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Abstract

Introduction To promote the nation-wide implementation of semi-automated surveillance (AS) of surgical site
infection after hip and knee arthroplasty, the Dutch National Institute for Public Health and the Environment (RIVM)
deployed a decentralised multifaceted implementation strategy. This strategy consisted of a protocol specifying
minimum requirements for an AS system, supported by a user manual, education module, individual guidance

for hospitals and user-group meetings. This study describes an effect evaluation and process evaluation of the
implementation strategy for AS in five frontrunner hospitals.

Methods To evaluate the effect of the implementation strategy, the achieved phase of implementation was
determined in each frontrunner hospital at the end of the study period. The process evaluation consisted of (1) an
evaluation of the feasibility of strategy elements, (2) an evaluation of barriers and facilitators for implementation and
(3) an evaluation of the workload for implementation. Interviews were performed as a basis for a subsequent survey
quantifying the results regarding the feasibility as well as barriers and facilitators. Workload was self-monitored per
profession. Qualitative data were analysed using a framework analysis, whereas quantitative data were analysed
descriptively.

Results One hospital finished the complete implementation process in 240 person-hours. Overall, the elements of
the implementation strategy were often used, positively received and overall, the strategy was rated effective and
feasible. During the implementation process, participants perceived the relative advantage of AS and had sufficient
knowledge about AS. However, barriers regarding complexity of AS data extraction, data-infrastructure, and validation,
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experienced.

hospitals should be encouraged in user-group meetings.

lack of capacity and motivation at the IT department, and difficulties with assigning roles and responsibilities were

Conclusion A decentralised multifaceted implementation strategy is suitable for the implementation of AS

in hospitals. Effective local project management, including clear project leadership and ownership, obtaining
commitment of higher management levels, active involvement of stakeholders, and appropriate allocation of roles
and responsibilities is important for successful implementation and should be facilitated by the implementation
strategy. Sufficient knowledge about AS, its requirements and the implementation process should be available
among stakeholders by e.g. an education module. Furthermore, exchange of knowledge and experiences between

Keywords Automated surveillance, Implementation science, Surgical site infections

Introduction

Surveillance of healthcare associated infections (HAI) is
a cornerstone of infection prevention programs. Surveil-
lance networks focusing on HAI aim to provide insight in
the presence and trends of HAI within and between hos-
pitals or countries. These networks subsequently identify
risk factors and generate benchmark data to target inter-
ventions to improve quality of care [1]. HAI surveillance
is mainly performed by manual chart review, generally
by infection control practitioners (ICP). However, this
method is very time-consuming and labour-intensive [2,
3]. Moreover, manual surveillance is subjective to inter-
pretation differences and the quality of the results of the
surveillance is effort dependent [4—6].

To address these deficiencies, (semi-)automated sur-
veillance (AS) of HAI could replace manual surveillance
[7, 8]. AS is defined as any form of surveillance where
manual decisions are (partially) replaced by an automated
process, utilizing routine care data from electronic health
records (EHR) [7]. A semi-automated surveillance system
consists of (1) automated selection of the patients/pro-
cedures that should be included in the surveillance, (2)
extraction of source data from the EHR and (3) applica-
tion of an algorithm to classify patients/procedures into
high or low probability of an infection according to the
case-definition. Thereafter, infections are manually con-
firmed and registered for patients/procedures that were
assigned a high probability of infection. Patients/proce-
dures with low probability are directly registered as ‘no
infection’ [9]. In addition, additional variables for, among
other things, risk adjustment, are automatically extracted
from the EHR. Currently, AS is mainly being applied in
research settings and individual hospitals rather than on
a large scale in surveillance networks [8]. Central coor-
dination in such networks is important to ensure sound
and uniform methodology of AS across hospitals as a
basis for comparable and reliable results, just as with
manual surveillance.

To facilitate development of AS on a large scale, the
PRAISE roadmap (Providing a Roadmap of Automated
Infection Surveillance in Europe) has been developed in

2021 [7]. Here, a lack of evidence of effective implemen-
tation strategies for the large-scale implementation of AS
was underlined. This roadmap served as a base to develop
a decentralised multifaceted implementation strategy for
AS developed by the Dutch national surveillance network
for healthcare associated infections (PREZIES), a col-
laboration of the National Institute of Public Health and
the Environment (RIVM) and participating hospitals. The
implementation strategy aimed to implement an semi-
automated surveillance system for surgical site infections
(SSI) after total hip arthroplasty (THA) or knee arthro-
plasty (KA) [10]. These high-volume procedures are
included in many surveillance systems [11, 12] and have
a low incidence of SSI. In addition, clinical procedures
in cases of a (suspected) SSI are relatively well standard-
ized. A classification algorithm for deep SSI after THA or
KA has been developed and validated in Dutch hospitals
previously, showing a sensitivity for deep SSI of 93—-100%,
and a~ 95% reduction of the number of surgeries requir-
ing manual assessments [13, 14]. All this together, makes
this a surveillance target with substantial gains of AS and
feasible to implement.

In this study, we aimed to perform an effect evaluation
and process evaluation of the implementation strategy
parallel to the start of implementation of a semi-auto-
mated surveillance module for SSI in five frontrunner
hospitals in The Netherlands. Results of this study can
contribute to further optimize the implementation of AS
on a large scale.

Methods

Multifaceted implementation strategy

To coordinate large-scale implementation of AS of SSI
after THA or KA, the RIVM as coordinating centre
developed a multifaceted implementation strategy, which
was based on the PRAISE roadmap [7], previous experi-
ences with implementation projects of AS systems [15,
16], expert meetings, advisory boards and data experts
[17]. Given the large variety of EHR system used in Dutch
hospitals, AS systems are locally designed according to a
standard protocol. AS was implemented initially in five
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so-called frontrunner hospitals, before national roll-out.
Selection of these frontrunner hospitals was based on
readiness assessment, identification of early adopters and
formal commitment by hospital management. The imple-
mentation strategy consisted of five elements: a protocol
including minimal requirements of an AS system [10], a
user manual [10], an education module, individual guid-
ance by the coordinating centre and user-group meetings
(Table 1 A). Although no formal barrier and facilitator
assessment was performed before the development of
the implementation strategy, recommendations for suc-
cessful implementation of AS were provided based on
previous projects [15], individual expert consultation and
expert meetings. Recommendations included obtaining
commitment of all stakeholders before the start of the
implementation, development of a project plan, empha-
sis of the importance of clear communication between
stakeholders and on algorithm selection, development
and validation. Those were addressed in the implementa-
tion strategy elements.

Automated surveillance system

Central to the automated surveillance system for deep
SSI after THA or KA (Fig. 1) is the classification algo-
rithm developed by Sips et al. [14]. In short, patients who
underwent primary THA or KA procedures are selected
for surveillance based on operating records. Subsequent
to data collection from different data sources and appli-
cation of the algorithm, procedures classified as ‘high
probability of SSI’ undergo manual assessment to confirm
deep SSI. Due to differences in EHR systems between
hospitals, not all source data may be available in every
hospital or local procedures may deviate from those
specified in the protocol. Hence, this protocol allows for
motivated deviations of the algorithm as long as perfor-
mance falls within pre-specified acceptance criteria.

Study design

Parallel to the deployment of the multifaceted implemen-
tation strategy, starting in April 2022, an effect evaluation
and process evaluation of the implementation strategy
of AS were performed until June 2023 (the end of the
study period) in the five frontrunner hospitals as a pilot
for national implementation (Table 2). The implementa-
tion strategy is described following the recommendations
for specifying and reporting of implementation strategies
[18], the consolidated criteria for reporting qualitative
studies (COREQ) [19] for the reporting of the qualitative
interviews, and the checklist for reporting of survey stud-
ies (CROSS) for reporting of the survey [20] (Supplement
3-5). The medical ethical review board NedMec con-
firmed that the Medical Research Involving Human Sub-
jects Act (WMO) does not apply to this study (reference
number 22/753).
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Effect evaluation

Based on the Consolidated Framework of Implementa-
tion Research (CFIR) Outcomes Addendum [21], con-
cretised for development and implementation of an AS
system, the effect of the implementation strategy was
determined for each frontrunner hospital at the end of
the study period in terms of achieved implementation
phase. The three phases include adoption (i.e. internal
commitment to start the implementation project), imple-
mentation (i.e. completion of internal validation of an
operating AS system) and sustainment (i.e. successful
external validation of AS system and processes for main-
tenance and sustainability) [21, 25, 26]. Based on these
three pre-defined implementation phases, the progress
of the implementation was determined and documented
during the individual guidance by the coordinating
centre.

Process evaluation

To evaluate the implementation strategy and to identify
points for improvement, we studied the feasibility, barri-
ers and facilitators as well as workload. Feasibility of the
implementation strategy was assessed following the con-
cepts of Hulscher et al. [22], being actual exposure to, and
use of the implementation strategy, and experiences of
those exposed to the implementation strategy. The expe-
riences are specified using the framework of Bowen et al.
[23] and we selected concepts that were applicable to this
pilot study: (1) acceptability (i.e. satisfaction with content
of elements, points for improvement, recommendation to
colleagues), (2) demand (i.e. desire to be exposed, reasons
(not) to use elements, phase of use), (3) implementation
(i.e. satisfaction with way of exposure) and (4) practical-
ity (i.e. usefulness of parts within element, moments of
use/usefulness) of the implementation strategy elements.
Furthermore, self-reported effectiveness (i.e. to which
extent the element has affected implementation success)
of the implementation strategy elements was studied [22]
(Table 2, Supplement 1)). Barriers and facilitators for
implementation of AS were identified by means of the
following domains of the CFIR framework [24]: innova-
tion, outer setting, inner setting, individuals, and imple-
mentation process. This framework is widely used and
has been updated in 2022 based on user feedback. These
frameworks formed the structure and content of data
collection and data analysis. Furthermore, workload for
implementation was assessed and expressed in person-
hours spent. We aimed to include the complete spectrum
of stakeholders involved in local implementation, being
ICP, medical microbiologists (MM), information technol-
ogy or business intelligence (IT) specialists, orthopaedic
surgeons, project managers and management staff, repre-
senting all participating hospitals.
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Fig. 1 Design of an automated surveillance system for surgical site infections after hip or knee arthroplasty. EHR: electronic health record; SSI: surgical

site infection; figure adapted from PREZIES [10]

Data collection

Interviews were conducted to explore the feasibility of
the strategy elements and barriers and facilitators for
implementation of AS. The interview guide (Supple-
ment 2) covered participant characteristics, feasibility of
the implementation strategy elements [22, 23] and bar-
riers and facilitators for implementation [27] and was
tested within the research team. The interview guide was
adapted to the profession of the participant. Stakehold-
ers were invited for the interviews by the researcher (MB)
by e-mail and written informed consent was obtained.
The interviews were conducted by a student, initially
supervised by the researcher (MB), and lasted for approx-
imately 30 min. The interviews were recorded and tran-
scribed verbatim for framework analysis [23, 24].

The results of the interviews served as a base for an
online survey, complemented by additional concepts of
CFIR [24] to quantify the results in order to assess the
relative importance of feasibility aspects, barriers and
facilitators, to eventually improve the implementation
strategy [22]. The survey consisted of 3 parts: (1) partici-
pant characteristics including age group, sex, profession
and working experience, (2) feasibility of the implementa-
tion strategy elements and (3) barriers and facilitators for
implementation on a 5-point Likert scale, ranging from
strongly disagree to strongly agree. The participants were
asked to identify themselves with one or more roles dur-
ing the implementation, including project leader, project
team member, innovation developer, innovation user or
leader at a department level [24]. The survey was devel-
oped in Formdesk (Innovero Software Solutions B.V.)
and tested by the research team and three team members
from non-frontrunner hospitals. The survey was distrib-
uted approximately one year after the start of implemen-
tation with reminders after 2 and 4 weeks. Surveys were
anonymous and could not be related to a specific hospi-
tal. Written informed consent was obtained.

Additionally, actual use of the education module, guid-
ance by the coordinating centre and user-group meetings
was monitored using an attendance list by the coordinat-
ing centre for all participants, also including non-respon-
dents of the survey.

Data regarding the workload for implementation was
collected in a time registration form provided by the
study team. The project leader, team members and AS
developers were asked to register their activities of imple-
mentation, the person-hours spent on these activities and
the date on which these activities were executed.

Data analysis

The interviews were analysed anonymously. Deduc-
tive coding (framework-driven) [28] of the interviews
was performed using MAXQDA (VERBI Software,
2021), based on the constructs of the feasibility frame-
work of Bowen et al. [23] and CFIR [24] for barriers and
facilitators. Additionally, researchers critically exam-
ined whether the results actually fit within the chosen
frameworks. Coding was performed by two researchers
independently (MB, SG), and when no consensus was
reached, a senior researcher (JS) was consulted.

Only fully completed surveys were included in the
analysis. For the barriers and facilitators, all propositions
with >2 responses were included in the analysis. Nega-
tively formulated propositions, e.g. “setting up a data-
infrastructure was complex’, with (strong) agreement of
>33% of the respondents were classified as a barrier; else
it was neither classified as a barrier, nor as a facilitator. If
more than 67% of the respondents (strongly) agreed with
a proposition positively formulated, e.g. “AS saves time’,
then we classified it as a facilitator. When 33-67%, of
the respondents (strongly) agreed, then the variable was
classified as a barrier or facilitator depending on the con-
text of the interviews. If less than 33% of the respondents
(strongly) agreed, then we classified it as a barrier [29].
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Table 2 Study design, outcomes and data sources

Evaluation

Data source

Framework

Detailed outcome

Outcome

Documentation of individual guidance by coordinating centre

Attendance lists by coordinating centre

Interviews and survey

CFIR outcomes addendum [21]

Hulscher et al. [22]

Adoption, implementation and sustainment

Actual use

Phase of implementation

Feasibility

Effect evaluation

Process evaluation

Interviews and survey

[22]

Hulscher et al.
Bowen et al.

Experiences with the implementation strategy

Acceptability
Demand

]
]
]
]

23

23
23

23

Bowen et al.

Bowen et al.

Implementation

Practicality

Bowen et al.

]

)

Hulscher et a
CFIR [24]

Self-reported effectiveness

Innovation

Interviews and survey

Barriers and facilitators

Outer setting
Inner setting

Individual characteristics
Implementation process

Self-registration by forms

N.A.

Person-hours spent on implementation

Workload for implementation

(2024) 13:63
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Descriptive analyses were performed to analyse the
survey results, actual use of elements of implementation
strategy and workload, using IBM SPSS Statistics V28.0
(IBM Corp, Armonk, New York).

Results

Effect evaluation

All hospitals indicated that there was internal commit-
ment to start the implementation of AS (adoption). Only
one of the five hospitals managed to complete the entire
implementation process within the study period, while
the other hospitals were in the implementation phase
(n=4).

Process evaluation

Study population

Five interviews with different stakeholders from four hos-
pitals: two ICP, one medical microbiologist, one IT spe-
cialist and one project manager served as a base for the
survey. A total of 27 surveys were distributed directly to
each stakeholder and 17 respondents (63%) completed
the survey within the five hospitals (Table 3).

Feasibility

Results of the feasibility evaluation of the implementa-
tion strategy elements based on survey results are pre-
sented in Table 1B.

User manual

The user manual was received by 12 out of 17 respon-
dents (71%) and actually used by eight of those 12 (67%)
respondents, mainly to write the project plan (6/8). The
users were mostly ICP reporting their roles as project
leader, developers and/or users. Overall, respondents
were neutral in whether the manual facilitated imple-
mentation, but would recommend it to colleagues. With
a better description of the role and responsibilities of the
project leader and more hands-on tips and best practices
to increase practicality, the manual could be improved.

Education module
The education module was attended by eight individuals
representing all hospitals: six ICP, one medical microbi-
ologist and one IPC management staff member. Among
the survey respondents, eight of 12 (67%) were familiar
with this module, of whom four (50%) actually attended.
These were all ICP and motivated by a lack of knowl-
edge for the implementation of AS (3/4). The education
module facilitated implementation of AS (4/4, Fig. 2) but
could be improved by providing more practical guidance
and hands-on examples.

The guidance by the coordinating centre was attended
by 16 stakeholders representing all professions. Among
the survey respondents, the guidance was known to 13
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Table 3 General characteristics of the study population
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Interviews (n=5) Survey (n=17)

Profession
ICP
MM
IT
Orthopaedic surgeon
IPC management
Project manager

n (% of total respondents)
2 (40)

n/invited (% of total respondents)
7/8 (41)

Role during implementation project, by profession, n (% of total respondents)®  N.A.

Project leader
ICP
Project manager
Team members
ICP
MM
IPC management
Developers
ICP
MM
T
Users
ICP
Orthopaedic surgeon
Leader department
ICP
MM
IPC management
Sex — female, n (%)
Age, n (%)
18-35 year
36-50 year
51-68 year
Years of working experience, median (IQR)
Years working by employer, median (IQR)

2 (40) 11(65)

N.A. 3
N.A. 8
N.A. 6
8(16) 1
9(7) 8

“Roles from CFIR [24], adapted to the context of this study

ICP: infection control practitioner; IPC: infection prevention and control; IT: information technology or business intelligence specialist; MM: medical microbiologist

The education module has made it easier for me
to talk to the IT specialists during the
implementation project — infection control
practitioner during interview

Fig. 2 Quote about education module. Guidance

out of 17 (76%), and seven of them (54%), mostly ICP
(5/7), actually attended this guidance. The guidance was
mostly used for exchange of specific information, expla-
nations or practices (5/7). It facilitated the implementa-
tion, in particular by providing support when obtaining
internal commitment of stakeholders (3/7), assistance in

validation of historical data (3/7) and validation of the AS
system (3/7).

User-group meetings

User-group meetings were attended by 15 persons, rep-
resenting all professions and hospitals. Among the sur-
vey respondents, the user-group meetings were known to
10 of 17 (59%), and attended by 6, mainly ICP (5/6). One
orthopaedic surgeon (AS user) and one IPC management
staff member (leader at department level) who were not
known to the user-group meetings, expressed a desire
to have been invited. User-group meetings facilitated
implementation and supported in answering questions
(4/6), exchanging examples (5/6) and experiences (6/6)
with other hospitals and receiving updates from the coor-
dinating centre (5/6). A need was expressed for a forum
for questions, and information of other participants,
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including the phase of implementation and specifications
of the EHR system.

The respondents not using elements of the implemen-
tation strategy were mostly leader at department level
and indicated that the elements were not relevant for
their role during the implementation process.

Barriers and facilitators
In Fig. 3, all barriers and facilitators per domain are
shown as included in the survey.
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Innovation

All respondents believed that AS is timesaving compared
to manual surveillance and generates reliable results on
incidence of (deep) SSI. Furthermore, the list with mini-
mal requirements, is suitable for the local implementa-
tion of AS, according to 91% of the respondents. Barriers
related to the complexity of the set-up of the data infra-
structure of the AS system (78%), collection of addi-
tional variables (75%), data extraction (63%), validation
(50-63%), automatic selection of procedures (50%) and

programming of the algorithm (38%) (Figs. 3 and 4). All
barriers were mainly experienced by ICP who were also
involved in the development of AS (developers).

Barriers and facilitators during implementation of automated surveillance

Innovation
AS of deep SSls according to the PAS ORTHO protocol provides reliable surveillance results (n=13)
AS saves time (n=15)
It is acceptable that only deep SSls are included in AS (and no superficial SSIs) (n=13)
Minimal requirements are suitable for the development and implementation of AS in my hospital (n=11)
| can test the AS system in a timely manner prior to implementation (n=11)
AS is easily adaptable to the possibilities and wishes in my hospital (n=10)
Applying AS is straightforward (n=8)
Development and implementation of AS is not costly (both time and money related) (n=9)
Programming the algorithm is straightforward (n=8)
Automatic selection of procedures is straightforward (n=8)
Validation of the data extraction is straightforward (n=8)
Data extraction is straightforward (n=8)
Validation of the algorithm is straightforward (n=8)
Collection of additional variables is straightforward (n=8) T S  ———
Setting up the data-infrastructure is straightforward (n=9) T C ———

Outer setting

Knowledge exchange with other hospitals facilitates the i ion (n=7)

Good agreements have been made between my hospital and the collaborating third party (n=4)
Laws and regulations are no obstacle for implementation of AS (n=7)

Collaboration with a third party facilitates the implementation of AS (n=5)

Inner setting

| have enough knowledge and information to implement AS (n=10)

| have short connections within my hospital with other stakeholders of the implementation of AS (n=15)
My hospital is open to implementation of innovations (AS in this case) (n=15)

There is enough knowledge exchange with other departments, outside this project (n=14)

The right people within my hospital recognize the need for automating the (SSI) surveillance (n=11)
There is enough capacity at the department of infection control (n=13)

The implementation of AS is given sufficient priority at the involved departments (n=16)

| get enough space to learn and develop myself within my hospital during the PAS ORTHO project (n=13)
The roles and responsibilities, as described in the user manual, are assigned to the right people (n=10)
AS fits well with the current data infrastructure and systems within my hospital (n=12)

The importance of my role and department are sufficiently recognized within my hospital (n=14)

The source data required for AS are easily extractable from the systems (n=11)

The roles and responsibilities, as described in the user manual, are d (n=10)

There is sufficient capacity at the IT and/or Bl department (n=14)

There is sufficient money available to involve the required manpower (and/or third party) (n=9) T S ———

Individuals

I understand AS (n=16)

There is sufficient motivation in the department of infection prevention and control (n=17)

There is sufficient motivation among the management of the infection prevention and control department (n=15)
| am motivated to implement AS (n=16)

There is sufficient motivation among the orthopaedic surgeons (n=15)

I have the required competences to fulfil my role within the project team (n=13)

| know the requirements of the AS system (n=15)

There is sufficient motivation among the management at a hospital level (n=10)

| have sufficient space and resources at my disposal to implement AS (n=11)

There is sufficient motivation in the IT and/or Bl department (n=16)

Implementation process

The communication within the project team is fine (n=10)

The project team members understand each other (n=10)

The collaboration in general went well (n=10)

It is easy to engage the management to implement AS (n=10)

It is easy to engage the orthopaedic surgeons to implement AS (n=10)

It is easy to make joint decisions (n=10)

We selected the right local implementation strategy with regard to existing barriers (n=10)
A good project plan was made for the implementation within my hospital (n=11)

It is easy to engage the IT and/or Bl department to implement AS (n=10) EEE———————

0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 8 90 95 100
% of respondents answering '(strongly) agree'

W Facilitator Neither facilitator nor barrier M Barrier

Fig. 3 Barriers and facilitators for implementation of automated surveillance. Barriers and facilitators [24] based on survey results among stakeholders
of the implementation of automated surveillance of surgical site infections after hip or knee arthroplasty. The ‘n="behind the propositions indicates the
number of total respondents to that specific proposition. For visualisation purposes, the barriers were rewritten to facilitators
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Innovation

We spent a lot of time on the manual
surveillance. Using the automated surveillance
system would save a lot of time - medical
microbiologist in interview

We used the protocol and minimum
requirements a lot. We based the whole
implementation project on these documents —
infection control practitioner in interview

Inner setting — project management

We did not get the right people around the table.
Now we have a well-defined assignment, the right
people are enthusiastic — project advisor in survey

The infection control practitioner takes on the
role of project leader, but that should be
someone with more responsibilities and mandate
— infection control practitioner in survey

There is no project team. The IT and infection
prevention department know where to find each
other. It is going well at this moment, but the
collaboration is not sustainable (no agreements,
no promises about the deployment of the IT
department) — infection control practitioner in
survey

Extracting the source data was a challenge,
because the information needs to be extracted
from different systems: electronic health record,
lab system, LROI database — infection control
practitioner in interview

The current situation is that the IT department
doesn’t have time to create the connections
between systems to extract the right source data
to support implementation, and that is quite
worrying. — infection control practitioner in
interview

The biggest barrier is not the complexity of the
implementation, but the limited IT support.

Not because they don’t see the need, but the lack
of personnel — medical microbiologist in survey

There is no project leader, only a supporter from
the infection prevention — medical microbiologist
in survey

Fig. 4 Quotes on barriers and facilitators related to innovation and inner setting (project management)

Outer setting

Knowledge exchange with other hospitals facilitated the
implementation, according to all respondents. Despite
reported well-made agreements between hospitals and
an external party (e.g. supportive software suppliers) (3/4
respondents), the collaboration with the third party was
mentioned as a barrier by 2/5 of the respondents (both

ICP) because hospitals are dependent on the pace of
work of the third party.

Inner setting

All respondents felt they had sufficient knowledge and
information to implement AS and that there were short
lines of communication between stakeholders of the
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implementation of AS within the hospitals. However,
AS did not fit well with the data infrastructure and sys-
tems within hospitals and the source data was not con-
sidered easily available from the systems (range 42—-46%
of the respondents agreed), as experienced by mainly
ICP rather than IT specialists. Reasons for these barriers
indicated difficulties with connections between systems
and the introduction of a new electronic health record
system. Furthermore, barriers related to project man-
agement were experienced (Figs. 3 and 4). The roles and
responsibilities of the implementation of AS were not
assigned, and if assigned, not always to the right people
(range 40—50% of the respondents agreed), according to
mainly ICP fulfilling multiple roles. Some indicated that
the role of project leader was not assigned or not to the
right person (n=5). Another barrier was the availability
of financial resources to involve the required manpower
(78%) and capacity at the IT department (58%). The lim-
ited IT capacity was not agreed upon by IT specialists.

Individuals

The principles and minimal requirements of AS were
known by 74—100% of the respondents. The respondents
felt that the motivation of the IPC department, orthopae-
dic surgeons, and hospital — and IPC management was
high according to 94—-100%. However, 50% (1#=8) of the
respondents felt that there was lack of motivation at the
IT department (Fig. 3). This was mainly experienced by
ICP and MM, in the roles of developers, users and/or

Hospital 4

*Hospital 3

Hospital 2

Hospital 1

o

50 100
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leaders at department level. The IT specialists (n=2) did
not report lack of motivation as a barrier.

Implementation process

Survey respondents indicated that the following profes-
sions were involved in the decision to start the imple-
mentation project: ICP (n=14), medical microbiologist
(n=13), infection prevention and control (IPC) manage-
ment (n=10), orthopaedic surgeon (n=7), IT specialists
(n=5), IT management (n=4) and hospital management
(n=1). Overall, the collaboration within the local imple-
mentation teams was seen as successful (range 90-100%).
The engagement of management (hospital - and/or IPC
management) and orthopaedic surgeons was reported
easy, according 90% of the respondents for both propo-
sitions. In contrast, the engagement of the IT depart-
ment was reported not easy by 70% of the respondents
(ICP and MM), thus considered a barrier. In some hospi-
tals there was lack of a structured implementation plan,
according to 36% of the respondents (n=4) (Fig. 3).

Workload for the implementation of AS

We received time registration of 4/5 hospitals (Fig. 5).
The hospital that finished implementation needed 240
person-hours, of which 17% was invested for the vali-
dation process. Other hospitals were in various stages
within the implementation phase and invested between
145 and 210 person-hours until the end of the study
period. One hospital worked together with a third party

v

Progress of the implementation

Q@ e

150 200

N
Ul
o

Person-hours spent on the implementation of AS

m Infection control practitioner

*Hospital 3 worked together with a third party

W IT specialist

B Medical microbiologist Other

Fig. 5 Workload in person-hours per profession per hospital and progress of the implementation. A: adoption phase; I: implementation phase; S: sustain-
ment phase. Green: finished phase; orange; started phase, in progress; white: phase not started
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and had prepared the selection of source data and con-
nections between IT systems in a previous project, hence
no person-hours from the IT department were needed.

Overall, predominantly capacity was required from
the ICP and IT specialists, with different distributions
between hospitals. Although we were not able to link the
workload to different roles, the activities of the ICP dif-
fered between hospitals. Moreover, the contribution of
the medical microbiologists varied between hospitals.

Discussion

We aimed to evaluate a decentralised multifaceted imple-
mentation strategy for semi-automated surveillance of
SSI after THA or KA in five Dutch frontrunner hospitals,
to provide insight in the effectiveness of an implementa-
tion strategy for large-scale implementation of AS. In this
pilot study, the implementation strategy appeared suit-
able for the implementation of AS in hospitals. However,
there is room for improvement to enhance the practical-
ity of individual strategy elements.

The effect evaluation revealed that one of the five hos-
pitals managed to finish the complete implementation
process during the study period using the multifaceted
implementation strategy. Results of the process evalu-
ation provide insight into possible explanations for the
difference in time needed for implementation in other
hospitals.

Overall, the implementation strategy was positively
received and was effective and feasible. The use of a pro-
tocol with minimal requirements of the AS system was
suitable and in general, active elements (education mod-
ule, guidance, and user-group meetings), were more
effective than passive elements (user manual). The ele-
ments of the implementation strategy were used by the
intended users, except for managers of the IPC depart-
ment. During the implementation process, participants
perceived the relative advantage of AS and had sufficient
knowledge about AS.

This study revealed some persisting barriers to large-
scale implementation, including complexity of the local
deployment of the AS system, lack of resources, capac-
ity and motivation at the IT department, difficulties
with assigning roles and responsibilities and allocating
the required capacity, as a result of insufficient project
management within the hospitals. The current imple-
mentation strategy may not optimally address the identi-
fied barriers and improving the implementation strategy
based on these barriers may help future implementation
efforts. Using the CFIR-ERIC tool [32], useful strategies
can be selected to improve the currently used multifac-
eted implementation strategy. We will illustrate this with
examples below when discussing our findings of barriers.

In our study, the complexity of AS, primarily related to
the development of the system, was mainly experienced
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by ICP rather than by IT. Although both professions
identify themselves with the role of developers of AS,
the background, expertise, knowledge, and tasks of the
professions differ. The perceived complexity of AS by
ICP may arise from suboptimal project management, or
more specifically, the allocation of roles, responsibilities
and tasks regarding development of AS. Waltz et al. sug-
gested strategies, including creating a learning collabora-
tive to deal with the complexity of new innovations, i.e.
AS [32]. To achieve such a learning collaborative between
IT and ICP during the development of AS, it is important
to understand each other, speak each other’s language
and ask the right questions. Enhancing the utilization
of the strategy elements, mainly the education module,
by IT would be beneficial for optimizing collaboration
between IT and ICP. Furthermore, facilitating knowledge
exchange within and between hospitals and providing
guidance on allocation of roles, responsibilities and tasks
among stakeholders could be included in the guidance
and user group meetings. Several other main barriers
were related to project management.

Firstly, we found that hospital management or other
high-level leaders rarely participated in the project’s
adoption phase and the decision to start the implemen-
tation project. The involvement of higher management
levels from the beginning is necessary to have a clear
assignment and allocation of resources to the right stake-
holders. Although it has been advised to use a project
structure and to involve stakeholders at an early stage,
more proactive and practical advices on effective proj-
ect management, including a clear assignment from
management, could be included in the guidance by the
coordinating centre to enhance the multifaceted imple-
mentation strategy [31, 33, 34].

Secondly, the role of project leader was frequently
assigned to ICP, and experienced by the project leaders
themselves, as not the person with the right capacities
for that role. Furthermore, the IT respondents did not
identify themselves as project team member although
this was suggested in the user manual. The project leader
should be someone with mandate, connections at the
right departments and someone who show leadership
and ownership. The role of project leader could also be
fulfilled by a project manager with expertise in project-
based work, instead of a content expert such as ICP. The
user manual could give more information about the for-
mation of the project team, and allocation of roles and
responsibilities by describing the required competences
and tasks of different roles.

Thirdly, we found a lack of resources, mainly in terms
of IT capacity which is in line with previous research [30,
31, 35, 36]. Having successful project management could
help liberating the required capacity and priority of all
stakeholders, including IT, in an early stage of the project.
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In our study, ICP encountered capacity challenges by IT.
However, IT themselves did not report a lack of capacity,
which might be explained by low and not representative
number of IT respondents, biased towards IT respon-
dents with allocated time for the implementation project.
The results regarding the workload for implementation
could be useful in allocating the necessary capacity.

Strengths and limitations

To our knowledge, this is the first evaluation of the imple-
mentation of AS among multiple hospitals. Strength
of this study is the use of well-known implementation
frameworks for the feasibility evaluation and assessment
of barriers and facilitators. By including the workload
for implementation, hospitals that aim to start with the
implementation of AS in the future can use these results
to inform involved stakeholders about the expected nec-
essary capacity.

This study also had some limitations. The number of
included hospitals and participants was relatively low and
the representation of all stakeholders was not optimal.
Especially the response rate of the IT and orthopaedic
surgeons was limited. However, our aim was to perform
a pilot study to improve the implementation strategy is
an early stage of the national implementation process,
hence limiting the number of possible participants,
and the duration of the study period. The limited study
period did not allow for measuring actual effectiveness
of AS in term of the workload reduction in surveillance
performance and maintenance. Furthermore, the front-
runner hospitals evaluated in this study were selected
on organisational readiness (e.g. capacity and/or avail-
ability of IT department, commitment of stakeholders,
access to source data) and likely had more affinity with
AS compared to other hospitals, which may limit gener-
alizability. Our results confirmed the importance of these
aspects for successful implementation of AS and this led
to the recommendation to include support for achieving
organizational readiness in the implementation strategy,
making the strategy useful and feasible in a broad variety
of hospital settings. Moreover, the respondents had the
possibility to identify themselves with multiple roles dur-
ing the implementation; this complicated the distinction
of the roles to which the strategy elements were relevant.
Another limitation was that due to the anonymous sur-
vey, it was not possible to relate answers of the respon-
dents to a specific hospital or phase of implementation.
As a result, the outcomes of the effect evaluation could
not directly be related to the results of the process evalu-
ation. Furthermore, detailed information about the local
situation of hospitals and/or departments in which AS
was implemented was lacking, which complicated the
interpretability of results [35]. Lastly, the evaluation of
the implementation strategy was focused on hospitals,
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while the coordinating centre was not part of the evalu-
ation. Hence, barriers or facilitators from the central per-
spective were not part of study.

Conclusion

This pilot study showed that a decentralised multifaceted
implementation strategy was suitable for the implemen-
tation of AS in hospitals, but improvements need to be
considered. Given that implementing AS is often per-
ceived as complex, especially by ICP, the implementa-
tion strategy should facilitate the appropriate allocation
of roles, responsibilities, and tasks among stakeholders.
A clear assignment and effective project management
within the hospitals is crucial in this. Additionally, suf-
ficient knowledge about AS, its requirements and the
implementation process should be provided, e.g. by facil-
itation of the exchange of experiences and best practices
between hospitals. Overall, this study suggests that future
surveillance networks or centres that aim to implement
AS on a large scale, beyond just SSI after THA or KA,
could benefit from elements of our implementation strat-
egy, adapted to specific surveillance targets and incorpo-
rating the recommendations derived from this study.

Abbreviations

AS (semi)Automated surveillance

CFIR Consolidated framework of implementation research
EHR Electronic health record

HAI Healthcare associated infections

ICP Infection control practitioner

IPC Infection prevention and control

IQR Inter quartile range

IT Information technology or business intelligence

KA Knee arthroplasty

MM Medical microbiologists

PRAISE  Providing a roadmap of automated infection surveillance in Europe

RIVM Dutch national institute of public health and the environment
SSI Surgical site infection
THA Total hip arthroplasty

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513756-024-01418-0.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4

Supplementary Material 5

Acknowledgements

We would like to thank Sterre Geenen for her help with the interviews.
Furthermore, we would like to thank all participants and participating
hospitals for their involvement in this study.

Author contributions

MB, JS, SVR designed the study, performed the data collection and analysis.
All authors interpreted the data. MB, JS, SvR drafted the manuscript, with
input of all other authors. MB prepared the figures. JS and SvR supervised the
complete study. All authors reviewed and approved the manuscript.


https://doi.org/10.1186/s13756-024-01418-0
https://doi.org/10.1186/s13756-024-01418-0

Brekelmans et al. Antimicrobial Resistance & Infection Control

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Author details

!Centre for Infectious Diseases Control, National Institute for Public Health
and the Environment, Bilthoven, the Netherlands

’Department of Medical Microbiology and Infection Control, University
Medical Centre Utrecht, Utrecht, the Netherlands

3Scientific Centre for Quality of Healthcare (IQ Healthcare), Radboud
Institute for Health Sciences (RIHS), Radboud University Medical Centre,
Nijmegen, The Netherlands

Received: 24 April 2024 / Accepted: 1 June 2024
Published online: 13 June 2024

References

1. Haley RW, Culver DH, White JW, Morgan WM, Emori TG, Munn VP, Hooton TM.
The efficacy of infection surveillance and control programs in preventing
nosocomial infections in US hospitals. Am J Epidemiol. 1985;121(2):182-205.

2. Mitchell BG, Hall L, Halton K, MacBeth D, Gardner A. Time spent by infec-
tion control professionals undertaking healthcare associated infection
surveillance: a multi-centred cross sectional study. Infect Disease Health.
2016;21(1):36-40.

3. Stricof RL, Schabses KA, Tserenpuntsag B. Infection control resources in New
York State Hospitals, 2007. Am J Infect Control. 2008;36(10):702-5.

4. Birgand G, Lepelletier D, Baron G, Barrett S, Breier AC, Buke C, et al. Agreement
among healthcare professionals in ten European countries in diagnosing
case-vignettes of surgical-site infections. PLoS ONE. 2013,8(7):¢68618.

5. Nuttall J, Evaniew N, Thornley P, Griffin A, Deheshi B, O'Shea T, et al. The inter-
rater reliability of the diagnosis of surgical site infection in the context of a
clinical trial. Bone Joint Res. 2016;5(8):347-52.

6. Young H, Reese SM, Knepper B, Price CS. Impact of surveillance technique
on reported rates of surgical site infection. Infect Control Hosp Epidemiol.
2015,36(5):594-6.

7. van Mourik MSM, van Rooden SM, Abbas M, Aspevall O, Astagneau P, Bonten
MJIM, et al. PRAISE: providing a roadmap for automated infection surveillance
in Europe. Clin Microbiol Infect. 2021;27:53-19.

8. Verberk JDM, Aghdassi SJS, Abbas M, Nauclér P, Gubbels S, Maldonado N
et al. Automated surveillance systems for healthcare-associated infections:
results from a European survey and experiences from real-life utilization. J
Hosp Infect. 2022.

9. Sips ME, Bonten MJM, van Mourik MSM. Automated surveillance of health-
care-associated infections: state of the art. Curr Opin Infect Dis. 2017;30(4).

10. Dutch National Insititute for Public Health and the, Environment PREZIES.
PREZIES automated surveillance: SSI orthopedics 2023 [ https.//www.rivm.nl/
prezies/pas-ortho.

11. Dutch National Insititute for Public Health and the Environment. PREZIES
Referentiecijfers 2018 t/m 2022: Postoperatieve Wondinfecties. RIVM; 2023.

12. European Centre for Disease Prevention and Control. Annual Epidemiologi-
cal Report for 2018-2020: Healthcare-associated infections: surgical site
infections 2023 [ https://www.ecdc.europa.eu/sites/default/files/documents/
Healthcare-associated%20infections%20-%20surgical%20site%20infec-
tions%202018-2020.pdf.

13. Verberk JDM, van Rooden SM, Koek MBG, Hetem DJ, Smilde AE, Bril WS, et al.
Validation of an algorithm for semiautomated surveillance to detect deep
surgical site infections after primary total hip or knee arthroplasty-A multi-
center study. Infect Control Hosp Epidemiol. 2021,42(1):69-74.

14.  Sips ME, Bonten MJM, van Mourik MSM. Semiautomated Surveillance of
Deep Surgical Site infections after primary total hip or knee arthroplasty.
Infect Control Hosp Epidemiol. 2017;38(6):732-5.

15. van Rooden SM, van Mourik MSM. Practical Recommendations for Imple-
mentation of Semi-Automated Healthcare-Associated Infection Surveillance
in a Healthcare Facility. 2020.

(2024) 13:63

Page 14 of 14

16.  Verberk JODM. Memo UMC Utrecht pilot implementation semi-automated
surveillance of hospital aquired infections. 2020.

17. Powell BJ, Waltz TJ, Chinman MJ, Damschroder LJ, Smith JL, Matthieu MM,
et al. Arefined compilation of implementation strategies: results from the
Expert recommendations for Implementing Change (ERIC) project. Imple-
ment Sci. 2015;10:21.

18.  Proctor EK, Powell BJ, McMillen JC. Implementation strategies: recommenda-
tions for specifying and reporting. Implement Sci. 2013;8:139.

19. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int J
Qual Health Care. 2007;19(6):349-57.

20. Sharma A, Minh Duc NT, Luu Lam Thang T, Nam NH, Ng SJ, Abbas KS, et al.

A Consensus-based checklist for reporting of Survey studies (CROSS). J Gen
Intern Med. 2021,36(10):3179-87.

21. Damschroder LJ, Reardon CM, Opra Widerquist MA, Lowery J. Conceptualiz-
ing outcomes for use with the Consolidated Framework for Implementation
Research (CFIR): the CFIR outcomes Addendum. Implement Sci. 2022;17(1):7.

22, Hulscher M, Wensing M. Chapter 22: Process Evaluation of Implementation
Strategies. Improving Patient Care2020. pp. 369-87.

23. Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al.
How we design feasibility studies. Am J Prev Med. 2009;36(5):452-7.

24.  Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated Con-
solidated Framework for Implementation Research based on user feedback.
Implement Sci. 2022;17(1):75.

25.  Glasgow RE, Harden SM, Gaglio B, Rabin B, Smith ML, Porter GC, et al. RE-AIM
planning and evaluation Framework: adapting to New Science and Practice
with a 20-Year review. Front Public Health. 2019;7:64.

26.  Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. Out-
comes for implementation research: conceptual distinctions, measurement
challenges, and research agenda. Adm Policy Ment Health. 2011;38(2):65-76.

27. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.
Fostering implementation of health services research findings into practice: a
consolidated framework for advancing implementation science. Implement
Sci. 2009;4:50.

28. Ramanadhan S, Revette AC, Lee RM, Aveling EL. Pragmatic approaches to
analyzing qualitative data for implementation science: an introduction.
Implement Sci Commun. 2021;2(1):70.

29.  Swillens JEM, Voorham QJM, Nagtegaal ID, Hermens R. Improving Interdis-
ciplinary Communication: barriers and facilitators for implementation of
standardized structured reporting in Oncology. J Natl Compr Canc Netw.
2021:1-11.

30. Dukes KC, Reisinger HS, Schweizer M, Ward MA, Chapin L, Ryken TC, et al.
Examining barriers to implementing a surgical-site infection bundle. Infect
Control Hosp Epidemiol. 2024;45(1):13-20.

31. GreenhalghT, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of inno-
vations in service organizations: systematic review and recommendations.
Milbank Q. 2004;82(4):581-629.

32, WaltzTJ, Powell BJ, Ferndndez ME, Abadie B, Damschroder LJ. Choosing
implementation strategies to address contextual barriers: diversity in recom-
mendations and future directions. Implement Sci. 2019;14(1):42.

33. Saint S, Kowalski CP, Banaszak-Holl J, Forman J, Damschroder L, Krein SL.

The importance of leadership in preventing healthcare-associated infec-
tion: results of a multisite qualitative study. Infect Control Hosp Epidemiol.
2010;31(9):901-7.

34. Birgand G, Johansson A, Szilagyi E, Lucet JC. Overcoming the obstacles of
implementing infection prevention and control guidelines. Clin Microbiol
Infect. 2015;21(12):1067-71.

35. ClackL, Zingg W, Saint S, Casillas A, Touveneau S, da Liberdade Jantarada F, et
al. Implementing infection prevention practices across European hospitals:
an in-depth qualitative assessment. BMJ Qual Saf. 2018;27(10):771-80.

36. Tanner J, Brierley Jones L, Rochon M, Westwood N, Wioch C, Vaja R, et al.
Barriers and facilitators for surgical site infection surveillance for adult cardiac
surgery in a high-income setting: an in-depth exploration. J Hosp Infect.
2023;141:112-8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.rivm.nl/prezies/pas-ortho
https://www.rivm.nl/prezies/pas-ortho
https://www.ecdc.europa.eu/sites/default/files/documents/Healthcare-associated%20infections%20-%20surgical%20site%20infections%202018-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Healthcare-associated%20infections%20-%20surgical%20site%20infections%202018-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Healthcare-associated%20infections%20-%20surgical%20site%20infections%202018-2020.pdf

	﻿Evaluation of a multifaceted implementation strategy for semi-automated surveillance of surgical site infections after total hip or knee arthroplasty: a multicentre pilot study in the Netherlands
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Multifaceted implementation strategy
	﻿Automated surveillance system
	﻿Study design
	﻿Effect evaluation
	﻿Process evaluation
	﻿Data collection
	﻿Data analysis

	﻿Results


