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Abstract – Unbalanced operational workflows preempted
staff analysis of the current state of the Biomedical Engineering
Department at The Ottawa Hospital. The analysis considered
Technologists productivity, management of capital and operating
budgets and comparisons drawn with Biomedical Engineering
Departments of other academic tertiary teaching hospitals in
Canada. The PM and CR times analysis has shown that the
department has seen an unfavorable shift from a pro-active
approach to reactive approach. The result seeds restructuring the
department with addition of supervisor and Biomedical/Clinical
Engineer positions. The ultimate goal of this analysis is the
realization of an organizational policy that puts the department
at the center of all medical equipment acquisitions. As medical
device complexity increases over time, need to redefine goals and
workflow procedures of the department is realized for the future.
Index Terms – Productivity, Clinical Engineering, Biomedical
Engineering, Preventative Maintenance, Corrective Repairs,
Technologist

Regional Cancer Centre and The Rehabilitation Centre was
amalgamated yielding one of the largest teaching hospitals in
Canada. The Ottawa Hospital is now a 1,202-bed care facility
with 11 research facilities, standing 5th in terms of overall
research funding in Canada and creating an overall impact of
$1.5 Billion solely from research on the Ottawa economy from
2001-2019 [1].
A. Structure of Biomedical Engineering departments
1) The 2019 structure of the Biomedical Engineering
Department consists: 0.5 FTE Director, 1 Acting Manager, 1
Biomedical Engineer, 1 CMMS administrator and 31
Technologists out of which 8 are Diagnostic Imaging
Technologists (figure 2). Besides Biomedical Engineering, the
Director manages two other portfolios.

I. INTRODUCTION
The Ottawa Hospital (TOH) is distributed across 3 sites:
General campus, Civic campus and Riverside campus (Figure
1).

Figure 2: Organisation chart of TOH

2) The 2019 organisational chart of a Canadian paediatric
hospital is shown in the figure 3.

Figure 1: Overview of The Ottawa Hospital (TOH)

In 1998, the Civic Hospital, Ottawa General Hospital and the
Riverside Hospital merged and consolidated their services and
became The Ottawa Hospital. In subsequent years, the Ottawa

Figure 3: Organisation chart of Canadian pediatric hospital

The organisation manages operations of Biomedical
Engineering Department for four other hospitals. The
department structure consists of 1 Director, 2 Managers, 4
Clinical Engineers, 1 Clinical Engineering Intern and 26
technologists.
3) The 2020 Organisational chart of a tertiary academic
teaching hospital on the Canadian East coast is shown in
figure 4.
Figure 6: Summary of all organizational structures discussed above

Thus, if we compare other healthcare organizations with TOH,
our structure looks flat (figure 6).
B. Productivity
One of the earliest definitions of productivity defines
productivity as “a measure of efficiency with which we turn
out goods or services” [2].

Figure 4: Organisation chart of Canadian tertiary academic hospital on East
coast

The network is formed by four major health entities. The
department structure consists of: 1 Director, 5 managers, 5
clinical engineers, 5 team leaders, 5 senior technologists and 5
technologists.
4) The 2017 Organisational chart of a tertiary academic
teaching hospital on the Canadian West coast is shown in
figure 5.

The Biomedical department is responsible for activities like:
1. Preventative Maintenance: scheduled maintenance activity
2. Corrective Repairs: unscheduled maintenance activity
3. Incoming inspections
4. User training and education
5. Strategic planning and pre-procurement technology
evaluation
6. Assistance in equipment purchasing decisions
7. Management of Clinical Assets
8. Alerts and recall notifications
9. Incident investigations
10. Disposal of Assets
A task should be included into productivity calculations if a
client can reasonably be charged for that service [2].

Figure 5: Organisation chart of Canadian tertiary academic hospital on West
coast

The collaboration is between four health authorities. There are
184 employees – including 1 Executive Director, 3 directors, 6
Admin staff, 6 Biomedical Engineers, and 18 supervisors, with
the rest being senior technologists, consultants, and
technologists.

Figure 7: Distribution of activities into chargeable and non-chargeable
categories [2].

Activities mentioned in figure 7 may be performed by various
staff including Technologists, Engineers, Managers and
Clerks.
An assessment of technologist’s tasks at TOH yielded time
captured (blue) and not captured (red) in the CMMS (Figure
8).

Figure 8: Distribution of activities at TOH into 4 categories

The Biomedical Engineering Department’s operational budget
(used for covering operational costs of devices) is “assumed”
funded for one to one replacement of aged equipment.
Clinicians may put business cases forward to purchase net new
equipment to support their clinical needs. If approved, this
additional equipment expands the existing fleet size and puts a
strain on the fixed operating budget that are not adequately
compensated for these cases.
Planning projects are the bigger projects that may span from
1-3 years. Over the planning and implementation cycle, the
intent or needs of the project change or the project extends the
estimated timelines which puts additional burden on the
capital and operating budget.
ii) Non-TOH Funding: Medical equipment is also purchased
through well intended non-TOH funding resulting in unknown
and unplanned incremental operating costs and labor hours
that are not adequately accounted.
The funding may come from research grants, physician/trust
accounts, one-time funding or donations from the TOH
foundation. The funds provided by these entities is only
directed towards the initial purchase of medical devices

Figure 9: Medical equipment funding at TOH

C. Medical Equipment capital funding at TOH:
Medical device procurement is divided into two main
categories Biomedical engineering Department and by other
means (figure 9):
i) TOH Funding: The capital budget is preferably directed
towards replacement of existing medical devices that may be
End of Life (EOL) or End of Service (EOS). This planned list
is known as the sustainability list. Medical equipment that
failed in service before it was able to be replaced requires
funding.

without considering the lifecycle costs incurred for
maintenance services, service contracts, training of
technologists, parts replacement costs, etc.
TOH is affiliated with the University of Ottawa medical
school research which often requires specific medical
equipment. Research equipment can be procured by research
teams and not through the hospital and is not distinguished
from ‘standard of care’ clinical equipment. This poses a risk as
research equipment may have different maintenance needs and
should not be considered a part of the clinical care fleet.
Other groups like EORLA (Eastern Ontario Research Lab
Association), OHRI (Ottawa Hospital Research Institute) and

SIMS lab (Skills and Simulation lab) also purchase equipment
for which TOH Biomedical Engineering Department either
performs maintenance or is involved in other workflows. For
these groups, Service Level Agreements have not been laid
out making servicing of equipment for these entities by the
TOH Biomedical department a ‘grey area’. Medical
equipment procured in this manner has become normalized
which ends up on the sustainability list, further eroding capital
budgets in future years.

Maintenance) and CRs (Corrective Repairs) and the disposal
of end-of-life medical devices. Here it is imperative to have an
established process to decommission end-of-life assets safely
and effectively.
The Planning and Management cycles work together in
harmony to provide optimum outcomes and benefits in terms
of cost savings to the healthcare organisations over long terms.
II. BACKGROUND

D. Roles and responsibilities of Clinical Engineers (CEs) and
Biomedical Technologists
The roles and responsibilities of CEs and Technologists are
well known and best described by the Health Care Technology
Life Cycle [3], though it may expand beyond those listed here.
There are two main phases of the lifecycle: Planning and
Management with the tasks being distributed between Clinical
Engineers and Technologists. The diagram has been edited to
demonstrate TOH functions (figure 10).
1. The Planning Cycle starts with assessment of requests that
clinical users put in and budgeting the requests. This enables
to analyze the valid and invalid requests. Once the capital
planning list is generated, data collection and technical
analysis is done which leads to acquisition. The acquired
devices are deployed to clinical areas which might require
work from technologists. The replacement list is generated and
acted upon by the CE where inputs from technologists may
also be used as they are most aware of concerned clinical
areas. Throughout the Planning cycle, inputs and co-operation
from other departments is also required such as finance,
procurement and facilities. These activities are most often
carried out by CEs.

Figure 10: Health Care Technology lifecycle [2]

2. The Management cycle is other important phase of the life
cycle and consists of education/training of technologists,
management of safety by monitoring alerts and recalls and
conducting incident investigations for any patient safety
incidents that may be reported through the PSLS (Patient
Safety Learning System) in the hospital, regulatory
compliance, maintenance in terms of PMs (Preventative

A) Benchmarking in Hospitals
In 2006, AAMI commissioned ECRI Institute to conduct a
study to weigh the pros and cons of developing benchmarks to
assess the activities of clinical engineering (CE) department
[4]. This study stated that neither the management committee
nor the operations group accentuated the CE department’s role
in patient safety [3]. Since maintenance activities are assigned
majority of the department budget, only these activities were
measured even though it was highlighted that CE department
perform many other valuable activities to the institution as
they were difficult to quantify [3]. This study also pointed out
that to successfully determine the effectiveness of the
benchmarking among CE departments, comparisons of CE
departments in other institutions must be done by establishing
peer groups for which each organization must allocate
resources for preparing a central database of information with
regards to the medical equipment so that feasible information
can be assimilated [3].
B) Evolution and need for Clinical Engineering Departments
The main role of clinical engineering was directed towards
patient safety in the late 1960s and early 1970s when the first
CE departments were established [5]. There have been various
research, development and implementation activities for
creating an effective staffing model for CE departments (also
referred to as ‘Biomedical Engineering Department) which
can be dated to as early as 1982 when the first article by
American Society for Hospital Engineering (ASHE) for CE
Staffing was published in 1982 [4].
The CE role expanded to equipment acquisition, user training
and user education with the main theme being equipment
management process lifecycle starting from selection, testing,
acquisition, training and final disposition [5].
Not all Clinical Engineering departments are the same.
“Teaching hospitals invest roughly six times as much annually
as non-teaching hospitals and urban hospitals invest about four
times as much as their rural counterparts” which shows that
clinical engineering departments in teaching institutions
generally support a larger equipment inventory value than
their colleagues in non-teaching hospitals [6].
Mostly criteria like 'hospital size', 'number of devices' and
'equipment replacement value' are correlated with the clinical
engineering budget, the number of technologists in the
department the number of CEs and the total number of
technical staff in the department (technicians plus engineers)

when designing clinical engineering staffing patterns in
hospitals [5].

because DI has a unique workflow and requires different
metrics for productivity evaluation.

C) CE Staffing Literature Review
Others have investigated the relationship between the total
number of CE staff and operating beds/”staffed beds” [3] and
determined that most CE departments fall around 2.5 FTEs per
100 operating beds and 0.5% of hospital staff and about 5 FTE
per 100 adjusted discharges [8]. As a function of number and
cost of capital devices, the correlation is 1 FTE per 600
devices and 1 FTE per $9 million (USD) in assets [8].
Administrative support positions increase proportionally as the
number of full-time employees (FTE) grows. Only 50% of the
hospitals that have FTEs between 8 and 16 have
administrative personnel whereas almost all CE departments
that have more than 17 FTEs have such administrative
personnel [8].

A) Productive work hours at TOH
The calculation of productive work hours per technologist was
done as follows:
• 52 weeks/year * 37.5 hours/week = 1957.5 hours
(According to the collective agreement between the
union and the hospital)
• Statutory holidays in Canada: 12 days * 7.5 hours/day =
90 hours. (From union collective agreement [8].)
• Sick Leave: The HR system was queried and the average
sick leaves per year per technologist was calculated to be
60 hours per year.
• Vacation Leave: vacation entitlement based on seniority
(table 2) as per the Collective Agreement.

In a more recent study conducted in 2017 across 201
healthcare organizations, states that “on average, there are
almost 14 biomedical technicians (BMETs) per clinical
engineer, 23.29% of Clinical Engineering Department (CED)
personnel are either managers or clerical staff, 26% of staff are
dedicated mainly to maintenance tasks and one FTE per
1083.72 devices (SD 545.69). As a result, in correspondence
with this value, most of the workload in CEDs is spent on
performing maintenance tasks [9].
Table 1 shows a summary of the two papers reviewed above:

Table 2: Vacation leave hierarchy at TOH Biomedical Engineering
Department

Based on current staffing, the following vacation entitlements
are used:

Table 3: Summary of entitled vacations for technologists
Table 1: Summary of results from Wang (2012), Miguel (2017) and TOH
(2019)

III. PROCEDURE
Staff productivity evaluations are based on following reports
derived from the Computerized Maintenance Management
System (CMMS): medical equipment asset inventory list,
Preventative Maintenance (PM) history from 2016-2019, PM
forecast report from 2020 to 2023, Corrective Repairs Work
Order (WO) report from 2016-2019 and operating and capital
budget from 2014-19.
The following assumptions and constraints should be
considered:
1. Forecasted data for future years 2020-2023 was linearly
extrapolated and the number of technologists’ positions
would remain constant.
2. Diagnostic Imaging (DI) equipment, hours and
technologists are not in the scope of this report. This is

The average calculated vacation leave is 5.3 weeks/year or
199.8 hours per year for each Biomedical Engineering
technologist. (Note: Diagnostic Imaging technologists were
included in the vacation calculation). The vacation entitlement
of 5.3 weeks/year is comparatively higher than other
healthcare organizations which is a factor of aging workforce.

Table 4: Summary of breakdown of hours for 1 FTE.

Training: The hours spent on training per year for Biomedical
technologists is not well captured and is not available for this
report.

Efficacy: A generally agreeable and published efficacy factor
of 70% was used to calculate the efficient hours per
technologist per year [7]. Therefore, 70% of 1607.4 hours =
1157.3 hours/FTE which is used in further calculations (Table
4).
B) Yearly PM and CR calculations
Table 5 captures details like cancelled PMs, Closed/complete
PMs, training hours, etc. to compare these values to the
forecasts. The table is divided into five parts: Preventative
Maintenance (PM), Risk Management, Training (in-house and
external), Corrective Repairs (CR) and Technologists hours
and devices. Values for 2016 to 2019 were obtained from the
WO reports and future years 2020-2023 were linearly
extrapolated.
The average length of time per PM includes the time to
complete the maintenance and the time to log the call into the
CMMS. The average time does not include locating equipment
or travel time.

Here to calculate the total PMs per year, the Preventative
Maintenance (PM) history from 2016-2019, PM forecast
report from 2020 to 2023 and Work Order (WO) report from
2016-2019 was used. These reports catalogue various details
like Asset Description, ECRI Asset Category, hours charged,
WO Status and Closed date .
The number of cancelled PMs have gone down for the year
2019 as the PMs for Infusion pumps and Vital Signs Monitors
were generated before and had to be manually cancelled but as
of 2019, appropriate changes to the system have been made so
that those PMs are not generated. A decision was made in
prior years to PM these devices on a ‘best effort’ due to
shortfall in available resources. The total number of devices

for each year is based on the ‘date purchased column in
CMMS.
During these calculations, cancelled or pending WO hours
have not been considered to improve accuracy.
C) Capital and Operating Budget
Key parameters of the operating budget are shown from 2014
to Q4 2020 with comparisons between budget allocated and
spent (Table 6).
The operating budget is divided into:
a) Labour services: This category accounts for the budget
spent in salaries to the technologists. Since the number of
technologist positions has remained constant since 2014, there
is not a large variation.
b) Equipment maintenance contracts: This is the budget spent
on maintenance contracts with vendors of devices. These are
usually multi-year but may need to be renewed or the
conditions changed when required.
c) Computer software maintenance: The budget spent for
maintenance of software or other software-based activities like

electronic medical record implementation may be accounted in
this category.
d) Purchased services: These services may account for the
consultants being brought in to offload the work being done
by the technologists or contributed to planning and capital
acquisition projects.
e) Medical parts: Budget spent on purchasing parts to keep the
existing fleet operational.

hallways as “backup equipment” or “donated” from one
department to another department instead of being
decommissioned.

Table 6: Calculations of various components of the operating budget

Capital budget is allocated for purchase of new devices and
may also include implementation costs in exceptional cases
(table 7).
The capital is divided into allocated which is the capital
budget allocated for that year, carryover which is the budget
that could not be spent in the previous year and was thus
added to current year and total budget for the year which is the
sum of allocated capital and carryover from previous year.

Graph 1: Portraying growth in number of devices and number of devices per
technologist

The increase observed is representative of the growth of TOH
considering the increase in incoming patients and expansion of
clinical areas year over year.
B) PM hours vs CR hours
Preventative Maintenance (PM) is a pro-active strategy where
devices are scheduled for maintenance and allows the
department to efficiently manage devices and eliminate risk of
device failure during clinical use [14].

Table 7: Overview of capital budget

IV. RESULTS AND DISCUSSION
A) Increase in device count
The number of devices has increased by 10% over the last 4
years even though the number of technologists has remained
constant (graph 1). Thus, the number of devices per
technologist has increased every year which has increased the
work load and responsibility for each technologist. This trend
coupled with lack of workflow management and work
distribution, has caused an erosion in the quality of work.
Burdened resources are often unable to fully service newer
more complex devices in the absence of appropriate training
and meet the maintenance strategy of existing devices,
creating a vicious cycle.
The increase in number of devices is due to the purchase of
net new (i.e. not 1:1 replacement) equipment every year. It
must also be noted that the addition of newer devices to the
current fleet may happen without getting rid of the old
equipment. Often such equipment is stored in the corners of

Graph 2: Comparison between PM and CR hours over last 4 years and
predictions for the future

Corrective Repair (CR) is a reactive strategy where broken
devices are bought to the attention of the department and are
fixed on a best-effort basis [14]. Performing regular PMs
ensure that CRs are kept to a minimum and increase life and
durability of the equipment.
The analysis demonstrates that PM hours follow a declining
trend although traditionally it is expected to be flat-lined. On
the other hand, the CR hours have increased every year (graph
2).
These trends show the department is reactive rather than a proactive strategy, which is a result of inadequate PMs due to
lack of available hours and inability to replace old devices in a
timely manner. C) Total hours distribution over the years

Initial observation of graph 3 shows that the number of
technologist hours available is more than the number of hours
spent on CRs and PMs.

increases the liability and risk to the organization as analysis
and mitigation actions may not be taken by the Biomedical
Engineering Department in case of an event.
E) Operating Budget Analysis
Spending on purchased services has been cut by 99% over a 6year period (graph 5). Purchased services may account for the
consultants being brought in to offload the work being done
by the technologists or contributed to planning and capital
acquisition projects.
Maintenance contracts has increased 50% from 1.36M to
2.66M.
The spend on labor services has remained constant as no new
technologist positions were created. (graph 5).
In summary, the maintenance strategy of the department has
been to rely on service contracts to address the increase in
devices and a lack of investment in in-house resources.

Graph 3: Distribution of technologist hours into spent, available and would
be spent

However, besides PM and CR, the technologists also spend
time on Incoming inspection, locating devices scheduled for
PMs, shipping and receiving, etc. that is not currently
captured. If captured, this would justify the available hours
and show true value of the department.
As the years progress, the predicted hours spent on PMs and
CRs increase in such a manner that the balance between
available hours and actual hours seems to decline due to
increase in number of devices as the years go by.
D) Analysis of device count vs training and risk management
Although the number of devices have increased at TOH over
the last 4 years, the time spent on training (in-house and
external) and risk management (Alerts, Recalls, Incident
investigations) activities has gone down sharply (graph 4).
This trendline shows that the department does not have
compliment of resources to complete and track the risk
management work orders.

Graph 5: Analysis of the Operating Budget, breakdown into labor services,
equipment maintenance contracts and purchased services is shown.

The scope of work that had been done by purchased services
has not disappeared, instead it has been offloaded on the
current resources in the department without consideration of
their existing workload.
Medical Parts:
There has been a trend of overspend over medical parts in the
last 5 years (graph 6) which corroborates with PM and CR
trends previously discussed.

Graph 4: Trends for device count compared with training and risk
management hours

Currently, these tasks are done on a best effort basis with no
way to ensure that all the alerts and recalls issued by the
vendors as well as incident investigations are performed. This

Graph 6: Operating budget for medical parts

This demonstrates that the current fleet is kept operational by
spending more on parts and performing more Corrective
Repairs instead of pro-actively replacing devices in a timely
manner to minimize the repair costs.
The inability of performing capital planning and acquisition
points to the need for Biomedical/Clinical Engineers who can
analyse the clinical needs/asks and drive planning and
purchasing of medical devices.

•

Diagnostic Imaging (DI) Technologists not included:
DI is not in the scope of this report as they have a unique
workflow. The average length of time required to service
a DI device differs from a non-DI device. Thus, different
benchmarks and analysis methods must be applied to
analyze the productivity of this sector.

•

Vision for the future: A radical shift from current
workflow and principles is being observed worldwide
within Clinical/Biomedical Engineering Departments in
healthcare organizations. As device complexity increases
with introduction of advanced software technology and
medical device integrations, the need to redefine the goals
and ways of functioning is seen. Introduction of
Electronic Health Record systems and the integration of
medical devices make it necessary to realize the impact
and assess security needs during planning and
maintenance of devices. This broadening of horizons
takes the technologists away from basic work like
Preventative Maintenance and Corrective Repairs and
introduces a level of complexity to their work that must
be accounted.

•

Cost cutting in CE departments: With the cuts in budget
by Ministry of Health accompanying recessions and other
environmental influences, the need for achieving cost
savings in healthcare organizations is eminent [9]. There
have been some ripples in the Canadian healthcare
organization; for example, in 2009 the British Columbia
Ministry of Health directed 4 separate Biomedical
engineering Departments to consolidate into one that was
appointed as the lead authority and to reduce the
operational budget by 10 per cent. Such directives may be
released by other provincial healthcare authorities in
Canada to achieve cost savings. Thus, organizations must
have a broader perspective to be able to onboard such
directives if issued in the future.

F) Capital Budget Analysis
Over the last 5 years, the capital budget for the Biomedical
Engineering Department has steadily decreased. The allocated
capital has decreased by 75% (from $22.9M to $5.6M)
whereas the carryover has increased by 55% (from $3.8M to
$8.5M) (graph 7).
As less money is spent on capital, the age of fleet increases
which increases risk of failures and hours spent on Corrective
Repairs. There has been inadequacy of appropriate staff
required to assist in purchasing new medical devices and keep
the fleet functional in a timely manner.

Graph 7: Capital Budget for medical devices

Also, no staff in the department is available to oversee
planning of new purchases for the coming years, addressing a
gap in planning department and navigating donation requests.
G) Points to be considered:
• Number of devices per technologist: The FTE per
number of devices at TOH falls between the two at 1 FTE
per 918 devices in 2019. However, there is no universal
method for determining if an asset must be added to the
CMMS as a medical device [15]. The line between
medical and non-medical device often is blurred making it
necessary for organizations to come up with their own
standard definitions. This ambiguity makes it difficult to
qualify FTE requirement.
•

Number of admin per FTE: Currently, TOH falls short
at 0 admin personnel for 35 FTEs. Thus, a
recommendation can be made to consider appointment of
admin personnel to take care of duties like overviewing
current PM and CR program, inventory management and
defining scope and responsibility of the department.

V. RECOMMENDATIONS
1. Analysis of service contracts: Service contracts is an area
that currently shows major spends for the department and
where a scope of cost savings is seen. An effort must be made
to do a cost comparison between in-house maintenance costs
and establishing service contracts with external groups (e.g.
vendors).
2. Making a change from current CMMS platform: One of the
major problems faced by the department is lack of functional
CMMS platform. The current CMMS does not consider the
technological needs of Biomedical department which created
problems in day-to-day functioning of the department. With
Introduction of a Biomedical compliant CMMS solution, key
issues like addition and disposal of assets, creation and
accurate recording of work orders and planning and
implementation strategizing of new devices will be addressed.

3. Restructuring of the department (Figure 11):

and provide justification to avoid any cost-cutting in the future
as budget continues to be reduced in the Canadian Healthcare
system.
VII. FUTURE WORK
Further analysis is required to understand the current state of
the department and provide more effective strategies and
solutions. For example, analysis by site to obtain the number
of devices per technologist and a cellular analysis of workload
per technologist will help in achieving a balance and reducing
waste to achieve greater efficiency.
Formation of a new risk-based PM program will redirect the
efforts of the technologists in the right direction without
compromising patient safety or the safety function of the
devices.
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Figure 11: Restructuring of department

The addition of two supervisor positions and two Clinical
Engineering positions is recommended.
4. Creation of policy to make Biomedical department the
center of technology purchase and management: Currently,
other entities beside Biomedical engineering also purchase
new medical devices without any involvement from the
department as discussed in previous sections of this paper. An
organization wide policy must be introduced to have
Biomedical Engineering Department at the forefront of all
medical device acquisitions from TOH as well as non-TOH
funding.
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