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Abstract

Introduction: Benchmarking can be used to improve hospital performance. It is however not easy to develop
a concise and meaningful set of indicators on aspects related to operations management. We developed an
indicator set for managers and evaluated its use in an international benchmark of radiotherapy centres. The
indicator set assessed the efficiency, patient-centeredness and timeliness of the services delivered.

Methods: We identified possible indicators from literature and professionals. Stakeholders’ feedback
helped to produce a shortlist of indicators. For this indicator set, data were obtained in a pilot that
included four European radiotherapy centres. With these data, the indicators were evaluated on definition
clarity, data availability, reliability and discriminative value.

Results: Literature produced a gross list of 81 indicators. Based on stakeholder feedback, 33 indicators
were selected and evaluated in the benchmark. Six negatively evaluated indicators were adapted,
together with eight positively evaluated indicators 14 indicators seemed feasible. Examples of indicators
concerned utilisation, waiting times, patient satisfaction and risk analysis.

Conclusions: This study provides a pragmatic indicator development process for international benchmarks
on operations management. The presented indicators showed to be feasible for use in international
benchmarking of radiotherapy centres. The pilot identified attainable performance levels and provided
leads for improvements.
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INTRODUCTION

Improving the performance of quality of care
was and is an important item on the agenda of
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hospitals and radiotherapy departments.
Improvement initiatives used to focus on
clinical effectiveness and patient-centredness.1,2

Gradually, a broader definition of quality was
accepted that also included societal concerns
over access to health care, effectiveness, effici-
ency and safety.3

Benchmarking, a technique that originated in
operations management, is used to identify
good and best practices.4 It is a stepwise process
whereby best practices are identified by com-
paring similar processes and are then transposed
to other situations so as to achieve major process
improvements.5 To increase transparency on
performance, an increasing number of medical
and managerial performance indicators are
presented in public reports6 or offered through
consultancy firms. At first glance, they seem to
provide useful information, but they hardly
explain how these results were achieved.
Hospitals might benefit from more thorough
national or international benchmarking meth-
ods that provide insight into the underlying
organizational principles. As the topic seems to
be covered mainly in popular management
literature, there are few peer-reviewed publica-
tions on benchmarking and its use in health
organisations.7,8 Moreover, it is known that
there can be considerable performance differ-
ences between countries (and regions),9 so
exploring international benchmarking on the
operations management of hospitals or hospital
departments can be relevant. Recent research
on the process of international benchmarking
on operations management showed that
publications on this subject are scarce and that
the selection of indicators is an important
issue.10

This article shows the development of an
indicator set for (international) benchmarks on
operations management in hospitals. We
selected and evaluated an indicator set assessing
the efficiency, patient-centredness and timeli-
ness of radiotherapy centres in an international
setting. The set we obtained was evaluated in
a benchmark exercise in four European radio-
therapy centres that are also actively involved
in research and training.

METHODS

Benchmarking process

Many benchmarks are based on the stepwise
process described by Spendolini.11 Van Hoorn
et al.12 adapted the process to compare hospitals
using indicators that achieve consensus among
stakeholders. The latter is important: those that
receive the information may have different
perspectives on performance and quality of
care.13 The indicators were primarily developed
for managers; however, the researchers asked
feedback from a broader range of radiotherapy
stakeholders to increase support for this set.
This resulted in a set that combined the
perspectives of all stakeholders as performance
on one aspect (for example, staffs used to treat
the patients) affects other aspects (research out-
comes). For the benchmark pilot, we further
adjusted the Van Hoorn benchmarking pro-
cess12 for purposes of international comparison
of radiotherapy centres (Figure 1). For more
details into the process of benchmarking used
in this case study, see van Lent et al.10

Indicator-selection process

Figure 2 summarizes the indicator-selection
process. To develop a gross list of indicators
relevant for our research purpose, we first per-
formed a literature study. Initially, we started a
search in PubMed, but as this produced very
few relevant hits, we decided to add free text
and to search databases that contain more man-
agement publications (Google scholar and
PiCarta, i.e., the end-user web interface to the
Dutch Union Catalogue). The following com-
binations of key words were used: indicators,
performance indicators, indicator development, quality,
efficiency, radiotherapy, cancer, healthcare, hospital.
We also checked cross-references from the
most relevant publications and checked who
cited these publications. Also non-scientific
publications released by agencies involved in
benchmarking (such as the Dutch society for
radiation oncologists (NVRO) and the Ministry
of Health, Welfare and Sport) were included.

The indicators identified were added to the
gross list only when the following criteria
were met: (a) they were relevant to the
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international benchmarking of managerial
aspects of performance and quality of care in
radiotherapy, (b) the underlying characteristics
could be influenced by decision makers,12 (c)
they were suitable for comparing organizations,
and (d) they were discriminative.

For the selection process, we used triangula-
tion, whereby indicators were selected on the
basis of literature and of interviews with the
main stakeholders within a single radiotherapy
centre. After a stakeholder analysis,14�16 one
person of each stakeholder group � managers,
radiotherapy department managers, radiation
oncologists and clinical physicists � provided
feedback on the relevance of the indicator for
the research purpose, definition clarity, data
availability and discriminative value of the indi-
cators on the gross list. Thereafter, the
researcher decided to refine the definitions of
some indicators, to remove irrelevant indicators,
and to add new and relevant indicators. As the
goal of our indicator set was to use it in an
international benchmark on operations manage-
ment to identify learning opportunities, a prag-
matic approach seemed feasible.

The most relevant indicators were found in a
paper on performance measurement in radio-
therapy,17 publications of the NVRO and in
project descriptions on benchmarking within
the Organization of European Cancer Institutes
(OECI) that are not publicly accessible. The
indicator-selection process resulted in a shortlist
of 33 indicators (see Table 1) that were to be
used in a pilot study.

Evaluation of indicators after the pilot

After collecting the data on the 33 indicators,
we rated the face validity of the indicators using
the responses of the contact persons at the
radiotherapy centres involved on the basis of
three criteria, based on de Korne et al.8 and
Cowper and Samuels18:

1. Definition clarity
2. Data availability (administrative burden?) and

data reliability (comparable and reliable?)
3. Discriminative value of the indicator (useful

to compare this indicator?)

Selection of radiotherapy departments
for pilot study

The structure, processes and outcomes of orga-
nizations involved in benchmarking should be
sufficiently similar,19 we used the following
inclusion criteria: (a) the radiotherapy centres

Figure 1. Benchmarking process; visual representation of the

research method.
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should be situated within Europe, (b) each
centre had to be part of a cancer centre that
also delivered treatments other than radio-
therapy, (c) should have a minimum of three
linear accelerators and (d) had to be involved
in research and training. This last aspect seems
important as the time spent on research and
training cannot be spent on patient treatment;
organizations without research and training
activities may probably see more patients per
radiation oncologist. Data envelopment analysis
on 213 hospitals has proven that teaching may

attribute to up to 20% of the total inefficiency
score of a hospital.20

Participants were approached through man-
agement contacts within the Organization of
European Cancer Institutes (OECI). Four
radiotherapy centres (in the Netherlands,
Belgium, Germany and Sweden) fulfilled the
criteria and agreed to participate in the
benchmarking exercise. The centres are anon-
ymously presented in the text as RT1, RT2,
RT3 and RT4.

Figure 2. Results of the indicator selection and evaluation process.
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Data collection for indicator evaluation

After the radiotherapy departments had agreed
to participate, a site visit was made to each.
Before these visits took place, the departments
received an information letter and the complete
indicator set. During the visit, one researcher
collected the information needed to calculate
the indicator outcomes. Most parameters were
based on data from annual reports or calculated

using information from the hospital information
systems. During these visits, qualitative data
needed for the indicators was collected by inter-
views with one of the stakeholders that had
been earlier identified. The semi-structured
interviews were also used to obtain more back-
ground information on the involved depart-
ments. Two indicators that were perceived as
relevant � access time and percentage of

Table 1. Shortlist of indicators and the results of the evaluation

Indicator
Definition
clear?

Data availability
and reliability

Discriminative
value Adapted?

Indicators that were evaluated positively
1 Information technology use in multidisciplinary meetings � � � No
2 Patient satisfaction � � � No
3 Risk analysis � � � No

Percentage of treatment planning with a curative intent
using a specific imaging technique

� � � No

4 Simulator
5 CT
6 MRI
7 PET
8 Utilization of the linear accelerators � � � No
Indicators that could be adjusted after negative evaluation
9 Workload (per staff type) � TBD TBD Yes
10 Access times � � � Yes
11 Total number of publications and average impact points

per publication
� � � Yes

12 Percentage of patients included in a clinical trial � � � Yes
13 Percentage of patients treated with new technology,

e.g. IMRT
� � � Yes

14 Downtime for planned maintenance per linear accelerator � � � Yes
Indicators that were removed after negative evaluation
15 Sick leave � TBD TBD No
16 RT department overheads � TBD TBD No
17 Staff turnover rate � � TBD No
18 Staff overtime � � TBD No
19 No shows � � TBD No
20 Equipment quality-control programs � � � No
21 Cone beams available � � � No
22 Segments per treatment � � TBD No
23 Cross-hair position � � � No
24 Field symmetry of photon beams � � � No
25 Electron beam dosimetry � � � No
26 Gantry-angle dependence � � � No
27 Instrumentation for dosimetry and QC � � � No
28 Simulator efficiency � � � No
29 CT efficiency � � � No
30 MRI efficiency � � TBD No
31 PET efficiency � � TBD No
32 Treatments per radiation oncologist � � TBD No
33 Idle time of linear accelerators � � TBD No

Total 33 5 9 9 6

Note: � ¼ did not meet this criterion; � ¼ fulfilled criterion; TBD ¼ To be determined, this information was not checked. The criteria were judged in the order
provided in the table. When one criteria was not fulfilled it was impossible to check the other criteria.
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patients treated with new technologies � were
measured with a convenience sample on site.

The contact persons at the radiotherapy
centres verified the data and gave written per-
mission for its use in this article.

RESULTS

We evaluated the indicator data against the set
of criteria and the results of the pilot study.
The latter shows how the indicators can be
used to identify opportunities for improvement.

Indicator evaluation

In the benchmark pilot, the 33 indicators were
evaluated, and Figure 2 summarizes the results.
We identified 5 indicators whose definition
was inadequate. Nine other indicators did not
meet our reliability and data availability criteria,
and 11 more had no discriminative value (Table
1). Thus, in total, 25 indicators were negatively
evaluated. Based on suggestions of the stake-
holders and the researchers, we were able to
adapt 6 indicators in such a way that all criteria
were met, the other 19 were not fit for use.
Together with the 8 positively evaluated indica-
tors, we have an indicator set of 14 indicators;
their definitions are presented in Table 2.

Of the rejected 19 indicators, sick leave, staff
turnover rate and overtime (Indicators 15�18
in Table 1) were removed because the length
of the paid maternity leaves or because the tasks
performed by radiation oncologists differed per
country. In some countries, radiation oncolo-
gists also act as medical oncologist. This made
the total number of staff members incompar-
able. Indicator 19, no shows, was excluded
because the data were unreliable. We also
excluded Indicators 20�27 (see Table 1) as
they lacked discriminative value, or interpreta-
tion is related more to the safety of the treat-
ments as such than to the management of a
radiotherapy centre. The indicator on simulator
utilisation (Indicator 28) was supposed to
provide information on the efficiency of a
radiotherapy department but proved to have
no discriminative value. It seemed outdated as
more advanced imaging techniques are cur-

rently being introduced, such as CT, PET and
MRI. As a consequence, all departments have
overcapacity on the simulator. Indicators
29�31 on the utilisation of CT, MRI and
PET were excluded as some of the radiotherapy
departments shared their equipment with the
radiology department who used it for diagnostic
purposes and local registries did not provide
adequate insight in the exact division. The
number of treatments per radiation oncologist
(Indicator 32) was excluded as the activities of
the radiation oncologists differed per country.
The idle time of linear accelerators had to be
excluded because the available production capa-
city excluding unexpected maintenance was not
registered everywhere and uniform local defini-
tions were lacking.

We also identified six indicators with an
insufficient score on at least one of the evalu-
ation criteria (Indicators 9�14 in Table 1) that
could be redefined:

* We included workload per staff type (Table
1, Indicator 9). Comparison of the data was
initially impossible because the tasks of the
staff members differed per country. There-
fore, in this exercise this indicator was
adjusted to the number of patients treated
per staff member of the radiotherapy depart-
ment. Nevertheless, using the original indic-
ator definition was thought to be preferable.

* Access time (Table 1, Indicator 10) was
defined as the time between referral from
the medical or surgical oncologist to the
radiotherapy centre and the start of the first
treatment. However, no department consis-
tently measured access times according to
this definition. Four points in time � Table
2 � were checked manually in patient
records in a random sample of 15 breast-
cancer patients and 15 prostate-cancer
patients who had been treated in 2006. The
interpretation of access times is complicated
as these can be affected by different factors
not related to the radiotherapy process, such
as the start and end dates of chemotherapy
and hormonal therapy. As all stakeholders
saw the importance of this indicator, it
remained on the list.
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* Research output was measured on the basis
of the number of published papers. Since
this is interesting only in conjunction with
their quality, we added the average impact
factor per publication (Indicator 11).

* The percentage of patients included in a clin-
ical trial (Indicator 12) is an indicator with a
high variation per year. We adapted this
indicator to measure for 3 years instead of 1.

* Percentage of patients treated with new
technologies, e.g. intensity-modulated radio-
therapy (IMRT; Indicator 13). Since radio-
therapy is a rapidly advancing specialty that
involves complex technologies, we examined
the use of new technologies. Originally, the
indicator asked about the use of a specific
technology, but the verb ‘‘use’’ caused con-
fusion. The adjusted indicator therefore
examines the percentage of patients treated
with IMRT, image-guide radiotherapy
(IGRT) and adapted radiotherapy (ART)
per tumour type.

* Downtime for unplanned maintenance per
linear accelerator (Indicator 14). Linear
accelerator downtime was redefined and spe-
cified to downtime for planned maintenance
because some organizations did not register
unplanned maintenance.

Pilot study results: Usability of the final
benchmark indicator set

All indicators in Table 1 were tested during our
pilot, only Indicators 1�14 met the criteria for
positive evaluation and the definitions are pro-
vided in Table 2. The outcomes as found in
the pilot are presented in Table 3. Per indicator
we discuss how the results provide opportuni-
ties for improvement:

* In the patient-to-staff ratio (Indicator 1 in
Table 3), we included all staff that were
paid from the radiotherapy budget and that
were involved in the treatment of RT
patients. Included staff members were radi-
ation oncologists, radiation oncologists under
training, radiation technicians, physicists,
radiotherapy management, secretaries and
researchers and other physicians working on
radiotherapy treatments. The patient-to-staff
ratio for RT3 is almost a third of RT1 and

RT4 and may provide leads for improving
the efficiency of staff input.

* In access times (Indicator 2), we found large
differences between the day of the actual pre-
scription of radiotherapy (T2) and referral to
the radiotherapy department (T1). These are
due mainly to the differences in the prepara-
tion and treatment processes before the first
radiotherapy fraction. Access times for breast
cancer were short in RT1 and RT4. RT3
had the shortest prostate-cancer access time.

* The patient-satisfaction indicator (Indicator
3) measured whether the radiotherapy centre
systematically collected and used patient satis-
faction information to improve their results.
This was measured using the Plan-Do-
Check-Act cycle (PDCA):

* Plan: construct a method to collect
patient satisfaction information

* Do: collect and analyze the data, deter-
mine improvement actions, and imple-
ment them

* Check: determine whether the changes
improved patient satisfaction

* Act: if necessary, change the method so
that it leads to improved patient satisfac-
tion. Start the cycle over again.

None of the radiotherapy centres completed
the cycle. Only RT1 and RT3 systematically
provided all patients with a satisfaction ques-
tionnaire. RT3 did not analyze the results in a
structured way. RT1 analyzed the results and
formulated improvements which were reported
to all radiotherapy employees every 2 months
but did not complete the cycle.

* Indicator 4, the risk-analysis method, was also
examined with the PDCA cycle. None of the
centres completed the cycle. RT3 had no
registration system for misses or near-misses,
while RT4 registered only misses. RT2
registered misses and near-misses, which
were published in monthly reports. How-
ever, we found no evidence that these reports
led to improvement actions. RT1 discussed
improvements on the basis of misses and
near-misses in the department meetings but
did not report on them structurally.
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* Use of information technology in multidisci-
plinary meetings (Indicator 5). Since these
meetings are standard in radiotherapy, this
indicator examined digital information avail-
ability, and the immediate digital registration
of the conclusions. At RT2 and RT4, the
electronic patient record (EPR) was dis-
played, and the outcomes of the meeting
were immediately imported online into the
EPR for everyone present to see. RT3
developed a tool for presenting and register-
ing the outcomes, which were e-mailed to
the attending physicians. At RT1, the EPR
was used only to read information. This was
because the outcomes were written directly
in the hardcopy patient record, with the radi-
ation oncologist later importing the conclu-
sions into the EPR.

* RT1 published most papers and presented
the highest impact factor (Indicator 6). How-
ever, due to a lack of data concerning the
total number of staff per function group, it
remained unclear how this related to the staff
numbers actually involved in research.

* Indicator 7 shows large differences in the per-
centage of patients included in clinical trials.
Possible explanations are different recruit-
ment procedures and the availability of
specific technologies needed to stimulate
participation.

* Percentage of treatment planning with a
curative intent using a specific imaging tech-
nique, such as simulator, CT, MRI and PET
(Indicators 8�11). Table 3 shows that RT4 is
the only centre that still uses the simulator for
40% of its treatment plans. RT3 had the
highest percentage of treatment planning
involving PET and MRI.

* The percentage of patients treated with new
technologies (Indicator 12) was examined
for breast-cancer and prostate-cancer
patients. RT1 treated most patients with
IMRT, while RT3 was advanced in the use
of IGRT and ART for prostate-cancer
patients. RT2 used these technologies only
for a small percentage of prostate-cancer
patients as only one of its linear accelerators
was equipped with a cone beam; plans were
made to increase this to four in 2 years.
This shows the dependency on investment
policy of the functioning of these depart-

ments. RT4 did not use any of these techno-
logies at the moment of benchmarking
because new equipment was about to be
installed.

* RT1 treated fewer patients per linear acceler-
ator per standard working hour than RT 3
and RT4 (Indicator 13).

* Table 3 shows that RT1 had the highest
planned linear accelerator downtime during
working hours (Indicator 14), while RT3
had the lowest. Together with the previous
indicator, this suggests that RT1 could
increase its utilisation by reducing downtime
by performing less planned maintenance
during working hours.

DISCUSSION AND CONCLUSIONS

This study reported on the development of a set
of 14 reliable, available and discriminative indi-
cators which can be used as quantitative indica-
tors in a comprehensive international
benchmark. This study provided a pragmatic
and feasible indicator development process for
international benchmarks on operations man-
agement. The results of the pilot showed that
the data produced for each relevant indicator
can be used to identify attainable performance
levels and that using them for benchmarking
provide leads for improving the quality opera-
tions. The following sections subsequently
describe the research implications and the prac-
tical implications of this study.

Research implications

Although we thoroughly searched the literature
to select indicators for the gross list, some suit-
able indicators may have been missed due to
the non-systematic search strategy. We also
might have missed relevant indicators that are
based on medical guidelines regarding radio-
therapy. We did not check medical guidelines
since they focus mainly on the medical aspects
of the treatment.

We also used interviews with various stake-
holders related to RT department management
to reduce the possibility of missing relevant
indicators. The stakeholders screened all indica-
tors on the following criteria: relevance for this
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benchmark, definition clarity, data availability
and discriminative value. This resulted in the
rejection of 48 indicators. Involving the stake-
holders also generated support and resources
for data collection.

Despite our indicator-selection process,
defining good indicators remained difficult,
especially in an international perspective. This
could have been prevented by asking multiple
stakeholders from different countries to grade
the indicators. However, as a first step in inter-
national benchmarking on operations manage-
ment, our pragmatic approach seemed feasible.

After the selection, five indicators still lacked
a definition that covered every country’s
specific characteristics (see Table 1). Radio-
therapy is part of a treatment chain, and when
pre-radiation chemotherapy is given, the radio-
therapy access time should reasonably start after
that is finished. The radiotherapy centres found
it difficult to distinguish the pre-radiation delay
caused by chemotherapy. Distinguishing the
pre-radiation delay, caused by chemotherapy,
from other delays caused by the internal
organization of the radiotherapy department is
essential for benchmarking.

We found that the discriminative value of 11
indicators was insufficient. Radiotherapy is an
evolving health care discipline that introduces
new technologies in rapid succession. The indi-
cators concerning the use of new technologies
and the percentage of patients in clinical trials
may be particularly affected by this evolution.
We therefore recommend adjusting the indi-
cator set to the latest developments.

Despite the thoroughness of the process
whereby we developed this indicator set, 9 of
the 33 selected indicators did not fulfil the cri-
teria on ‘availability and reliability of the data’.
Due to the time constraints and the desire to
keep administrative efforts low, the radio-
therapy centres provided us primarily with
information that was already being collected
for administrative purposes. During the site
visits, it became clear that specific radiotherapy
information was usually collected on a depart-
ment level. For some data, government

regulations required a specific registration
method that was incompatible with the purpose
to obtain comparable data. For example, the
length of the paid maternity leaves in the sick-
leave statistics and differences between staff
duties. As registration requirements differ per
country, international comparisons are often
more complex than national ones; a recent
international benchmarking exercise in eye
hospitals confirmed this.8 Although differences
in national health systems and social legislation
inevitably lead to differences in the nature and
availability of data, there is no reason to doubt
the applicability of the approach used in this
study in non-European countries such as the
USA. As these differences often lead to
different definitions and outcomes, considera-
tion should be given to indicators that assess
process characteristics and outcomes.21

All indicators were measured over a 1-year
period (2006); however, for indicators with a
considerable likelihood of strong variation per
year, measuring over a prolonged period should
be considered. Examples include the impact
factor or the percentage of patients included in
a clinical trial.

Practical implications

The indicator set included indicators on effici-
ency, patient-centeredness and timeliness. For
an appropriate and thorough identification of
improvement opportunities the combination
of quantitative (indicators) and qualitative
information (site visits) is essential. The indica-
tors standardize the comparison between the
centres and the site visits enable a better under-
standing of the (underlying) processes.

We used the inclusion criteria to select radio-
therapy centres that were rather comparable.
For a proper comparison, case mix and com-
plexity of treatments should be taken into
account; the scope of our project did not allow
us to expand on that.

The pilot results suggested RT1 to reduce
planned downtime during regular working
hours. RT2 was suggested to examine its inclu-
sion rate for clinical trials and productivity of
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research activities. RT4 had been working on a
system to register misses and near-misses and
used the data to determine the extent to which
additional investments in manpower and equip-
ment were needed to improve the safety and
quality of treatments.

Out of the original long list of 81 indicators,
14 proved suitable for use in an international
benchmark at radiotherapy centres. As the
results are affected by the technologies available,
obtaining information on access to technolo-
gies, investment policies, budgets and depreci-
ation methods is essential. Future research
should provide insight into variation of indic-
ator scores over the years and to monitor
improvement results.
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