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Why Indicators?

•You can’t manage what you do not measure.”
• Attributed to USA management expert Peter Drucker

• Discussed widely in CE-BME Community prior to 2000 by CE Robert (Bob) Morris

• “Where are the Ventilators? The Oxygen equipment?
• The World Health Organization (WHO) World Health Assembly 2020 & 2021

• This is the group of Ministers of Health (MOH) from WHO’s 194 Member States

• WHO as a result expanded the scope of the CE-BME profession to lifecycle management of 
traditional medical devices, PPE, oxygen sources and delivery devices, and digital health tools 
during the pandemic

•My Own Clinical Engineering Journey https://www.youtube.com/watch?v=VClAgQXw1Uw

https://www.youtube.com/watch?v=VClAgQXw1Uw
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So Many Perspectives: What’s Most Important? 
Impact on Clinical Outcomes!

• 30 years of CE-HTM Indicator History
• Grounded through our profession’s World Health Organization (WHO) partnership

• Gaining wider Healthcare System views and impacts from quality, safety, & benchmarks

• One of several key Elements: our CE-HTM Capacity Building Framework

• Asset Management

• Nomenclature

• Digital Health

• Case Studies

• Next Steps – including AI, IoT and more
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Our Indicator History & Current Perspective

• 2025 IADB Measures of Hospital Efficiency and Quality
• Covers LA&C perspectives. “Hospital performance is influenced not only by 

internal processes but also by the overall health system. Therefore, 
considering the environment and context is critical to interpreting any 
performance indicator at the hospital level. For example, context will be 
relevant to fully understand whether extended lengths of stay result from 
poor hospital performance or from a broader health system issue, such as lack 

of medical equipment or services, or human resources.“ Typical documents 
such as this for the most part completely ignore management of 
Health Technologies as envisioned by the World Health Organization.

• 2024 GCEA-AAMI HTM Benchmarking Guide (USA 2021) 

• Over 100 CE-HTM Indicators used in the USA & globally with definitions 
provided; translated into 5 other global languages so far, 5 others pending

• 2023 Global CE Community, CE-BME Capacity Building 
Framework (GCEA & IFMBE CE Division combined efforts), next page

• Outlines key CE-BME key Capacity Indicators across countries 

• 2020 CE-HTM Indicators CED Webinar, Luis Fernandez, Jennifer 

DeFrancesco 

• Hospital & Department Profiles; Safety; 

• Program & Financial Performance; Program Maturity; 

• Interoperability & Cybersecurity; Inventory Management; Other

• 2019 Global Clinical Engineerng Handbook Indicators chapter, 

Antonio Hernandez, Tom Judd

• Showed Indicators from the 2009 Study, below

• 2018 Global CE Journal Making a Difference: Global Health Technology Success 

Stories: Overview of over 400 submissions from 125 Countries, Yadin David, Tom Judd

• The stories were aggregated across 6 themes that demonstrated improved clinical 

outcomes: Innovation; Access; Health Systems; Safety & Quality; Healthcare 

Technology Management; (HTM) and e-Technology (Digital Health)

• 2009 WHO-Luxembourg Project Strengthening Healthcare 

Infrastructure and HTM for Optimized Health Service Delivery, Joachim Nagel, 

Adriana Velazquez, Antonio Hernandez, Tom Judd 

• Groups of Indicators: Implementation of HTM (national, centrally, & local levels);

• Quality of HTM; Impact of HTM on the investment / use of resources;

• Impact of HTM on the quality of care and patient safety

• 1989 WHO Manpower Development for a Health Care 

Technical Service, With global group developed Equipment 

Maintenance requirements across Health Care Technical Services, 
Yadin David, Tom Judd, Frank Painter, Robert Morris

https://www.iadb.org/en
https://publications.iadb.org/en/measures-hospital-efficiency-and-quality
https://aami.org/
https://www.globalcea.org/guides-technical-material
https://www.youtube.com/watch?v=x3jvmcQqEAU
https://www.sciencedirect.com/book/9780128134672/clinical-engineering-handbook
https://doi.org/10.31354/globalce.v1i1.43
https://iris.who.int/bitstream/handle/10665/70530/WHO_HSS_EHT_DIM_10.17_eng.pdf
https://iris.who.int/handle/10665/62102
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CE-BME Capacity Building Framework

Clinical Engineers:
• Manage Health Technologies 

(HT) through their lifecycle, 
according to World Health 
Organization methodologies

• Innovate to create new 
models and tools for 
healthcare delivery including 
Digital Health approaches

• Ensure Appropriate HT 
selection and deployment 
initially & Sustainability
during use

• Work through National CE-
BME Societies to assist 
Capacity Building at country 
and regional levels

• Have measurably improved 
healthcare Safety, Quality 
and Clinical Outcomes

• Addresses all Asset 
Management boxes / 
categories noted next

CE-BME & WHO:
• The World Health 

Organization (WHO) 
Medical Device Unit created 
the STAG MEDEV in 2022 to 
lead global HT improvement 
efforts, with many CE-BME 
on the team

• WHO measured 800K+ 
existing CE practitioners in 
2018 from 130+ countries; 
the Global CE community 
efforts now show over 1M 
colleagues in 200+ countries

• The Global CE Community 
50+ best practice webinars 
with WHO were attended 
by 160 countries 2020-2023 
during COVID-19 

• The Global CE Community 
joined WHO evaluations 
team in 2020-2024 to create 
WHO’s Compendia of 
innovative health 
technologies for low-
resource settings
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CE-HTM Indicators: Important but not Enough

• Asset Management Perspective – an anatomy, July 2024, Version 4 www.theIAM.org

CE-HTM in Context of Asset Management

http://www.theiam.org/
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1989 WHO: Focused on projected Annual 

Hours for Preventive (PM) & Corrective

Maintenance (CM)

2009 WHO: Focused on Impact of HTM on 

Quality of Care

2018 Global CE Journal: Showed 6 themes 

demonstrating improved clinical outcomes 

Success Story HTM Global Examples→→→

• Innovation

• Access

• Health System

• Safety & Quality

• Healthcare Technology 

Management (HTM) 

• e-Technology (Digital Health)
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2020 CED: Indicators in Context of 

Whole Hospital Performance
2024: GCEA-AAMI Translation of CE-HTM Benchmarking

Guide – 9 languages completed so far

2025: WHO Nomenclature: Example of Priority 

Infusion Devices for Cancer Management

2025 WHO Nomenclature MeDevIS
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Nomenclature, WHO DG EB156/13 report v1, January 2025

https://apps.who.int/gb/ebwha/pdf_files/EB156/B156_13-en.pdf Required Asset Standardization

The nomenclature for medical devices supports:
• patient safety;
• access to medical devices for universal health coverage;
• emergency preparedness and response;
• efforts to increase quality of healthcare;
• better supply systems;
• regulatory and post-market information;

towards the achievement of Sustainable Development Goal 3.
The availability of standardized nomenclature will avoid the
development and use of separate naming systems by each
organization.

Under the terms of a March 2024 agreement, the contents of
the WHO databases, including EMDN and GMDN
nomenclatures, may be copied, redistributed and adapted for
non-commercial purposes, provided that it is appropriately
cited. See this 2024 webinar for further description:
https://www.who.int/news-room/events/detail/2024/07/08/default-
calendar/webinar--nomenclature-of-medical-devices--emdn---gmnd

• The WHO Medical Devices Unit is described 
here: https://www.who.int/health-topics/medical-devices

• Medical devices are health products that are required
for protection, prevention, diagnosis, treatment,
rehabilitation and palliation, and that do not have a
pharmacological function.

• Through an evidence-based assessment process, WHO
publishes lists of priority medical devices for the
following conditions: reproductive, maternal, newborn
and child health; cancer management; COVID-19;
cardiovascular diseases and diabetes.

• The lists of priority medical devices are continuously
expanding to include other health conditions.

• To facilitate dissemination and data management, the
publications are hosted in the WHO medical devices
clearinghouse, the Medical Devices Information System
(MeDevIS) https://medevis.who-healthtechnologies.org/.

https://apps.who.int/gb/ebwha/pdf_files/EB156/B156_13-en.pdf
https://webgate.ec.europa.eu/dyna2/emdn/
https://www.gmdnagency.org/
https://www.who.int/news-room/events/detail/2024/07/08/default-calendar/webinar--nomenclature-of-medical-devices--emdn---gmnd
https://www.who.int/health-topics/medical-devices
https://medevis.who-healthtechnologies.org/
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Digital Health CE-HTM Tools
ITIL internal "configuration items“ 

Necessary Asset Management Inventory Fields

• software versions
• firmware updates
• security management (cybersecurity) 
• provenance of components
• network permission standards
• chip performance data
• memory
• capitalized upgrades
• manufacturing batches of the components
• Release management (patches)
• Software as Medical Device (SW MD)
• Internet of Things (IoT)
• And more …

• ITIL = IT Infrastructure Library
• Continuing to emerge new set of Asset Fields, 

software-based devices needing CE-BME 
standardization

• ITIL Configuration Management is a process that 
manages and controls an organization's IT assets. It 
includes identifying, controlling, and documenting 
the configuration of IT services and their 
components.
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Case Study 1: Kaiser Permanente (KP) Digital Operating Rooms (DOR)*
Multiple Manufacturers, Devices Integrated into EHRs, Improved Quality

1. DOR: KP began deploying Integrated or Digital OR (DOR) systems along with its High-
Definition (HD) Rigid Endoscopes via its national Surgeon & Perioperative Nursing
leaders purchasing group in 2006. By 2015, there were over 200 DOR systems in place
whose images were able to be integrated with PACS and EHR (called KP HealthConnect-
KPHC), allowing OR scheduling via the EHR and later image retrieval from PACS for
diagnoses.

2. Clinical Requirements met include: (1) Superior image quality of surgical video (HD),
with easy-to-use system features for staff, and supportable by KP Clinical Engineering
and KP IT. (2) Surgical images and video are able to be seamlessly integrated with PACS
systems and EHRs. (3) DOR functionality is able to keep pace with latest computer/tele-
communication technologies, eg, streaming video, e-consult Interfacing /
interoperability of various image sources with DOR systems, e.g., C- Arms, ultrasound,
and digital microscopes.

3. Quality Challenges include: (1) Device interoperability ensuring image quality when
using different DOR and Rigid Endoscopy suppliers; (2) Storage and retrieval of surgical
images with appropriate privacy and security compliance; and (3) Reliability,
reprocessing, and durability of surgical video Endoscopy.

4. Other Digital Health Challenges included: (1) Different image capture and management
strategies for different surgical sub- specialties; (2) Sending images to mHealth
platforms, eg, SmartPhones, Tablets while meeting needed privacy and security; (3)
Wireless image transfer and fidelity; and (4) Ongoing testing of image quality.

*Judd, 2023 Post-Market Surveillance (PMS) for Medical Devices: A Clinical Engineering (CE) Perspective
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Case Study 2: USA, KP Infusion Pump Systems
Single Manufacturer, Digital Health tools, Quality, Cybersecurity

1. Overview: Kaiser Permanente (KP) replaced Vendor X with 17,000 Vendor Y large volume 
infusion pumps (LVP) used for inpatient and clinic care across KP Regions.  KP had on 
average an LVP ‘Brain’ (PC Unit) and 1.5 Modules for each patient care set-up.  See 
Figure below for KP LVP IT Infrastructure.

2. Clinical Requirements were met by: utilizing Guardrails Drug Error Reduction System 
(DERS) with downloadable clinical quality information (CQI) per pump and 
programmable profiles per use area to monitor quality of use, and Drug Library data sets 
with 2500 programmable drugs across all settings.  A supporting Clinical Engineering
(called Clinical Technology-CT) / IT infrastructure was developed, with the ability to later 
integrate LVP into KP’s EHR.

3. Quality Challenges: Several USA FDA alerts re design, software (SW)/firmware, cleaning 
and infection control, equipment preventive maintenance, and other issues; over-
infusion Incidents supplier follow-up; warranty and post-warranty support concerns; and 
alarms, e.g., such as tubing setup and artifact interference in certain clinical settings.

4. Other Digital Health Challenges included: wireless challenges for CQI downloads and SW 
change management - took the manufacturer two years to re-design and correct the 
wireless card; eventually hit limit and need to exceed 2500 programmable drugs for all 

clinical use cases; and security protocols for all device use cases (Cybersecurity).
KP LVP Photo and KP IT Infrastructure
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Case Study 3: Mexico: IoT Applied to Hospital Infrastructure Projects**
2025: Interaction of Asset Management, CE and Enterprise Digital Health Tools

• TINC: Develop and implement software for asset management and
maintenance exclusively for health. Offer telemetry and RTLS services
for healthcare infrastructure optimization along with our partners.
https://cmmstinc.com/

• Digital Transformation Hospital infrastructure is critical to
healthcare. Digitalization and connectivity allow for more efficient

management. The Internet of Things (IoT) is key to this
transformation. Connected sensors collect data in real time, allowing
continuous monitoring and automatic alerts. Health applications:
medical equipment, infrastructure, security, reducing manual
measurements.

** TINC Mexico, Luis Fernandez, January 2025, Health Data Webinar

Interoperability of CE-BME, Business & 
Clinical IT systems

CMMS ERP HIS

ICU IT Support
• Costs of staff
• Patient-connected to EHR
• Medications used
• Materials & Services used
• Medical equipment usage
• Equipment Maintenance 

https://cmmstinc.com/
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What’s Next in 2025?

• Call for Action for all CE-BME-HTM worldwide!  Join GCEA as we build on the following!

• Artificial Intelligence (AI); see Dr. Ricardo Silva’s February 2025 GCEA Tech Snapshot

• Internet of Things (IoT); see Luis Fernandez, TINC Mexico January 2025 Health Data Webinar

• Impact on CMMS from Digital Health, Quality and Safety, eg, Cybersecurity

• Hospital and Health System Performance, perhaps through International Hospital Fed. recognition

• Clinical Engineering Department & Independent Service Organization (ISO) Accreditation
• More and more countries defining their Standards of Practice using CE-HTM Indicators

• CMBES Canada does CE Department Accreditation/Peer Review & ABEClin Brazil assists ISO Accred.

• GCEA with CMBES is developing Global CE Program Accreditation as well as collaborating with ISQua
for this approach

https://www.globalcea.org/technology-snapshots
https://ihf-fih.org/
https://abeclin.org.br/
https://ieea.ch/international-accreditation-programme/
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Thank you!
Tom Judd

judd.tom@gmail.com 


