health benefits. EHRs can
offer increased scalability and data security due to the nature of cloud-based
solutions, therefore supporting improved access and promise of confidentiality [1
- 5]

Importance in Modern Healthcare

Electronic health records play a transformative role in modern healthcare by
significantly improving the quality, safety, and efficiency of patient care. They
reduce needless repetition in diagnostic testing, streamline clinical workflows
efficiently, and facilitate evidence-based decision-making through seamlessly
integrated clinical practice guidelines. Having the ability to access comprehensive
patient data immediately ensures timely medical interventions and improved
coordination between multidisciplinary healthcare teams. Electronic health
records also empower patients by providing full transparency into their complete
health information, actively engaging them in self-care, and vigorously promoting
preventive healthcare. Aggregated electronic health record data across entire
populations notably aids in disease surveillance efforts, influences healthcare
policy formation and guides strategic resource allocation in public health.
Furthermore, these systems substantially improve operational efficiency by
reducing administrative burdens such as paperwork and preventing billing errors.
By facilitating continuity of care, particularly for patients with chronic conditions,
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electronic health records meaningfully contribute to markedly improved health
outcomes and enhanced sustainability across the entire healthcare system [6 - 10].

Comparison with Paper-based Records

The shift from paper documents to Electronic Health Records (EHRSs)
fundamentally transforms how patient information is managed, maintained, and
exchanged. One of the most distinguishing differences between EHRs and paper
records lies in accessibility and ease of retrieval. While paper files have been the
norm for doctors for decades, they can be cumbersome and time-consuming to
search through, especially with large volumes of data or intricate medical
histories. In sharp contrast, EHRs can be accessed within seconds from multiple
devices, allowing providers to retrieve and update patient information in real-
time, regardless of location within a hospital or clinic. This pervasive accessibility
significantly expedites and streamlines care provision [11, 12].

Another key divergence relates to record accuracy and legibility. Handwritten
paper records are prone to misinterpretation due to illegible handwriting,
potentially resulting in medical errors. EHRs, however, eliminate this risk by
storing information digitally in transparent, standardised formats. EHR systems
frequently incorporate decision support tools to help clinicians make more
accurate diagnoses and treatment decisions by flagging possible issues such as
medication allergies or drug interactions, a capability that paper records lack [13].

The hazard of physical damage or loss is a glaring shortcoming of paper-based
documentation. Paper records are susceptible to being misplaced, damaged, or
destroyed by fire, water, or simple misfiling. In contrast, EHRs are held securely
in digital form, often duplicated across multiple locations, ensuring preservation
and safeguarding against data loss. Moreover, electronic records can be encrypted
and access-controlled to shelter sensitive patient data, offering an elevated level of
security compared to paper files, which can be easily accessed by unauthorised
individuals [14].

Interoperability is another realm where EHRs vastly outperform paper records.
Paper-based systems are isolated within a single healthcare organisation,
necessitating time-consuming processes for transferring information between
providers. EHRs, alternatively, are designed for interoperability, meaning they
can be shared across various healthcare organisations and platforms, leading to
improved coordination of care. This is particularly crucial for patients who
receive care from multiple specialists or healthcare providers across different
locations [15, 16].
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Abstract: Artificial Intelligence (AlI) is transforming healthcare by enhancing
diagnostic accuracy and optimising treatment planning. This chapter explores the
pivotal role of Al technologies in revolutionising healthcare delivery, with a focus on
diagnostics and treatment planning. Al, encompassing Machine Learning (ML),
Natural Language Processing (NLP), Computer Vision (CV), and Deep Learning (DL),
is utilised to analyse vast amounts of medical data, enabling early detection of diseases
such as cancer and neurological disorders, and improving predictive analytics for
disease progression. In diagnostics, Al facilitates the identification of patterns and
biomarkers, empowering precision medicine and genomic profiling. During treatment
planning, Al-powered Decision Support Tools give personalised recommendations
while tailored medicine adapts therapies based on genetics and patient profiles. Al-
assisted planning for surgery and medication optimisation further boosts the effects of
interventions. Integrating Al brings numerous benefits, including higher diagnostic
precision, lower healthcare costs, faster timelines for intervention, and improved
outcomes for patients. This chapter ends by discussing future directions for Al in
healthcare, such as incorporating wearable tech, real-time decision systems, and Al-
driven global access to care. This chapter emphasises Al's transformative potential in
making healthcare more efficient, accessible, and personalised.
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INTRODUCTION

Artificial intelligence in healthcare leverages sophisticated computational
methods to achieve functions like people, empowering machines to perform duties
involving information examination, pattern noticing, choice rendering, and
predictive construction [1]. Optimised Al in healthcare progresses one action
further by concentrating on boosting productivity, accuracy, accessibility, and
scalability, which, in the long run, revolutionises diagnostics and treatment
preparation. By tapping machine learning, natural language handling,
computerised vision, and robotics, Al has become a transformative compel in
contemporary medicine. It integrates effortlessly into diverse clinical domains,
addressing essential challenges such as resource confines, human mistakes, and
the ever-growing demand for personalised care [2, 3].

The base of Al in healthcare lies in its aptitude to process massive amounts of
organised and unstructured clinical information at unprecedented speeds. This
capacity allows the identification of designs that may evade human intellect, thus
backing early diagnosis and sickness prevention. For example, ML algorithms can
analyse ancient patient records to anticipate the emergence of persistent
conditions, while NLP tools can extract valuable insights from clinical notes and
medical literature. Similarly, computerised vision facilitates the interpretation of
complex imaging data, enhancing the accuracy of radiological and pathological
assessments [4, 5].

Optimised Al in healthcare focuses not only on automation but also on
augmenting human expertise. In diagnostics, Al aids clinicians in identifying
diseases more accurately and effectively. Algorithms trained on vast datasets can
recognise anomalies in imaging studies, such as X-rays or MRIs, with precision
levels comparable to or exceeding those of human experts. For instance, Al tools
have demonstrated exceptional performance in detecting early-stage cancers,
cardiovascular diseases, and neurological disorders. This capability ensures timely
intervention, significantly improving patient outcomes [6, 7].

In treatment planning, Al enables personalised and evidence-based approaches.
By analysing genetic, lifestyle, and clinical data, Al systems recommend tailored
therapies that align with individual patient profiles. Precision medicine, driven by
Al, is revolutionising oncology, where treatment regimens are customised based
on genetic mutations specific to a patient’s cancer. Additionally, Al-powered
decision support systems assist healthcare providers in making informed choices,
ensuring optimal care delivery while minimising risks [8, 9].
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Historical Context of Al in Healthcare

The journey of artificial intelligence in healthcare began merely as an ambitious
vision but has gradually transformed into a revolutionary force sculpting modern
medicine. Al's integration into healthcare can be traced back to the 1960s with the
development of expert frameworks like MYCIN, which leveraged rule-based
algorithms to aid in diagnosing bacterial infections and advising therapies.
Although these initial frameworks indicated potential, their practical applications
were confined by the computational abilities and accessible data of the time. In
spite of these restrictions, they established the foundation for Al's part in
healthcare by demonstrating its ability to augment clinical decision-making [10,
11].

The late 20" century saw significant progress with the advent of machine learning,
a subset of Al focused on pattern recognition and predictive modelling. During
this period, healthcare systems began exploring Al for medical imaging,
leveraging algorithms to analyse X-rays and other scans. However, the reliance on
small datasets and rudimentary computational tools hindered widespread
adoption. The advancements in data storage and processing power enabled the
emergence of more sophisticated Al tools. Yet, the lack of interoperability among
healthcare systems and regulatory uncertainties posed challenges to their
integration [12, 13].

The turn of the 21* century marked a turning point as the convergence of big data,
cloud computing, and progressive machine learning algorithms unlocked fresh
possibilities. Electronic Health Records (EHRs) became a cornerstone for Al
applications, providing rich datasets for training predictive models. Technologies
like Natural Language Processing (NLP) began to parse unstructured medical
data, making it accessible for examination. This period also saw Al applications
in genomics, drug discovery, and personalised medicine, expanding its scope
beyond diagnostics [14, 15].

Relevance in Diagnostics and Treatment

Al's integration into healthcare diagnostics and care planning plays a pivotal role
in transforming the industry into a personalised, optimised system. In today's era
marked by escalating demands for precision, velocity, and proficiency in medical
services, Al delivers unrivalled capabilities to meet these needs. Its relevance
stems from analysing enormous datasets, discovering patterns, and providing
valuable insights more accurately than traditional approaches. These capabilities
ensure that diagnoses are carried out efficiently and accurately while
revolutionising treatment planning through customised care and optimised
outcomes [16, 17].
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Abstract: The Internet of Things (IoT) is a revolutionary element in the sector of
healthcare; it assists in bringing efficiency, effectiveness, and accessibility; hence, it is
a productive asset to keep in use and also boosts positive outcomes for every patient.
The Internet of Things (IoT) in healthcare is the chassis of all connected devices and
systems that enables the real-time collection, transmission, and analysis of health data.
This chapter describes the fundamental elements of [oT in healthcare, such as wearable
devices, sensors, connectivity technologies, data analytics, and mobile applications. It
mentions major usages such as RPM (Remote Patient Monitoring), Smart hospitals,
personalised medicine, medication management, and telemedicine. It also covers how
IoT-enabled diagnostics and treatment connect by looking at real-time data integrated
with Electronic Health Records (EHR) and Al decision-making tools. The advantages
of IoT in improving patient safety, reducing expenses, and automating healthcare
functions are highlighted. It also tackles challenges such as data security and privacy
issues, and it discusses interoperability and technical problems like the reliability of
networking. This chapter aims to provide a comprehensive overview of how IoT is
revolutionising healthcare by improving patient monitoring, enhancing diagnostic
accuracy, and enabling personalised, efficient treatments.
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INTRODUCTION

The Internet of Things (IoT) is a game-changing idea that consists of a collection
of devices that are connected to the Internet along with sensors, software, and
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communication technologies that allow these devices to gather, communicate, and
act on data [1]. In healthcare, IoT utilises these potentials to develop intelligent
systems that provide better patient care, improve clinical workflows, and
ultimately increase the efficiency and accessibility of medical services. Using
IoT-enabled devices like wearable health monitors, innovative diagnostic tools,
and connected medical devices, healthcare providers will perform more accurate
diagnoses and customised treatments and also act on time. It is increasingly
becoming a pillar of modern-day healthcare systems, changing the way in which
care is provided and managed [2, 3].

IoT allows devices to connect and function within a network. Hence, the
collection of data in real-time is possible, which can be forwarded to the
centralized systems for analysis. This framework is applied in healthcare, having
various applications such as vital signs monitoring and chronic disease
management. Connected devices like smartwatches, glucose monitors, and
inhalers can monitor patient health in real-time so that patients and providers have
current data available at all times. With vast amounts of health data made feasible
through the combination of cloud computing, Artificial Intelligence (Al), and
wireless communication, providing a robust infrastructure for the collection,
storage, and processing of health data, the [oT will continue to take on extensive
adoption [4, 5].

IoT devices are not just wearable or monitoring tools. For example, if a patient is
in a bright hospital bed with sensors that track movements, it could help identify
early signs of complications such as bedsores. Connected infusion pumps also
help deliver the correct doses of drugs, and Real-Time Location Systems (RTLS)
allow easy management of hospital resources. These innovations highlight the
seamless integration of 10T in clinical and operational healthcare settings. It offers
benefits in both clinical solutions and operational solutions [6].

IoT Adoption in Healthcare

The adoption of IoT in healthcare has seen rapid growth in recent years because of
the increasing demand for patient-centric care and an efficient healthcare delivery
system. A new report from the industry states that the global 10T healthcare
market is expected to increase due to increasing investments, technology
innovations, and the need to solve drawbacks associated with traditional
healthcare systems. The spheres in which some of these [0T solutions, such as
patient monitoring, telemedicine, drug management, and surgical assistance, are
implemented are growing in number and size [7].

Smart hospitals and clinics are becoming the established norm in developed
countries, taking advantage of innovative technologies to drive operational
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efficiency and enhance patient outcomes. For instance, IoT devices power
telehealth services, enabling physicians to diagnose and treat patients remotely.
During the COVID-19 pandemic healthcare professionals strived to provide care
to patients while minimizing exposure and risk to the spread of infectious
diseases, which caused the dependence on loT-based telemedicine to dramatically
increase. Similarly, wearable health devices such as fitness trackers and smart
glucose meters became essential tools for managing chronic diseases and
encouraging preventive care [8, 9].

Even emerging economies are beginning to realize the potential of IoT to solve
healthcare accessibility problems. Remote monitoring systems for patients linked
to quality medical care for rural or underserved populations, without the
inconvenience of a physical visit to a healthcare facility, by way of loT-enabled
technology. IoT has enabled governments and organisations to invest in such
technologies, which can allow them to circumvent resource constraints, decrease
healthcare disparities, and expand coverage in remote areas [10, 11].

IoT for Efficiency and Accessibility in Healthcare Industry

IoT in healthcare has the potential to improve efficiency tremendously by
automating processes and minimizing human intervention, reducing the chances
of manual mistakes, and also enabling data-driven decision-making. IoT devices,
can streamline tasks like patient appointment scheduling, inventory management,
and equipment usage tracking. It relieves staff of administrative work leading
them to dedicate more time to the patients. Besides, the use of [oT devices in real-
time monitoring reduces the delays in the identification of health consequences
and timely delivery of treatments, preventing the worsening of medical states [12,
13].

IoT addresses vital gaps in accessibility, with the ability to enhance diversity and
availability of healthcare services. [oT technology is beneficial in the management
of chronic diseases such as diabetes, hypertension, and cardiovascular diseases,
which require constant monitoring. [oT devices can also send patients' raw data
directly to healthcare providers, allowing them to modify treatment plans or
suggest appropriate advice in real-time without an in-person appointment [14].

COMPONENTS OF 10T IN HEALTHCARE

The core components of 10T in healthcare create a robust ecosystem for improved
patient care and operational efficiency. Fig. (1) illustrates the core components of
IoT in healthcare.
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Abstract: Blockchain is rapidly developing in many sectors, and it is promising its
application specifically for healthcare. This chapter examines the potential of
blockchain technology to offer solutions to some of the key problems in healthcare
systems, including data breaches, fragmented systems, and the apparent lack of patient
control over their health records, all of which could be addressed through the use of
secure and transparent blockchain systems. With its sophisticated encryption
technology, consensus algorithms, and decentralised access control, Blockchain is
well-suited to securing sensitive healthcare data. The chapter explores the technical
architecture of Blockchain in healthcare, contrasting public and private blockchains and
looking at the role of consensus mechanisms such as proof-of-stake and proof-of-
authority. Some critical healthcare-based applications are the management of secure
patient data, the management of the drug supply chain, clinical trials, and medical
billing, in which Blockchain helps keep the data integrity, fraud prevention, and
compliance assurance. Despite its promising benefits, challenges such as scalability,
high implementation costs, and resistance to change within the healthcare ecosystem
are discussed as well. By addressing these limitations, Blockchain can significantly
improve the security and transparency of healthcare systems.
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INTRODUCTION

Blockchain technology is a secure, transparent, and immutable decentralised and
distributed ledger system that enables transactions to be stored. At its core,
blockchain is a chain of blocks, and each block is made with a group of data,
usually transactional data. They connect these blocks using cryptographic hashes
to secure both the information and the order of events. Blockchain runs on a peer-
to-peer (P2P) network of computers or nodes, in contrast to traditional centralised
databases, where one entity retains control. The ledger is shared among all nodes
in the network, meaning transactions are verified through a consensus mechanism.
By doing so, it removes the reliance on third parties, minimises the chances of
fraud, and provides greater confidence between the parties involved [1, 2].

In 2008, blockchain technology was first introduced as the underlying technology
for Bitcoin, a digital cryptocurrency. Since its inception, it has gone beyond
cryptocurrency applications to a diverse collection of industries such as health,
finance, supply chain, and government services. Harnessed on its essential traits,
such as transparency, security, immutability, and decentralisation, it turned out to
become a revolutionary technology. If one has to make a record, everyone within
the network has access to the records made for an auditable trial, resulting in
complete transparency. Data is protected with cryptographic algorithms,
preventing tampering without consensus, which ensures a higher level of security
than before. Data is uploaded to the blockchain, and once added, the data is
permanent, providing a trusted record of transactions [3, 4].

Features of Blockchain

Blockchain, a revolutionary technology, has become a cornerstone of modern
digital innovation, redefining how information is stored, shared, and secured. The
key features of Blockchain are summarised in Fig. (1) and further described
below.

Decentralisation

Decentralisation is the first and foremost step of the blockchain itself; the object
of the blockchain is to remove any central body or any other body that would give
permission or validate transactions. Whereas in traditional centralised systems,
one database is controlled by one entity, whereas a blockchain ledger is
distributed across many nodes. All nodes have a local copy of the blockchain,
which is updated through a consensus mechanism by which a transaction is
considered valid; there are many of them, such as Proof of Work (PoW), Proof of
Stake (PoS) and many others, which can even be more efficient, such as
Delegated Proof of Stake (DPoS). Because it is decentralised, the network is
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resilient and tolerant to failures; even if some nodes fail or are compromised, the
network continues to operate. In addition, decentralisation provides less exposure
to single points of failure like cyberattacks and server outages, improving security
and trust [5 - 7].

[> Decentralization

Key Features of

[> Immutability

Blockchain

[> Transparency

Fig. (1). Features of blockchain technology.

Immutability

Blockchain immutability means that once data is recorded on the ledger, it cannot
be changed. Transactions in a blockchain are created and grouped as a block and
linked one after another sequentially in a chain with the help of cryptographic
hashes. The design of hash-based linking guarantees that if the contents of a block
were to be changed, all subsequent blocks would need to recomputed hashes,
which is extremely computationally expensive. Combined with consensus
algorithms, this immutability establishes an incorruptible ledger of transactions,
making blockchain suitable for high-integrity data applications, including
financial audits, medical records, and legal documents. Immutability enhances
trust, and users are able to prove that a piece of data is authentic without the
promise of immutability because the data cannot be manipulated or forged [8, 9].

Transparency

Transparency further amplifies the trustworthiness of blockchain systems. In
public Blockchains like Bitcoin and Ethereum, transaction data is accessible to all
participants in the network. While users' identities are pseudonymous, the
visibility of transaction details ensures accountability and prevents unethical
practices. For instance, in supply chain management, Blockchain allows
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