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Measuring performances through 
Key Performance Indicators (KPIs)

2003

2006

2009

2020



2003

E. Rodriguez, A. Miguel, M. C. Sanchez, F. Tolkmitt and E. Pozo, "A new proposal of quality indicators for 
clinical engineering," Proceedings of the 25th Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society (IEEE Cat. No.03CH37439), Cancun, 2003, pp. 3598-3601 Vol.4, doi: 
10.1109/IEMBS.2003.1280931.



In this paper, we propose a set of five indicators which are used to 
control and evaluate the management of maintenance in clinical 
engineering.

The indicators allow comparison among equal institutions and open 
the doors to have active effects on the quality of management and 
make necessary changes to adjust a program.

They also permit to improve the results, broaden the experience in 
the use of quality indicators and to calculate to the potential of an 
organization.

E. Rodriguez, A. Miguel, M. C. Sanchez, F. Tolkmitt and E. Pozo, "A new 
proposal of quality indicators for clinical engineering," Proceedings of the 25th 
Annual International Conference of the IEEE Engineering in Medicine and 
Biology Society (IEEE Cat. No.03CH37439), Cancun, 2003, pp. 3598-3601 
Vol.4, doi: 10.1109/IEMBS.2003.1280931.



1.- Availability

The availability of medical equipment is based on the time each 
medical equipment in a hospital should be available, and its 
relation to the time, it is available. 

For example, if a clinical laboratory usually uses a medical equipment from 
8:00am to 11: 00am every workday, the equipment should be available 15h per 
week, and therefore 15h×52=780horas per year. 

In case the equipment is down from Friday 10:00am to the following Monday 
9:00am, the none-availability of the equipment is 5 hours and the indicator is 
calculated to be: IA[%]=775/780 100=∗ 99%.

An availability of medical equipment of over 90% is considered good.

E. Rodriguez, A. Miguel, M. C. Sanchez, F. Tolkmitt and E. Pozo, "A new proposal of quality indicators for clinical engineering," 
Proceedings of the 25th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (IEEE Cat. 
No.03CH37439), Cancun, 2003, pp. 3598-3601 Vol.4, doi: 10.1109/IEMBS.2003.1280931.



E. Rodriguez, A. Miguel, M. C. Sanchez, F. Tolkmitt and E. Pozo, "A new proposal of quality indicators for clinical engineering," 
Proceedings of the 25th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (IEEE Cat. 
No.03CH37439), Cancun, 2003, pp. 3598-3601 Vol.4, doi: 10.1109/IEMBS.2003.1280931.

2.- Compliance with the Plan of Preventive Maintenance

This indicator refers to the compliance with the planned maintenance for one year. 
It is calculated for 

1) the hours spent on preventive maintenance vs. the hours planned for 
preventive maintenance

and

2) the number of preventive maintenance interventions vs. the number of planned 
interventions.

This quality indicator is also displayed as a percentage, whereas a percentage of 
95% is considered to be good.



E. Rodriguez, A. Miguel, M. C. Sanchez, F. Tolkmitt and E. Pozo, "A new proposal of quality indicators for clinical engineering," 
Proceedings of the 25th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (IEEE Cat. 
No.03CH37439), Cancun, 2003, pp. 3598-3601 Vol.4, doi: 10.1109/IEMBS.2003.1280931.

3.- Effectiveness and the use of Time

This indicator refers to the effectiveness of productiveness of a 
department. It reflects the use of time for corrective and 
preventive maintenance. The effectiveness should be over 70%, 
in order to be competitive.

According to the definition, the term effectiveness describes the ability of achieving 
a goal, reaching a consequence or accomplishing an objective. In our case, this 
means that the majority (more than 70%) of time available should be used for 
preventive and corrective maintenance activities.

Back in 2003 clinical engineering
was still a matter of screwdrivers…



2003





How can I define an indicator?



Evolution of the discipline: KPIs 
and evidence

2003

2006

2009

2020



P. Kitcher, "Benchmarking Performance Improvement Indicators for the Clinical Engineering Department," Proceedings of the IEEE 32nd Annual Northeast 
Bioengineering Conference, Easton, PA, USA, 2006, pp. 137-138, doi: 10.1109/NEBC.2006.1629790.

2006



2006
The Indicators 
• % repairs completed in one working day = [number of 
CM events completed in one work- ing day / total number of 
CM events] * 100%

 • Total CE cost / device serviced = total cost for all CE 
activities / total number of devices receiving service 

• % PM complete = [# PM events completed / # PM events 
scheduled] * 100% 

• % Technician time spent on maintenance = 100% * 
[Time spent on inspection, incoming testing, PM, and 
corrective main- tenance] / [2,080 hours * number of 
technicians] 

• Customer satisfaction (5-point scale)

• CE department development = hours spent on 
development activities per year / [# of BMETs + Clinical 
Engineers + CE department Managers] 

• Technology Management Intensity: [# hours spent on 
these activities in one year / Total number of working hours 
for all CE depart- ment employees in one year] * 100% 
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Nagel J.H., Nagel M. (2009) Indicators for Evaluating and Measuring the Impact of Healthcare Infrastructure and Technology Management on 
Investments, Service Delivery and Quality of Care. In: Dössel O., Schlegel W.C. (eds) World Congress on Medical Physics and Biomedical 
Engineering, September 7 - 12, 2009, Munich, Germany. IFMBE Proceedings, vol 25/12. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-
3-642-03893-8_115

2009

Joachim H. Nagel



Nagel J.H., Nagel M. (2009) Indicators for Evaluating and Measuring the Impact of Healthcare Infrastructure and 
Technology Management on Investments, Service Delivery and Quality of Care. In: Dössel O., Schlegel W.C. (eds) World 
Congress on Medical Physics and Biomedical Engineering, September 7 - 12, 2009, Munich, Germany. IFMBE 
Proceedings, vol 25/12. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-03893-8_115

INDICATORS 

There are different motivations and goals to use indicators in a study and, 
consequently, the indicators being used must be optimized to achieve the specific aims 
of the study. In this project we have three different questions to be answered:

1. the degree to which health care infrastructure and health technology management 
have been established on local, regional and country levels, 

2. what the impact is of healthcare infrastructure and technology management on 
investments, service delivery, quality of care and patient safety, and 

3. how the functioning of healthcare infrastructure and technology management as 
well as their impact on the quality of care can be measured and improved. 

EVIDENCE!



Indicator Development Process 

A literature search for published, commonly cited and accepted 
indicators for evaluating and measuring the impact of healthcare 
infrastructure and technology management on investments, service 
delivery and quality of care was done without much success. 

Thus, a whole new set of indicators was developed by the authors. 

Looking at the aims and goals of this project it becomes obvious that 
there should be four different baskets of indicators for: 

1. the implementation of HTM, 
2. the quality of HTM, 
3. the impact of HTM on the investment / use of resources, and 
4. the impact of HTM on the quality of care and patient safety. 

Nagel J.H., Nagel M. (2009) Indicators for Evaluating and Measuring the Impact of Healthcare Infrastructure and 
Technology Management on Investments, Service Delivery and Quality of Care. In: Dössel O., Schlegel W.C. (eds) World 
Congress on Medical Physics and Biomedical Engineering, September 7 - 12, 2009, Munich, Germany. IFMBE 
Proceedings, vol 25/12. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-03893-8_115
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Evidence 
Based 
Maintenance 
(EBM)

EBM proposed definition by 
Binseng Wang (2010):

“A continual improvement 
process that analyses the 
effectiveness of 
maintenance resource 
deployed in comparison to 
outcomes achieved 
previously or elsewhere, and 
makes necessary 
adjustments to maintenance 
planning and 
implementation”



A set of indicators for 
management and maintenance of 

medical technologies



We needed data 
(evidence!) for proving 

the EBM approach

• University Hospital of CAREGGI 
(Florence)

• 1500 beds

• 16200 pieces of equipment

• 5600 employees

• 54000 hospital admissions

• 128000 access to the emergency 
room



Medical equipment
CIVAB 

class
Units

Total CM work 
orders

Total SM work 
orders

OR & IC work orders 
(CM)

OR & IC work 
orders (SM)

CM work 
orders 
coded

%  of CM 
eliminated

Anesthesia machine ANS 87 802 491 668 444 593 11,23%

Aspirator ACH 183 160 287 25 42 20 20,00%

Monitoring central CMO 44 212 147 120 87 114 5,00%

Defibrillator DEF 282 1.463 2.036 559 709 438 21,65%

Electrosurgery unit ELB 109 287 408 219 342 181 17,35%

Electrocardiograph ECG 236 1.384 947 170 148 155 8,82%

Surgical lamp LSC 241 411 1.222 264 987 239 9,47%

Monitor MON 669 1.294 3.337 599 1.794 547 8,68%

Ceiling mounted unit PSO 291 284 522 242 386 165 31,82%

Pulse Oximeter OOR 445 557 1.120 120 297 110 8,33%

Surgical table TOP 65 520 382 435 211 349 19,77%

Telemetry UTC 78 99 142 61 51 59 3,28%

Ventilator VPO 142 796 831 685 748 611 10,80%

TOT 2872 8269 11872 4167 6246 3581 14,06%

Data analysis 

13 classes of medical equipment analysed
2 critical areas: Operating Room (OR) and Intensive Care Unit (ICU)

Time span: 5 years



Duplicabl
e failure?

Y

N NPFNPF

CM work orders

 

Battery or 
accessories 

failure?

Failure due 
to use?

Battery 
failure?

N

BATTBATTY Y

N

Preventable 
failure?

N

ACCACC

USEUSE

PPFPPF

Y

Y

Failure induce 
by service?

N

Completed the CM work 
orders with the appropriate 

failure code

SIFSIFY

UPFUPF

N

Classification of maintenance work orders:
Assigning Failure Codes
[Wang B, Fedele J et al. (2010) Evidence-based maintenance: part I-measuring maintenance 
effectiveness with failure codes. Journal of Clinical Engineering]

Code Description

NPF
“No problem found including alleged failures that could not 
be duplicated

BATT
“Battery failures”, battery(ies) failed before the scheduled 
replacement time

ACC

“Accessories failures”, other accessory failures (including 
supplies) evident to user, typically caused by normal wear 
and tear

UPF
“Unpreventable failure”, evident to user, typically caused by 
normal wear and tear but is unpredictable

NET
Failure in or caused by network, while the equipment itself is 
working without problems. Applicable only to networked 
equipment

USE
Failures induced by use, e.g abuse, abnormal wear and tear, 
accident, or environment issues (umidity,…)

PPF

“Preventable and predictable failure”, evident to user, 
typically caused by wear and tear that can be predicted or 
detected, related to potential maintenance omission

SIF

“Service-induced failure, failure induced by corrective or 
scheduled maintenance that was not properly completed or 
a part that was replaced and had premature failure (‘‘infant 
mortality’’)



Evident 
failure?

Hidden 
failure?

N

Potential 
failures?

N

Y

Completed the SM work 
orders with the appropriate 

failure code

EFEF

HFHF

PFPF

Y

Y

Failure 
found?

Battery or 
accessori
es failure?

Battery 
failure?

Y

N

N NPFNPF

BATTBATTY

N

SM work order

 

ACCACC

Code Description

NPF
“No problem found including alleged failures that could not be 
duplicated

BATT
“Battery failures”, battery(ies) failed before the scheduled 
replacement time

ACC

“Accessories failures”, other accessory failures (including 
supplies) evident to user, typically caused by normal wear and 
tear

EF

“Evident failure”, a problem that can be detected but was not 
reported by the user without running any special tests or using 
specialized test/measurement equipment

PF

“Potential failure”, failure is either about to occur or in the 
process of occurring but has not yet caused equipment to 
stop working or problems to patients or users (frayed power 
cord)

HF
“Hidden failure”, a problem that could not be detected by the 
user unless running a special test or using specialized 
test/measurement equipment (out of calibration, failed EST)

Y

Classification of maintenance work orders:
Assigning Failure Codes
[Wang B, Fedele J et al. (2010) Evidence-based maintenance: part I-measuring maintenance 
effectiveness with failure codes. Journal of Clinical Engineering]



WORK ORDERS MAINTENANCE 
CODIFICATION

Database

EXTRACTION

 SM DATACM DATA
DATA EXPORT 

TO EXCEL

 
DATA ANALYSIS DATA ANALYSIS

Completed 
work orders?

No problem 
found?

Report?

NPFNPF

NY

NDATA ELIMINATED

INTERVIEW TO TECHNICIAN N

TECHNICAL REPORT 
ANALYSIS

Sufficient 
information?

WORK ORDER 
CODIFICATION

Y

Y

Y

Valentina Gonnelli, MSc,

😇



KPI 1

DOWNTIME

KPI 2

UPTIME

KPI 3

MTTR

KPI 4

MTBF

KPI 7

AFR

KPI 5

CLASS FR

KPI 6

GFR

KPI 8

NEGLIGENT WO

KPI 9

1 DAY WO

KPI 10

SM WITH PROBLEM

KPI 11

COVERAGE RATE 
OF SM

KPI 12

FALSE FAILURES

KPI 13

N° DEVICES PER 
TEC

KPI 14

CM HOURS VS SM 
HOURS

KPI 15

COSR

KPI 18

CM COST

KPI 16

IN HOUSE 
MAINT

KPI 19

SM COST

KPI 17

EXT MAINT

 

KPI 20

SPARE PARTS 
COST

A set of 20 KPIs was defined 
(Financial, Technological, 

Organizational)







EBM starts to be proposed in CE 
public tenders for global services



EBM starts to be proposed in CE 
public tenders for global services

Integration of CMMS features with the ability for technician to 
troubleshoot fault classification in accordance with the following 
international coding scheme, where with SM the preventive 
maintenance is indicated (Scheduled Maintenance) and with CM 
the corrective (Corrective Maintenance):





This project has received funding from 
the European Union’s Horizon 2020

 research and innovation programme 
under grant agreement Nº 101017331



This project has received funding from 
the European Union’s Horizon 2020

 research and innovation programme 
under grant agreement Nº 101017331



European Medical Devices Nomenclature (EMDN) ontology
provided by ODIN

This project has received funding from 
the European Union’s Horizon 2020

 research and innovation programme 
under grant agreement Nº 101017331



OHIO - Odin Hospital Indoor cOmpass

CoordinatorGeneral information

The OHIO project has indirectly received 
funding from the European Union’s Horizon 
2020 research and innovation action 
programme, via the ODIN – Open Call issued 
and executed under the ODIN project (Grant 
Agreement no. 101017331). 



OHIO SOLUTION

The OHIO project has indirectly received funding from the 
European Union’s Horizon 2020 research and innovation action 
programme, via the ODIN – Open Call issued and executed under 
the ODIN project (Grant Agreement no. 101017331). 



OK, KPIs. 
BUT TO 

MEASURE 
WHAT?

MAINTENANCE

HTM

• PLANNING
• DECISIONS
• FACILITIES
• HTA
• TRAINING

IMPACT

• DESIGN
• RESEARCH PROJECTS
• PUBLICATIONS
• BOOKS
• JOURNALS
• PROCEEDINGS

INNOVATION





NEED FOR 
STANDARDIZATION

• STANDARD NOMENCLATURES
• ONTOLOGIES
• DICTIONARIES
• CONCEPTS

 e.g.: “we want the global service to 
intervene in x hours for CRITICAL 
EQUIPMENT”.

 OK, BUT WHAT IS DEEMED 
CRITICAL TO YOUR STUCTURE? 
 



 DEPARTMENT OF MEDICAL BIOTECHNOLOGIES
Senior Research Fellow (tenure-track RTD-B)

 INTERNATIONAL FEDERATION FOR MEDICAL AND BIOLOGICAL 
ENGINEERING (IFMBE)
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     Firenze, 6/05/2023
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