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Preface

Although the implementation of Clinical Engineering has been around 
as long as healthcare services existed, it is considered as a relatively new 
field of study worldwide, especially in developing countries. Considering the 
importance of understanding different aspects of clinical engineering, it is 
necessary, especially for students majoring in Biomedical Engineering to take 
Clinical Engineering as a subject. Clinical engineering subject covers a wide 
range of topics related to healthcare services.

This book entitled “Clinical Engineering and Its Essential Roles in the 
Healthcare System” aims to provide students, clinical engineers, and other 
healthcare professionals with a reference to fully understand the basic 
principles and practices of clinical engineering in a hospital setting as well as 
infrastructure and supporting elements surrounding the healthcare ecosystem.

In most cases, clinical engineering is closely related to a hospital setting such 
as medical technology assessment and management, hospital infrastructure, 
and integrated systems. Interconnection and ecosystem among different 
departments in a hospital setting are of important aspects that need to be fully 
mastered by students and prospects of clinical engineering professionals. To 
give students a clear perspective and prospects as a Clinical Engineer, the 
subject must also discuss their prospective tasks and career paths. In addition 
to career paths, which are within a hospital organization, clinical engineering 
principles need to be implemented and communicated throughout the entire 
healthcare system. Therefore, career paths of clinical engineers are not 
limited to a hospital setting but also include, among others, research and 
development, vendors, calibration, maintenance and standardization as well 
as regulatory agencies.

Chief Editor

Kholis Abdurachim Audah, Ph.D
 Associate Professor, Department of Biomedical Engineering, Swiss 

German University, Tangerang, Indonesia
 



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

vii

Table of Contents
 

Editors	 ..................................................................................................     ii
Contributors ..........................................................................................    iii
About the Editors ..................................................................................    iv
Preface	..................................................................................................    vi
Tables of Content ..................................................................................   vii
List of Figures	 .....................................................................................   xiv
List of Tables .........................................................................................   xvi
Chapter 1 Introduction to Clinical Engineering ...................................     1
1.1	 Introduction ...................................................................................     1
1.2	 Definition ......................................................................................     2
1.3	 Interdisciplinary Nature of Clinical Engineering ..........................    2
1.4	 Clinical Engineer Department in Hospital Frame .........................    4
1.5	 History of Clinical Engineering ....................................................    6

1.5.1    1600s .................................................................................    6
1.5.2    1900s .................................................................................    6
1.5.3    1950s .................................................................................    7
1.5.4    1970s .................................................................................    7 
1.5.5    1980s .................................................................................    8
1.5.6    Twenty-First Century ........................................................    8

1.6	 Challenges and Future Directions .................................................    8
References ............................................................................................   10
Chapter 2 Current Development of Clinical Engineering	 ....................  11
2.1	 Introduction ...................................................................................   11
2.2	 Trends and Challenges ..................................................................   12
2.3	 Current Development of Clinical Engineering in Indonesia .........   15
2.4	 Positioning of Clinical Engineering Profession in Indonesia .......   17
References ............................................................................................   20
Chapter 3 Hospital Technology Management .......................................  21
3.1	 Introduction ...................................................................................   21

ii
iii
iv
vi
vii
xiv
xvi
1
1
2
2
4
6
6
6
7

7
8
8
8
10
11
11
12
15
17
20
21
21



Clinical Engineering And Its Essential Roles in The Healthcare System

viii

3.2	 The Roles of Hospital Technology Management ..........................     22
3.3	 Actors of Hospital Technology Management	 ................................    23
3.4	 The Components of Hospital Technology Management ...............    26

3.4.1   Technology Assessment.......................................................   26
3.4.2   Procurement and Acquisition .............................................    26
3.4.3   Management .......................................................................    27
3.4.4   Maintenance and Calibration ..............................................   27
3.4.5   Budget Management ...........................................................   27
3.4.6   Hospital Safety and Risk Management ..............................    28
3.4.7   Communication Technology Management .........................   28
3.4.8   Lifecycle Management .......................................................   28
3.4.9   Data Management ...............................................................   29

3.5	 Healthcare Infrastructure ...............................................................   29
3.6	 Advantages & Challenges .............................................................   31
References ............................................................................................   33
Chapter 4 Health Technology Assessment ...........................................   35
4.1	 Introduction ...................................................................................   35
4.2	 Background of HTA ......................................................................   36
4.3	 Health Technology Assessment in a Nutshell ................................  38
4.4	 Example of HTA in Action ............................................................  39
4.5	 Process of Health Technology Assessment ...................................  40
4.6	 Methods of In-House Evaluation for Medical Technology Assessment    43
4.7	 Ethical Consideration in Health Technology Assessment .............  45
4.8	 Health Technology Assessment Agencies .....................................  46
4.9	 Training and Support for Healthcare Providers in Health 
	 Technology Assessment ................................................................   47
4.10	 Health Technology Assessment in Different Countries ................   48
References ............................................................................................   49
Chapter 5 The Roles of a Clinical Engineer in a Hospital Setting	 .......  51
5.1	 Introduction ...................................................................................  51

22
23
26
26
26
27
27
27
28
28
28
29
29
31
33
35
35
36
38
39
40
43
45
46

47
48
49
51
51



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

ix

5.2	 Understanding Hospital as a System	 .............................................   51
5.3	 Relation Between Clinicians and Medical Technology .................   53
5.4	 The Distinctiveness of Clinical Engineer ......................................   54
5.5	 The Role of Clinical Engineer in Hospital ....................................   54

5.5.1    Healthcare Technology Management - Supporting and 
	      Advancing Care ..............................................................   56
5.5.2    Healthcare Technology Management – Medical Device 
	      Management ......................................................................   58

5.6	 Challenges Encountered by Clinical Engineers in Hospital
        Environments ................................................................................   60
5.7	 Healthcare Facilities Management Unit (HFM) and Clinical 
	 Engineering in Hospital .................................................................   61

5.7.1  Organization Framework of HFM in Hospital ....................   63
5.7.2  Workflow in HFM for Medical Devices Technical Services   67

5.8	 Conclusion	......................................................................................  69
References .............................................................................................  70
Chapter 6 Managing Complex Clinical System ...................................   71
6.1	 Introduction ....................................................................................  71
6.2	 Understanding Complexity in Clinical Systems ............................  72
6.3	 Complex Health System History ...................................................   74
6.4	 Complex Health System Today .....................................................   75
6.5	 Network and Community Structure in Health Systems .................  76
6.6	 System Selection and Implementation ..........................................   79

6.6.1   Strategies for Workflow Optimization ................................  79
6.6.2   Promoting Interoperability ..................................................  80
6.6.3   Minimizing Data Silos ........................................................  80

6.7	 Challenges in Clinical System that Could be Solved using
	 Complex System ............................................................................   81
6.8	 Challenges in Complex Clinical System .......................................   83
References .............................................................................................  84
Chapter 7 Integrated Risk and Quality Management in Hospital Systems    86

51
53
54
54

56

58

60

61
63
67
69
70
71
71
72
74
75
76
79
79
80
80

81
83
84
86



Clinical Engineering And Its Essential Roles in The Healthcare System

x

7.1	 Introduction ...................................................................................    86
7.2	 Historical Context ..........................................................................   87

7.2.1    20th Century ......................................................................   87
7.2.2    21st Century .......................................................................   88

7.3	 Risk Management in Hospital Systems ........................................    89
7.3.1    Risk Assessment Methodologies .......................................   89
7.3.2    Risk Mitigation Strategies .................................................   91

7.4	 Quality Management in Hospital Systems ....................................   92
7.5	 Quality Improvement Methodologies ...........................................    92

7.5.1    Model of Improvement ......................................................   92
7.5.2    SWOT Analysis .................................................................   93
7.5.3    Lean Analysis ....................................................................   94

7.6	 Key Performance Indicators (KPIs) for Quality ...........................   97
7.7	 Regulatory and Compliance Considerations	 ................................   97
7.8	 Conclusion	 ....................................................................................  98
References ............................................................................................   99
Chapter 8 Clinical Engineering and Disaster Preparedness .................  100
8.1	 Introduction ...................................................................................  100
8.2	 Why Clinical Engineers? ..............................................................  101
8.3	 Risk Assessment ............................................................................ 103
8.4	 Technology and Innovation	........................................................... 105
References ............................................................................................ 107
Chapter 9 Human Factors Engineering in Healthcare .......................... 109
9.1	 Introduction ................................................................................... 109
9.2	 Importance of HFE in Healthcare .................................................  109

9.2.1    Enhancing Patient Safety and Reducing Medical Errors     110
9.2.2    Improving Healthcare Provider Satisfaction and Efficiency  110
9.2.3   Optimizing Workflow and Minimizing Adverse Events ....  110
9.2.4    Boosting User Experience with Medical Devices and Technology   111

86
87
87
88
89
89
91
92
92
92
93
94
94
97
98
99
100
100
101
103
105
107
109
109
109
110
110
110
111



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

xi

9.3	 Key Principles of HFE in Healthcare ............................................  111
9.3.1    User-Centered Design .......................................................  111
9.3.2    Task Analysis ....................................................................  112
9.3.3    Usability Testing ...............................................................  112
9.3.4    Error Prevention ................................................................ 113
9.3.5    Feedback and Continuous Improvement ........................... 113

9.4	 Application of HFE in Healthcare ................................................. 114
9.4.1    Medical Device Design .....................................................  114
9.4.2    Health Information Technology (HIT) ..............................  114
9.4.3    Workplace Design .............................................................  115
9.4.4    Medication Management ................................................... 115

9.5	 Challenges	.....................................................................................  115
9.5.1    Organizational Resistance to Change	 ................................  116
9.5.2    Limited HFE Expertise and Training	................................   116
9.5.3    Financial Constraints .........................................................  117
9.5.4    Complexity of Healthcare Systems ...................................  117
9.5.5    Data Privacy and Security Concerns .................................  118

9.6	 Conclusion	.....................................................................................  118
References ............................................................................................  119
Chapter 10 Management of New Technologies: Software and Integrated
Systems	 .................................................................................................  122
10.1	 Introduction ...................................................................................  122
10.2	 Past, Present and Future View of Clinical Engineering Software 
	 Systems ..............................................................................................  122

10.2.1    Electronic Health Record (EHR) ....................................   123
10.2.2    Clinical Decision Support Systems (CDSS) ...................   123

10.3	 Integrated Systems in Healthcare ..................................................  130
10.3.1    Examples of Integrated Systems .....................................   131
10.3.2    Strategies for Successful Integrated Systems ..................  132

10.4	 Software Lifecycle Development ..................................................  133

111
111
112
112
113
113
114
114
114
115
115
115
116
116
117
117
118
118
119

122
122

122
123
123
130
131
132

133



Clinical Engineering And Its Essential Roles in The Healthcare System

xii

10.5	 Conclusion ...................................................................................  147
References ............................................................................................. 148
Chapter 11 Current Trends and Career Prospects of Clinical Engineering   150
11.1	 Introduction .................................................................................... 150
11.2	 Importance and Role in Healthcare ...............................................  151

11.2.1    Enhancing Patient Safety and Care Quality ....................  151
11.2.2    Facilitating the Integration of New Technologies ...........  151
11.2.3    Managing Healthcare Technology Assets ........................ 152
11.2.4    Supporting Regulatory Compliance and Quality Assurance   152
11.2.5    Driving Innovation and Research .................................... 152
11.2.6    Enhancing Operational Efficiency ................................... 153

11.3	 Emerging Technologies in Clinical Engineering ........................... 154
11.3.1    Advancements in Medical Devices .................................  154
11.3.2    Integration of AI and ML ................................................  154
11.3.3    Telemedicine and Remote Monitoring ............................  154
11.3.4    Wearable Health Technologies ........................................  135
11.3.5    Internet of Medical Things (IoMT) .................................  155

11.4	 Regulatory and Compliance Trends  ...........................................
11.4.1    FDA and International Regulations	.................................  156
11.4.2    Medical Device Certification and Standards	....................  156
11.4.3   Quality Assurance and Risk Management ........................  157

11.5	 Healthcare Systems and Infrastructure ..........................................  158
11.5.1    Smart Hospitals and Healthcare Facilities .......................  158
11.5.2    Health Information Systems and EHR Integration ..........  159
11.5.3    Cybersecurity in Healthcare Technology .........................  159

11.6	 Sustainability and Green Initiatives	..............................................  160
11.6.1   Eco-friendly Medical Devices ..........................................  160
11.6.2   Sustainable Practices in Clinical Engineering ..................  161

11.7	 Data Analytics and Big Data .........................................................  162
11.7.1    Role of Big Data in Clinical Decision Support ...............  162
11.7.2    Predictive Analytics in Healthcare ..................................  163

135
135
137
137
137
138
138
138
139
140
141
142
142
142
142
143
143
144
144
144
145
146
146
147
147
148
148
149
150
150
151



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

xiii

11.8	 Career Opportunities in Clinical Engineering ...............................  163
11.8.1   Strategic Planning ............................................................   164
11.8.2   Capital Budgeting ............................................................   167
11.8.3   Procurement .....................................................................   170
11.8.4   Installation	................................................................................  173
11.8.5   Capitalization & Depreciation ..........................................  176
11.8.6   Operation ..........................................................................  179
11.8.7   Tracking ............................................................................  182
11.8.8    Maintenance ....................................................................  184
11.8.9    Auditing ...........................................................................  187
11.8.10  Disposal ...........................................................................  189

11.9	 Challenges and Future Directions .................................................  192
11.9.1    Addressing Ethical and Privacy Concerns ......................  192
11.9.2    Overcoming Technological and Operational Challenges  192
11.9.3    Future Outlook and Potential Developments ..................  193
11.9.4    The Future of Clinical Engineering Specialization and 
	        “Bioclinical Engineers” ..................................................  193

11.10 	 Conclusion ........................................................................................  194
References ............................................................................................  195
INDEX	 .................................................................................................  201
 

151
152
154
157
159
162
164
167
169
171
174
176
176
176
176

177
178
179
184



Clinical Engineering And Its Essential Roles in The Healthcare System

xiv

List of Figures

Figure 1.1
Diagram of clinical engineer interactions in a hospital setting .............   3

Figure 1.2
Organizational chart showing key connections between clinical 
engineering and other services .............................................................    5

Figure 1.3
Matrix diagram showing the teamwork and mutual dependence 
among healthcare team members .........................................................   6

Figure 4.1
Life-cycle health technology assessment process framework ..............   41

Figure 5.1
Clinical engineering activities ..............................................................   60

Figure 5.2
Typical Organization Chart for Healthcare Technology Program	 ......   69

Figure 5.3
Organization Chart for Clinical Engineering Program in (A.) Class C, 
(B.) Class B, and (C.) Class A Hospitals .................................................    72

Figure 6.1
Complex system features .....................................................................    80

Figure 6.2
Traditional organigram view of hospital	  ............................................   85

Figure 6.3
Illustrative network depiction of the same hospital .............................   86

3

5

5

38

56

64

67

72

77

78



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

xv

Figure 7.1
Quantitative level of FMEA .................................................................  100

Figure 7.2
Model of improvement .........................................................................   103
 

91

93



Clinical Engineering And Its Essential Roles in The Healthcare System

xvi

List of Tables

Table 4.1
Example of Framework for HTA implementation in an academic-
based health center ................................................................................  45

Table 4.2
Example of pre-purchase evaluation using weighted matrix ...............   47

Table 4.3
Example of advantage and disadvantage comparison ..........................   48

Table 10.1
Some important requirement analysis for SLC development ..............  146

Table 11.1
Potential job opportunities and professions of strategic planning ........  166

Table 11.2
Potential job opportunities and professions of capital budgetting	 ......   169

Table 11.3
Potential job opportunities and professions of procurement ................    172

Table 11.4
Potential job opportunities and professions of installation	 ..................   175

Table 11.5
Potential job opportunities and professions of capital depreciation ..... 178

Table 11.6
Potential job opportunities and professions of operation  ....................   181

Table 11.7
Potential job opportunities and professions of tracking .......................   183

41

44

45

134

153

156

159

161

164

166

168



Kholis Abdurachim Audah, Jason Darmadi, Eva Suarthana

xvii

Table 11.8
Potential job opportunities and professions of maintenance .................  186
 
Table 11.9
Potential job opportunities and professions of auditing .......................   188

Table 11.10
Potential job opportunities and professions of disposal ......................   188

170

173

175



— PREVIEW BERAKHIR DI SINI —

CLINICAL ENGINEERING AND ITS
ESSENTIAL ROLES IN THE

HEALTHCARE SYSTEM

Editors: Kholis Abdurachim Audah  ·  Jason Darmadi  ·  Eva Suarthana
UI Publishing, Jakarta  ·  ISBN 978-623-333-996-4

Cetakan pertama 2025  ·  xviii + 190 halaman  ·  11 bab

Yang baru saja Anda baca adalah bagian depan buku.

Sebelas bab isinya — dari manajemen teknologi rumah sakit,
penilaian teknologi kesehatan, kesiapsiagaan bencana, sampai

prospek karier — tersedia di buku lengkapnya.

Pesan buku lengkap via WhatsApp

+62 852-8619-5334

SciencePreneur  —  Bringing Science to Solve Real-World Problems
www.sciencepreneur.com  ·  admin@sciencepreneur.com

Pratinjau ini memuat bagian depan buku saja. Hak cipta ada pada penulis dan UI Publishing.


