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Abstract

Background Central line-associated bloodstream infections (CLABSI) increase morbidity, mortality, and healthcare
costs of hospitalised patients, despite being largely preventable. While evidence-based guidelines for preventing
CLABSI are well-established, the implementation of these measures remain suboptimal. Digitalization presents a
promising approach to improve guideline adherence, streamline implementation processes, and ultimately reduce
CLABSI rates.

Methods This scoping review aims to synthesize the available evidence on digitalised interventions for the
prevention of CLABSI. A systematic search was conducted using Medline to identify studies published between
January 1, 2014, and March 20, 2024, that reported on the implementation of digitalised preventive measures for
CLABSI and evaluated their impact on CLABSI rates. Data extraction included study characteristics, features of the
digitalised preventive measures, effectiveness in reducing CLABSI rates, and relevant process outcomes.

Results A systematic search yielded 263 articles, of which six studies were included. Digitalised interventions were
predominantly designed for use by nurses in tertiary-level hospitals (n=6), primarily in intensive care units (n=5)
and targeted pediatric patient populations (n=5). These measures were often implemented as part of multimodal
strategies. The digital interventions included hospital dashboards (n=2), mobile applications (n=2), automatic
notifications of catheter days (n=1), and e-learning modules with electronic reminders (n=1). The most common
study design was quasi-experimental without an external control group. All included studies reported a reduction in
CLABSI rates, ranging from 21 to 73%. Healthcare workers generally perceived these digital interventions positively.

Discussion Digitalised interventions for CLABSI prevention seem to be effective in reducing infection rates, likely
because of increasing compliance to established guidelines for CLABSI prevention.

Keywords CLABSI, Prevention, Digitisation, Electronic, Quality, Automation, Healthcare associated infections, Vascular
catheter
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Background

Central line-associated bloodstream infections (CLABSI)
are among the most common healthcare-associated
infections, posing a significant challenge for patients and
healthcare systems. Patients who develop CLABSI face
prolonged hospital stays and an increased risk of mortal-
ity, as compared to those who do not develop CLABSI [1,
2]. Evidence-based recommendations to prevent CLABSI
prevention are well-established, however insufficiently
implemented [3, 4]. The implementation of these mea-
sures is often suboptimal, likely due to the increase in the
workload for healthcare teams needed to implement such
measures. Several components of preventive CLABSI
bundles are amenable to automation or digitalisation,
such as appropriate indication for placing a central vas-
cular catheter (CVC), checklists for insertion, reminders
for the cumulative length of catheterization, and sched-
uled changes for CVCs, dressings and tubings. Through
electronic health records and electronic prescribing sys-
tems, digital checklists and protocols can be integrated
into healthcare workflows, ensuring more consistent and
standardized application, ultimately improving compli-
ance [5] and indirectly reducing CLABSI incidence. Digi-
tal tools may also facilitate the continuous education of
healthcare staff by providing regular training, access to
updated guidelines, and relevant resources, ensuring
that Healthcare workers (HCW) have access to the latest
evidence-based recommendation. In other domains, digi-
talization has demonstrated its potential to reduce task
completion times and minimize errors [6, 7].

In this scoping review, we aimed to synthesize the
available evidence on digitalised measures to prevent
CLABSI, focusing on the types of interventions, chal-
lenges to their implementation, their effectiveness in
reducing CLABSI rates, and HCWs’ perceptions of these
approaches.

Methods

The study was designed as a scoping review and reported
in accordance with the Preferred Items for Systematic
Reviews and Meta-Analysis guidelines extension for
Scoping Reviews (PRISMA-ScR) [8].

Eligibility criteria

A scoping review was conducted of digitalised measures
to prevent CLABSI. Studies were eligible for inclusion in
this review if the study reported data on the implemen-
tation process and effectiveness of a digitalised measures
to prevent CLABSI. We considered a CLABSI prevention
measure as ‘digitalised’ if its application involved infor-
mation technology in its design or use. We considered
preventive measures implemented in isolation or as part
of a multimodal approach alongside other non-digital
interventions. As the digitalisation of interventions is a
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relatively recent technological development, we limited
our search to studies published between 1 January 2014
and 20 March 2024. The systematic search had no lan-
guage restrictions, and there were no restrictions in study
design, age categories, or setting. Studies were excluded if
the digitalisation process was not sufficiently described, if
the digitalised process focused only on CLABSI surveil-
lance without any preventive measures, or if the impact
on CLABSI rates was not reported.

Information sources and search

We systematically searched MEDLINE for all relevant
articles meeting our eligibility criteria. The search strat-
egy included the terms “digitalization’, “digitisation’,
“automation’, “computer-assisted’, “technology’, “elec-
tronic’, “digital technology’, “digital intervention’, “digital
dashboard’, “quality improvement”; “CLABSI”; “preven-
tion”; used in various combinations. Further details of the
search strategy are provided in the supplementary mate-
rial (supplementary Table 1).

Selection of sources of evidence

One reviewer (BO) screened titles and abstracts to iden-
tify potentially relevant studies, and then assessed full
text articles for eligibility for inclusion in the scoping
review. Three reviewers (BO, NB, and GC) read and dis-
cussed the articles selected for inclusion.

Data charting process

Data from studies meeting the eligibility criteria were
extracted to a table on Microsoft Word® and a data chart-
ing form was developed by identifying variables that cor-
respond to the aims of the review. We extracted data on
study characteristics (year of the study, study design, set-
ting, study population), on the features of the digitalised
preventive measures (type of intervention, non-digital-
ised measures that were implemented concurrently) and
on the impact on CLABSI rates. We also collected data
on process outcomes related to the implementation of
digitalised preventive measures and on levels of satis-
faction of healthcare professionals on the digitalisation
of preventive measures, where available. For each study,
the reduction in the rate in CLABSI incidence was cal-
culated as the difference between the CLABSI incidence
rates before (corresponding to an average over a baseline
period) and after the digitalised preventive measure(s)
were introduced.

The quality of the studies was evaluated using the New-
castle-Ottawa quality assessment scale [9], which was
applied to cohort studies on the following three criteria:
selection of the study population, comparability of the
groups on the basis of the design or analysis and study
outcomes.
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Results

Selection of sources of evidence

Our systematic search retrieved 263 records, of which 44
studies were assessed for full-text eligibility. After exclud-
ing 36 studies that described non-digitalised interven-
tions, one study in which the digitisation process was
unclear and one further study that did not assess the
impact on CLABSI rates, six studies were included in this
review [10—15](Fig. 1).

Characteristics of studies

The characteristics of the six included studies are pre-
sented in Table 1. All had a quasi-experimental design,
with only one having an external control group [10],
and no randomized-controlled study was included. The
studies were most frequently performed in tertiary care
hospitals (n=5), with only one study also involving two
community hospitals. The target population in each of
the studies were HCWs, primarily nurses for 2 studies.
The studies were conducted in ICU (#=5) and non-ICU
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wards (7 =4), and most studies were conducted in paedi-
atrics (n=4).

Digitalised measures for prevention of CLABSI

The overall aim of digitalised preventive measures in each
of the included studies was to reduce CLABSI rate by
improving the compliance to pre-established protocols
for prevention. Two studies (Papeger et al.. and Chemp-
arathy et al..) carried out in 2014 and 2021, respectively,
focused on the implementation of a hospital dashboard
[11, 13]. In one study [11], the aim was to produce a digi-
tal interface specific to each patient with a CVC, which
would enable HCWs to view data related to the insertion
and maintenance of the CVC. In the other study [13], the
dashboard was part of a hospital-wide automated sys-
tem, and monitored observance with bundle for CLABSI
prevention.

Two studies investigated the use of a mobile application
to prevent CLABSI. The CLABSI app°® (Chatter, Sales-
force Inc., San Francisco, California) [10], enabled HCWs
in the intervention group to self-assess their knowledge

Identification

Records identified through
database searching in Pubmed:

263
Y
Screenin Records screened by title and
9 abstract: 263
Records excluded:
> Irrelevant topics : 171
Focus only on surveillance: 30
Non-digitised interventions: 18
y
Eligibility Full text asseszjd for eligibility:
Full text excluded:
Non digitised interventions: 36
> Digitised process unclear: 1
v Effect on CLABSI not evaluated:1
Included Studies included: 6

Fig. 1 Study flow diagram
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Table 1 Study characteristics
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Study Study period; Settings Study Digitalised CLABSI prevention intervention
(first baseline duration population
author, (B); intervention
year) duration (I)
Engelet  2018-2021, 3 hospitals: HCWs in adult An e-learning module on CHG bathing (background on the evidence and short
al, 2023 B=24 months, 1 university and paediatric video) was available for HCW. An electronic reminder in the EHR for daily CHG
|=14 months hospital and  acute care wards bathing created a worklist task for nurses and nursing assistants.
2 community
hospitals (34
units, 983
beds)
Hugoet  2017-2021; 1 quaternary  Nursesin pae-  Adigital application (Rounds+°) assisted nurses during CVC maintenance
al, 2022  B=12months; =27 care, pediatric diatric ICU and rounds by documenting key bundle elements, including line access, dressing
months academic non-ICU wards ~ changes/port needle insertions, and cap changes. A dedicated nurse recorded
hospital (7 in- observations in the app and marked any protocol deviations as “done with cor-
patient units, rection” when the deviation was addressed in real-time.
364 beds)
Chemp-  2015-2019 1 pediatric HCWs (physician  An automated hospital-wide CLABSI bundle adherence system was imple-
arathy et B=30 months; academic and nurses) in mented via a dashboard. The dashboard was integrated into the EHR and pro-
al, 2021 I=15months hospital (395  paediatric ICU vided visual representations of bundle-adherence rates across units and bundle
beds) and non-ICU elements. Adherence calculations were based on data entered by nursing staff
wards into the EHR during bundle checks.
Orwolet  2014-2015; 1 pediatric Nurses working  The application (CLABSI App®) served as a self-assessment tool for CVC care. It
al, 2018  B=12months;|=12 academic in paediatric ICU  integrated just-in-time microlearning with in-line explanations of institutional
months hospital and non-ICU CLABSI prevention bundle elements, on-demand video demonstrations, and
wards visualization of self-reported compliance. Users could compare their perfor-
mance to unit-wide aggregates, and the app supported customized teams and
competitions across shifts and units.
Pageleret 2009-2012; 1 PICU (24 HCWs in PICU An electronic dashboard was integrated into the EHR with a specific interface
al, 2014 B=23 months; beds) inan for each patient to highlight critical clinical data and ensure compliance with
|=4 months academic evidence-based best practices for CVC insertion and maintenance. The page
pediatric displayed actionable items, color-coded visual indicators for compliance, and
hospital an integrated checklist combining elements of pediatric-specific CVC insertion
and maintenance bundles for CLABSI prevention. The checklist was dynamically
linked to nursing and physician documentation, displaying only relevant com-
ponents and providing educational links to support clinician decision-making.
In addition, an electronic multipatient dashboard was displayed in the PICU.
Baeetal, 2018-2021; 1 single HCWs in adult An automatic notification of CVC-days in the electronic healthcare system was
2022 B=16 months; tertiary care ICU introduced. It displayed the CVC indwelling days in the prescription section
|=14 months hospital of the electronic healthcare system. Medical staff evaluated the need for a

CVC every day. Until the assessment of CVC maintenance was completed, the
automatic notification of catheter days continued.

Abbreviations: B: baseline; CLABSI: central line associated bloodstream infections; CHG: chlorexidine gluconate; CVC: central venous catheters; EHR: electronic
health record; HCW: healthcare workers; I: intervention; ICU: Intensive care unit; PICU: paediatric intensive care unit

and practice of CLABSI prevention measures using real-
time microlearning. It also included an option enabling
members of the intervention group to assess themselves
against other group members from other teams and
units at regular intervals. The second application, called
Rounds+° (GetWellNetwork, Inc., Bethesda, Md.) [14],
enabled trained staff members, known as ‘influencers,
to observe and document the application of CVC main-
tenance measures by other nurses during rounds, while
improving inappropriate procedures by direct feed-back
in real time. The study by Bae et al., looked at the impact
of automatic notification of the number of CVC-days
after insertion on the incidence of CLABSI [15]. Finally,
Engel et al. studied the benefits of the evidence-based

practice of using 2% chlorhexidine gluconate (CHG)
cloths for daily bathing in a multifaceted CLABSI pre-
vention strategy which included an e-learning module on
CHG bathing coupled with electronic reminders in the
EHR for the daily CHG bathing [12].

Impact on CLABSI rates

In each of the studies, the impact of the intervention on
the CLABSI rate was assessed either by comparing pre-
and post-intervention rates [6—8, 10, 11] or using the
standardized infection ratio, defined as the ratio of the
actual CLABSI rate to the expected rate [14]. Each of
the studies demonstrated a substantial reduction effect
on CLABSI rates, ranging from 21 to 73% following
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the implementation of digitalised prevention measures
(Table 2). The CLABSI rate reduction was considered
statistically significant in 3 studies [10, 11, 15] and not
statistically significant in one study [12]. In 2 studies, a
statistical comparison between the two periods was
either not performed [14] or not described in the meth-
ods [13].

Process outcomes related to the implementation of
digitalised preventive measures

Three studies described the digitalisation of preven-
tive measures as having increased the compliance of
HCWs to the preventive measures [12—14], while in one
study compliance with core preventive measures (all
already >98.8% in the preceding year), decreased margin-
ally during the intervention period on 3 bundle elements.
Additionally, the overall compliance rates during the
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intervention period were slightly lower in the interven-
tion group (94%) than the control group (98%) [10].

Perception and satisfaction

Three studies collected data on perception of the digi-
talised preventive measures by HCWs [12-14]. Hugo
et al. [14] noted initial reluctance, as demonstrated by a
drop in the compliance to the maintenance CVC bundle
(86.9-40%), followed by an increase in compliance from
40 to 87.1% after some adjustments. In the study con-
ducted by Engel et al. [12], 85% of the nurses reported
being satisfied with the e-learning support on CHG
bathing, and 62% reported being satisfied with the elec-
tronic alert in the EHR for the daily CHG bathing in the
worklist task. Chemparathy et al. [13] noted reluctance of
some specific units (NICU, Hematology/Oncology, and
stem cell transplant units) to the adoption of the use of

Table 2 Impact on CLABSI rates, process outcomes and user satisfaction with the digitalised intervention

First Impact on CLABSI rate Process outcomes Satisfaction/perception
author,
year
Engelet  22.8% decrease on CLABSI rate (from 0.70  CHG bathing documentation compliance increase from Over 60 nurses:
al,2023  to 0.54 CLABSI per 1000 central line days, ~ 77-94.1% from baseline to the intervention period 85% of satisfaction with the
p=0.15) e-learning module; 62% with
the EHR worklist task; 85%
found the initiative valuable
and 78% sustainable
Hugoet 42% decrease on CLABSI SIR* (from 0.96 (at Initial decreased compliance to the maintenance bundle from  -Reluctance of the nurses in
al, 2022 the highest point in pre-intervention) to 86.9 t0 40.8% in the 1st month then return to baseline rate the beginning (qualitative
0.53 (at the last time point post-interven-  progressively during the intervention period. analysis)
tion) CLABSI per 1000 central line days, no  Doubling in numbers of rounds performed during the inter- -Increase in workload in the
statistical test performed to compare the  vention period. beginning for the influenc-
two periods). ers (qualitative analysis)
Chemp-  21% decrease on CLABSI rate Average all-element bundle adherence increased from NICU, haematology oncol-
arathy et (from 0.82 to 0.6 CLABSI per 1000 central ~ 25-44% from baseline to intervention period. Highest in NICU  ogy and stem cell transplant
al,2021 line days, p=0.001) (statistical method (64%), PICU and cardiovascular ICU units tend to use less fre-
used for comparison not specified) quently because they prefer
their own bundle rounds
system (real-time follow up
and coaching instead of
automated process)
Orwoll et 48% decrease in CLABSI rate in the inter-  -Each bundle prevention element had high (>95%) reported ~ Not assessed
al, 2018  vention group during the study period compliance except for
compared to baseline (from 3.36 to 1.72 patient bathing at 85% (575/673).
CLABSI per 1000 central line days (p=0.03) - Comparing preceding year to study period, intervention
versus an increase in the control group group compliance by individual core element ranged from
(from 0.79 to 1.65 CLABSI per 1000 central ~ 97.3-100%, with 3 elements scoring slightly lower during the
line days (p=0.09)). study period than during the preceding year
-Overall compliance rates were slightly lower in the interven-
tion group (94%) than the control group (98%)
Pageler  73% decrease on CLABSI rate (from 2.6 -Increased compliance for line daily review and documenta- Not assessed
etal, to 0.7 CLABSI per 1000 central line days, tion of line necessity, frequency of dressing, cap and port
2014 p=0.029) needles changes.
-Decreased compliance with insertion bundle documentation
Baeetal, 61% decrease on CLABSI rate (from 3.1to  Reduction of catheter days from 956 vs. 819 (p>0.001) and Not assessed
2022 1.2 per 1000 CVC days, p=0.047) short-term CVC per patient from 7.53 vs. 6.74 (p <0.001)

CLABSI central line associated bloodstream infections; CVC: central venous catheters; SIR: Standardized infection ratio; CHG: chlorhexidine gluconate; ICU: intensive
care unit; NICU neonatal intensive care unit;

*SIR: actual number over the expected number of CLABSI
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a dashboard. These units had previously established pro-
cesses for bundle rounds and trust them to be more accu-
rate, resulting in a hesitancy to utilize the dashboard. For
instance, the NICU used real time coaching on bedside
rounding for all patients with CVC and preferred this to
the automated process.

Quality of the studies

According to the Newcastle-Ottawa quality assessment
scale, the studies included in this review were assessed as
being of good (n=1) [12], fair (n=4) [10, 13-15], or poor
quality (n=1) [11]. All studies clearly defined objectives
and outcomes. The minimum duration of the interven-
tions was one year, with appropriate follow-up, providing
sufficient time to evaluate the impact on CLABSI rates.
However, several limitations were identified. The lack
of randomization in the one study with a defined inter-
vention and control group [8] introduced potential bias.
Most studies relied on historical cohorts, which inher-
ently carry a risk of selection bias. In several studies, mul-
timodal interventions introduced in parallel digitalised
and non-digitalised components; thus, it was not pos-
sible to distinguish which components of the multimodal
intervention were most effective. Additionally, in five
out of six studies, it was unclear whether prior preven-
tive interventions had already influenced CLABSI rates in
ways that were not accounted for. Moreover, most stud-
ies were conducted in single-center settings, limiting the
generalizability of findings. Process outcomes were not
systematically measured, further restricting the ability to
draw robust conclusions about the mechanisms underly-
ing the reported reductions in CLABSI rates. A detailed
table of the quality assessment criteria is provided in the
supplementary material (supplementary Table 2).

Discussion
This scoping review summarized the available evidence
on the use of digitalised measures to prevent CLABSI
and their impact on CLABSI rates. Digitalised interven-
tions for the prevention of CLABSI appear to be effective
in improving compliance with preventive measures and
reducing CLABSI rates. The limited number of studies
conducted in this field suggests that the digitalisation of
preventive measures for CLABSI remains relatively novel.
The digitalisation of preventive measures presents an
opportunity to facilitate implementation and increase
compliance to recommended preventive measures, ulti-
mately reducing CLABSI incidence. Several types of
digitalised measures were proposed across these stud-
ies. First, electronic reminders integrated into the EHR
(list of indications, insertion checklist, dressing change
reminders, number of catheter days, alert to reassess
the need for catheter retention) could improve compli-
ance with preventive measures for CVC insertion and
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care. By integrating them into the EHR or an application,
compliance with these measures can be monitored in an
automated way, allowing timely feedback with compari-
sons across teams or units. Second, digitalisation offers
the opportunity for e-learning and micro-learning with
small video capsules that can be visualised during care
to improve HCWSs’ knowledge of good clinical practices
for CVC insertion, CVC care or identification of signs
of CVC infection. Third, digitalisation offers the oppor-
tunity to improve coordination between HCWs. In this
context, dashboards can be used to summarise patient-
specific data and support decision making by focusing
on the elements of the bundle that may have been per-
formed incorrectly, providing a visualisation of the need
for corrective action, monitoring and evaluation [16].
Finally, dashboards could also provide visual comparison
of HCW performance at the team or unit levels, creating
emulation between teams. The different types of digital-
ised intervention are summarised in Table 3.

Process indicators were collected in all the studies
included in this review, and most showed an increase
in the completion of activities within the CLABSI pre-
vention bundle. However, slow progress was observed
in some studies and even worse performance at the
beginning of one study. To better understand how digi-
talisation may impact CLABSI rates, studies should
also collect data on specific process indicators, such as
acceptability, uptake, and sustainability of the interven-
tion. Across the included studies, satisfaction levels var-
ied: some features, such as e-learning, were highly rated,
whereas others, like checklists, received more moderate
feedback. Studies that evaluated acceptance highlight the
necessity of an adaptation period for successful adoption
[13, 14]. While digital tools offer significant potential,
their implementation is not without challenges. In one
study, units with higher workloads, typically associated
with the care of vulnerable patients (neonatology and
intensive care), tended to prefer existing algorithms and
procedures and perceived digitalisation as a constraint,
rather than an opportunity [10]. Implementation is facili-
tated by involving end-users early in the design of the
intervention and by conducting usability testing through-
out the development [17]. A detailed and comprehensive
description of the intervention was not always provided
in the included studies. An implementation framework to
design the intervention properly and adequate descrip-
tion of the interventions are necessary to allow replica-
tion. Finally, although technical solutions are essential for
implementation; they are rarely sufficient on their own to
drive meaningful change. Successful adoption requires
adapting these processes to the social and organizational
context [18].

Regarding conclusions on the effect on CLABSI rates,
the included studies were limited to non-randomized
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Type of Digitalised Examples Related to Central Vascular Catheters
Intervention

Target

- Indication for catheter insertion
- Checklist for catheter insertion
- Daily assessment for catheter necessity

Digitalised checklist (in a
mobile application or EHR)

Automatic reminders in
EHR

- Alerts on catheter days
- Reminders for dressing changes

Decision-making algorithm - Guidance on appropriate CVC indication
- Algorithm-based recommendations for catheter type selection
- Optimised order-sets to guide blood cultures ordering

- Alerts for inappropriate catheter use based on patient status
E-learning modules - Training on CVC insertion techniques
- Simulation-based learning for CVC complications management
- Case-based learning on CLABSI prevention

- Refresher courses on maintenance bundles

Improve compliance
with good clinical
practices

Increase compliance
with preventive
measures and timely
catheter removal
Support clinical
decision-making

Enhance knowledge
of good clinical
practices

Dashboard and real-time
analytics

Gamification

- Patient-specific summary of needs and objectives related to CVC with automated reminders
- Inter-unit comparison of CLABSI rates and compliance with preventive bundles

- Team-based competition on best compliance with preventive measures
- Reward system for adherence to best practices
- Interactive quizzes with leaderboards on catheter safety

Improve monitoring
of compliance and
early identification
of risks

Motivate healthcare
teams through
engagement

CLABSI: central line associated bloodstream infections, EHR: electronic health record; CVC: central venous catheter;

designs, often lacking a control group, for which we can-
not rule out time-related confounding. In some studies,
the reporting of comparison methods was clearly inad-
equate. Positive findings in this context should be inter-
preted cautiously. A high risk of bias is associated with
greater intervention effect, making a real assessment of
the impact of the intervention alone difficult [19]. Stron-
ger study design to properly assess the impact of an
infection prevention intervention includes cluster-ran-
domized trials and quasi-experimental studies, ideally
with an external control group, using interrupted time-
series analysis [20].

This scoping review has several limitations. Firstly, we
performed a systematic search of a single database of
peer-reviewed literature. Further, digitalisation of preven-
tive measures for CLABSI is a relatively recent concept
and we used a relatively conservative definition to con-
sider preventive measures as being ‘digitalised’ We con-
sidered only studies published during the last 10 years,
although this may have missed relevant and pioneering
studies published prior to 2014. Finally, the digitalisa-
tion process was frequently part of a larger implemented
bundle with non-digitalised components, so the observed
impact on the CLABSI rates may reflect the effectiveness
of other bundle components, rather than digitalisation
itself.

Conclusion

Digitalised interventions for the prevention of CLABSI
appear to be effective in improving compliance with
preventive measures and reducing CLABSI rates. How-
ever, very few studies have been published and most of
them suffer from weak design (quasi-experimental design
without control group). Future research should focus on
a rigorous evaluation of the performance and effective-
ness of digital CLABSI prevention measures, ideally with
interventions integrated into electronic medical records
and using appropriate design and include an evaluation
of costs.
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