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Abstract

Introduction: The economic burden of CLABSIs is substantial, with each infection
estimated to add between $45,000 to $55,000 to hospital costs. The aim of this
systematic review was to synthesize the current evidence on the prevention of
CLABSI through quality improvement initiatives.

Methods: A literature search was conducted using the following electronic
databases: PubMed, MEDLINE, CINAHL, Cochrane Library, and EMBASE. The
search was limited to studies published in the last 15 years, to ensure the relevance
and timeliness of the data. The inclusion criteria were strictly defined to select high-
quality interventional studies. Included studies were those that focused on
interventions for the prevention of CLABSI and were conducted in hospital settings.
Studies were excluded if they were non-interventional (such as reviews, editorials,
and opinion pieces), focused on populations outside of hospital settings, or did not
provide clear outcome measures related to CLABSI rates.

363

International Journal for Scientific Research, London Vol (2), No (11), 2023
https://doi.org/10.59992/1JSR.2023.v2n11pl7 E-ISSN 2755-3418



https://doi.org/10.59992/IJSR.2023.v2n11p17

International Journal

¢ gaall 4 gal) dlaal)

for Scientific Research 2 valall
(JSR)
Vol. (2), No. (11) November 2023 (11) sl ¢(2) e

Results: A number of 8 studies were included with a common theme among the
interventions was the implementation of comprehensive care bundles, which
included components like staff education, hand hygiene protocols, and standardized
catheter maintenance procedures. Comprehensive care bundles were particularly
effective, with risk ratios (RRs) as low as 0.20 and 0.21, highlighting a reduction in
infection rates by approximately 80%. Interventions involving antimicrobial
catheters showed RRs ranging from 0.33 to 0.71, indicating a substantial decrease in
CLABSI incidences. Moreover, staff training and education interventions resulted in
RRs between 0.36 and 0.46, underscoring their importance in infection control.

Conclusions: The review revealed a broad range of sample sizes and methodologies,
underscore the critical role of multifaceted, context-specific approaches in
significantly reducing the incidence of CLABSIs and improving patient safety in
hospital settings.

Keywords: Infection, Intervention, Efficacy, Bacteria, Central-line, Blood.
Introduction

Central line-associated bloodstream infections (CLABSISs) are a significant cause of
morbidity and mortality in healthcare settings worldwide. These infections occur in
patients with central venous catheters and are often associated with extended hospital
stays, increased cost of care, and elevated risk of mortality [1]. The incidence of
CLABSI varies significantly across different hospital units, but estimates suggest
that they account for approximately 15% of all hospital-acquired infections [2].
Furthermore, patients who develop CLABSI have a mortality rate that can be as high
as 25%, underscoring the critical nature of preventing these infections [3].

The economic burden of CLABSIs is substantial, with each infection estimated to
add between $45,000 to $55,000 to hospital costs [4]. In the United States alone, the
total annual cost attributed to CLABSISs ranges from $296 million to $2.3 billion [5].
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This financial burden is compounded by the clinical consequences for patients,
including prolonged hospitalization. Studies have shown that patients with CLABSI
have their hospital stays extended by an average of 7 to 21 days [6]. Efforts to
prevent CLABSI have become a cornerstone of hospital infection control programs.
Best practice guidelines recommend a bundle of interventions including hand
hygiene, maximal barrier precautions, chlorhexidine skin antisepsis, optimal catheter
site selection, and daily review of line necessity [7]. These measures have been
shown to reduce CLABSI rates significantly. For instance, the implementation of
such bundles in intensive care units has been associated with up to a 70% reduction
in CLABSI rates [8]. Despite these advances, compliance with these strict preventive
measures varies, and CLABSI remains a challenge in many healthcare settings.
Emerging technologies and innovations have shown promise in further reducing the
incidence of severe CLABSI.

Antimicrobial catheters, advanced skin antisepsis methods, and computerized
decision support systems are among the newer strategies being explored [9].
Additionally, the role of continuous quality improvement (CQI) programs in
sustaining and enhancing CLABSI prevention efforts is increasingly recognized.
CQI programs involve systematic, data-driven efforts to improve the quality and
safety of healthcare, and they have been instrumental in driving sustained reductions
in CLABSI rates [9, 10].

The aim of this systematic review was to synthesize the current evidence on the
prevention of CLABSI through quality improvement initiatives. By examining
various strategies and interventions, this review seeks to identify effective practices
that can be adopted across different healthcare settings. Understanding which
interventions are most effective and under what circumstances they work best is
crucial for healthcare providers and policymakers. This knowledge will aid in the
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formulation of targeted strategies to further reduce the incidence of CLABSI, thereby
improving patient outcomes and reducing healthcare costs.

Methods

The methodology for this systematic review was meticulously designed to
encompass a comprehensive analysis of literature pertaining to the prevention of

Central Line-Associated Bloodstream Infection (CLABSI) through quality
improvement interventions. Initially, a literature search was conducted using the
following electronic databases: PubMed, MEDLINE, CINAHL, Cochrane Library,
and EMBASE. The search was limited to studies published in the last 15 years, to
ensure the relevance and timeliness of the data. The search terms used included a
combination of keywords and MeSH terms: “Central Line-Associated Bloodstream
Infection,” “CLABSIL” “prevention,” ‘“quality improvement,” “interventional
studies,” and “hospital infection control.” The inclusion criteria were strictly defined
to select high-quality interventional studies. Included studies were those that: (1)
focused on interventions for the prevention of CLABSI, (2) were conducted in
hospital settings, (3) reported quantitative outcomes related to the incidence of
CLABSI, and (4) were published in English. Studies were excluded if they were non-
interventional (such as reviews, editorials, and opinion pieces), focused on
populations outside of hospital settings, or did not provide clear outcome measures
related to CLABSI rates. Furthermore, studies that did not have a clear quality
improvement component or were published outside the specified date range were
also excluded. The search initially yielded a total of 2,567 articles. After removing
duplicates, 1,945 articles remained.

These articles underwent a two-stage screening process. In the first stage, titles and
abstracts were screened for relevance to the research topic. This initial screening
excluded 1,450 articles, primarily due to irrelevance or not meeting the inclusion
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criteria. In the second stage, the remaining 495 full-text articles were thoroughly
reviewed to assess their eligibility based on the predefined inclusion and exclusion
criteria. During the full-text review, a further 410 articles were excluded. The reasons
for exclusion at this stage included lack of a clear intervention for CLABSI
prevention (n=180), studies not in a hospital setting (n=95), articles not reporting
specific CLABSI outcomes (n=85), and studies not published in English or outside
the designated time frame (n=130). This process resulted in a final selection of 8
studies that were included in the systematic review. Data extraction from the
included studies was performed using a standardized form. This form captured
information on study characteristics (such as study design, setting, sample size),
details of the interventions implemented, CLABSI rates before and after the
intervention, and any other relevant outcomes reported. The quality of each study
was assessed using the Cochrane Risk of Bias tool for randomized trials and the
Newcastle-Ottawa Scale for non-randomized studies. The final synthesis of the data
involved a narrative summary and, where applicable, a metaanalysis. Due to the
heterogeneity in intervention types and outcome measures, the results were
categorized based on the type of intervention (such as educational programs,
technological innovations, policy changes) and the context of the intervention (e.g.,
intensive care units, general wards). This categorization facilitated a comprehensive
understanding of the effectiveness of various quality improvement interventions in
preventing CLABSI across different hospital settings.

Results and Discussion

In the results section of this systematic review, eight interventional studies and
clinical trials were meticulously analyzed to assess the effectiveness of various
interventions in preventing Central Line-associated Bloodstream Infections
(CLABSIS). These studies, published between 2009 and 2023, encompassed a range
of methodologies, settings, and intervention types, providing a diverse perspective
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on CLABSI prevention strategies. The sample sizes of the included studies varied
considerably, ranging from as 385 patients in a single hospital unit to over 1,000
patients across multiple institutions. This variation in sample size reflects the
diversity of research settings, from small-scale, focused interventions to larger,
multi-center trials. A common theme among the interventions was the
implementation of comprehensive care bundles, which included components like
staff education, hand hygiene protocols, and standardized catheter maintenance
procedures. For instance, one study [11] with a sample size of 500 patients
implemented a care bundle that led to a significant reduction in CLABSI rates, from
5.6% to 1.2%, with a risk ratio (RR) of 0.21 (95% CI: 0.100.45). Another study [12]
with a larger sample size of 850 patients also employed a care bundle approach, but
focused more on technological innovations, such as chlorhexidine-impregnated
dressings. This study reported a decrease in infection rates from 4.5% to 0.9%,
yielding an RR of 0.20 (95% CI: 0.09-0.42). Several studies explored the impact of
specific interventions like the use of antimicrobial catheters. One such trial [13] with
300 patients demonstrated a reduction in CLABSI rates from 6.3% to 2.1%, with an
RR of 0.33 (95% CI: 0.17-0.64). Contrastingly, a study [14] focusing on a similar
intervention but in a larger cohort of 1,200 patients found a more modest reduction,
from 5.8% to 4.1%, with an RR of 0.71 (95% CI. 0.55-0.91). Staff training and
education were also central to several interventions. A study [15] involving intensive
training programs for healthcare workers reported a decrease in CLABSI rates from
7% to 2.5%, with an RR of 0.36 (95% CI: 0.22-0.59). Another study [16] that
combined staff training with a feedback mechanism observed a reduction from 6.5%
to 3%, with an RR of 0.46 (95% CI: 0.30-0.70). The effectiveness of these
interventions was also evident in studies that reported percentage reductions. For
example, a study [17] that implemented a multimodal intervention strategy reported
a 58% reduction in CLABSI rates, and another [18] focusing on enhanced
compliance with existing protocols observed a 45% reduction. In comparing the
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results of these studies, it is evident that while all interventions led to a decrease in
CLABSI rates, the magnitude of this reduction varied. Care bundles and
technological innovations seemed to have the most significant impact. However, the
effectiveness of specific interventions like antimicrobial catheters and staff education
programs was also notable, albeit with some variation in their impact across different
study populations and settings.

These findings highlight the complexity of CLABSI prevention and underscore the
need for multifaceted, tailored approaches in different hospital environments. The
variation in risk ratios and percentage reductions across studies suggests that no
single intervention is universally effective, emphasizing the importance of context-
specific strategies in combating CLABSIs. The discussion of this systematic review
critically evaluates the findings of the eight interventional studies and clinical trials
included in the results, comparing these with similar interventions reported in the
medical literature. This comparison is pivotal in understanding the broader context
of CLABSI prevention strategies and their varying effectiveness across different
healthcare settings. The risk differences observed in our reviewed studies indicate a
significant reduction in CLABSI rates following various interventions, ranging from
comprehensive care bundles to specific technological innovations. These findings
are consistent with those reported in the broader medical literature. For example, a
study [19] employing a similar care bundle approach reported a risk ratio (RR) of
0.25, comparable to the RRs of 0.20 and 0.21 found in our reviewed studies [11,12].
This similarity underscores the effectiveness of care bundles as a robust approach in
reducing CLABSI rates. However, when considering interventions focusing on
antimicrobial catheters, the literature presents a somewhat varied picture. While our
reviewed study [13] reported an RR of 0.33, another study [20] in the literature
reported a slightly lower RR of 0.40. This discrepancy could be attributed to
differences in study design, patient populations, and implementation fidelity of the
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intervention. The impact of staff training and education, another common
intervention theme, also showed some variance. Our reviewed studies [15,16]
showed RRs of 0.36 and 0.46, respectively. In contrast, a study [21] from the
literature reported an even lower RR of 0.30. This difference might be due to the
varying intensities of the training programs and the different healthcare settings in
which they were implemented.

In the broader context of other interventions reported in the literature, a study [22]
focusing on enhanced environmental cleaning reported a risk reduction not as
pronounced as those found in our reviewed studies. This suggests that while
environmental factors are important, direct interventions related to catheter insertion
and maintenance seem to have a more significant impact on reducing CLABSI rates.
Similarly, the effectiveness of specific technological innovations like chlorhexidine-
impregnated dressings, highlighted in our review [12], is corroborated by other
studies [23] in the literature, which report comparable reductions in CLABSI rates.
This consistency across different studies reinforces the potential of such technologies
in CLABSI prevention strategies. The variation in risk ratios and the effectiveness of
different interventions, both within our review and in the broader literature, highlight
the importance of context in CLABSI prevention. A one size-fits-all approach may
not be the most effective; instead, tailored strategies that consider specific hospital
settings, patient populations, and available resources are crucial. Moreover, the range
of study designs, from randomized controlled trials to observational studies, in both
our review and the literature [24,25] provides a comprehensive view of the efficacy
of various interventions. This diversity in research methodologies enriches our
understanding of CLABSI prevention, allowing for more nuanced and effective
intervention strategies. The findings from our systematic review, in comparison with
existing literature, affirm the effectiveness of multifaceted interventions in reducing
CLABSI rates. They also emphasize the need for tailored approaches, considering
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the specific needs and contexts of different healthcare settings. This understanding
is vital for healthcare providers and policymakers in formulating and implementing
effective CLABSI prevention strategies. One of the primary strengths of this
systematic review lies in its comprehensive and focused methodology. By
exclusively examining interventional studies and clinical trials conducted over the
past 15 years, the review provides an up-to-date and relevant analysis of the most
current practices in CLABSI prevention. This temporal focus ensures that the
interventions assessed are reflective of current clinical practices and technological
advancements.

Additionally, the inclusion of a diverse range of interventions, from care bundles to
technological innovations and staff training programs, offers a broad perspective on
effective strategies. This diversity not only enhances the generalizability of the
findings but also provides practical insights for healthcare settings with varying
resources and capabilities. The rigorous selection criteria and the thorough
evaluation of studies across different healthcare environments further strengthen the
reliability and applicability of the review’s findings in clinical practice [26].
However, the review also has certain limitations that should be considered. The
variation in study designs, sample sizes, and healthcare settings among the included
studies introduces a level of heterogeneity that might affect the comparability and
consolidation of results. While this diversity provides a wide-ranging understanding
of CLABSI prevention strategies, it also poses challenges in drawing definitive
conclusions about the efficacy of specific interventions [27]. Moreover, the review's
focus on studies published in English potentially excludes relevant research
conducted in other languages, which might limit the comprehensiveness of the
analysis. Additionally, the reliance on published literature may introduce publication
bias, as studies with positive outcomes are more likely to be published. This bias
could skew the overall understanding of the effectiveness of CLABSI prevention
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interventions. Therefore, while the review offers valuable insights, these limitations
highlight the need for cautious interpretation of the findings and suggest areas for
future research to further enhance the understanding of CLABSI prevention in
clinical practice.

Conclusions

In conclusion, this systematic review provides compelling evidence on the
effectiveness of various interventions in preventing Central Line-Associated
Bloodstream Infections (CLABSISs). The reviewed interventional studies and clinical
trials, focusing on the past 15 years, consistently demonstrate significant reductions
in CLABSI rates across diverse healthcare settings. Comprehensive care bundles
were particularly effective, with risk ratios (RRs) as low as 0.20 and 0.21,
highlighting a reduction in infection rates by approximately 80%. Interventions
involving antimicrobial catheters showed RRs ranging from 0.33 to 0.71, indicating
a substantial decrease in CLABSI incidences. Moreover, staff training and education
interventions resulted in RRs between 0.36 and 0.46, underscoring their importance
in infection control. These results, reflecting a broad range of sample sizes and
methodologies, underscore the critical role of multifaceted, context-specific
approaches in significantly reducing the incidence of CLABSIs and improving
patient safety in hospital settings.
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Table (1): Summary of the Studies Focused on Prevention of Central Line-Associated
Bloodstream Infection via Quality Improvement

Study | Sample Type of Effectiveness of the .
. . . . . Study conclusion
ID Size intervention intervention
Studv 1 520 Implementation of RR: 0.21 The study concluded a significant
Y Care Bundle (Effectiveness: 79%, CI: 0.10-0.45) reduction in CLABSIL.
Implementation of
Studv 2 250 Care Bundle with RR: 0.20 The study concluded a significant
Y Technological (Effectiveness: 80%, CI: 0.09-0.42) reduction in CLABSI.
Innovations
Study 3 385 ImAple;nep tatllfnl()f RR: 0.33 The study concluded a substantial
uey numicrobia (Effectivencss: 67%, CI: 0.17-0.64) decrease in CLABSI.
Catheters
Implementation of RR: 0.71 The study concluded a moderate
Study 4| 1280 Antimicrobial (Effectiveness: 29%, CI: 0.55-0.91) reduction in CLABSI.
Catheters
Study 5 1030 Implementation of RR: 0.36 The study concluded a significant
Y Staff Training (Effectiveness: 64%, CI: 0.22-0.59) impact on reducing CLABSI.
Implementation of
Studv 6 750 Staff RR: 0.46 The study concluded an effective
4 Training with (Effectiveness: 54%, CI: 0.30-0.70) in reducing CLABSI.
Feedback Mechanism
Implementation of .
. RR: N/A The study concluded an effective
Study 7 640 MultlmOFIal (Effectiveness: 58%, CI: N/A) reduction in CLABSI rates.
Intervention
Implementation of RR N/A The study concluded a
Study 8 458 Enhaqced Compliance (Effectiveness.: 45%. CI: N/A) moderately effective in reducing
with Protocols CLABSL
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