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Abstract

Central line-associated bloodstream infection (CLABSI) is a serious but
preventive hospital-acquired infection. This study aimed to assess the effectiveness of
providing an education-based CLABSI prevention intervention on nurses' competency
in maintaining central lines and patient mortality rate and length of stay.

The study was conducted in intensive care units of the Ministry of Health
Hospitals in the northern provinces of Palestine between September 2023 and March
2024. A quasi-experimental design was applied. The sample was convenient and nurses
were allocated randomly to either a control group or an experimental group at hospital
levels based on the bed capacity of the ICUs from where nurses were recruited. The
knowledge was assessed using a translated, self-completed questionnaire. The nurses'
skills were observed using a short version of the Ebru Kazan and Gulnur Kar checklist.
Regarding the mortality rate and length of stay, a baseline measurement was performed
retrospectively for three months before initiating the intervention and then monthly
through the study.

A total of 98 intensive care nurses were involved in the study. The results
indicated that was no significant difference in the baseline knowledge (t = -0.61, p =
0.537) and practice (t=-0.376, p = 0.708) of central lines' safe handling and maintenance
between the two groups. The experimental group had their knowledge improved their
practice level enhanced and the improvement maintained during the post-intervention
period (F (1, 41) = 4485.58, p < 0.001). Regarding the patient outcomes, there was no
significant effect of the intervention on the mortality rate (t =-1.85, p = 0.138) and length
of stay (t =177, p = 0.151) in both groups.

Due to the effect of the educational intervention of this study in improving the
intensive care nurses’ competencies of central line care, it is recommended to apply
ongoing education and in-service training in the infection control field to promote and
maintain nurses' competencies of safe handling of central lines and preventing CLABSI.



Also, it is recommended to standardize policies for safe and efficient central line
maintenance and Safe handling.

Keywords: Central line, knowledge, Nursing, skills, infection
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Chapter One: Introduction

1.1 Background

Using central lines or central venous catheters (CVCs) in intensive care units
(ICUs) is common; however, complications are issues to be concerned about.
Pneumothorax, bleeding, and arrhythmia are examples of these complications; hence,
catheter-related bloodstream infection (CLABSI) is the most common complication that
has serious adverse effects (llyas et al., 2019; Van Den Bosch et al., 2022). CLABSI is a
healthcare-associated infection (HAI) that occurs in five to ten percent of patients
worldwide (Voidazan et al., 2020). It is also considered a serious infection and
complication of improper insertion or maintenance of CVCs (Glover et al., 2022),
especially if combined with immunosuppression and comorbidity (Blot et al., 2022;
Monegro et al., 2023).

The reports indicated that critical care patients in low- and middle-income
countries have a greater chance of acquiring CLABSIs than do those in high-income
countries (Latif et al., 2024; Rosenthal et al., 2024). In Palestine, for instance, a study
found that the average CLABSI rate was 3.7 per 1,000 device days, which was twice as
high as the incidence reported internationally (Sabateen et al., 2022). This high level of
CLABSI makes those patients vulnerable to further complications and devastating
impacts (World Health organization, 2022), may prolong the length of stay by at least
seven days (J. Lowery et al., 2022), and may cause more than 28000 deaths annually
(Gupta et al., 2021; Haddadin et al., 2023).

CLABSI costs the healthcare system billions of dollars in both developed and
resource-limited countries, with significant variation in cost among hospitals and
countries (H. Toor et al., 2022). CLABSI is the costliest HAI, costing 31,000-65,000 per
case and increasing costs by approximately 70% (Agency for Health care Research and
Quiality, 2022). Despite having a significant burden on healthcare systems, patients, and
health institutions, CLABSIs are still highly preventable (Almahmoud et al., 2020).
Nurses can reduce and prevent the occurrence of CLABSIs by enhancing their

compliance with international recommendations for preventative practices and



improving their competence in CVC maintenance (S. Mohapatra et al., 2020; H. Toor et
al., 2022).

Many studies across the world have assessed the competency level of CLABSI
prevention and CVC maintenance among intensive care nurses to detect current practices
and how they affect the CLABSI rate. ICU nurses have different levels of knowledge
and practices related to CVC maintenance and safe handling among nations. In a study
conducted in Malaysia, ICU nurses reported a good level of knowledge and practice
(Azlan & Aung, 2021), and a satisfying level of practice was detected among intensive
care nurses in Jordan (Aloush & Alsaraireh, 2018). However, intensive care nurses in
Poland, China, and Egypt reported an insufficient level of knowledge and practice of the
CLABSI bundle (Chi et al., 2020; Dyk et al., 2021).

Unfamiliarity with CLABSI prevention bundles and evidence-based practices to
maintain and safely handle CVCs is a barrier to controlling CLABSI occurrence and
optimizing the quality of care related to CLABSIs (Bae et al., 2022; Oncology Nurse
Advisor, 2022). Therefore, numerous interventions have been delivered globally to
increase nurses’ competence in CVC maintenance and safe handling, especially in ICUs
(R. Acharya et al., 2019; Alkhawaja et al., 2020; Rosenthal et al., 2010). In studies
conducted in Saudi Arabia, the CLABSI rates decreased by 0.66 CLABSIs per 1000
device days, whereas nurses' competency levels improved after education-based training
was applied (Waleed A Mazi et al., 2021; Perumal et al., 2022). Enhancing nurses'
competency in CVC maintenance and adopting CLABSI preventive strategies also play
a vital role in decreasing the CLABSI rate, hospitalization rate, and mortality rate
threefold among patients with CVC (Chovanec et al., 2021; Hsieh et al., 2023; S.
Mohapatra et al., 2020; Poh et al., 2020).

Several factors have been reported to affect the effectiveness of CLABSI
prevention interventions in improving nurses' competency and eliminating the undesired
effects of CLABSIs on patients and healthcare systems (Hebbar et al., 2015a; F. A.
Mostafa et al., 2022). For example, the infrastructure and accessibility of necessary
equipment and supplies are crucial for encouraging nurses’ adherence to evidence-based
guidelines for CLABSI eradication and providing best practices when handling CVCs
(Garcia et al., 2022). Another factor that negatively affects nurses' compliance is having

a high nurse-patient ratio, which can impair nurses' ability to work efficiently and



diminish their compliance with the CLABSI prevention bundle (Shang et al., 2019).
Moreover, higher compliance is observed in nurses who have engaged in previous
training sessions, who have more clinical experience, and who have a higher level of
education (Aloush & Alsaraireh, 2018; B. Badparva et al., 2023; Chi et al., 2020; Dyk et
al., 2021). The literature also shows that ongoing observations, surveillance, continuing
in-service training, and standardization of nurses' practices are essential to preserve and
maintain the effect of CLABSI preventative intervention on nurses' competency level
and to prevent the detrimental effects of CLABSIs (Foka et al., 2021; Mathew et al.,
2020).

The accumulated knowledge and literature suggest that this study mainly
attempted to address issues related to CLABSI prevention in Palestinian ICUs. Nurses
need to be aware of the CLABSI bundle and the principles of safe handling of CVCs and
to recognize that patients' healthcare outcomes are significant indicators of the
effectiveness of their care. This may require nurses to receive ongoing education and
remain aware of the skills and knowledge needed to maintain patients' safety measures
and improve the quality of their care to sustain a healthcare environment free of infection.
In addition, they should be trained and tutored in evidence-based recommendations and

guidelines.

1.2 Problem Statement

Healthcare-associated infection is considered among the key performance
indicators of quality of health care, where CLABSI rate is one of these indicators, that
affect the quality of care provided in healthcare settings (Scheinker et al., 2020). The
prevalence of CLABSIs in low- to middle-income countries is three to five times greater
than that reported in high-income countries (Alp et al., 2019). Palestine is one of low
income countries in which there is a lack of national program to fight CLABSI.

In an attempt to improve the infection control practices and subsequently the
patient outcomes, some health care agencies in Palestine actively participate in initiatives
and accreditation programs which addressed the importance of maintaining an infection-
free patient environment. For example, the Patient Safety Friendly Hospital Initiative

(PSFHI) has been carried out to improve patient safety practices in Palestine (Siddiqgi et



al., 2012). Another example is the Accreditation from the Joint Accreditation
International (JCI) institution, which emphasizes the importance of HAI prevention as a
fundamental patient safety goal and struggles to promote high-quality care and maintain
the efficacy of healthcare services provided in hospitals (Joint Commision International
JCI, 2022).

Unfortunately, the initiatives were temporarily implemented and targeted mainly
the Palestine medical complex, while the JCI accreditation was attainable for only a few
non-governmental hospitals. This indicates an inequality in improvement opportunities
between these hospitals and the remaining MOH hospitals where there were insufficient
financial resources. Consequently, a huge disparity the infection control practices, health
care provider's competencies, and the reliability and availability of related data regarding
infection prevention and patient outcomes indicators. In other words, efforts to control
HAIs, especially CLABSIs, are still weak, fragmented, and target specific health
institutions in Palestine.

Many obstacles are encountered by the healthcare system in Palestine. They are
related primarily to the Israeli occupation. Restrictions on movements, frequent
geographic separation, and frequent attacks by the Israeli military make life-saving
procedures and interventions a priority. This condition results in a lack of adequate
numbers of nurses, inequality in their distribution, and migration of healthcare providers,
which contributes to jeopardizing healthcare services in Palestine (WHO, 2023).

Instability in the West Bank and fragmented health services have hindered the
efforts to assess the current national prevalence of CLABSIs and to evaluate the
effectiveness of infection control efforts. There is no reliable and valid data concerning
the national CLABSI rate or standardized tracking of the quality of care provided to
prevent CLABSIs and improve patients' and hospital outcomes. Moreover, the overload
on the healthcare system coupled with limited resources delays the establishment of
standardized CLABSI prevention programs and limits the ability to assess the healthcare
providers’ awareness and compliance with CLABSI preventive approach and the
outcome of their care (Willemsen et al., 2022).

The financial status further magnifies the problem. In other words, the financial
resources for the Ministry of Health (MOH) are very limited and controlled by
occupation, which decreases the availability of essential medical supplies in the market



(Ibrahim Salem, 2020). Importing essential medical materials requires permission from
the Israeli government and is affected by political conditions that vary from time to time
(Issa Noursi, 2022). In addition, there is a very limited budget for continuous training
and education programs. Therefore, Palestinian nurses must provide care under stressful,
demanding, and resource-limited work conditions.

In light of these findings, this study helps improve practices for preventing
CLABSIs by educating and training nurses in the northern provinces of the West Bank.
This education and training focused on applying the best evidence-based practices of
CVC maintenance while utilizing the available equipment and materials. In addition, this
study offers a valuable opportunity to assess the actual level of ICU nurses' competence
in CVC care and maintenance and to improve this level, in addition to evaluating how
improvements in nurses' competency level affect the quality of nursing care in terms of

the mortality rate and length of stay.

1.3 Significance

This study is emphasizing care of patients admitted to ICUs. Enhancing nurses'
awareness of the seriousness of CLABSIs and the importance of the CLABSI bundle
encourages them to provide the most effective, prompt, and efficient CVC maintenance
practices (Ibrahim Salem, 2020). This study played a crucial role in minimizing the gap
between evidence-based recommendations and actual nurses' practices and assisted in
delivering the best practices for patients (Almahmoud et al., 2020). Sufficient knowledge
and practices can increase nurses’ competence and enhance their sense of responsibility
toward patients with CVC (Dumont & Nesselrodt, 2012).

An additional favorable outcome of this study would be the effect of nurses'
competency on patients' outcomes in terms of length of stay and mortality rate. This study
inspired nurses to work collaboratively to promote the quality of their care in the safe
handling and maintenance of CVVCs. Promoting the quality of care could decrease the
risk of CLABSIs, minimize the hospitalization time, prevent further infections, and
minimize the probability of mortality (Sedrak et al., 2019), which in turn reduce both the
cost of care and the economic burden on patients and health institutions (Phan et al.,
2018).



Researchers, academics, and policymakers can also benefit from this study. The
application of CLABSI prevention interventions in extremely poor infrastructure and
limited resource environments provides a rich environment for research. Additionally,
the effect of this study on patient safety would encourage academics to integrate
evidence-based practices in their programs to be up-to-date with the universal concerns
of patient safety. Policy makers, from their perspective, may be encouraged to modify or
settle regulations that support the presence of a standardized surveillance system to better
track CLABSI incidence, promote healthcare providers’ capabilities and qualifications,
and support managers of health care institutions in creating their own CLABSI
prevention programs that move in synchrony with verifying the competencies of health
care providers, especially in infection prevention.

Therefore, this study provides a distinguished opportunity to explore the
exceptional relationships among nurses' competencies, the quality of care, and
institutional patient safety outcomes and how they would be affected by the application

of education-based interventions in the Palestinian health environment.

1.4 Statement of Purpose

The purpose of this study was to assess the effectiveness of using an education-
based CLABSI prevention intervention on nurses' competency to maintain central lines
and patient care outcomes (mortality rate and length of stay) among patients admitted to

intensive care units in the northern region of Palestine.

1.5 Research Questions

The study was conducted to improve nurses’ and patients' outcomes and to
answer the following questions:
1.5.1 Primary Questions
1.5.1.1 Question One

What is the effect of a CLABSI prevention education-based intervention on
nurses' competency in central lines' maintenance and safe handling among patients in

intensive care units in the northern region of Palestine?



1.5.1.2 Question Two

What is the effect of a CLABSI prevention education-based intervention on
patient care outcomes (mortality rate and length of stay) among patients in intensive care
units in the northern region of Palestine?
1.5.2 Secondary Question

What are the differences in nurses' competency in central lines' maintenance and

safe handling in relation to their demographic and institutional factors at baseline?

1.6 Research Hypothesis

The hypotheses for this study are as follows:

1.6.1 Hypothesis One

There is a positive effect of using education-based intervention for CLABSI
prevention and central lines' maintenance on nurses' competency level in maintaining
CVC among patients admitted to intensive care units compared to control group.
1.6.2 Hypothesis Two

There is a positive effect of using education-based intervention for CLABSI
prevention and central lines' maintenance on length of stay and mortality rate intensive

care units compared to control group.

1.7 Theoretical Framework

The American Nurse Association of Critical Care Nurses (AACN) Synergy
Model for Patient Care is a widely used framework that aligns patient needs with nurse
competencies. This model reflects the nurse-patient unique reciprocal relationship that
leads to a safe patient care journey, as illustrated in Figure 1.1. Nurses' competencies
protect patients from medical errors and harm (American Nurse Association of Critical
Care Nurses, 2022), and these competencies are determined by the needs of the patients.
Synergy and optimal patient outcomes occur when nurses' competencies correspond to
patients' needs and consider the unique characteristics of patients. This will lead to the

synergetic effect (Cordon et al., 2021).
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Figure 1.1 AACN Synergy Model for Reciprocal Relationships between Patients'
Needs and Nurses' Competencies

The synergy model pays attention to what nurses collectively can achieve for
patients and what patients collectively want. Nurses are frequently the voice of patients
who are unable to express themselves. This reflects the unique relationships among
nurses, patients, and their families. Competent nurses safeguard the rights of patients,
sustain patient safety, and protect them from HAIs (Mohamed Ahmed, 2018). The
synergy model states that when patient characteristics and nurse competencies synergize,
optimal patient outcomes are achieved.

Nursing competencies are also described in terms of essential continuums. The
synergy model describes eight dimensions of nursing practice that span the continuum
from competent to expert. These competencies reflect a dynamic integration of the
knowledge, skills, experience, and attitudes needed to meet patient needs and optimize
patient outcomes (Swickard et al., 2014).

In the field of infection control, the synergy model could be a convenient model
to explain the reciprocal relationship between nursing competencies and the incidence of
CLABSI. Hospitalized patients have a right to zero infections, so keeping them safe and
healthy through effective and efficient care is considered the ultimate purpose of all
healthcare services. HAIs are among the primary risk factors for prolonged patients’
hospitalization, and increase patients’ vulnerability to more severe complications,
disabilities, and even death. As a result, preventing the spread of infections, adhering to

infection control precautions, and committing to Center of Disease Control and



Prevention (CDC) recommendations to prevent CLABSIs are vital requirements. On the
other hand, patient-centered care focuses on delivering evidence-based procedures by
competent healthcare providers, whose competencies are upheld by in-service training

and ongoing education.

The concept of the Synergy model represents the cornerstone of this study.
Throughout this study, intensive care nurses in the northern region of Palestine had an
exceptional chance to advance their expertise in CVC care and CLABSI preventive
procedures. The educational intervention of this study was structured on the basis of the
baseline competence level of the intensive care nurses and the care outcomes of the ICU-
admitted patients in terms of mortality rate and length of stay. This process defines the
concept of synchrony between what patients need and what can be improved in nursing
practices to obtain the desired patient outcome. The following hypothesized model

illustrates the relationships between the study variables (see Figure 1.2).

-
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Figure 1.2 Hypothesized Model

1.8 Variables of the Study

1.8.1 Nursing Competency
1.8.1.1 Conceptual Definition



Competence is a noun (in doing something), the ability to perform something well,
whereas competency refers to a skill that one needs in a specific job or for a particular
condition (Oxford Learner's dictionaries, 2022). In a profession, competence refers to the
personal ability to understand and perform needed tasks safely and effectively and is
consistent with the expectations for a person equipped with education and training in a
profession or specialty (Falender & Shafranske, 2007). In nursing, knowledge alone is
not enough. It should be coupled with clinical competencies to guarantee effective and
safe practices, and it is highly recommended and pivotal for nurses to be competent
before providing direct care to patients (APSIC, 2017).
1.8.1.2 Operational Definition

In this study, nurse competency refers to the level of knowledge and practice of
CVC maintenance and safe handling. Nursing knowledge of the CLABSI definition,
Bundle, and principles of safe maintenance was addressed via a self-completed pretest
and posttest questionnaire (see Appendix A). For this study, the pretest, posttest
questionnaire was modified from the previous work of Humphrey (2015) and Ahmed.S
(2021) to suit the available resources in Palestinian health institutions and to be
convenient with the most recent evidence-based recommendation.

Practice and nursing skills were assessed by using an observational checklist
developed by Gulnur and KAZAN (2021). This checklist was reviewed by a panel of
experts from JCl-accredited hospitals. The checklist was used to observe and evaluate
intensive care nurses' performance when CVC care was applied.

1.8.2 Central lines or CVC Maintenance
1.8.2.1 Conceptual Definition

Maintenance refers to keeping something working well (Elizabeth Walter, 2023),
and CVC refers to applying sterile dressing over the insertion site frequently according
to the CDC recommended, safely accessing ports, scrubbing the hubs, changing the
infusion sets for intravenous fluid and blood and flushing the lumens as per the CDC and
local policies (Bell & O'Grady, 2017; Quadros et al., 2022).
1.8.2.2 Operational Definition
The observational checklist of central line maintenance was developed by (Gulnur &
KAZAN, 2021) used to assess the following practices of the intensive care nurses in this

study:
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- Sterile dressing was applied over the insertion site.
- Dressing changes were performed according to the instructions provided in the
intervention of the study and based on the CDC recommendations.
- Scrubbing the hub via a non-touch technique.
- Accessing and flushing the CVC ports.
- The infusion sets were changed according to the type of solution administered.
1.8.3 Crude Mortality Rate
1.8.3.1 Conceptual Definition
The mortality rate is defined as the ratio between dead and living individuals in a
particular population and within a specific period of time expressed per 1000 or 100,000
people. (Merriam Webster, 2024). Additionally, it can be defined as the number of deaths
among a specific population related to a specific cause, age group, place, or over a
defined period of time. The crude mortality rate is a general death rate in a population at
specific times, regardless of the cause(Cambridge Dictionary, 2024; World Health
Organization, 2024).
1.8.3.2 Operational Definition
In this study, the crude mortality rate was calculated according to the following
formula (Centers for Disease Control and Prevention, 2012): the number of deaths
divided by the total population size at a specific period of time multiplied by 103. The
applied formula was as follows:
(No. of deaths/No. of population *10°)
1.8.4 Length of Stay
1.8.4.1 Conceptual Definition
The average number of days patients spend during their hospital stay at a specific
period of time (National Health Care Safety Network, 2023).
1.8.4.2 Operational Definition
The length of stay refers to the total number of occupied beds in a department at a
specific time divided by the number of discharged patients in that department (World
Health Organization, 2023a). The applied formula was as follows:

> (Date of discharge - Date of admission)/number of discharges

1.9 Summary
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This chapter highlight the crucial role of nursing competency in preventing
CLABSI in Palestine. Educational intervention could improve nurses' competencies

and enhance patients’ outcomes.
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Chapter Two: Literature Review

2.1 Introduction

Central line-associated blood stream infection (CLABSI) is among the life-
threatening infections acquired during patient hospitalization. It has a negative effect on
patient outcomes and places a high burden on the cost of care provided. Nurses are the
guardians of patients during hospitalization, and they strive to deliver highly safe and
efficient care and to maintain an infection-free environment. Many interventions are
recommended to maintain zero CLABSIs and preserve patient safety. These
interventions take many forms and vary among healthcare institutions, as does their
effectiveness in fighting CLABSIs. This study sheds light on one of these interventions,
which involves torturing nurses on the proper approach to CVC maintenance and how
this training could improve their competencies and subsequently improve patients'
outcomes.

This chapter delves in depth into the existing body of knowledge and evidence,
delineates the extant literature, analyzes them to detect gaps in knowledge and
inconsistencies in interventions, and synthesizes the available resources to highlight
areas of improvement and future research opportunities. The detected gap within the
literature is explicitly articulated to robustly justify conducting this study and the
valuable and unique contribution of this study to the overall body of healthcare practices.
In particular, this review of the literature endeavors to shed light on the realm of nursing
competencies in the context of the maintenance of CVCs and their efficacy in promoting
patient outcomes.

A comprehensive review of the relevant literature was executed to cover the
following headings: the definition of CLABSI, its prevalence worldwide and in ICUs,
modifiable and nonmodifiable factors contributing to CLABSIs, the impact of CLABSIs
on patient and hospital outcomes, recommended preventive measures, the role of nursing
in prevention and how nursing knowledge and practice are influenced by preventive
interventions. In addition, this review searched literatures in education-based
interventions aimed at preventing CLABSIs in ICUs and their influence on enhancing

nurses' competency in CVC maintenance and patients' outcomes.
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2.2 Search Strategy

After the main components or themes of the literature review were determined,
key terms were selected and searched through the following databases: EBSCO host,
Scopus, Science Direct, PubMed, Wiley Online Library, Medline through EBSCO host,
and CINAHL Complete through EBSCO host.

2.3 Part One: General View of CLABSI Prevention-Related Issues

2.3.1 Definition, Types, Indications, and Pros and Cons of Different Central Lines
The central line is a medical device inserted peripherally or centrally (through the

internal jugular, subclavian, or femoral vein) and advanced to terminate near the right

atrium of the heart at the end of the inferior vena cava or superior vena cava. The central

line has many synonyms, such as a central line, and a central venous access

There are many types of CVCs. They can be categorized according to the
longevity of being in suit or their duration of treatment: short-term and long-term (or
tunneled and non-tunneled). Short, non-tunneled catheters are the most commonly
inserted, whereas tunneled catheters are indicated for patients who need prolonged
treatment such as chemotherapy or dialysis (Tolbert & Morrall, 2019). Other
classifications of CVCs are also used. The CVC could be permanent, such as tunneled or
implanted ports, and temporary non-tunneled catheters (Ling et al., 2022). The selection

depends on many factors, especially the indication of CVC.

In many circumstances, the medical team related to the CVC based on the
insertion site. Internal jugular, subclavian, and femoral site CVCs are types of insertion
sites (Pitiriga et al., 2020). Each site has advantages and disadvantages, and the
preference depends on the patient's condition and the urgency of treatment (Heidenreich
etal., 2022)..

2.3.2 Indications for CVC Insertion

CVC insertion is considered an essential medical procedure that is utilized for a

variety of medical indications. First, the CVCs are essential for frequent and accurate
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hemodynamics readings, such as central venous pressure which is crucial for proper fluid
management in critical care patients (Audrey Tse; Michael A. Schick, 2022). Another
primary indication for CVC is the administration of incompatible medications, infusions,
and intravenous treatment that requires a prolonged period (Centers for Disease Control
and Prevention, 2023). Total parenteral nutrition (TPN) is another frequent indication for
CVC insertion in ICUs (Dube et al., 2020).

In addition, CVCs play a crucial for many invasive procedures like hemodialysis
and plasmapheresis, which require frequent venous access for blood exchange, and
pacemaker placement (Dube et al., 2020; Kolikof et al., 2023). In intensive care settings,
many prescribed medications and infusions are vesicants and irritants, such as vasoactive
medications and highly concentrated glucose. These can be incompatible with peripheral
access and may cause phlebitis and extravasation; Therefore, CVCs are the first choice
for intravenous access (Audrey Tse; Michael A. Schick, 2022).

Furthermore, CVCs are recommended for patients with oncological and
hematological disorders (Raimbault et al., 2023). These patients often need frequent
venipuncture for obtaining blood samples and cultures (Heidenreich et al., 2022), which
makes their peripheral veins fragile, traumatized, and difficult to access. CVCs provide
accessible and reliable for handling these problems and protecting patients from pain and
unintentional complications (Larcher et al., 2023).

Chemotherapy administration is an additional challenge for patients with cancer.
These agents are vesicant and irritant chemicals that may cause necrosis in blood vessels
and worsen patients' condition in many cases (He et al., 2021). Chemotherapy
administration through peripheral access is contraindicated (Utsu et al., 2021). Therefore,
CVC is the access of choice (Sapkota et al., 2020). Moreover, CVCs could improve the
quality of life and minimize pain in patients undergoing bone marrow transplantation or
requiring frequent blood and blood component administration (He et al., 2021; Kolikof
etal., 2023).

2.3.3 CLABSI Definition, Causes, and Risk Factors

CLABSI or catheter-related bloodstream infection (CRBSI) is defined as an

infection of the bloodstream that results from a violation of aseptic technique during

insertion and/or maintenance of CVC (Centers for Disease Control and Prevention,

15



2022b) and it is detected by laboratory studies within 48 hours of CVC insertion
(Haddadin et al., 2022).

The CDC redefined the CLABSI to be an infection that occurs in patients with a
CVC inserted for more than two calendar days or after the third day of CVC placement,
just before a positive culture result is obtained (National Health Care Safety Network,
2024). Alternatively, an infection may be recognized in patients whose CVC was
removed the day before confirming the results. Importantly, CLABSI is specific to
inpatient settings during the current admission and following the initial access of the
CVC (Chopra Vineet, 2024).

CLABSIs may occur via the migration of commensal bacteria into the
bloodstream. Migration can occur via two common routes: intraluminal or extraluminal
(Haddadin et al., 2023). The extraluminal movement of pathogens results from improper
insertion site dressing and inadequate skin antisepsis and occurs within seven days of
inserting the CVC. Pathogens may be transmitted from health-care providers' hands
through the skin entry site to the external surface of the CVC's lumens toward the distal
tip of the CVC (Chopra Vineet, 2024). Tunneled CVC has a cuff under the skin in which
fibrinogen accumulates and prevents the migration of bacteria along the external surface
(Haddadin et al., 2023)

On the other hand, intraluminal transmission mainly results from nonadherence
to hub scrubbing before accessing, which results in port contamination and unsterile
access to CVCs (Chopra Vineet, 2024). In this case, CLABSI occurs seven days after the
CVC is inserted as a result of bacterial colonization inside the lumens of the catheter
(Haddadin et al., 2023). Improper flushing of the CVC lumens facilitates bacteria
migration into the bloodstream. A common source of infection is contaminated hands or
intravenous fluid or medications, which can contaminate the insertion site or the hub of
the catheter (Ling et al., 2022; Wei et al., 2021).

2.3.4 Causes and Risk Factors Contributing to CLABSIs

Given the multifaceted nature of CLABSI, it is crucial to consider and recognize

various factors that may contribute to the occurrence of CLABSI, such as patient
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attributes, healthcare practices, and environmental elements. These factors can be
classified as intrinsic (honmodifiable), or extrinsic (modifiable).

Modifiable risk factors are the target of many initiatives and preventive programs
(Selby et al., 2021). Examples of these factors include the sociodemographic
characteristics of the patient, such as age, sex, previous medical and surgical history (de
Quadros et al., 2022); type of CVC inserted and site of insertion; the unit in which the
patient was admitted (Dsilva et al., 2022a); healthcare providers’ demographic
characteristics, such as age, sex and educational level; and institutional factors, such as
the number of years of experience and receiving education or training on CVC
maintenance (Aloush & Alsaraireh, 2018). Contradictory findings exist regarding the
effects of nonmodifiable factors on the occurrence of CLABSIs (Lafuente Cabrero et al.,
2023).
2.3.5 CVC-Related Factors

The number of central catheter days, the dwell time of the CVC, and the
prolonged catheter in situ are modifiable risk factors that increase the CLABSI rate
(DiPietro et al., 2020; Khieosanuk et al., 2022; Mermel, 2020; Nielsen et al., 2022; Rabie
etal., 2022; Scheier et al., 2021). Multiple-lumen CVCs (Torre et al., 2018), the use of a
silicon-type catheter (Khieosanuk et al., 2022), frequent CVC access, improper
reopening of occluded CVCs and CVC insertion in the operating room are also risk
factors (Park et al., 2021). Furthermore, CVC with a large lumen diameter above seven
Fr (van den Bosch et al., 2019) and inserting a CVC in the internal jugular or femoral
vein are also risk factors (Heidenreich et al., 2022; Moriyama et al., 2022; Scheier et al.,
2021).
2.3.6 Institutional and Health Care Providers' Related Factors

At the institutional and healthcare provider level, several factors contribute to
CLABSI. The absence of standardized CLABSI preventive strategies and protocols,
fragile systems, and inadequate resources, such as a lack of maximal sterile barriers (Joint
Commision International JCI, 2022), insufficient surveillance and quality control
monitoring (O’Grady, 2023), and limited leadership involvement of staff (Odada et al.,
2023) are significant institutional factors linked with CLABSI.

The nonadherence of healthcare providers to established policies and guidelines

at both the institutional and national levels is widely recognized as a prominent
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contributing factor to CLABSIs (Hamza et al., 2022). Suboptimal staffing levels,
exemplified by a high nurse-to-patient ratio, lead to insufficient time for essential tasks,
such as the thorough evaluation of CVCs and add-on devices; these conditions have also
been identified as key challenges (O’Grady, 2023; Odada et al., 2023).

Moreover, a high nursing turnover rate (Monsees et al., 2019) and deficient
knowledge and skills in maintaining CVC stemming due to inadequate continuing
education activities (Patil et al., 2022) significantly contribute to issues such as improper
catheter insertions and substandard hand hygiene practices, thereby increasing the
vulnerability of CLABSIs (Elgowainy, 2020).

2.3.7 Prevalence of CLABSIs Worldwide and in ICUs

Central Line-Associated Blood Stream Infection (CLABSI) is an issue of great
concern at the global scale, as its incidence varies across different international and
national regions. A multicenter study encompassing 281 intensive care units located
within 95 hospitals across nine Asian countries revealed a pooled CLABSI rate of 5.08
per 1000 central venous device days. Notably, the highest CLABSI rate is linked with
femoral catheters, temporary dialysis catheters, and jugular catheters (V. D. Rosenthal et
al., 2023). Another multinational study involved 728 ICUs from 286 hospitals spread
across 147 cities in 41 low- to middle-income countries recorded CLABSI rate of 4.82
CLABSIs per 1,000 catheter days in the ICUs which surpassed the rates reported by the
CDC and the National Healthcare Safety Network (NHSN) (Victor Daniel Rosenthal et
al., 2023).

In the United States, CLABSI incidence was evaluated in 448 ICUs and 677
medical-surgical units. The prevalence of CLABSIs in ICUs is approximately 0.87 per
1,000 catheter days (H. Toor et al., 2022). This rate was aligned with the National
Standardized Infection Rate (SIR) of 0.84 reported by the CDC in 2022, which was based
on data from 3,728 general acute care hospitals in the United States of America (USA)
(Centers for Disease Control and Prevention, 2022a).

In the USA, a retrospective cohort study conducted in southern California
reported CLABSISs rate of 1.7 per 1000 catheter days in the ICUs compared with 2.8 per
1000 days reported in inpatient wards. Notably, the rate of CLABSIs was particularly

higher in patients having femoral and hemodialysis catheters (Harjyot Toor et al., 2022).
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Conversely, in community hospitals within the same state, the incidence of CLABSIs
was recorded as 1.09 (Nelson et al., 2022).

In the context of Southeast Asian countries with low to middle incomes, a
variation in the rate of CLABSIs was observed. A study conducted in a single center in
North India reported a CLABSI incidence rate of 9.3 per 1000 catheter days (Magbool
& Sharma, 2023). Moreover, a nationwide investigation in China examined the
prevalence of CLABSIs among 38,212 patients admitted to ICUs. The average incidence
rate was 1.50 per thousand catheter days, with the lowest incidence observed in the
pediatric intensive care unit (PICU) and the highest in the cardiac intensive care unit
(Zeng et al., 2021).

In South Africa, an academic hospital reported an incidence of 26.3 per 1000
CVC days (Glover etal., 2022), whereas a 400-bed teaching hospital in Slovakia reported
a 2.81 CLABSI rate per thousand catheter days (S. Hlinkova et al., 2023), while in
Switzerland, a seven-year study reported that CLABSISs rate of 2.20 CLABSIs per 1,000
catheter days (Paioni et al., 2020).

In the Arab region, numerous investigations have been carried out to explore
issues related to CLABSIs. A study conducted in Saudi Arabia examined the CLABSI
incidence in ICUs of 106 hospitals over two years revealed a rate of 3.24 per 1,000
catheter days (Alanazi et al., 2021). Another study conducted at King Fahad Hospital of
the University in Saudi Arabia reported CLABSI incidences of 4.97, 2.99, and 4.56 per
1,000 catheter days in the medical, surgical, and PICUs, respectively (Alwazzeh et al.,
2023).

In addition, the infection rate was found to be 0.63 per thousand central line days
in the 27-bed medical-surgical ICU of King Faisal Medical Complex (W. A. Mazi et al.,
2021). Another prospective surveillance study reported a CLABSI rate of 3.24 per 1,000
catheter days, which aligned with the standardized infection ratios reported in Gulf
Cooperation Council (GCC) hospitals but exceeded those reported in NHSN hospitals
and fell below the rates reported in International Nosocomial Infection Control
Consortium (INICC) hospitals (Alanazi et al., 2021).

On the other hand, in Oman, the estimated average incidence was 8.6 per 1,000
catheter days over two years (Al-Shukri et al., 2022), whereas a prospective study for the
Kingdom of Bahrain estimated that the average CLABSI incidence was 3.2 per thousand
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catheter days (Al-Khawaja et al., 2021). In Jordan, a study conducted in three hospitals
reported that the CLABSI rate among ICU-admitted patients was 1.98 per thousand
catheter days (Matlab et al., 2022), whereas a single study conducted in Augusta Victoria
Hospital in Palestine reported that the CLABSI rate was seven times greater than that
reported in Jordanian hospitals (Sabateen et al., 2022).
2.3.8 The Impact of CLABSIs on Patient and Hospital Outcomes

Health care-associated infections (HAIs) including CLABS increase mortality
and morbidity rates. Every year, more than a million HAIs harm one out of every 31
hospitalized patients in the USA, adding billions of dollars to healthcare costs (Agency
for Health care Research and Quality, 2022). One of the most commonly reported HAIs
is CLABSIs, which impose a significant burden on hospital and patient
outcomes(Magbool & Sharma, 2023). As reported by Niccolo Buetti et al. (2022),
CLABI prolonged the length of hospital stay (LOS) (Alshahrani et al., 2023) and added

nearly 30,000 dollars to the cost of care (Niccolo Buetti et al., 2022). A study by Al-

Khawaja et al. (2021) also revealed that patients with CLABSIs had increased LOSs and
mortality rates (Al-Khawaja et al., 2021).

The mortality rate in patients with CLABSIs is dramatically increased on the
basis of the type of CVC and the insertion site used (Alwazzeh et al., 2023). A study
conducted in six ICUs in China revealed that the attributed effect of CLABSIs on health
costs was double the cost required for patients with the same conditions but without
CLABSIs, as was the effect of CLABSIs attributed to an additional 20 days on the LOS
(Zhang et al., 2023). In Germany, a study by Baier et al. (2020) revealed that patients
with CLABSIs had a twofold longer attributable LOS than patients without CLABSIs
did, and CLABSIs were independently associated with increased costs (Baier et al.,
2020).

A positive correlation between LOS and CLABSI occurrence was identified in a
study conducted in Saudi Arabia between 2016 and 2018 (Alotaibi et al., 2020). Another
study from Nairobi reported that patients who developed CLABSIs had prolonged LOSs,
mortality rates, and subsequent increases in healthcare costs (Kiroro & Twahir, 2018).
The previous effects of CLABSIs were also confirmed in a long-term prospective study
conducted in Taiwan from 2011 to 2020, in which patients with CLABSIs stayed ten
days longer than patients without CLABSIs did (Liu et al., 2023).
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2.3.9 Preventive Measures and Intervention to Eliminate CLABSIs

The above sections showed that CLABSISs are a serious health problem in ICUs,
imposing a substantial threat to patients' and hospitals' outcomes. It prolongs the LOS,
increases morbidity and mortality rates, and presents a serious economic burden.
Therefore, adopting and executing diverse preventive interventions is vital to achieve
zero CLABSI.

The CDC has implemented many initiatives and efforts to decrease and even
prevent CLABSIs. They developed reliable evidence-based guidelines and toolkits,
defined CLABSIs, standardized the CLABSI incidence calculation, and published
recommendations to improve healthcare providers' practices and to assist organizations
and healthcare systems in eradicating CLABSIs (Centers for Disease Control and
Prevention, 2023).

The CLABSI prevention bundle is an example of a CDC toolkit. This was the
result of a large study including 1,000 ICUs that participated in the On the CUSP: Stop
BSI project (Agency for Health care Research and Quality, 2018). The CLABSI bundle
is a group of simple, feasible, and evidence-based practices used to properly insert and
maintain various types of CVCs in different healthcare settings and patient populations
(Brunner et al., 2023; Hussain et al., 2020). The bundle is a multidisciplinary approach
that is essential for ensuring patient safety, maintaining high-quality care, and ensuring
an infection-free environment. For ultimate benefit, the components of the bundle should
be applied collectively to achieve the desired outcomes (Doellman, 2023).

Many healthcare institutions have adopted the CLABSI bundle as a strategic plan
to maintain zero CLABSI, guarantee consistency in delivering the best care for all
patients with CVC, and monitor the compliance of healthcare providers (Hamza et al.,
2022; Waleed A Mazi et al., 2021). This bundle encompasses five essential practices to
protect patients from CLABSIs: hand hygiene at five points (hygiene must be performed
before and after palpation of the insertion sites and before and after insertion, dressing,
accessing, or any other form of manipulation of the CVC, using chlorhexidine (CHC)
2% in 70% alcohol antiseptic, maximum barrier precaution for CVC insertion, optimal
insertion site selection and finally a daily review of CVC necessity (Lin et al., 2018; Veer
& Sharma, 2023).
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The Society for Healthcare Epidemiology of America (SHEA) recommends

additional essential practices to maintain CVVC. These evidence-based interventions are
integral parts of the CDC bundle (The Society for Healthcare Epidemiology of America
(SHEA), 2022). These practices encompass: scrubbing the hub for an average of 15
seconds using CHC 2% in Isopropy! Alcohol or Alcohol 70%, disinfecting all needleless
connectors, flushing with syringes with a minimum size of 10 ml for each lumen,
changing the heparin lock when needed, changing gauze dressing every 24 to 48 hours
and the transparent dressing at least weekly (The Society for Healthcare Epidemiology
of America (SHEA), 2022).
Additionally, the intravenous tubing should be replaced every 72-96 hours, the blood
and TPN administration sets to be replaced every 24 hours, and the tubing used for
administering Intralipid should be replaced every 8 hours (Alkhawaja et al., 2020; N.
Buetti et al., 2022; The joint Comission International, 2024; The Society for Healthcare
Epidemiology of America (SHEA), 2022).

Many healthcare institutions adopt the bundle and the SHEA recommendations
as the core of their quality and infection control programs and the skeleton of any
improvement initiatives to maintain a CLABSI-free health environment. Most programs
are multidisciplinary and apply a range of interventions supported by education, which
is a key factor for eliminating CLABSIs (Engel et al., 2023).

The majority of the education-based interventions targeted healthcare providers
involved in inserting and maintaining the CVC. The desired outcome of these programs
was to enhance nurses' competencies (knowledge and practice) in handling CVCs and to
improve their compliance with the most updated evidence-based practices essential to
sustaining zero CLABSIs (Ling et al., 2022).

Education-based interventions take several forms and integrate multiple teaching
methods (Aloush & Alsaraireh, 2018). PowerPoint presentation, classroom discussions,
leaflets, videos, and memorizing cards are supportive materials to enhance the
effectiveness of the education process (Negm et al., 2021). Another pivotal approach is
simulation-based training (Gauntt et al., 2022) which torture healthcare providers in the
proper technique of CVC maintenance and enhance healthcare providers' competencies
(de Quadros et al., 2022; Hernandez-Aceituno et al., 2020). Some programs also employ

computer-based education and e-learning modules to increase healthcare providers'
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knowledge of CVVC maintenance and CLABSI prevention (Adawee et al., 2023). In other
programs, education took the form of enduring lectures and frequent learning sessions
during rounds (Centers for Disease Control and Prevention, 2023).

Compliance and adherence with CLABSI bundles are pivotal for eliminating
CLABSIs and are complementary to education-based interventions. To maintain
adherence to best practices guidelines and policies to prevent CLABSIs, it is imperative
to establish a strong surveillance system and follow-up plans to monitor healthcare
providers during CVC insertion and maintenance (EI-Sadek et al., 2022).

The CDC developed bundle-based checklists to systematically monitor and
assess compliance (Centers for Disease Control and Prevention, 2023). Many healthcare
facilities depend on these checklists to ensure that healthcare providers adhere to
CLABSI prevention policies and to assess the effectiveness of educational programs
(Cavdar & Akyol, 2022). Many surveillance systems rely heavily on CDC definitions
and checklists (National Health Care Safety Network, 2024) as standardized surveillance

is a cornerstone in preventing CLABSIs (Haddadin et al., 2023; Saleem et al., 2019).

Surveillance systems are essential for detecting CLABSIs and evaluating the
effectiveness of preventive strategies (Rai et al., 2023). However, applying a
standardized surveillance system alone cannot eliminate CLABSIs (National Healthcare
Safety Network, 2024); instead, these systems are commonly applied as integral
components of initiates, awareness campaigns, and infection control programs side by
side with on-the-job training and continuing education activities. (Centers for Disease
Control and Prevention, 2023).

Effective surveillance should be initiated and executed by a qualified and
specialized team that is competent to apply surveillance and to observe and report the
competence of healthcare providers in maintaining CVC(Hill et al., 2022; Welter &
Villanueva, 2022). A further discussion of CLABSI preventive interventions is provided
in the next review section.

2.3.10 Global and Regional Barriers and Obstacles to CLABSI Prevention

Many obstacles interfere with preventing CLABSIs. These challenges have been

recognized in global, regional, and local settings and categorized as institutional and

individual obstacles.
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At the regional level, healthcare systems in many countries are immature, lack
standardized policies, do not utilize CLABSI bundles and toolkits, and there are no
uniform surveillance systems or inconsistencies in reporting CLABSIs (Aloush et al.,
2018). This makes it difficult to identify the magnitude of the CLABSI burden on the
health system of these countries, and it is difficult to compare the CLABSI incidence and
impact to an agreed-upon benchmark.

In addition, limited resources and low income lead to the inaccessibility of
essential supplies such as personal protective equipment (PPE), disinfectants,
semipermeable dressings, and antiseptic solutions most of the time (Cameron et al.,
2021). Furthermore, the infrastructures of healthcare institutions have a great impact on
eliminating CLABSIs. Crowding patients' rooms in combination with poorly distributed
sanitation areas discourages nurses from doing hand hygiene and facilitates the spread of
CLABSIs (Maki & Zervos, 2021).

Many low-income countries complain of a shortage of qualified and competent
nurses, high turnover, and heavy workloads. These factors limit direct interaction
between patients and healthcare providers, consequently leading to a decline in the
ability to adhere to CVC maintenance guidelines (Matlab et al., 2022). Noncompliance
with regulations by healthcare providers is often attributed to insufficient continuous
professional development and training in infection control principles (Nasiri et al., 2023).
Nurses working in such facilities also lack adequate exposure to evidence-based
guidelines, resulting in a lack of awareness and comprehension of the current protocols
(El-Sadek et al., 2022). This challenge is exacerbated by disparities in resources and
surveillance systems at the regional level (N. Buetti et al., 2022).

The presence of patient safety culture within organizations is a leading factor for
sustaining patients' safety and zero CLABSI environments (Zabin et al., 2022). It is
aground for effective teamwork work and positive attitudes toward high-quality patient-
centered care (Richter & McAlearney, 2018). The lack of this cultural aspect leads to a
substandard level of dedication to ensuring patient safety principles along with
noncompliance with infection control principles and disbelief in the ability of bundles
and toolkits to reduce CLABSIs (Harlan et al., 2022).

On the other hand, patients and their families are the principal factors in

decreasing the CLABSI level. Patient and family participation in care helps improve
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compliance with infection control regulations (Lin et al., 2024). However, poorly
educated, health-illiterate patients face challenges in adhering to hand hygiene practices,
personal hygiene, and isolation precautions. The absence of efficient health education
about CLABSI prevention and patient acuity makes patients and their families
uncooperative and unable to report symptoms of infections; therefore, many initiatives
focus on educating patients and improving their awareness of infection control
precautions (Suttle et al., 2019).
2.3.11 Context of the West Bank

Conducting research in the West Bank represents significant challenges,
particularly in the field of healthcare. The occupation and political conflicts in the region
have had a profound impact on the Palestinian healthcare system and scientific research,
resulting in detrimental constraints and limitations on various components of the system,
including healthcare providers, clients, administrative systems, resources, and
infrastructure (Abu Moghli, 2023).

Access to healthcare facilities and services is often restricted owing to the
establishment of unplanned, permanent, or temporary checkpoints by the occupation’s
military. Additionally, sudden invasions and attacks on cities and the countryside areas
further exacerbate limitations on freedom of movement. Consequently, healthcare
services become fragmented, placing both patients and healthcare providers under high-
pressure conditions (Mosleh et al., 2018). Both of them struggle to reach hospitals and
healthcare centers, and when they do, they encounter highly stressful environments that
negatively impact all aspects of care. These conditions are time-consuming, financially
burdensome, and have psychological consequences (United Nations Population Fund,
2024).

Healthcare researchers are greatly affected by these challenging circumstances.
They require additional time and more financial support to reach their target populations,
including patients, administrators, and individuals who encounter difficulties in
accessing healthcare facilities (Director-General, 2024). Many of those nurses become
uncooperative with researchers, as their priority is to seek care and return home,

prioritizing their immediate needs.
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The pressurized work environment indirectly hampers the quality of healthcare
and contributes to the spread of infections, including hospital-acquired infections such
as CLABSIs. These issues are further magnified by fragile infrastructure, which is a
consequence of unstable political conditions and immature strategic planning (N. Buetti
et al., 2022). Additionally, there is a shortage of qualified and specialized healthcare
providers, as many have migrated outside the country (Anera, 2020). Despite the
Ministry of Health's efforts to standardize policies and regulations, these efforts remain

insufficient.

Nongovernmental hospitals often precede the MOH in adopting new services,
establishing policies, and seeking accreditation from international associations in an
attempt to fill the gaps in services provided. However, there is still a lack of national,
standardized policies and surveillance systems to track the effectiveness and efficiency
of healthcare services, including infection control efforts (Kheir-Mataria, 2019). This
creates a significant gap in the quality of care and the distribution of healthcare services,
as well as a lack of valid and reliable evidence-based data on health conditions in the

West Bank. Nevertheless, these obstacles are rich environments for research.

Economic conditions have a devastating effect on the healthcare system. The
occupation restricts financial transactions, particularly to the MOH (M. Koussa, 2023).
This situation has been compounded by years of fighting COVID-19, and now, financial
support has been completely blocked due to (Tawafan Al Agsa). For many years,
healthcare providers in all Ministry of Health hospitals have been earning only 60% or
less of their salary, leading to many retirements due to financial strain. This compels
administrators to declare an emergency state, leading to health services being provided
at minimal staffing levels, which further disturbs the delivery of care.

This notable shortage of healthcare providers became even more pronounced
during the war in Gaza, where the siege on cities coincided with the absence of salaries.
This is a crisis regarding quality of care, and from the research perspective, researchers
may be unable to contact participants within the time frame of their studies.

The occupation exacerbates the current conditions by constricting trade
preventing procurement, importing, and accessing essential medical equipment and

supplies to provide accepted quality health care, which may lead to increasing the spread
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of hospital-acquired infections, worsening hospital and patient outcomes and
complicating the existing conditions (Rosenbloom & Leff, 2022). From the research
perspective, the lack of necessary equipment and materials hampers the ability to conduct
many research studies.

Economic restraint hinders the ability to allocate resources essential for effective
health services. This affects salary offerings and exacerbates disparities in the workforce.
These conditions heavily hamper steps toward promising hospital and patient outcomes
and research efforts and delay the implementation of professional development programs
across healthcare facilities (N.Shiraz, 2021).

2.3.12 Conclusion

CLABSI continues to pose a significant challenge in healthcare settings. Despite
the enormous effort to eliminate CLABSIs, various challenges and obstacles hamper the
effectiveness of these efforts and initiatives. Addressing these obstacles through research
could help control them and enhance adherence to evidence-based guidelines. Education-
based intervention is an essential part of any preventive strategy. Creating a safety culture
is key to maintaining an infection-free environment and improving nurses' competencies
in the West Bank, the condition is more complex and challenging, and any single step

can make a difference in controlling infections.

2.4 Part Two: Central Line-Associated Blood Stream Infection Preventive

Interventions in Intensive Care Units: Scoping Review

2.4.1 Introduction

CLABSI is among the most serious hospital-acquired infections and is associated
with devastating effects on patient and hospital outcomes, especially in low-income
countries (Alkhawaja et al., 2020). It increases the mortality rate, prolongs hospital stays,
and increases the health care costs (Fadwa Abu Mostafa et al., 2022). There are many
leading factors for CLABSIs, such as deficiencies in essential medical materials and
equipment, patient morbidity and health conditions, and hospital-related causes, such as
a lack of policies and in-service training, and the absence of a dedicated infection control
team (Bita Badparva et al., 2023).
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CLABSI preventive interventions usually target the contributing factors of
CLABSIs (Hamza et al., 2022). Although the outcome is to prevent CLABSIs, these
interventions take many forms and may differ in their specific goals, the target group, the
strategies adopted, and the time frames. Some interventions focus on a single approach,
such as training and education on the CLABSI prevention bundle, while others adopt a
multifaceted approach such as establishing a specialized infection control team, with
modifying policies and guidelines(Arrieta et al., 2019; Bierlaire et al., 2021).

Despite the promising effects of many interventions in decreasing the incidence
of CLABSIs, the optimal efficacy, effectiveness, reliability, and applicability of these
interventions are still unclear (Lazarus et al., 2023). There is a need to explore and
examine the scope, extent, and range of available intervention-based studies to prevent
CLABSIs and to comprehend the existing evidence on this topic.

The scoping review approach is preferred for systematically mapping the
literature that underpins the various types of intervention approaches applied in the field
of CLABSIs. For these reasons, this scoping review was conducted to address the
different types of interventions that have been applied to reduce the CLABSI rate, to
identify the target group of these studies, the outcomes desired from conducting these
interventions, the methods of measurements, and to identify any gap in the literature.
Therefore, this scoping review was conducted to answer the following questions:

- What evidence exists in the literature regarding education-based interventions
that aim to increase intensive care nurses' competencies in the maintenance of

central lines and the prevention of CLABSIs?

- What is known about intensive care nurses’ competency of central line

maintenance and CLABSI prevention?

- What is the effect of applying education-based interventions on nurses'
competencies in central lines' maintenance and safe handling, as reported by the

reviewed articles?

- What are the main gaps regarding CLABSI preventive interventions in the

literature, and what are the most urgent recommendations for future research?
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2.4.2 Methods
2.4.2.1 Protocol and Registration

This scoping review was conducted on the basis of the framework of the Joanna
Briggs Institute (JBI) and was reported by the Preferred Reporting Items for Systematic
Review and Meta-Analyses-Scoping Review Extension for Scoping Review guidelines
(PRISMA-ScR), which was developed according to published guidance by the
Enhancing the Quality and Transparency Of Health Research (EQUATOR) Network for
the development of reporting guidelines (Levac et al., 2010; McGowan et al., 2020). A

research team revised the protocol.

2.4.2.2 Eligibility Criteria

The inclusion criteria of this review are illustrated in Table 2.1 and follow the
mnemonic described by (population, concept, and context) in addition to the design, date,
language, and type of sources. The inclusion criteria were tested by two independent

reviewers (MW and Sl) before initiating the study selection process.

Table 2.1 Inclusion and Exclusion Criteria: Population, Concept, and Context

Category Inclusion Exclusion Rational

Population Studies targeted nurses who Studies that
provide direct care to patients in targeted nursing

(Intensive Care
ICUs despite being the targeted students and

Nurses)
population or being a part of a healthcare
multidisciplinary team targeted by providers other

the study. than nurses.
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Category

Inclusion

Exclusion

Rational

Concept

(Education-
based

intervention)

Context

(Intensive Care
Units)

Language

Design

Structured training or education-

based interventions that take one

or more of the following formats:

lecture-based learning,
PowerPoint sessions, seminars,
clinical training, simulations,
sharing memorizing cards, e-

learning modules, blended

Interventions that
depend on self-
reported or
monitored

practices

learning approach, learning during

rounds ...etc.

Different types of Intensive Care
Units.

Only English- based peer-

reviewed research was retrieved

The eligible designs included but
were not limited to quantitative
and pre-post, quasi-experimental,
experimental, and control group

designs.

Neonatal Intensive

Care Units

Any other

Language

Qualitative and
Descriptive

designs

30

This review was
intended to explore the
effect of educational
intervention on nurses'
competence using
well-defined objective
criteria. Using a self-
assessed tool increases
the bias and
subjectivity of the

results.

The NICUs were
excluded because the
neonatal population
has exceptional
guidelines, policies,
and regulations for
CVC insertion and

maintenance.

English is the most
commonly used
language and the only
understood by the

research team.

Qualitative and
descriptive were
excluded because their
design could not
measure the effects of



Category Inclusion Exclusion

Rational

Date Range 2013-2023
Type of source  Peer-reviewed research articles Gray studies,
of evidence Review studies,

and qualitative

studies

the interventions and
just reflect the
situation at the time of
data collection, also
this design would not
help answer the review

questions.

To guarantee the
synthesis of a variety

of updated evidence.

To control for the
quality of studies

involved.

2.4.2.3 Data Sources and Search

The investigator initially searched for key studies in Google Scholar and PubMed

to use them as seed documents. They assisted in identifying further studies and essential
keywords and formulating a search strategy. For a rigorous and relevant search process,
the investigator conducted an initial search, after which the search criteria were
iteratively developed until the search team became satisfied with the strategy and the

keywords were convenient for answering the review questions.

After conducting a peer review of the search strategy, an agreement was reached
to determine and refine the key terms and synonyms; then, they carried out a systematic
search for relevant research articles in the following databases: EBSCO host, Scopus,
Science Direct, Pub Med, Wiley Online Library, Medline through EBSCO host, and
CINAHL Complete through EBSCO host from January 2013 to September 2023.

The research team utilized the following keywords: central line infection, central

line-related bloodstream infection, central venous catheter-associated bloodstream
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infection, central venous catheter-related bloodstream infection, central venous access
device-related infection, central venous access device-associated infection, central
venous access-related bloodstream infection, central line-associated bloodstream

infection, intervention, treatment, program, education, and training.

Boolean operators such as "OR " and "AND" were applied to form composite
expressions to enhance the search process. Also, the research team applied filters for
publication date and article type. The search strategy was limited to research articles
published from 2013 to 2023 and in English. Following that, the investigator exported
the extracted articles into End Note and removed duplicates. The electronic database
search was performed through the AAUP and An-Najah National University e-libraries.

The final search strategy for PubMed is displayed in Appendix B.
2.4.2.4 Data Charting and Calibration

The main author created a Microsoft Excel Charting Form or Matrix to help
standardize the capture and charting of relevant variables and sources of evidence. A
panel of three experts in research jointly reviewed the matrix and the extraction process.
The matrix and the charting procedure were amended accordingly before commencing
the screening. The three experts and investigators screened the same studies to increase

the consistency in screening the data.

Based on relevancy and eligibility, the team first evaluated the titles, the abstracts,
and then the full-text articles. After completing the screening, they met to compare the
final extracted articles, but there were disagreements on several studies; therefore, an
external expert was consulted to reach a consensus. Some of these articles were excluded,
and others were included in the final study. The search team members independently
recorded the variables on the matrix and the main author continuously updated the matrix

iteratively. The final matrix is illustrated in Appendix C.
2.4.2.5 Data Synthesis

The characteristics of the agreed-upon studies were tabulated and narratively
summarized on the basis of the purpose, country of origin, design, intervention, tool of
measurement, and findings. Finally, implications were retrieved for future research,

education, and administration.
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2.4.3 Results
2.4.3.1 Study Selection

In this scoping review, the investigator retrieved 4471 studies from seven
databases during the initial search, as shown in Figure 2.1. Among them, 1260 were
removed as duplicates. A total of 3211 studies underwent a review of their titles and
abstracts. Based on the titles and abstracts, 2427 studies were excluded because of
irrelevancy. The systematic review, meta-analysis integrative review, qualitative review,

and blueprints were removed.

After that, 280 studies were retrieved and assessed for eligibility. The remaining
studies underwent further review. Those studies with descriptive designs or targeted
physicians only and those that applied the intervention to the neonate population were all
removed. At the end of the screening process, 29 studies were considered eligible for

review. The studies were published between 2013 and 2023.
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Identification

Identification of studies via databases and registers

[

]

Screening

Records identified from:
PubMed (n=1045)

Science Direct (n=385)
Scopus (n=861)

EBSCO (n= 1760)
MEDLINE (n=1123)

Wiley library (420)
CINHAL Complete (n=637)

!

Records screened (n =3211)

[

]

Eligibility

[

]

Included

[

!

Full-text article sought for
retrieval and assessed for
eligibility (n =353)

!

Studies included in the review
(n =29)

Records removed before the screening:

Duplicates removed (n = 1260)

Records not eligible by title (n = 2272)
Unrelated by abstract (n=155)
Systematic review (n=247)
Meta-Analysis (n=142)

Scoping review (n= 17)

Reports excluded (n =251):
Not ICU settings (n=150).
Neonate population (n = 90)
Descriptive design (n= 25)
Qualitative studies (n=73)

Physicians population (15).

Figure 2.1 PRISMA-ScR

2.4.3.2 Study Characteristics

The characteristics of the 29 reviewed studies are summarized in Appendix C.

The included studies are summarized on the basis of the date of publication, the country
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of origin, the aim of the study, the targeted sample, the setting, the study design, the type
of intervention, the educational approach, the method and tools for data collection, and

the findings and outcomes.

The included studies were conducted in different countries. Six studies were
conducted in the Middle East region, one in Jordan (Aloush, 2018), four in Saudi Arabia
(Khalid et al., 2013; Mazi et al., 2014; Waleed A. Mazi et al., 2021; Fadwa Abu Mostafa
et al., 2022), one in Egypt (Negm et al., 2021), one in Bahrain (Alkhawaja et al., 2020),
and one in Turkey (Leblebicioglu et al., 2013).

In the United States of America (USA) eight studies were identified (Exline et
al., 2013; Gauntt et al., 2022; Hebbar et al., 2015b; Hong et al., 2013; Humphrey, 2015;
Jessica Lowery et al., 2022; Scholtz et al., 2013; Walz et al., 2015). There was one study
from Argentina (Rosenthal et al., 2018), one from Brazil (de Quadros et al., 2022; Melo
et al., 2022), and one from Canada (Paquet et al., 2021).

In Europe, there was one multinational study (van der Kooi et al., 2018), one
originating from England (Burt & Spowart, 2021), one from Geneva (Zingg et al., 2014),
one from Germany (Hansen et al., 2014), and one from Italy (Musu et al., 2017). Four
studies were conducted in India (Ranjita Acharya et al., 2019; Dsilva et al., 2022b; Jaggi
et al., 2013; Sarita Mohapatra et al., 2020).

2.4.3.3 The Target Group of the Studies

The reviewed studies incorporated several types of interventions that aimed to
decrease the CLABSI rate. They vary in the types of interventional approaches, the
targeted group, and the setting where the study was conducted. Concerning the targeted
trainees, thirteen studies focused on nurses only as their samples. The number of nurses
who participated in these studies ranged from 34 to 536 intensive care nurses (Ranjita
Acharya et al., 2019; Aloush, 2018; Burt & Spowart, 2021; Dsilva et al., 2022b; Hebbar
etal., 2015b; Humphrey, 2015; Jessica Lowery et al., 2022; Sarita Mohapatra et al., 2020;
Paquet et al., 2021; Scholtz et al., 2013), whereas three studies did not mention the actual
number of involved nurses (Alkhawaja et al., 2020; Khalid et al., 2013; Mazi et al., 2014).

The remaining studies utilized interventions to involve multidisciplinary teams,

including intensive care nurses and physicians (de Quadros et al., 2022; Exline et al.,
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2013; Gauntt et al., 2022; Hansen et al., 2014; Hong et al., 2013; Jaggi et al., 2013;
Leblebicioglu et al., 2013; Waleed A. Mazi et al., 2021; Melo et al., 2022; Fadwa Abu
Mostafa et al., 2022; Musu et al., 2017; Negm et al., 2021; Rosenthal et al., 2018; Zingg
etal., 2014).

2.4.3.4 The Presence of Hypothesis

Among the reviewed studies, only 14% adopted hypotheses. Hebbar et al.
(2015b) hypothesized that simulation-based training could increase nurses' compliance
with CVC maintenance. Negm et al. (2021) suggested that bundle-based training
decreases the CLABSI rate. The hypothesis of the study of Scholtz et al. (2013) was that
education-based training in CVC maintenance would improve nurses' knowledge and
competence and subsequently decrease the CLABSI rate. Exline et al. (2013)
hypothesized that the use of obligatory in-service education and demonstration returns
would decrease the CLABSI rate by half (Exline et al., 2013; Hebbar et al., 2015b; Negm
et al., 2021; Scholtz et al., 2013).

2.4.3.5 Desired Outcomes of the CLABSI Prevention Intervention

Concerning the aims of the involved studies, achieving zero CLABSI was the
outcome of many adopted interventions; however, the specific aims of the studies varied.
Some of these interventions focused on healthcare workers who maintain venous access
devices, while other interventions targeted policies and procedures; or applied a

multimodal approach.

Nine of the included studies applied education-based interventions to improve
nurses' level of knowledge and compliance with CLABSI preventive interventions and
compliance with recommended CVC maintenance practices (Aloush, 2018; Burt &
Spowart, 2021; de Quadros et al., 2022; Dsilva et al., 2022b; Hebbar et al., 2015b;
Humphrey, 2015; Sarita Mohapatra et al., 2020; Negm et al., 2021; Scholtz et al., 2013).

One study aimed to improve compliance with hand hygiene practices to indirectly
decrease the CLABSI rate (van der Kooi et al., 2018), and the remaining studies
explicitly investigated the effects of their interventions in decreasing the incidence of
CLABSIs (Ranjita Acharya et al., 2019; Alkhawaja et al., 2020; Exline et al., 2013,
Gauntt et al., 2022; Hansen et al., 2014; Hong et al., 2013; Jaggi et al., 2013; Khalid et
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al., 2013; Leblebicioglu et al., 2013; Jessica Lowery et al., 2022; Mazi et al., 2014,
Waleed A. Mazi et al., 2021; Melo et al., 2022; Fadwa Abu Mostafa et al., 2022; Musu
et al., 2017; Paquet et al., 2021; Rosenthal et al., 2018; Walz et al., 2015; Zingg et al.,
2014).

2.4.3.6 Intervention Strategies

The reviewed studies utilized diverse interventional approaches to directly or
indirectly decrease the CLABSI rate. Education and training were the core elements.
Seventeen studies utilized only training and education-based interventions. Some studies
(Aloush, 2018; Hansen et al., 2014; Khalid et al., 2013; Negm et al., 2021; Paquet et al.,
2021) used PowerPoint-based lectures and educational sessions varied in duration from
15 minutes to three hours and in frequency of provision, whereas five studies applied
simulation-based training, in which skills are demonstrated on specialized mannequins
with several types of CVCs inserted into the chest or arms (de Quadros et al., 2022;
Gauntt et al., 2022; Hebbar et al., 2015b; Humphrey, 2015; Scholtz et al., 2013).

On the other hand, some studies used a mixed approach, incorporating hands-on
demonstrations, simulations, and lectures. Three studies combined lectures and hands-
on training and demonstrations, one focused on hand hygiene (Sarita Mohapatra et al.,
2020); one aimed to improve hand hygiene practices and CVC care (Ranjita Acharya et
al., 2019); and the third aimed to enhance nursing skills in maintaining CVC, performing

hand hygiene and proper blood culture techniques (Mazi et al., 2014).

Two studies applied competency-based simulation and demonstration returns
supported by educational sessions (Burt & Spowart, 2021; Exline et al., 2013). Musu et
al. (2017) emphasized evidence-based practices for maintaining CVC through lectures
supported by demonstration returns, video illustrations, discussions, and the distribution
of posters and factsheets. Additionally, two studies relied on self-directed, self-paced
education through utilizing E-learning module systems and the distribution of special
booklets (Dsilva et al., 2022b; Jessica Lowery et al., 2022). One study did not provide

details about the nature of the educational intervention (Hong et al., 2013).

The remaining studies utilized multimodal interventions, including standardizing

CVC maintenance policies and procedures, applying CLABSI prevention bundles, and
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establishing specialized infection control teams fostered by workshops and
demonstration returns (Alkhawaja et al., 2020; Jaggi et al., 2013; Leblebicioglu et al.,
2013; Melo et al., 2022; Fadwa Abu Mostafa et al., 2022; Rosenthal et al., 2018; van der
Kooi et al., 2018; Walz et al., 2015; Zingg et al., 2014).

2.4.3.7 The Instruments of Data Collection

Different tools and instruments have been used to assess nurses' knowledge and
compliance with evidence-based practices to maintain CVCs and prevent CLABSIs;
however, the CDC utilizes a standardized method to evaluate the CLABSI rate and
prevalence. In this review, twenty studies relied on surveys to measure the effectiveness
of the interventions. The remaining nine studies used questionnaires and checklists to
assess nurses' knowledge and practices. Hansen et al. (2014) used a multiple-choice

questionnaire and survey.

Hebbar et al. (2015b) utilized a 17-item checklist to assess nurses' compliance
with the CLABSI bundle. Jessica Lowery et al. (2022) assessed the level of knowledge
by using a questionnaire disseminated by an e-learning module. Humphrey (2015) also
used a 16-question test. Scholtz et al. (2013) relied on a self-completed questionnaire and
a written exam to assess knowledge. de Quadros et al. (2022) used a four-domain
checklist to observe the nurses’ compliance. The six previous studies did not provide

further details about the tools.

Among the reviewed studies, three provided the psychometric properties of the
instruments utilized for data collection (Aloush, 2018; Dsilva et al., 2022b; Negm et al.,
2021). Aloush (2018) reported that the questionnaire used had good internal consistency
and reliability, with a Cronbach’s alpha of 0.82, while Dsilva et al. (2022b) revealed that
both the questionnaire and the checklist utilized in the study were valid and reliable, and
reported the content validity index (CVI) for both of them. Negm et al. (2021) reported
the reliability coefficient for the questionnaire used to assess the level of nurses'
knowledge.

2.4.3.8 Findings and Outcomes

Most of the findings of the reviewed studies revealed that the CLABSI rate

decreases after the interventions, including education-based interventions. Two studies
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focused only on differences in the level of knowledge and skills. They indicated that
education-based interventions enhanced nurses' knowledge and practice of CVC
maintenance principles (Dsilva et al., 2022b; Humphrey, 2015). Another two studies
mentioned the concept of competency in their results and reported that participants’
competencies were improved after receiving education and training (Aloush, 2018;
Scholtz et al., 2013).

On the other hand, the findings of six studies were dual; they revealed that
interventions affected both the CLABSI rate and nurses' knowledge and that any
enhancement in nurses’ knowledge of CLABSI bundle would significantly decrease the
CLABSI rate (Ranjita Acharya et al., 2019; Burt & Spowart, 2021; Hansen et al., 2014;
Jessica Lowery et al., 2022; Sarita Mohapatra et al., 2020; Negm et al., 2021).

Seventeen studies reported only the difference in the CLABSI rate after applying
the interventions, and in all of them, the rate declined significantly, and in some studies,
this decline was maintained for an extended time (Exline et al., 2013; Gauntt et al., 2022;
Hebbar et al., 2015b; Hong et al., 2013; Jaggi et al., 2013; Khalid et al., 2013;
Leblebicioglu et al., 2013; Mazi et al., 2014; Waleed A. Mazi et al., 2021; Melo et al.,
2022; Fadwa Abu Mostafa et al., 2022; Musu et al., 2017; Paquet et al., 2021; Rosenthal
et al., 2018; van der Kooi et al., 2023; Walz et al., 2015; Zingg et al., 2014).

Regarding simulation-based training, de Quadros et al. (2022) reported that
simulation could improve nurses' adherence to evidence-based practices. While the study
conducted by Alkhawaja et al. (2020) revealed that their intervention, including
education, led to decreases in the CLABSI rate, cost, and length of stay (Alkhawaja et
al., 2020), and the intervention of one study led to decreases in the CLABSI rate and

mortality rate (Jessica Lowery et al., 2022).

2.4.4 Discussion

2.4.4.1 Summary of Evidence (Main Finding)

This scoping review analyzed 29 studies published between 2013 and 2023 that
focused on interventions to prevent CLABSIs. The interventions focused on improving

healthcare providers' competencies, equipment availability, and surveillance systems.
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Most studies have targeted different healthcare providers and specialties, including
nurses. They integrated different approaches to execute their goals.

The primary objective that was commonly shared among the reviewed studies
was reducing the CLABSI rate. However, only 17% of the studies focused on improving
nurses' understanding of and proficiency in CVC maintenance. The majority of the
studies used checklists and surveys developed at the institutional level and were based
on the CDC's recommendations. Some studies have used questionnaires and written
exams to detect changes in participants’ knowledge or competency levels after receiving
educational interventions. However, few studies have reported the psychometric

properties of their applied questionnaires and checklists.
2.4.4.2 The ldentified Gaps in the Literature

Many gaps emerged after reviewing the interventional studies to prevent
CLABSIs. The methodologies were inconsistent across many reviewed studies, which
hindered the ability to compare the results, and the employed methodologies did not
mention the design (Gauntt et al., 2022). Few studies explicitly described the sampling
technique, sample size, sampling size calculations, inclusion and exclusion criteria,
methods of data collection, and analysis process (Khalid et al., 2013). This makes the

quality, reliability, and validity of the reviewed interventional studies questionable.

In addition, even if the sample size was mentioned, many of the studies had
relatively small sample sizes. All these limitations compromise the ability to generalize
the results and outcomes of these studies, and future studies on this topic should adopt

more standardized guidelines to yield more valid and reliable findings.

Furthermore, while most of the studies included education and training in their
intervention, they did not provide a baseline knowledge or practice of CVC maintenance
and CLABSI prevention (Waleed A. Mazi et al., 2021). Therefore, the improvement in
nurses' knowledge or competency level was difficult to detect and compare in terms of
participants' demographics and institutional background. This compromised the ability
to attribute the improvement to the efficacy of the interventions in isolation of other
factors and subsequently, efficient CLABSI reduction. The only reported baseline data

was the CLABSI rate, which was not the core outcome of many studies.
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A variety of the included studies insufficiently described the applied education
and training (Hong et al., 2013; Walz et al., 2015), and many of the studies described
multimodal approaches generally without providing a full explanation of the specific
phases (Alkhawaja et al., 2020). This hinders the ability to understand the interventions,
limits the replicability of the studies, and hinders the ability to assess the effects of the
interventions accurately and to what extent these interventions or their components
influence the achievements of the desired outcomes. This is challenging for those who
desire to conduct similar studies. They may encounter many questions regarding the
context of providing these interventions, such as the proper time to execute these
programs and the required supplements, equipment, and legislation.

The lack of standardized instruments to assess the competency of CVC
maintenance is considered a challenge for future research and for the interpretation of
the existing data (Burt & Spowart, 2021; Hansen et al., 2014; Hong et al., 2013; Melo et
al., 2022). This may impede the synthesis of evidence and restrict the ability to provide
robust recommendations or guidelines. Furthermore, using different measurement tools
to assess knowledge and practice levels poses challenges for drawing meaningful
comparisons or identifying trends across the literature. This further hinders the ability to

identify gaps and areas for improvement.

Through close examination of the identified gaps, one possible explanation has
emerged. Many of the reviewed studies implemented their intervention as part of larger
quality improvement projects rather than a well-defined interventional study. These
projects focused on combating CLABSIs instead of addressing the key factors that may
contribute to CLABSIs, which further elucidates the current deficiency in the

methodology of the included studies.

Moreover, the primary causes of many of the aforementioned gaps, even in
Palestine, may be related to the absence of a clear national definition of CLABSI, the
lack of national surveillance, the absence of standardized policies and guidelines to
regulate and monitor nurses' performance and compliance with the CLABSI bundle, and
underdeveloped continuing educational programs and infection control teams or

programs at the national level. All of these factors result in fragmented projects.
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In Palestine, for example, no research has been conducted regarding CLABSI
prevention and enhancing nurses’ knowledge and competency in CVC care. This is
primarily due to the absence of a national survey to identify and measure the actual rate
of CLABSIs; consequently, there are no available data on the prevalence of CLABSIs
and the extent to which nurses' knowledge and performance may contribute to this critical
issue. Additionally, CLABSI has many contributing factors making it a complex issue.
Therefore, a comprehensive understanding of CLABSI prevention and the quality of care

provided by healthcare providers requires extensive research and investment.
2.4.4.3 Limitations

This scoping review has several limitations. First, owing to the inclusion and
exclusion criteria, the review included only peer-reviewed studies published in English
and excluded studies that targeted the neonate population. Second, the currency of the
reviewed literature may be affected, as many studies were published after the date of our
review. These limitations might lead to the absence of relevant studies.

2.4.4.4 Implications

The results of this scoping review underscore the need for further focused
research to rigorously evaluate the influence of different intervention approaches on
reducingg CLABSIs and improving healthcare professionals, including
nurses' competencies. This study would aid in the adoption of more effective evidence-
based practices. From the standpoint of continuous education, hospital administrators
need to support these programs and use well-designed instruments to assess and reassess

the competencies of healthcare practitioners, as this is essential for eradicating CLABSISs.
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Chapter Three: Methodology

3.1 Introduction

This chapter delineated the methodology through the following sections: study
design, setting, population, sample, study measurement tools, data collection methods,

data analysis plans, and ethical aspects.

3.2 Study Design

This study applied a quasi-experimental, pretest-posttest repeated measure
design. time series design. There were four points of measurement: baseline assessment
(To), assessment directly after the intervention (T1), assessment four weeks after the
intervention (T2), and assessment eight weeks after the intervention (T3). There were two
groups; the interventional and the control group. The study extended over five months
from the baseline data assessment to the last set of post-interventional observations (see
Appendix D).

Furthermore, this design is convenient for assessing the longitudinal effects of
the intervention on the mortality rate, length of stay, and intensive care nurses'
competency in addition to analyzing the patterns and changes in these variables over
time. The data were collected at different times, pre and post-intervention. The
competence level (knowledge and practice) and quality of care measurements (length of
stay and mortality rate) were assessed at four points in time: baseline assessment (To),
directly after the intervention (T1), four weeks after the intervention (T2), and eight

weeks' post-intervention (Ts).
3.3 Settings

The study took place in the ICUs of the MOH hospitals in the northern provinces
of the West Bank. In the west bank there are 18 MOH hospitals with a capacity of 1,948

beds, among them the number of intensive care beds available for adult is 110. In the
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north provinces there are seven hospitals, Khalil Suleiman in Jenin, Tubas Turkish
Hospital in Tubas, Thabit Thabit in Talkarem, Alwatani and Rafedia in Nablus,
Darweesh Nazzal in Qalgiliya, and Yasser Arafat hospital in Salfit. The bed capacity
among these hospitals varies; the lowest bed capacity is reported in Salfeet Hospital, with
six beds for every 10,000 people, and eight beds per 10,000 people in Tubas Turkish
Hospital, whereas the highest bed capacity reported in Rafedia and Al Watani Hospitals,
with 15 beds serving 10,000 people. Jenin has 10.4 beds per 10,000 people, and the bed
capacity of Talkarem hospitals is 8.4 beds per 10,000 people (Palestinian Ministry of
Health, 2023).

The adequacy of intensive care services also differs among these hospitals.
Darwish Nazzal Hospital has three ICU beds; Tubas and Salfeet each have four ICU
beds, whereas Rafedia and Al-Watani hospitals have 12 and 11 beds, respectively. This
reflects unequal health care capabilities, in which lower ICU bed numbers and density
are associated with more limited specialties, inadequate resources, and health care
services. This increases the need to transfer patients to other hospitals seeking more
efficient and specialized intensive care, leading to further unequal distributions of
patients and workload. Bed capacity was used to allocate nurses to either control and
experimental group with hospitals with the lowest bed density and ICU bed capacity were
excluded to make a meaningful comparison of the effect of the education-based

intervention between the control and intervention groups.

According to the allocation criteria, the study was conducted on the ICUs in
Talkarem, Jenin, and Nablus. Khalil Suleiman has 223 beds with an average of 2.7 length
of stay, Thabit Thabit has 129 beds with 2.4 length of stay, Alwatani has 62 beds and 5.6
length of stay, whereas Rafedia has 207 beds and a length of stay of 3.2. These hospitals
have characteristics that match the purpose of the study. They have to encounter forced
challenges and strains on resources which restrict their ability to offer equal and efficient

health services.

Despite the limited infrastructure of MOH hospitals, the majority of patients and
their families seek out nursing and medical care at these hospitals because of their
relatively inexpensive treatment compared with other hospitals, especially since many of

these families have low incomes (Civil Society Team for Enhancing Public Budget
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Trasnperancy, 2020; Palestine Monetary Authority, 2022). These factors increase
workload, place nurses in a high-pressure and stressful work environment, hinder their
capacity to deliver timely, safe, and effective care, and restrict their ability to engage or
participate in workshops and learning activities that may be offered outside their
institutions. All these conditions reduce the equality of opportunities for nurses to

enhance their competencies.

In light of this, the study provided education-based interventions for intensive
care nurses in their place of employment at MOH hospitals in an attempt to bypass these
constraints and ensure equal training opportunities. In addition, planning the education
sessions considered the availability of resources and was sensitive enough to suit

intensive care nurses' working time.
3.4 Study Population

The target population of this study consisted of all qualified nurses registered
with the Palestinian Nursing Association and authorized to provide care to critically ill
patients who are admitted to MOH Hospital in the northern region of Palestine.
Approximately 2,728 nurses work in MOH hospitals in the northern provinces of
Palestine. The accessible population were 109 nurses who were working in included
ICUs in this study (Palestinian Ministry of Health, 2023).

3.5 Sample and Sampling

All nurses and patients in the targeted units were invited to participate in the
study. Nurses were subject to intervention, but patient information was the only
involvement of patients through medical records. The sample was convenient for nurses
because of the political and military instability in the region, and the sudden and
unexpected restrictions on movement. These conditions impeded the reachability of the
study sample in addition to the willingness to participate and to continue through the
study.

All intensive care nurses (N=109) from the MOH hospitals of Jenin, Talkarem,
and Nablus were approached and recruited for this study. However, the final sample size
was 98 intensive care nurses allocated to either the control group (56 nurses) or the

experimental group (42 nurses). A random recruitment process based on the ICU bed
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capacity was used to assign the nurses to either the intervention or control arm. Figure.

3.1 illustrates the sampling procedure

Convenient sample approached

Refused to
participate

Completed the pretest
and underwent
observation
(n=105) |

Discontinued | |

Moved to the

intervention phase
=33 Random Allocation
process based on
Discontinued Bed Capacity
Experiment group Control group
[(h=42) ] L[ (n=56] |

Figure 3.1Sampling Procedure

3.6 Attrition Prevention Techniques

Several strategies were executed to minimize the attrition. Open communication
channels were maintained by creating WhatsApp groups to easily reach and contact the
participating nurses, the head nurses, and the chief nursing officers of the concerned
hospitals. Frequent constructive feedback and advice were also provided to the
participating nurses at the individual level to encourage the continuity of their
participation. In addition, direct contact with the chief nursing officers was maintained
to obtain their support, collaboration, and cooperation, and to keep them aware of the

study’s progress.
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3.7 Intervention

The intervention of this study was a CLABSI prevention education that aimed to
improve intensive care nurses' knowledge and skills of safe handling and maintenance of
CVCs. The theoretical section was prepared to enrich the nurses' knowledge of the
CLABSI definition, clinical detection, complications, risk factors, regional and
worldwide prevalence, components of the CLABSI bundle, and strategies for effective
CVC maintenance. The clinical demonstration sessions aimed to train nurses on the
proper and safe applications of the instructions and clinical guidelines tortured in the
theoretical part of the program. The content of the theoretical part of the educational
program is illustrated in Appendix E.

The investigator prepared and delivered the educational material for the study. It
was prepared under the recommendations and toolkits of the CDC (Centers for Disease
Control and Prevention, 2022b, 2023) and Agency for Healthcare Research and Quality
(AHQR) (Ageny for Health care Research and Quality, 2018) and reviewed by a panel
of experts to ensure that the content is valid and evidence-based. In addition, the
educational course later received the American Nurse Credentialing Center (ANCC)
accreditation which enhanced its quality and effectiveness.

A blended learning approach was applied in this study. This approach combined
a virtual learning method via Zoom meetings, video recordings shared via the WhatsApp
group, and hands-on training in the clinical area. The Zoom application was used to
deliver a three-hour PowerPoint presentation covering the theoretical part of the
intervention. In addition, the nurses in the experimental group received a video recording
of the presentation via the unit-based WhatsApp group. Following this, they received
hands-on training and demonstrations in their clinical area to optimize the effectiveness
of the intervention and foster their active engagement.

The demonstration and hands-on sessions were provided individually and
focused on key procedures such as performing the CVC's insertion site dressing,
scrubbing the hub, accessing the CVC, and flushing lumens between uses (Centers for
Disease Control and Prevention, 2023). The demonstration utilized a plastic model that
resembled the human chest with the CVC inserted, after which the hands-on training was

applied to real patients as a part of their routine care.
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The participants used the available medical materials and equipment at the MOH
hospitals, which was sufficient to maintain infection-free practices. These sessions were
provided in collaboration with competent clinical nurses from JCI-accredited hospitals,
where the CLABSI Bundle had been implemented for at least four years. This step
ensured that the clinical nurses had the necessary competencies to transfer their
experience to the trainees.

During the demonstration session, each trainee had the opportunity to perform
the entire procedure and to repeat the steps as often as he or she felt satisfied or the
instructor deemed the participant to perform the procedures safely. This approach
minimized the variability resulting from the confounding factors of participants'
interactions.

The demonstration sessions were conducted individually with a maximum
capacity of two to three nurses per session. At the end of each session, the nurses reflected
on what went well and what they could do better. In all sessions, nurses were invited to

engage in open discussions and to benefit from the ask-and-answer opportunities.

3.8 Data Collection Procedure

The investigator followed some essential steps before commencing the data
collection process. The investigator submitted the proposal for this study to the
Institutional Review Board (IRB) of AAUP to guarantee that the ethical aspects were
protected. Then, after obtaining the IRB approval with the number of 2023/A/116/N (see
Appendix F), three official letters were sent, the first of which was sent to the Education
in Health and Scientific Research Unit at the MOH to request permission to start the
assessment process and apply the intervention for nurses. The second and third letters
were sent from the Education in Health and Scientific Research Unit to the assistant
undersecretary of the Hospital and Emergency Affairs Office and then to the General
Administration of Information and Communication Technology. Appendix G displays

the letter sent to obtain access to the patient information system at the MOH.
3.8.1 Phases of Data Collection

The actual data collection process was executed over 20 weeks at the following
points in time: pretest (To), posttest directly after applying the intervention (T1), four-
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week follow-up posttest (T2), and eight-week posttest (Tz). It was executed over 20
weeks and was divided into the following main phases:
3.8.2 The Pretest Phase

Once permission was received, the investigator contacted the Chief Nurse
Officers of the MOH-targeted hospital to illustrate the study title, purpose, and the
anticipated time frame for the entire study, and to discuss several educational and training
approaches that could be convenient for nurses and their workflow.

After that, the investigator met with the head nurses of the concerned units to
explain the aim and desired outcomes of the intervention. The investigator provided them
with a written document that contained detailed information about the author, the purpose
of the study, and the nature of the intervention along with a section explaining how
confidentiality and anonymity would be protected. At the end of the meetings, the
investigator answered any emerging questions about the study and asked for permission
to create a WhatsApp group for each unit to easily contact nurses and follow them in the
next steps of the study.,

In this phase, two sets of baseline data were collected for the first time (TO), the
patient-related data and nurses' baseline data. A retrospective baseline assessment of
patients' outcomes (mortality rate and length of stay) was conducted for the three months
preceding the intervention. Regarding the baseline practice level, it was assessed by
observations. The observations were conducted by external research assistants who were
specially trained nurses with at least two years of experience in intensive care units at a
JCl-accredited hospital. The observations were performed via a special checklist.

After completing the observations, the research assistants distributed a special
guestionnaire to assess the nurses' knowledge. The questionnaire comprised two sections:
the first concerned demographics and institutional factors, while the second section
included the pretest questions intended to assess nurses' baseline knowledge of CVC
maintenance and safe handling.

The participants were asked to register the first letter of their first name and
family name with the last two digits of their employment number on the questionnaires.
This was performed to easily refer them back to them in the post-intervention phase of
the study. The participating nurses were assured that their identities would not be exposed

and that their anonymity would be preserved. They were supplied with a contact number
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and details of the investigator for any questions. After completing the assessment of the
baseline competency level (knowledge and practice), the investigator divided the
participants into two groups: the control and experimental groups.

The investigator created WhatsApp groups to explain the purpose and
significance of the research and the nature of the educational intervention. This step also
assured all invited intensive care nurses of the experimental group that they had the right
to withdraw from the study at any time without penalty, and that their confidentiality
would be maintained. The continuation of the study process was considered approval to
participate in the study. The method of education and training was also discussed directly
with the participating nurses to employ the most convenient method for the majority.

In this phase, the investigator focused on controlling the Hawthorne effect which
poses a threat to the internal validity of any observational research design
(Ghorbanmovahhed et al., 2023; Gomarverdi et al., 2019; Goodwin et al., 2017); thus,
to minimize this effect, the participants were not exposed to the real purpose of the
observation. They only knew that the observers were going to document different nurses’
practices regarding CVC and what the responses of the patients were.

Furthermore, the research assistants who conducted the observations were
instructed to visit the unit several times to become familiar with the work environment
and the participants. This gave a sense of security and encouraged them to behave
normally as much as possible.

Second, to control for interrater and intrarater reliability and to maintain the
actuality and accuracy of the observations (Gulnur & KAZAN, 2021), the investigator
provided refreshing training sessions to the observers on CVC care and maintenance. In
these sessions, the investigator explained the observational checklist along with
instructions on how to complete it. To verify the observers' performance, the investigator,
trained, observed, and scored their practices while they performed CVC care on a
planned CVC procedure several times via the checklist. This step was performed before
commencing the study and after IRB permission was obtained.

3.8.3 Intervention phase
In this phase, the investigator delivered the education-based intervention to the

intensive care nurses in the experimental group who agreed to continue in the study.
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However, the nurses in the control group did not receive any education or instructions

throughout the study.
3.8.4 Posttest Phase

The data collection in the posttest phase was carried out prospectively at T1 and
followed up at T2 and T3 intervals.

After completing all the educational sessions, the nurses in both groups filled out the
posttest questionnaire at three points in time: directly after completing the
educational sessions, in the fourth week, and in the eighth week after the intervention
phase. The research assistants distributed the knowledge questionnaire in synchrony
with observing the practices of the nurses in both groups at T1, T2, and T3 after the
education process was completed by the investigator.

The observations were performed during day shifts. There was a high level of
coordination and collaboration between the research assistants and the targeted
nurses to minimize interruptions of the nurses’ work routines.

The mortality rate and length of stay were measured prospectively on a monthly basis

from the beginning of the intervention until the end of the study.

3.9 Effects of Maturation and Contamination

The contamination and maturation effects between the control and experimental

groups were minimized by performing the following steps:

- First, the groups allocation process guaranteed that the nurses in each group were
recruited from different hospitals.

- Second, the research assistants were blindly assigned to follow up with the
participants in both groups. There was no interaction between the two groups of
research assistants.

- Third, the communication was through creating a separate WhatsApp group for
each ICU, even those who belong to the same group.

- Fourth, the investigator collaborated with the head nurses of the involved units to
arrange the participants' schedules so that the majority could be reached within a
maximum period of one week to assess their knowledge and observe their

practices at each phase of the study.
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These arrangements assisted in minimizing the maturation effect, to avoid
additional interruptions, and lessen the load on the participating nurses' work

conditions.

3.10 Study Measurement

In this study, two sets of data were measured: nurses' knowledge, which was
assessed via a self-report questionnaire, and their practice level were evaluated by using
an observational checklist. Patient care outcomes (mortality rate and length of stay) were
measured after retrieving the required data from the health information system via a

Microsoft Excel sheet.
3.10.1 Demographics

The first section of the knowledge pretest questionnaire is concerned with
sociodemographic and institutional factors and composed of the following:
- Age. Age of the intensive care nurses in years
- Sex. Being male or female.
- Income. Monthly salary in Shekel.
- Educational level. Being certified at an associate degree, a bachelor's degree, or a
postgraduate level.
- Graduation country. Being graduated from Palestine or other countries.
- Year of experience: How many years did the nurses spend in the ICUs?
- Work nature. Being working at a full- or part-time contract.
- Shift system. Being work at only a morning shift or at three-shift systems.
3.10.2 Assessment of Nurses" Knowledge of CVCs' Safe Handling and
Maintenance
A bilingual self-report questionnaire was used to assess nurses' knowledge of
CVC's safe handling and maintenance. The questionnaire utilized a true/false format
(Oermann & Gaberson, 2016). Questions were modified from tools previously developed
by Humphrey (2015) and Ahmed et al. (2021), and were translated into Arabic on the
basis of the World Health Organization (WHO) guidelines.
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The knowledge score ranges from 0 to 26, with the correct answer worth one
point. The total knowledge score was then converted to a score of 100% , classified as
high for scores ranging from 80% to 100%, moderate if the score ranged from 60% to
79%, and poor if the score was less than 60% (Alzahrani et al., 2022). The reliability of
the Humphry questionnaire reported as Cronbach's alpha value of -0.37 for the pretest
and 46 for the posttest (Humphrey, 2015)

3.10.3 The Observational Checklist of Nursing Practices for CVC Care and
Maintenance

The nurses' practices were observed by using the short version of the
observational checklist developed by Ebru Kazan and Gulnur Kar (Gulnur & KAZAN,
2021). The English stem checklist consists of 25 items, each has three response choices:
"Performed completely and accurately = two marks", "Performed but not completely or
accurately = one mark", and "Not Performed = 0 marks".

The minimum practice score is 0, and the maximum score is 50. A practice score
of 25 or above was categorized as "competent/full compliance"”, and a score below 25
reflects "incompetent or insufficient compliance” (Al-Shukri et al., 2022; Aloush &
Alsaraireh, 2018). The content validity of the original checklist items was sufficient, with
a content validity index (CVI) > 0.80 (Gulnur & KAZAN, 2021). The Observational
Checkilist is displayed in Appendix H.

3.10.4 Face and Content Validity of the Knowledge Assessment Questionnaire
3.10.4.1 Translation Process and Face Validity

The first step before assessing facial and content validity was to translate the
aforementioned questionnaire to facilitate the process of self-reporting of knowledge.
The translation was performed from English to Arabic based on the WHO guidelines for
forward-backward translation (World Health Organization, 2023b). Bilingual experts did
the translation and back translation by using a blind approach. The investigator contacted
each expert individually to explain the aim of the study, the target group and what would
be measured by the questionnaire. One expert translated the questionnaire from English
(the original) to Arabic, while the second expert translated it back to English.

The final version of the questionnaire was compared with the original by a panel
of three experts in the fields of infection control and education. They were visited in their

workplace and provided with a full explanation of the study's purpose and target group.
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The experts compared the questionnaire item by item to assess the equivalent meanings
and evaluated face validity by providing constructive feedback about relevancy, clarity,
understandability, and appropriateness based on their field experience and CDC
recommendations. Their comments and recommended modifications were taken into
consideration.
3.10.4.2 Content Validity Ratio and Index

To assess the validity of the knowledge questionnaire, a panel of seven subject
matter experts from a JCl-accredited hospital were invited to assess the translated
questionnaire. The panel composed of the head of the quality department, three nurses
specializing in infection control, a clinical educator, and two senior oncology nurses who
were responsible for competency verification for their colleagues and members of the

internal venous access device (VAD) team.

The panelists were contacted via email and provided with a description of the
study's purpose and a content validity assessment form. They were asked to evaluate each
item for necessity and relevancy in reference to the CDC recommendations. The
necessity of each item was assessed via a three-point Likert scale: one indicated that the
item was not essential, two indicated that the item was useful but not essential, and three
indicated that the item was essential. Relevancy to the construct was assessed via a four-
point Likert scale, one indicated that the item was not relevant, two indicated that the
item needed some revision, three suggested that the item needed minor revision, and four

indicated that the item was highly relevant.

Necessity was computed via the Content Validity Ratio (CVR) according to the
Lawshe's test to determine if the item is essential for measuring the construct. The

following formula was used to calculate CVR:
CVR = (Ne-N/2)IN/2,

where Ne represents the number of panelists who agreed that the item was essential, and
N refers to the total number of panelists. The minimum CVR (critical value) needed to

retain the items was 0.75 while the average CVR for the utilized tool was 0.86.

Relevancy was calculated by using the average scale CVI. For this purpose, the
item CVI was calculated by using the following formula:
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number of experts agreed on the item (rated as very relevant or needing minor revision)

CVI=

total number of experts

The average CVI1 of the scale (S-CVI/Ave) was calculated through the following formula:

»I1-CVI
total number of item

S-CVI/Ave =

The S-CVI/Ave found to be 0.98. The expert comments were considered, and the

necessary amendments were made (see Appendix I).

3.10.4.3 Reliability

The internal consistency of the utilized tools was measured by the Cronbach’s
alpha coefficient. The alpha coefficient for the knowledge questionnaire was 0.739,
whereas the alpha coefficient for the observational checklist was 0.732. According to the
accepted threshold of Cronbach’s alpha for this study > 0.70, both tools have good
reliability (Fuller, 2021; Taber, 2018).

3.11 Pilot Study

A pilot study was carried out with 10 intensive care nurses to test the validity and
reliability of the observational checklist and the knowledge questionnaire. The
participating nurses provided further constructive feedback on the readability and clarity
of the translated questionnaire, and therefore some items were modified according to the
feedback.

Additionally, the nurses provided feedback on the clarity of wording and
suitability of the educational material for the participants. They also assisted in
evaluating the amount of time needed for delivering the training program, and for
assessing nurses’ relevant data by using the questionnaire and the observational checklist.

Furthermore, the pilot testing determined the obstacles that might be encountered
later during the data collection phase. These obstacles and challenges were discussed
with head nurses in the relevant ICUs before the study commenced. The nurses involved
in the pilot study were reached before commencing the study and excluded from the main

study.
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3.12 Ethical Considerations

This section focused on the following areas: approval from the IRB; informed
consent; voluntary participation; protection from mental, psychological, and physical
harm; and confidentiality, anonymity, and privacy before commencing the training
program.

Before commencing the study, the IRB approval and permissions were obtained
from all concerned institutions, as mentioned before in the procedure section to approach
nurses and obtain access to patients' data. Also, all ethical approval for using the tools
were obtained from the original authors. The next step was to invite nurses to participate
in the study. Those who were willing to participate were provided with informed consent
(see Appendix J). Informed Consent and Voluntary Participation

The informed consent outlined the study's title and objectives, anticipated
psychological and social threats, the time frame needed to complete the educational
intervention, and the fact that the participation was voluntary. The participating nurses
were also informed that they could withdraw from the study at any time without
penalties. The informed consent captured the initial page of the pretest knowledge
questionnaire, so the participants could decide to commence the study or withdraw at any
time. The completion of the pretest indicated the nurses' agreement to join the study.

This study was designed to have no threats to the participants’ rights, and this
was ensured by informed consent. However, there were minimum psychological threats,
some nurses experienced stress and anxiety, as they had to set for lectures, hands-on
training, and evaluation upon completing the training sessions. VVoluntary participation
and the freedom to withdraw at any time helped ensure a non-pressurized approach.
3.12.1 Anonymity and Confidentiality

Throughout the study phases, nurses were assured that their anonymity and
confidentiality would be protected and maintained. They were not requested to disclose
personal data or even their names in such a way that their data could not be linked with
their identities. The completed questionnaires were securely stored in a special closed
cabinet, while the observational checklists in electronic form data were kept on the
personal Google Drive of the investigator. The data access was restricted just to the

investigator and discarded after the study was completed.
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3.13 Statistical Analysis

Statistical analysis was conducted to compare the mean scores of knowledge
levels, competency level, the mortality rate, and the length of stay before and after
completing the intervention at TO, T1, T2, and T3, to detect any improvement. The results
of the pretest, posttest, and observational checklists were emptied into a Microsoft Excel
spreadsheet to be coded, cleaned, and organized. Data analysis then was performed by
using the International Business Machines Corporation (IBM) Statistical Package for
Social Science program version (SPSS) 28 to detect changes and assess differences.

3.13.1 Descriptive Statistics
The demographic and institutional factors were analyzed via descriptive
statistics. Percentages and frequencies were used to express categorical variables, such
as educational level and graduation country. Continuous variables, such as age and years
of experience, were described by using central tendency and dispersion measurements in
terms of means (M) and standard deviations (SD). Additionally, the knowledge and
practice of the safe handling and maintenance of CVCs were calculated and described

using means, standard deviations, and interquartile equations via a dispersion test.

3.13.1.1 Inferential Statistics

The demographic characteristics of the control and experimental groups were
compared using independent sample t-tests for continuous variables and chi-square tests
for categorical variables. The differences in knowledge and practice scores were
compared between the experimental and control groups via the independent sample t-
test.

The effect of the provided educational intervention on nurses' knowledge and
practices was analyzed via one-way repeated-measures analysis of variance (ANOVA),
whereas the effect of the intervention on patients’ outcomes (mortality rate and length of
stay) was examined via paired sample t-tests. The differences in mortality rates and
lengths of stay between the groups were tested by the independent sample test. Finally,
differences in knowledge and practice levels with respect to nurses' demographics were
analyzed using one-way ANOVA for categorical variables, and Pearson’s r correlation

was used for continuous demographic variables.
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The assumption of normality of distribution was tested using skewness to verify
whether the knowledge and practice scores for the four assessment points of time were
normally distributed (Kim, 2013; Mishra et al., 2019). The acceptable skewness value to
confirm normality distribution was between (-1) and (1) (Cooper et al., 2020; Mishra et
al., 2019). The normality assumptions for all dependent variables were not violated, with
skewness scores within this range. Concerning the sphericity assumption, Mauchly’s test
was used to verify the assumption that all the variances of the different time points are
homogenous. The significance level for all the statistical tests was set at an a-error level

< 0.05. The data analysis plan is summarized in Table 3.1.

Table 3.1 Summary of the statistical test used to test the hypothesis and answer the

research questions

Main research hypothesis and questions Statistical tests
Demographic characteristics and Institutional Mean, standard deviation,
factors frequencies and
percentages
Hypothesis one
Providing education-based intervention for One-way repeated measure
CLABSI prevention and central lines ANOVA test

maintenance will positively improve nurses'
competency level in maintaining CVC,
among patients admitted to intensive care
units compared with the control group in the

northern region of Palestine.

Hypothesis two

Providing education-based intervention for Paired-sample t-test was
CLABSI prevention and central line performed to assess
maintenance will lower the mortality rate differences between the
and shorten the length of stay among three months before the

patients in intensive care units compared to  intervention and the three
the control group in the northern region of months after the
Palestine. intervention for both
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Main research hypothesis and questions Statistical tests

groups (the control and the
experimental)

Independent t test to
measure differences in the
Post-Intervention Length
of Stay and Mortality Rate
between the Control and

Experimental Groups

Secondary research question

What are the differences in nurses' competence One-way ANOVA test and
level of central lines' maintenance and safe  Pearson r correlation
handling in relation to their demographics

and institutional factors?

3.14 Summary

This is a quasi-experimental study that involved all intensive care nurses in four
MOH hospitals in the northern region of Palestine. The final samples were randomly
allocated to either the control or experimental group based to the bed capacity. A total of
42 nurses in the experimental group received education on the safe handling and
maintenance of CVCs. Both groups had their practices observed, and their knowledge
assessed at baseline, directly after the intervention and at the fourth and eighth weeks

following the intervention.

Data were entered and analyzed via SPSS 28. The effects of the education-based
intervention on nurses' knowledge and skills and the differences between the two groups
were analyzed via one-way repeated-measures ANOVA. The assumptions of normality
and sphericity were tested for the dependent variables. The significance level was set at
o <0.05.
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Chapter Four: Results

4.1. Introduction

This chapter presents the key findings derived from the quantitative analysis of
the data. The dataset consists of intensive care nurses' knowledge assessed by
disseminated questionnaires, their level of practice evaluated by direct observation, and
patients' outcomes in terms of length of stay and mortality rate, which were determined

by referencing the governmental health information system.

Furthermore, this section comprises several subsections, including the
introduction, data cleaning, intensive care nurses' socio-demographic characteristics and
institutional factors, a comparison between the control and experimental groups in terms
of their demographic and institutional factors, nurses' knowledge and practices of the
safe handling and maintenance of CVCs, and the effects of education-based interventions

on nurses' and patients' outcomes.

4.2. Data Cleaning

Data cleaning is a crucial step in preparing reliable data for statistical analysis
(Pilowsky et al., 2024). The data-cleaning process began early in the research process.
This occurred during the study design structuring and throughout the data gathering to
minimize errors and enhance the quality of the collected data, ensuring that it was
appropriate to address the research questions. Data entry is another pivotal step in the

data-cleaning process (Um et al., 2022).
In this study, the data-cleaning process encompassed the following steps:

- The literature was reviewed to identify the data possibly required to answer the research
questions and to define the selected variables. The variables and their definitions are

recorded in the methodology section.
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-The identified variables were prepared for data collection. The measured variables were
entered into a Google Drive Excel sheet to standardize the data collection and data entry
process for the research assistants, who received training on the data collection

procedure.

- After completing the data collection process, the dataset was scanned to identify any
incompleteness, inconsistency, or duplicates and to remove any such entries. For
example, in the dataset containing the nurses' responses to the knowledge test, nurses
who did not complete the post-intervention knowledge assessment test were excluded
from the data analysis. The same approach was applied to the patient-related data, and
any missing or inappropriate entries that may interrupt the calculation of the mortality

rate or the length of stay were removed.

- Following the initial data cleaning, the author entered and coded the data in the SPSS
program in a manner that facilitated data analysis and properly answered the research
questions. For example, the nurses' related knowledge and practice scores were grouped
by adding a new variable named "group" to assist in data entry and prevent missing data

related to an equal distribution of nurses in each group.

- Before conducting the analysis, the variables were assessed for any missing data via the
frequency test, and the continuous variables were also assessed for skewness to

determine if there were outliers and to select the appropriate analysis test.

4.3. Demographic Data

4.3.1. Intensive Care Nurses' Sociodemographic Characteristics and Institutional
Factors

This study involved 98 intensive care nurses recruited from four MOH hospitals

in the north of West Bank. A total of 109 ICU nurses were approached and invited to join

this study, with 98 agreed to participate in all phases of the study. The sample was

convenient, with a good response rate of 89.9%. The control group consisted of 57.1%

of the intensive care nurses recruited from Control Hospitals One and Two (n = 56), while
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42.8% (n = 42) of the intensive care nurses were working at Experimental Hospitals One

and Two (see Table 4.1.).

Table 4.1 Sample distribution according to the setting of recruitment (N=98)

Hospital N %

Control hospital 1 27 27.6
Control hospital 2 29 29.6
Experimental hospital 1 26 26.5
Experimental hospital 2 16 16.3

Table 4.2 Compares the Intensive Care Nurses' Sociodemographic

Characteristics and Institutional Factors between the Control and Experimental Groups.

More than half of the intensive care nurses in the control group were male (n = 34).
Among these nurses, 69.6% held bachelor's degrees in nursing (n = 39), and all of them
had graduated from Palestine. The majority worked in three-shift systems (n = 54). The
mean age of the intensive care nurses was 29.3 years (SD = 5.32), with a mean income
of 3658 Shekels (SD = 627.2) and an average of 6.64 years of experience in intensive
care units (SD = 3.97).

In terms of sex, 66.7% of the nurses in the experimental group were males (n =
28). The majority held bachelor's degrees in nursing (n = 36), and 92.9% of them had
graduated from Palestine (n = 39). Only two nurses (4.8%) worked on a single morning
shift. The average age of the intensive care nurses in this group was 32.43 years (SD =
6.91), with an average income of 3843 Shekels (SD = 824.4). Their mean number of
years of experience was 8.71 years (SD = 5.30).

The two groups were compared on the basis of their demographic characteristics.
Categorical variables such as sex, educational level, employment status, and working in
the shift system were compared via the chi-square test, while the independent sample t-
test was used to examine the relationships between continuous variables such as age and
income. The continuous variables were tested for normality via skewness, with scores

ranging between -1 and 1 for all the variables.
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The chi-square test revealed that there was no statistically significant association
between any of the categorical demographics of the control and experimental groups,

except for educational level (X2 =7.5, p = 0.023) and graduation country (X?=4.13, p =

0.042), and the independent samples t-test showed that there was a statistically significant
difference in age (t = - 2.529, p = 0.013) and years of experience (t = - 2.210, p = 0.029)
between the two groups. The results indicate that random distribution of the samples was
not achieved between the control and experimental groups.

Table 4.2 Comparison of Intensive Care Nurses' Sociodemographic Characteristics and
Institutional Factors between the Control and Experimental Groups

) o Control Group Experimental Group o
Demographic characteristics Statistical test
(n=156) (n=42)

Variables Categories N % n % X2 p value
Sex Male 34 60.7 28 66.7 0.366 0.55°

Female 22 39.3 14 33.3
Educational Associate degree 5 8.9 5 11.9 7.58 0.02?
level Bachelor degree 39 69.6 36 85.7

Postgraduate

12 21.4 1 2.4

degree
Graduation Palestine 56 100 39 929 413 0.042
Country Others 0 0 3 7.1
Shift system Morning shift 2 3.6 2 4.8 0.087 0.772

Three shifts 54 96.4 40 95.2
Employment Full time 55 98.2 38 90.5 2.97 0.09?
status Part-time 1 1.8 4 9.5

Continuous variables M SD M SD T p

Age 29.3 5.32 32.43 6.91.00 -2.529 0.013°
Income 3658 627.2 3843 824.4 -1.264 0.209°
Number of years of experience 6.64 3.97 8.71 5.3 -2.21 0.029°

a ) . -
Note. p value derived from the Pearson chi-square test; the significance was set at p < 0.05.
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b p value derived from the independent samples t-test,

Statistically significant at p < 0.05

4.4 Differences Between the Control and Experimental Groups in Terms of

Knowledge of the Safe Handling and Maintenance of CVCs

To assess the differences between the control and experimental groups in terms
of knowledge of the safe handling and maintenance of CVCs, the independent sample t-
test was used, with a significance level of a < 0.05. The results in Table 4.3 reveal that
there is no significant difference at baseline between the control and experimental groups
(t=-0.61, p=0.537).

At T1, the mean knowledge score for the control group was 68.51 (SD = 20.93),
while the experimental group had a significantly higher mean score of 80.85 (SD =
13.96). The t-test revealed a significant difference between the groups (t = -3.30, p =
0.001), suggesting that the educational intervention had a positive effect on the
experimental group’s knowledge.

At T2, the mean knowledge score for the control group remained at 68.51 (SD =
20.62), whereas the experimental group's mean score was 80.33 (SD = 14). The t-test
again revealed a significant difference between the two groups (t = -3.19, p = 0.002),
indicating that the experimental group maintained their improved knowledge level four
weeks after the educational sessions.

At T3, the mean knowledge score for the control group was 69.53 (SD = 20.61),
whereas the experimental group had a mean score of 79.95 (SD = 14.08). The t-test
revealed a significant difference between the groups (t = -2.81, p = 0.006), suggesting
that the experimental group continued to have a higher level of knowledge than the

control group eight weeks after the educational sessions.

Table 4.3 Differences between the control and experimental groups in terms of

knowledge of the safe handling and maintenance of CVCs

_ Descriptive Statistics t-test
Time Group
M SD t P
Baseline Control 67.87 20.94 -0.61 0.537
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Experimental 70.33 17.26

Control 68.51 20.93

T1 ) -3.30 0.001
Experimental 80.85 13.96
Control 68.51 20.62

T2 ) -3.19 0.002
Experimental 80.33 14
Control 69.53 20.61

T3 ) -2.81 0.006
Experimental 79.95 14.08

4.5 Differences Between the Control and Experimental Groups in CVC Care and
Maintenance Practices
To assess the differences between the control and experimental groups in terms
of nursing practices related to CVC care and maintenance, the independent sample t-test
was used, with the significance point was set at a < 0.05. Table 4.4summarizes the results,
which revealed that there was no significant difference between the control and
experimental groups in terms of nursing practices related to CVC care and maintenance

at baseline (t =-0.376, p = 0.708).

However, at T1, the t-test revealed a significant difference between the control
and experimental groups in nursing practices of CVC care and maintenance (t = -13.01,
p <0.001). The mean practice score for the control group was 32.87 (SD =5.77), whereas
the experimental group had a significantly higher mean score of 46.66 (SD = 4.28). This
implies that the educational intervention had a positive effect on the experimental group's

practices.

At T2, the mean practice score for the control group was 32.67 (SD = 5.55),
whereas the experimental group's mean score was 46.35 (SD = 4.29). The t-test revealed
a significant difference between the groups (t = -13.24, p < 0.001), indicating that the
experimental group maintained their improved practice level four weeks after the

educational sessions.

At T3, the mean practice score for the control group was 32.69 (SD = 5.57), while
the experimental group had a mean score of 46.19 (SD = 4.42). The t-test revealed a
significant difference between the groups (t = -12.91, p < 0.001), suggesting that the
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experimental group continued to have a higher level of practice than the control group

eight weeks after the educational sessions.

Table 4.4 Differences in CVC care and maintenance practices between the control and

experimental groups

Descriptive Independent Samples T
Time Group Statistics test
M SD t p*
) Control 32.85 5.70
Baseline ) -0.376 0.708
Experimental 33.30 6.15
Control 32.87 5.77
T1 ) -13.01 <0.001
Experimental 46.66 4.28
Control 32.67 5.55
T2 ) -13.24 <0.001
Experimental 46.35 4.29
Control 32.69 5.57
T3 ) -12.91 <0.001
Experimental 46.19 4.42

Note. * The significance level is set at a p-value < 0.05
4.6 The Effect of a CLABSI Prevention Education-Based Intervention on
Intensive Care Nurses' Competency in CVC Maintenance

To answer the first research question, “What is the effect of a CLABSI prevention
education-based intervention on nurses' competency in central lines' maintenance among
patients in intensive care units in the northern region of Palestine?”, two one-way
repeated-measures ANOVA models were performed, with the significance level set at o
<0.05. All outcome measures were at the ratio data level, normally distributed (skewness

ranged between — 0.013 and -1.039), and had a significant linear relationship.

4.6.1 The Effect of a CLABSI Prevention Education-based Intervention on
Nurses’ Knowledge of the Safe Handling and Maintenance of CVCs in the
Control Group
Mauchly's test was performed to assess possible violation of the sphericity

assumption, i.e., the assumption that all the variances of the different time points are

homogenous. Mauchly’s test was significant (i.e., the sphericity assumption was
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violated) W = 0.47, X?> = 40.68, p < 0.001. The Green House epsilon was € = 0.66. A
Greenhouse — Geisser correction was used to reduce the effect of type-1 error.

The overall F ratio for the difference in nurses' knowledge of the safe handling
and maintenance of CVCs among the control group was significant, F (1, 55y = 618.73, p
< 0.001, with a corresponding effect size of n>= 0.91. This significant F test indicates
that there are differences or changes across the four-time points. However, a pairwise
comparison (Table 4.5) revealed that there was no specific significant difference in
nurses' knowledge of CVCs' safe handling and maintenance at any of the time points.

(see Figure 4.1)

Table 4.5 Pairwise Comparison of Intensive Care Nurses’ Knowledge of CVCs' Safe

Handling and Maintenance among the Control Group

Mean 95% Confidence Interval for
(I) (J) factorl Difference (I- Std. Error pb Difference
factorl
J) Lower Bound Upper Bound
2 -0.64 0.3 0.665 -1.72 0.44
1 3 -0.64 0.56 1 -2.18 0.90
4 -1.66 0.68 0.11 -3.54 0.22
1 0.64 0.39 0.66 -0.44 1.72
2 3 0 0.42 1 -1.16 1.16
4 -1.01 0.59 0.548 -2.63 0.60
1 0.64 0.56 1 -0.90 2.18
3 2 0 0.42 1 -1.16 1.16
4 -1.01 0.41 0.10 -2.15 0.12
1 1.66 0.68 0.11 -0.22 3.54
A 2 1.018 0.592 0.548 -.604 2.639
3 1.018 0.416 ° -121 2.156
.106

Note. b: Adjustment for multiple comparisons: Bonferroni test.
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Estimated Marginal Means of knowledge.level

Group: control

69,507

69,004

68,504

Estimated Marginal Means

68,005

factor1

Note. Factor 1: Time
Figure 4.1 Changes in intensive care nurses’ knowledge of CVCs' safe handling and

maintenance among the control group over time

4.6.2 The effect of a CLABSI Prevention Education-Based Intervention on
Intensive Care Nurses’ Knowledge of CVCs' Safe handling and

Maintenance in the Experimental Group.

Mauchly's test was performed to assess the possible violation of the sphericity
assumption, i.e., the assumption that all the variances among the different time points are
homogenous. Mauchly’s test was significant indicating that the sphericity assumption
was violated (W =0.100, X?>=91.64, p <0.001). The Green House epsilon was € = 0.458.
A Greenhouse — Geisser correction was used to reduce the effect of type-1 error.

The overall F ratio for the difference in nurses' knowledge of the safe handling
and maintenance of CVCs among the control group was significant, (F (1, 41) = 1214,
63, p < 0.001), with a corresponding effect size of n2= 0.967. A significant F test

indicates that there are differences or changes among the four-time points. Table 4.6
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shows that a significant change took place in the experimental group’s knowledge of the
safe handling and maintenance of CVCs between baseline and T1, between baseline and
T2, and baseline and T3. The reduction was negatively good at -10.52, -10, and -9.61,
respectively. However, there was no difference in nurses' knowledge of the safe handling
and maintenance of CVCs among the experimental groups at T1, T2, and T3. (see Figure

4.2)

Table 4.6 Pairwise Comparison of Intensive Care Nurses’ Knowledge of CVCs' Safe

Handling and Maintenance across the Experimental Groups

Mean 95% Confidence Interval for
(I) factorl (J) factorl Difference (I- Std. Error pP Difference

J) Lower Bound Upper Bound

2 -10.52 1.140 <0.001 -13.68 -7.36

1 3 -10 1.173 <0.001 -13.25 -6.74

4 -9.61 1.189 <0.001 -12.91 -6.32

1 10.52 1.140 <0.001 7.36 13.68

2 3 0.52 0.30 0.52 -0.30 1.35

4 0.90 0.45 0.30 -0.34 2.15

1 10 1.17 <0.001 6.74 13.25

3 2 -0.52 0.30 0.52 -1.35 0.30

4 0.38 0.50 1 -1 1.76

1 9.61 1.18 <0.001 6.32 12.91

4 2 -0.90 0.45 0.30 -2.15 0.34

3 -0.38 0.50 1 -1.76 1

Note: b: Adjustment for multiple comparisons: Bonferroni.
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Estimated Marginal Means of knowledge.level

Group: experimental

§2.007]

80.00

78.00

76.00]

74.007

Estimated Marginal Means

72.007

70.00]

factor1

Note. Factor 1: Time
Figure 4.2 Changes in Intensive Care Nurses’ Knowledge of CVCs' Safe Handling and

Maintenance among the Experimental Group Overtime

4.6.3 The effect of a CLABSI Prevention Education-Based Intervention on CVC

Care Practices and Maintenance in the Control Group

Mauchly's test was performed to assess possible violation of the sphericity
assumption, i.e., the assumption that all the variances of the different time points are
homogenous. Mauchly’s test was not significant (i.e., the sphericity assumption has been
met) W =0.87, X>=7.47, p = 0.18. The Green House epsilon was € = 0.91. Because the
Greenhouse—Geisser € value was close to 1.00, no correction was made to the degrees of
freedom used to evaluate the significance of the F ratio. The overall F ratio for the
difference between nurses' practice of safe handling and maintenance in CVCs in the
control group was significant (F (1,55)=1902.94, p <0.001), and the corresponding effect
size was 11>=0.97.

A significant F test indicates that there are differences or changes between the

four time points. However, the pairwise comparison summarized in Table 4.7 shows that
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there was no specific significant difference in nurses' practice of safe handling and

maintenance of CVCs between any of the time points. (see Figure 4.3).

Table 4.7 Pairwise Comparison of CVC Care and Maintenance Practices among the

Control Group

95% Confidence Interval for
@) Mean )
(1) factorl _ Std. Error pP differences
factorl Difference (I-J)

Lower Bound Upper Bound

2 -0.01 0.11 1 -0.31 0.28
1 3 0.17 0.12 0.90 -0.15 0.51
4 0.16 0.14 1 -0.22 0.54
1 0.01 0.11 1 -0.28 0.31
2 3 0.19 0.13 0.83 -0.16 0.55
4 0.17 0.14 1 -0.22 0.58
1 -0.17 0.12 0.90 -0.51 0.15
3 2 -0.19 0.13 0.83 -0.55 0.16
4 -0.01 0.13 1 -0.37 0.34
1 -0.16 0.14 1 -0.54 0.22
4 2 -0.17 0.14 1 -0.58 0.22
3 0.01 0.13 1 -0.34 0.37

Note. b: Adjustment for multiple comparisons: Bonferroni test.
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Estimated Marginal Means of ohservation

Group: control

32,907

32.857

32.807

32.757

Estimated Marginal Means

32.704

32657

factor1
Note. Factor 1: Time
Figure 4.3 Changes in CVC Care Practices and Maintenance Among the Control Group

Over Time

4.6.4 The Effect of a CLABSI Prevention Education-Based Intervention on CVC

Care Practices and Maintenance in the Experimental Group.

Mauchly's test was performed to assess possible violation of the sphericity
assumption, i.e., the assumption that all the variances of the different time points are
homogenous. Mauchly’s test was significant so the sphericity assumption was violated
(W =0.01, X% = 169.05, p < 0.001). The Green-House epsilon was € = 0.36 and the
Greenhouse—Geisser correction was used to mitigate the effect of type-1 error.

The overall F ratio for the difference in nurses' practices of safe handling and
maintenance in CVCs in the experimental was significant, F (1, 41) = 4485.58, p < 0.001,
with a corresponding effect size of n?= 0.99. The significant F test indicates that there
were differences or changes across the four-time points. Table 4.8 shows that a significant

change in nurses’ practices of CVC care and maintenance occurred in the experimental
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group between baseline and T1, baseline and T2, and baseline and T3. The reduction was
negatively good at -13.35, -13.04, and -12.88, respectively. However, there was no
difference in nurses’ safe handling and maintenance of CVCs among the experimental
groups at T1, T2, and T3.

The overall results supported the hypothesis that providing education-based
interventions for CLABSI prevention and CVC maintenance would improve nurses'
competency level in maintaining CVC among patients in intensive care units compared

with the control group. (see Figure 4.4)

Table 4.8 Pairwise Comparison of the Practices or Competency of CVC Care and

Maintenance among the Experimental Groups

) 95% Confidence Interval for
) Mean Difference

(1) factorl Std. Error p° Difference
factorl (1-9)
Lower Bound Upper Bound
2 -13.35 0.85 <0.001 -15.73 -10.98
1 3 -13.04 0.87 <0.001 -15.46 -10.63
4 -12.88 0.87 <0.001 -15.30 -10.45
1 13.35 0.85 <0.001 10.98 15.73
2 3 0.31 0.16 0.37 -0.13 0.75
4 0.47 0.16 0.04 0.01 0.94
1 13.04 0.87 <0.001 10.63 15.46
3 2 -0.31 0.16 0.375 -0.75 0.13
4 0.16 0.17 1 -0.30 0.63
1 12.88 0.87 <0.001 10.45 15.30
4 2 -0.47 0.16 0.04 -0.94 -0.01
3 -0.16 0.17 1 -0.63 0.30

Note: b: Adjustment for multiple comparisons: Bonferroni.
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Estimated Marginal Means of observation

Group: experimental

45.00

40.00]

Estimated Marginal Means

35.00

factor1
Note. Factor 1: Time
Figure 4.4 Changes in CVC Care and Maintenance Practices among the Control Group

Over Time

4.7 Effect of a CLABSI Prevention Education-based Intervention on Patient
Mortality Rate and Length of Stay

A paired-sample t-test was performed to assess differences between the three
months before the intervention and the three months after the intervention for both groups
(the control and the experimental). Normality was tested by assessing the skewness,
which ranged from — 1.21 to 1.07, and the homogeneity was assessed by conducting
Leven's test. The results indicated that the equal of variance met with p = 0.782.

For the experimental group, the results indicated no statistically significant
difference in the length of stay before (M = 3.98, SD = 0.54) and after the intervention
was conducted (M = 3.75, SD = 1.43, (t = 0.32, p = 0.78)). Similarly, there was no
statistically significant difference in the mortality rate between the pre-intervention (M
=28.33, SD =10.21) and post-intervention (M = 30.00, SD = 11.00) periods in the same
group (t =-0.139, P = 0.903).
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In the control group, in contrary, the difference in length of stay before and after

providing the intervention was statistically significant, with a greater mean length of stay
in the post-intervention period with a difference of 2.63, CI=[- 4.46, - 0.81], t = - 6.20,

p =0.025. However, the mean mortality rate showed no statistically significant difference

between the two periods (pre-intervention: M = 27.00, SD = 6.93; post-intervention: M
=13.00, SD =11.53) (t = 1.32, P = 0.317), with the mean post-intervention mortality rate

was higher than that in the pre-intervention period (see Table 4.9).

Table 4.9 Differences in the Mortality Rate and Length of Stay Before and After the

Education-based Intervention

_ Descriptive _
Variables o Paired Sample T-test
Statistics
Paired
Experimental group M SD Mean SD t p*
difference
oai Length of stay (pre-intervention)  3.98 0.54 0.23 1.24 0.32 0.779
air
Length of stay (post-
1 ) J ] y(p 3.75 1.43
intervention)
Pai Mortality Rate (pre-intervention) 28.33  10.21 -1.66 20.84 -0.14 0.903
air
Mortality Rate (post-
2 ) y P 30 11
intervention)
Paired
Control group M SD Mean SD t p*
difference
. Length of stay (pre-intervention)  2.77 0.16 -2.63 0.73 -6.2 0.025
air
Length of stay (post-
1 ) : ] y(p 5.4 0.76
intervention)
pai Mortality Rate (pre-intervention) 27 6.93 14 18.35 1.32 0.317
air
Mortality Rate (post-
2 13 11.53

intervention)

Note. M: mean, SD: standard deviation,

*significance level at p < 0.05
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Additionally, an independent-sample t-test (see Table 4.10) was performed to
evaluate differences in the length of stay and mortality rate between the control and
experimental groups in the period after the intervention. The results revealed no
statistically significant difference in the means of the mortality rate (t = - 1.848, p =
0.138) or length of stay (t =177, p = 0.151) between the control and experimental groups.
These results support the null hypothesis that providing education-based interventions

for nurses did not affect the mortality rate or length of stay.

Table 4.10 Differences in the Post-Intervention Length of Stay and Mortality Rate

between the Control and Experimental Groups

Variables Independent - Samples T-test
T p*
Length of stay (pre-intervention) -3.71 0.021
Length of stay (post-intervention) 1.77 0.151
Mortality Rate (pre-intervention) -0.187 0.861
Mortality Rate (post-intervention) -1.848 0.138

Note. *The significance level at p < 0.05

4.8 Differences in the Baseline Competence Level of CVC Maintenance Concerning
the Intensive Care Nurses' Demographics and Institutional Factors.

This section addresses the secondary question of the study. The results of the
independent sample t-test in Table 4.11 show that there was no statistically significant
difference in the baseline knowledge and practice of safe CVC handling and maintenance
among the categorical demographic variables, including sex, graduation country,
working in shift systems, and employment status (p > 0.05). One-way ANOVA also
revealed no statistically significant difference in the baseline knowledge and practice of
safe CVC handling and maintenance among the different educational levels, with p-

values of 0.124 and 0.741, respectively.

Table 4.11 Differences in the Baseline Competency Level of CVC Maintenance Based

on Intensive Care Nurses' Demographics
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Demographic ]
o Level of Knowledge (Baseline)
characteristics

Level of practice (Baseline)

Variable Categories M (SD) t p? M (SD) t p?
Gender Male 70.64 (18.99) 1.152 0.252 32.83(5.90) -0.46 0.641
Female 65.97 (19.99) 33.41 (5.88)
Graduation Palestine 68.35(19.34) -1.653 0.102 33.23(5.85) 1.729 0.087
Country
Others 87.00 (12.28) 27.33 (3.21)
Shift Only 74.00 (20.24) 0532 0.596 31.00(2.16) -0.711  0.143
variation morning
shift
Three 68.71 (19.44) 33.13 (5.97)
shifts
Work Full time 71.60 (20.84) 0.315 0.754 35.80(7.49) 1.075 0.285
nature
Part-time 68.78 (19.43) 32.90 (5.79)
Variable Categories M (SD) F pP M (SD) F P
Educational  Associate
63.20 (25.45) 2.1  0.124 32.2(5.92) 0.741 0.479°
level degree
Bachelor
68.04 (18.08) 33.44 (5.79)
degree
Postgraduate
78.46 (20.20) 31.46 (6.41)
degree

..oa . . A
Note. M: mean, SD: standard deviation, ~ p-value derived from the independent-sample t-test, the significance level at p < 0.05

b p-value derived from the ANOVA test; the significance level was set at a p-value < 0.05.

Furthermore, Pearson’s r correlation was used to test the relationships between

the baseline level of knowledge and practices with age, income, and number of years of

experience. The three independent variables are normally distributed, with skewness

values of 0.88, 0.174, and 1.25. Table 4.12 reveals that there was no significant
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relationship between age, income, or number of years of experience and the baseline

level of knowledge and practice (p > 0.001).

Table 4.12 Correlations among baseline level of knowledge and practice of CVC safe

handling with age, income, and years of experience (N = 98)

No. of years _ Baseline
_ ) Baseline level of
Continuous variables Age Income of level of
) knowledge )
experience practice
Age - - - - -
Income* 0.526** - - - -
No. of years of
) 0.796**  0.624** - - -
experience
Baseline level of
-0.019 -0.015 0.011 - -
knowledge
Baseline level of
-0.187 -0.049 -0.19 0.028 -

practice

Note. *Income in ShekelS, ** Correlation is significant at p < 0.01 (two-tailed)

4.9 Summary

This chapter presents the results of various statistical tests used to address the

research questions. The study involved 98 intensive care nurses from four hospitals north

of the West Bank. The sociodemographic characteristics and institutional factors varied

among the intensive care nurses in the control and experimental groups.

The analysis via repeated-measures ANOVA indicated that the education-based

intervention significantly improved the intensive care nurses' knowledge and practices

of CVC maintenance and safe handling compared with their baseline levels and in

contrast to the control group. This improvement was maintained at T2 and T3.

On the other hand, the education-based interventions did not affect the mortality

rate or the length of stay for patients admitted to intensive care units in hospitals in the
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experimental group, with no significant difference compared with those in the control

group.
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Chapter Five: Discussion

5.1 Introduction

This chapter highlights the significance of the key findings of this dissertation,
compares these findings with the available literature, and underscores the importance of
these findings and their implications in many aspects. This study investigated the effects
of a CLABSI prevention education-based intervention on nurses' competency in CVC
maintenance and patients' care outcomes in intensive care units in the participating MOH

hospitals in Palestine.

5.2 The Effect of a CLABSI Prevention Education-Based Intervention on Nurses'

Competency in CVC Maintenance

To assess the effectiveness of the provided educational intervention on ICU
nurses' competence in maintaining and safely handling CVCs in intensive care units, we
hypothesized the following:

"Providing education-based intervention for CLABSI prevention and central
lines' maintenance would positively improve nurses' competency level in maintaining
CVC, among patients admitted in intensive care units compared with the control group
in the northern region of Palestine".

The results revealed that the knowledge and safe handling skills of nurses
improved after education was provided. Improvements in knowledge and practice were
observed across the three points of measurement after the intervention was conducted:
times | to I1l. Additionally, this improvement favored the experimental group over the
control group. In other words, compared with the control group, the experimental group
presented a greater level of knowledge and improved level of practice at Times Il and
.

Furthermore, the experimental group maintained higher levels of knowledge and
practice over the eight weeks after receiving the education. The control group maintained
almost the same level of practice across the three points of measurement. This infers that

the hypothesis was valid, as CLABSI prevention and safe handling of CVC-based
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education were found to be effective interventions and contributed to improving ICU
nurses' competencies and knowledge of CLABSI prevention principles and practices
related to the safe handling and maintenance of CVC.

Additionally, an essential component of the synergy model is that education-
based interventions could enhance knowledge and practices, which together create
competent nurses who integrate knowledge and skills to provide safe care (American
Nurse Association of Critical Care Nurses, 2022).

The improvement in knowledge and practice among the experimental group can
be related and explained in various forms. One explanation could be related to the content
of the education-based intervention. The intervention was much beyond providing
spoon-feeding education; rather, it actively engaged the targeted nurses in the training.
This hands-on teaching approach was found to be effective, as it allowed nurses to
address and constantly improve their knowledge and practices by discovering areas of
weakness in their practices and gaps in knowledge.

Nurses' involvement is considered essential for maintaining changes; thus, hands-
on education and training allow nurses to improve their knowledge and practices (George
& Massey, 2020). Additionally, assessing knowledge and practice repeatedly at four
points in time increases the precision of the results, reflecting the essence of the
robustness of the intervention and knowledge retention and practice (Clifford et al.,
2021). Furthermore, the improvement in practice and knowledge may be evidence that
the components of the educational intervention were tailored to the diversity of the ICU
nurses’ demographics and work conditions, which increased the effectiveness of the
intervention (Abu Sharour et al., 2018).

In addition, having an evidence-based educational intervention that was
developed according to the CDC recommendations helped promote the acceptance of the
shared concepts and principles because the CDC recommendations are considered a valid
and reliable source for the MOH infection control program and the main sources of
knowledge for nurses and health practitioners.

Another important point that deserves discussion is that the nurses in both groups
were working in almost identical political, financial, social, and work environments and
that their demographics and institution-related factors did not significantly affect their

baseline knowledge and practices. Thus, the increase in ICU nurses' competency to
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maintain CVC in the experimental group may be related, in particular, to the content and
method of providing education-based interventions. This has led to a significant
improvement in ICU nurses' knowledge and practice of CVC safe handling from the
baseline and during the follow-up periods after the intervention was conducted.
However, the ICU nurses in the control group did not experience any improvement in
baseline knowledge or practice across the measurement times.

Concerning the effect of education-based interventions on ICU nurses'
competency, the results of the current study are in line with and supported by several
studies. For example, in the study of Dsilva et al. (2022b), nurses demonstrated that
enhancing their knowledge and competencies in the safe handling of CVC after receiving
education in safe CVC handling enhanced their knowledge and practices of CLABSI
prevention. The majority have maintained their ability to maintain CVCs over time
(Dsilva et al., 2022b).

Moreover, the applied quasi-experimental time series design was effective in
controlling for confounding factors. This enhanced the effectiveness of the provided
intervention in improving knowledge and practice and in sensitively detecting change
over time. This finding aligns with several studies that demonstrated the effectiveness of
their methodologies in assessing the effect of the provided educational intervention while
controlling for confounders. R. Acharya et al. (2019), for example, applied a quasi-
experimental design and reported that receiving education about CLABSI prevention and
CVC maintenance improved nurses' knowledge and practices and that the improvement
was maintained over time compared with the baseline period. Similarly, Negm et al.
(2021) and E. Khalifa et al. (2022) enhanced and maintained improvements in nurses'
knowledge and practices of safe CVC handling after providing training programs,
utilizing a quasi-experimental design.

Furthermore, the current study adopted a pretest-posttest design. This design
assisted in comparing the outcome of providing educational intervention to baseline data
and thus helped detect the effectiveness of the intervention. This finding was in
accordance with the pretest-posttest design studies of S. Mohapatra et al. (2020) and
Prathiba et al. (2022), in which the participating nurses showed improved levels of
knowledge and practice after receiving educational programs for C\VC maintenance and

CLABSI prevention compared with their pretest level of knowledge and practice.
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Similarly, the pretest-posttest study by Olajuyigbe (2021) revealed that nurses’
knowledge of safe CVVC handling improved after receiving CLABI prevention and
educational intervention, which was further in line with the findings of Burt and Spowart
(2021).

5.3 Effect of a CLABSI Prevention Education-based Intervention on Patient
Mortality Rate and Length of Stay

According to the AACN Synergy Model, promoting nurses' ability to maintain
CVCs and enhance their knowledge would improve patients' outcomes; thus, concerning
the indirect effects of providing education-based interventions on the length of stay and
mortality rate of patients admitted to the ICU, the following hypothesis was adopted:

"Providing education-based intervention for CLABSI prevention and central
lines' maintenance would lower the mortality rate and shorten the length of stay among
patients in intensive care units compared to the control group in the northern region of
Palestine™.

The results did not reveal any decline in the mortality rate or length of stay of the
patients admitted to the ICU during the period of intervention. The mortality rate and
length of stay were unaffected through the three points of measurement, times 1 to 3, and
there was no advantage for the ICU patients in the experimental group in comparison
with those in the control group. Accordingly, the second hypothesis was rejected.

The provided results might have several rationales. The time duration allocated
to execute the study might limit the ability to detect the effect of improving the
knowledge and practice of ICU nurses on patient outcomes. Throughout the study period,
the West Bank experienced challenging conditions. The occupation increased his bloody
military attacks and aggression, consequently leading to a significant increase in the
number and severity of injuries. This situation triggered the displacement of experienced
healthcare providers and resources, which imposed unexpected and intense pressure on
the MOH hospitals. These hospitals had already complained of a shortage of resources
and human power because of forced constraints on movement across regions and on the

procurement of medical supplies (Ministry of Health of Plestine Ministrer's ofice, 2024).
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Additional contributing factors might be the variability in the morbidities and the
severity of health conditions among patients admitted during the study time frame. As
highlighted in the study of Negm et al. (2021), patients' comorbidities prolonged the
length of stay and increased mortality rates, masking the effect of increased nurses'
competencies on patient outcomes. Moreover, the ICUs within the participating hospitals
were the first choice for receiving a high volume of injured patients. Most of these
injuries stemmed from rocket explosions and gunshots, explaining the prolonged length
of stay in the post-intervention period, during which the intensity and severity of
aggressive attacks increased. These facts impede the ability to detect the effect of
improving nurses' competency in caring for CVCs on patients’ outcomes. In addition,
this could explain why the ICUs that admitted patients who received care from ICU
nurses in the control group stayed longer in the post-intervention period than did those
admitted before the intervention was conducted because of the increase in the severity of
the attacks.

Prolonged follow-up, as recommended by Sarita Mohapatra et al. (2020), may
provide more opportunities to capture the changes in mortality rates and lengths of stay
after providing educational interventions for nurses. In contrast, two studies have shown
that receiving educational interventions for CVC maintenance could positively affect
patient outcomes (Alkhawaja et al., 2020; Jessica Lowery et al., 2022).

The current study revealed many challenging factors that mask the effect of
educating ICU nurses and enhancing their competency in proper CVC care to improve
patients' outcomes. Longer-term follow-up may help explore the effect of enhanced
nurses' competencies on patients' outcomes in the intensive care unit (ICU) setting.

5.4 Differences in the Baseline Competence Level of CVC Maintenance Concerning

Intensive Care Nurses' Demographics and Institutional Factors

The secondary focus of this study was the influence of ICU nurses' demographics
and institutional factors on their level of knowledge and practice of proper maintenance
of CVCs. The effect was evaluated at baseline to examine whether the demographic and

institutional factors would have influenced the subsequent measurements of knowledge
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and practice (Bertola et al., 2022). The results revealed that ICU nurses' knowledge and
practices were not affected by their demographics or institutional factors.

These outcomes can be explained by a variety of factors. Initially, the provided
educational intervention was well structured to tailor the nurses' attributes. Additionally,
the blended learning approach, which consists of lecture-based learning, group
discussions, hands-on training, and individual follow-up, encouraged the active
involvement of ICU nurses and promoted their adherence.

The monthly income in this study appeared to have no effect on nurses'

knowledge of and practices related to CLABSI prevention and CVC maintenance. This
could be due to the feasibility of the administered interventions. The participating nurses
were reached at their workplace, eliminating the need for financial resources to access
training or attend educational sessions. Similarly, the absence of differences between
males and females in their knowledge and practice of CVC maintenance and CLABSI
prevention in the current study may imply the equality of opportunities and unbiased
provision of training and education on the basis of sex.
The results align with those of some studies and contradict those of others. For example,
Al Qadire and Hani (2022) reported that the level of knowledge of CLABSI prevention
was not affected by sex, age, or years of experience; however, nurses with postgraduate
certificates presented greater knowledge. This finding is consistent with the current
study, except for the effect of education level. Conversely, a study by Al Maliki and
colleagues revealed that older nurses, those with master's degrees in nursing, and those
with more experience in ICUs were more knowledgeable and skillful, whereas sex did
not differ (Almalki et al., 2023), which is partially inconsistent with the current findings.
On the other hand, a study from Jordan indicated that sex, working on a shift system, and
higher education had no effect on nurses' knowledge or competency level (Matlab et al.,
2022) which in line with the current study.

With respect to the ICU nurses' demographics and institutional factors, the
findings indicated no effect on their knowledge and practice of CVC maintenance. This
may be due to the well-structured educational intervention and the use of blended
learning strategies that encourage the active engagement of learners in educational
sessions. Further studies are needed to fully explore the associations between

demographic and institutional factors and nurses' competencies.
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5.5 Strengths and Limitations

5.5.1 Strengths

This study is novel, as it is the first interventional study concerning CLABSI
prevention and central lines' maintenance in Palestine. It provides holistic, standardized,
evidence-based educational interventions that have distinguished contributions to
enhancing nurses' competencies and adding valuable knowledge to the existing body of
knowledge and research in Palestine.

In addition, it could facilitate the application of standardized nursing practice in
caring of central line. Also, using the control group and time series design enhances the
robustness of the study by controlling for confounding factors and measuring
improvement through different points of measurement. This study provides valuable
guidance for developing and providing education-based interventions to enhance nurses'

ability to handle CVC safely and consequently improve patients' safety.

5.5.2 Limitations

One of the limitations encountered during conducting the study was the inability
to measure the CLABSI rate due to the lack of national standardized documentation and
archiving system which lead to inconsistency in recording patients' information,
especially regarding central lines' insertion, maintenance, and removal, and disparity in
assessing signs and symptoms of CLABSIs.

5.5.3 Implication for Health Education

This study provides effective, evidence-based educational interventions. This
educational material can be pivotal to the Health Education and Scientific Research
Department within the MOH. It can be used to build an e-learning module that serves as
an integral part of the continuing education program. This module helps disseminate
knowledge, guidelines, and international recommendations in favor of CVC maintenance
and infection control principles. This integration could promote a safe culture and safe
patient care.

5.5.4 Implications for Scientific Research
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This study could encourage researchers to duplicate this study in different settings,
including nongovernmental hospitals, and to target various healthcare providers'

specialties, such as nurses in hemodialysis units and oncology departments

5.5.5 Implications for Policy Makers

The outcome of this study could inform the necessity of revising existing policies
and programs concerning infection control practices, specifically the CVC care and
CLABSI measurement. It is imperative to highlight the importance of supporting existing
policies through clear procedures to monitor the competencies of healthcare providers
and to measure infection control key performance indicators (KPIs), such as CLABSIs.
The provided educational program could serve as a valid reference for developing more
standardized policies and procedural guideline
5.5.6 Implications for Nurse Managers

The tools utilized in this study can be used to objectively assess and verify nurses'
competency and ensure that safe and high-quality care is provided. Nursing managers
could integrate these tools with the annual appraisal process and use them to evaluate
compliance with patient safety practices, especially among newly hired nurses. Their

usage could assist managers in capturing any existing gaps in practice.

5.6 Recommendations

The ultimate goal of this study was to improve nurses' competency in central lines
'maintenance and safe handling. Based on the key findings, the following

recommendations emerged:

The CLABSI rate should be included as a study variable in future research.
Prospective studies could be conducted to detect CLABSI rate and provide national
prevalence of CLABSI, along with risk factors including health care providers' practices
patients' health condition. Therefore, it is important to create high-level collaboration
among researchers, infection prevention offices, and the quality and patient safety
departments at the MOH hospitals This collaboration represents a golden step toward

standardizing the CLABSI assessment and prevention approach and establishing agreed
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upon guidelines and protocols to control health care providers' practices and setting up a
clear method for CLABSI measurements

For future research, providing educational interventions in a classroom setting to
minimize distraction and ensure that nurses are off duty on the day of training is
recommended. The training sessions should be conducted according to the trainees'
convenient time to avoid interrupting their routine schedule. This would encourage active
engagement in discussion and assist the educator to provide individual feedback in a

comfortable manner.

5.7 Conclusion

Nurses are the gatekeepers of patient safety. Their competency level determines
their ability to maintain an infection-free environment and improve patient outcomes.
This study provides an opportunity to assess the effect of education-based interventions
on the safe handling of CVC. Nurses became more knowledgeable and competent in
maintaining CVCs. Some support the results of this study, whereas others contradict
them, which may be related to many factors. Managers at the MOH need to motivate

nurses to keep up to date with evidence-based guidelines and recommendations.
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Self-completed pretest and posttest questionnaire
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A laboratory-confirmed infection where a CVAD is in place for
>2 calendar days before a positive culture and is also in place the
day of or the day before the culture and combined with chills,
fever, hypotension, and tachycardia that is not related to an
infection from another site
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The insertion site of CVAD should be assessed at least once a
day.
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After flushing the CVAD lumens, it is important to close the
clamp and lock the lumen at the last 1 ml of normal saline
0.9% because Positive pressure prevents the backflow of
blood into the lumen and can increase the patency of lumen.
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The transparent chlorohexidine dressing over the central
line insertion site must be changed every seven days and

when needed.
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Chlorohexidine 2% in 70% alcohol is the recommended

disinfectant solution for CVAD dressing
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When accessing the lumen of the CVAD, the patient

should wear a mask.
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The non-touch technique is the most recommended to

access the CVAD.
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Chlorhexidine is recommended over alcohol to care for the
CVAD insertion site because it has more than 12 hours of

residual activity after application.
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The correct mechanism to do dressing over the CVAD
insertion site is by using the backward, forward and friction

for 30 seconds.
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When discontinuing an IV line from the CVAD lumen,
Hand Hygiene is obligatory with using the non—-touch

technique.
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The CVAD hub must be scrubbed for 15 seconds using
alcohol 70%.
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The lure lock adapter (Cap) of the CVAD hub must be

changed with every dressing and when needed.
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The luer lock adapter (Cap) of the CVAD hub is a single—-

used apparatus.
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The proper syringe size to flush or withdraw blood

samples from CVAD is a 10 ml syringe.
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A pulsatile push pause mechanism using a 10 ml syringe

size is the proper flushing technique for all CVAD types.
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The administration sets for continuous infusions shall be

changed no more frequently than every 4 days, but at least

every seven days.
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The administration sets for fat emulsions should be

changed every 24 hours.
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The administration sets for blood should be changed every
24 hours.
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After medication administration through CVAD, the lumen

must be flushed with Normal Saline 0.9%.
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A dead space must be withdrawn and discarded before

collecting blood culture.
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The peripheral blood culture should be withdrawn first then

the central culture for patients with CVAD.
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The blood collected for culture from CVAD MUST be

collected from each lumen in one bottle.
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When withdrawing a blood sample from CVAD, all lumens
with continuous fluid infusion must be closed for 2-3

minutes before the procedure.
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The lumen with vasopressor infusion shall not be clamped

for blood sampling from CVAD.

24

112




RER

Al

22Y mleas 5ydle 4uSi 20 GOl ganygll HUED o Cisaasall pall

byl Al pd due

The blood that is withdrawn directly from the central line

just after insertion is considered a peripheral blood sample.
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The CVAD bundle contains hand hygiene, using
Chlorhexidine 2% in 70% alcohol, daily review of necessity,
site selection for insertion, and maximum barrier

precaution.

26
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Appendix B

Final search strategy from Pubmed

Search: central line infection OR central line-related infection OR central line-related
bloodstream infection OR central venous catheter-associated bloodstream infection OR
central venous catheter-related bloodstream infections OR central venous catheter-related
infection OR central venous access device-related infection OR central venous access
device-associated infection OR central venous access-related bloodstream infection OR
central line-associated bloodstream infections AND ( intervention OR treatment OR program
OR education OR training ) Filters: Clinical Trial, Controlled Clinical Trial, Observational
Study, Randomized Controlled Trial, Systematic Review, in the last 10 years, English
(((("central venous catheters"[MeSH Terms] OR ("central"[All Fields] AND "venous"[All
Fields] AND "catheters"[All Fields]) OR "central venous catheters"[All Fields] OR
("central"[All Fields] AND "line"[All Fields]) OR "central line"[All Fields]) AND
("infect"[All Fields] OR "infectability"[All Fields] OR "infectable"[All Fields] OR
"infectant"[All Fields] OR "infectants"[All Fields] OR "infected"[All Fields] OR
"infected"[All Fields] OR "infectibility"[All Fields] OR "infectible"[All Fields] OR
"infecting"[All Fields] OR "infection s"[All Fields] OR "infections"[MeSH Terms] OR
"infections"[All Fields] OR "infection"[All Fields] OR "infective"[All Fields] OR
"infectiveness"[All Fields] OR "infectives"[All Fields] OR "infectivities"[All Fields] OR
"infects"[All Fields] OR "pathogenicity"[MeSH Subheading] OR "pathogenicity"[All Fields]
OR "infectivity"[All Fields])) OR ((“central"[All Fields] OR "centrally"[All Fields] OR
"centrals"[All Fields]) AND "line-related"[All Fields] AND ("infect"[All Fields] OR
"infectability"[All Fields] OR "infectable"[All Fields] OR "infectant"[All Fields] OR
"infectants"[All Fields] OR "infected"[All Fields] OR "infecteds"[All Fields] OR
"infectibility"[All Fields] OR "infectible"[All Fields] OR “infecting"[All Fields] OR
"infection s"[All Fields] OR "infections"[MeSH Terms] OR "infections"[All Fields] OR
"infection"[All Fields] OR "infective"[All Fields] OR "infectiveness"[All Fields] OR
"infectives"[All Fields] OR "infectivities"[All Fields] OR "infects"[All Fields] OR
"pathogenicity”[MeSH Subheading] OR "pathogenicity"[All Fields] OR "infectivity"[All
Fields])) OR (("central”[All Fields] OR "centrally"[All Fields] OR "centrals"[All Fields])
AND "line-related"[All Fields] AND ("sepsis”"[MeSH Terms] OR "sepsis"[All Fields] OR
("bloodstream”[All Fields] AND "infection"[All Fields]) OR "bloodstream infection"[All
Fields])) OR ((“central venous catheters"[MeSH Terms] OR (“central”[All Fields] AND
"venous"[All Fields] AND "catheters"[All Fields]) OR "central venous catheters"[All Fields]
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OR ("central"[All Fields] AND "venous"[All Fields] AND "catheter"[All Fields]) OR
"central venous catheter"[All Fields]) AND ("associate"[All Fields] OR "associated"[All
Fields] OR "associates"[All Fields] OR "associating"[All Fields] OR "association"[MeSH
Terms] OR "association"[All Fields] OR "associations"[All Fields]) AND ("sepsis"[MeSH
Terms] OR "sepsis"[All Fields] OR ("bloodstream"[All Fields] AND "infection"[All Fields])
OR "bloodstream infection"[All Fields])) OR (("central"[All Fields] OR "centrally"[All
Fields] OR "centrals"[All Fields]) AND ("veins"[MeSH Terms] OR "veins"[All Fields] OR
"venous"[All Fields]) AND "catheter-related"[All Fields] AND (“sepsis"[MeSH Terms] OR
"sepsis"[All Fields] OR ("bloodstream"[All Fields] AND "infections"[All Fields]) OR
"bloodstream infections"[All Fields])) OR (("central"[All Fields] OR "centrally"[All Fields]
OR "centrals"[All Fields]) AND ("veins"[MeSH Terms] OR "veins"[All Fields] OR
"venous"[All Fields]) AND ("catheter related infections"[MeSH Terms] OR ("catheter-
related"[All Fields] AND "infections"[All Fields]) OR "catheter related infections"[All
Fields] OR ("catheter"[All Fields] AND "related"[All Fields] AND "infection"[All Fields])
OR "catheter related infection"[All Fields])) OR (("'central[All Fields] OR "centrally"[All
Fields] OR "centrals"[All Fields]) AND ("veins"[MeSH Terms] OR "veins"[All Fields] OR
"venous"[All Fields]) AND ("access"[All Fields] OR "accessed"[All Fields] OR
"accesses"[All Fields] OR "accessibilities"[All Fields] OR "accessibility"[All Fields] OR
"accessible"[All Fields] OR "accessing"[All Fields]) AND "device-related"[All Fields] AND
("infect"[All Fields] OR "infectability"[All Fields] OR "infectable"[All Fields] OR
"infectant"[All Fields] OR "infectants"[All Fields] OR "infected"[All Fields] OR
"infecteds"[All Fields] OR "infectibility"[All Fields] OR "infectible"[All Fields] OR
"infecting"[All Fields] OR "infection s"[All Fields] OR "infections"[MeSH Terms] OR
"infections"[All Fields] OR "infection"[All Fields] OR "infective"[All Fields] OR
"infectiveness"[All Fields] OR "infectives"[All Fields] OR "infectivities"[All Fields] OR
"infects"[All Fields] OR "pathogenicity"[MeSH Subheading] OR "pathogenicity"[All Fields]
OR "infectivity"[All Fields])) OR ((“central"[All Fields] OR "centrally"[All Fields] OR
"centrals"[All Fields]) AND ("veins"[MeSH Terms] OR "veins"[All Fields] OR
"venous"[All Fields]) AND ("access"[All Fields] OR "accessed"[All Fields] OR
"accesses"[All Fields] OR "accessibilities"[All Fields] OR "accessibility"[All Fields] OR
"accessible"[All Fields] OR "accessing"[All Fields]) AND "device-associated"[All Fields]
AND ("infect"[All Fields] OR "infectability"[All Fields] OR "infectable"[All Fields] OR
"infectant"[All Fields] OR "infectants"[All Fields] OR "infected"[All Fields] OR
"infecteds"[All Fields] OR "infectibility"[All Fields] OR "infectible"[All Fields] OR
"infecting"[All Fields] OR "infection s"[All Fields] OR "infections"[MeSH Terms] OR
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"infections"[All Fields] OR "infection"[All Fields] OR "infective"[All Fields] OR
"infectiveness"[All Fields] OR "infectives"[All Fields] OR "infectivities"[All Fields] OR
"infects"[All Fields] OR "pathogenicity"[MeSH Subheading] OR "pathogenicity"[All Fields]
OR "infectivity"[All Fields])) OR (("central"[All Fields] OR "centrally"[All Fields] OR
"centrals"[All Fields]) AND ("veins"[MeSH Terms] OR "veins"[All Fields] OR
"venous"[All Fields]) AND "access-related"[All Fields] AND ("sepsis"[MeSH Terms] OR
"sepsis"[All Fields] OR (“bloodstream"[All Fields] AND "infection"[All Fields]) OR
"bloodstream infection"[All Fields])) OR (("central venous catheters"[MeSH Terms] OR
("central"[All Fields] AND "venous"[All Fields] AND "catheters"[All Fields]) OR "central
venous catheters"[All Fields] OR (“central"[All Fields] AND "line"[All Fields]) OR "central
line"[All Fields]) AND ("associate"[All Fields] OR "associated"[All Fields] OR
"associates"[All Fields] OR "associating"[All Fields] OR "association"[MeSH Terms] OR
"association"[All Fields] OR "associations"[All Fields]) AND ("sepsis"[MeSH Terms] OR
"sepsis"[All Fields] OR (“bloodstream"[All Fields] AND "infections"[All Fields]) OR
"bloodstream infections"[All Fields]))) AND (“intervention s"[All Fields] OR
"interventions"[All Fields] OR "interventive"[All Fields] OR "methods"[MeSH Terms] OR
"methods"[All Fields] OR "intervention"[All Fields] OR "interventional"[All Fields] OR
("therapeutics"[MeSH Terms] OR "therapeutics"[All Fields] OR "treatments"[All Fields]
OR "therapy"[MeSH Subheading] OR "therapy"[All Fields] OR "treatment"[All Fields] OR
"treatment s"[All Fields]) OR ("program"[All Fields] OR "program s"[All Fields] OR
"programme"[All Fields] OR "programed"[All Fields] OR "programs"[All Fields] OR
"programming"[All Fields] OR "programmability"[All Fields] OR "programmable"[All
Fields] OR "programmable"[All Fields] OR "programme"[All Fields] OR "programme
s"[All Fields] OR "programmed"[All Fields] OR "programmer"[All Fields] OR
"programmer s"[All Fields] OR "programmers"[All Fields] OR "programmes"[All Fields]
OR "programming"[All Fields] OR "programming"[All Fields] OR "programs"[All Fields])
OR ("educability"[All Fields] OR "educable"[All Fields] OR "educates"[All Fields] OR
"education"[MeSH Subheading] OR "education"[All Fields] OR "educational status"[MeSH
Terms] OR (“educational"[All Fields] AND "status"[All Fields]) OR "educational status"[All
Fields] OR "education"[MeSH Terms] OR "education s"[All Fields] OR "educational"[All
Fields] OR "educative"[All Fields] OR "educator"[All Fields] OR "educator s"[All Fields]
OR "educators"[All Fields] OR "teaching"[MeSH Terms] OR "teaching"[All Fields] OR
"educate"[All Fields] OR "educated"[All Fields] OR "educating"[All Fields] OR
"educations"[All Fields]) OR ("education"[MeSH Subheading] OR "education"[All Fields]
OR "training"[All Fields] OR "education"[MeSH Terms] OR "train"[All Fields] OR "train
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s"[All Fields] OR "trained"[All Fields] OR "training s"[All Fields] OR "trainings"[All
Fields] OR "trains"[All Fields]))) AND ((y_10[Filter]) AND (clinical trial[Filter] OR
controlled clinical trial[Filter] OR observational study[Filter] OR randomized controlled
trial[Filter] OR systematic review[Filter]) AND (English [Filter]))
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Appendix C

Final matrix ¢’ characteristics of the reviewed studies’’
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Author

Title

Country

Research
Question

/Purpose

Design

Participants

(n)

Setting

Intervention

Measurement instruments

Main findings
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(Dsilva,

Mathew,

Joseph,
2022)

The
effectiveness of
a Self-
instructional
Module on
Knowledge and
Observed
Practices of
Nurses
concerning
Prevention of
Central Line—
Associated
Blood Stream
Infection: A
Before—After
Intervention
Study

India

To assess the
baseline
knowledge
among critical
care nurses
concerning
CLABSI
prevention
principles.

To assess the
critical care
nurses' level of
practice in
maintaining
central lines.
To examine the
effect of
providing a self-
paced educational
module on the
level of

knowledge and

A quasi-
experim
ental
pre-post-
test

design

51 critical

care nurses.

ICUs in
Tertiary
care

hospitals.

Education-based
intervention using
a self-reading
booklet and
educational

module.

A questionnaire composed of
28 items in the form of
multiple-choice questions
(MCQ) and fill in the blank.

Observational Checklist.

The knowledge and

practice levels were

significantly enhanced.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
practice of caring
for central line
and preventing
CLABSI.
(Hong et | Decreasing USA This study wasto | Pre- Multidiscipli 17 ICUs | The intervention | Checklists The overall CLABSI
al., 2013) | Central-Line— determine if the Post-test | nary from 14 was educational. rate decreased.
Associated Michigan design intensive hospitals. | (Not mentioned
Bloodstream Keystone care health clearly)
Infections in program could be care
Connecticut implemented in providers.

Intensive Care
Units

Connecticut and
to assess the
effect of the
program on
decreasing the
CLABSI rate in
ICUs.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Muse et | Controlling Italy To assess the Quasi- Six intensive | Five An education- Surveillance and Hand hygiene

al., 2017) | catheter-related effect of experim | care nurses MICU based intervention | observational checklist. compliance improved.
bloodstream providing ental and and SICU | involving lectures CLABSI rate
infections education to study physicians. from five | and skill significantly reduced
through a health care with hospitals | demonstration.
multi-Center providers and interrupt with
educational monitoring ed time different
program for adherence with series affiliation
intensive care evidence-based S.

units

interventions on
decreasing the
CLABSI rate.
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(Scholtz,
Monachi
no,
Nishisaki
Nadkarni,
&
Lengetti,
2013)

Central Venous
Catheter Dress
Rehearsals
Translating
Simulation
Training to
Patient Care

and Outcomes

Philadel
phia,
USA

To examine the
impact of
simulation
sessions on
nurses'
knowledge,
confidence, and
performance.
To evaluate the
impact of training
on nurses'
competency
while performing
procedures on
real patients.
To evaluate the
relationship
between the
improvement in
confidence and
skills and the
CLABSI rate.

A
prospecti
ve pre
and post-
test,
timed
series

study

524 nurses.

MIC,
SICU,
operating
rooms,
the post-
anaesthesi
a care
unit, and
the
outpatient
oncology
clinicata
tertiary

hospital.

Education-based
intervention using
simulation-based

training.

Self-assessed questionnaire.

a written knowledge tests
Standardized checklist to
assess the psychomotor
skills.

The level of knowledge,
self-confidence, and
skill of dressing
improved after the
training.

The level of competence
in performing the
dressing on real patients
also improved.

The overall CLABSI
rate decreased.

123




Research o
Author Title Country Question Design Participants Setting Intervention Measurement instruments Main findings
/Purpose ")
(de Adherence to Brazil To assess the A 63 nurses Adult The intervention | Checklist The compliance and
Quadros | central venous effect of an descripti | and ICUofa | was a simulation- adherence with the
etal., catheter educational ve- technicians. | public based training. observed bundle
2022) maintenance program on the explorat teaching domains were improved.
bundle in an intensive care ory hospital. The adherence with
intensive care nurses' adherence | study, documenting the
unit. to central line with a indication of central line
maintenance. quantitat insertion improved by
ive 8%,
approach The adherence to the

aseptic technique in
catheter maintenance
improved.

The adherence to the
maintenance of the
infusion sets and

dressing improved.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Burt & | Assessing the England | To assess the Retrospe | 112 Two The intervention Not specified 45% of the trainees

Spowart, | impact of a new impact of ctive registered surgical was educational- reported that they

2021) central venous applying quasi- nurses wards, based applying became more confident
access device educational experim | (RNs). and one interactive in their knowledge and
training intervention on ental SICU. lectures, skills after joining the
program for improving the design. demonstration training and they could

nurses: A
quasi-
experimental
evaluation

study

nursing
knowledge and
skills of
managing the

central line.

return, and
simulation

activities

disseminate knowledge.
82% of the nurses
reported that they would
change their skills and
reflected this in the real
practices.

The CLABSI rate was
reduced by 83 % in the
six months after the
education compared
with the previous six

months.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Exline et | Beyond the USA To decrease the Observat | Intensive A 25-bed | Multimodal Surveillance and The CLABSI rate

al., 2013) | bundle -a CLABSI rate ional care capacity intervention that | observational checklists. decreased.
journey of a below 1 per 1000 | cohort physicians ICUata | included The compliance with
tertiary care catheter days study and nurses. tertiary educational central line insertion and
medical over two years. with academic | sessions and skill maintenance practices
intensive care historica hospital demonstrations. improved.
unit to zero I
central line- controls
associated approach

bloodstream

infections

126




Research

Participants

Author Title Country Question Design - Setting Intervention Measurement instruments Main findings
n
/Purpose
(Mohapat | Impact of India To assess the A 50 intensive | NICU Education-based | Tests and Observations The nursing knowledge
raetal., | Continuous impact of prospecti | care nurses intervention that and skills improved.
2020) Education and continuous ve applied
L ) ) ) The CLABSI rate
Training in education on observati continuous
) ] decreased.

Reduction of adherence to onal educational

Central Line- CLABSI bundle, | before sessions in the

associated hand hygiene, and after form of lectures

Bloodstream and scrubbing the | design. and skill stations.

Infection in
Neuro-I
intensive Care
Unit

hub to prevent
CLABSI in
Neuro-1CUs.
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(Walz et
al., 2015)

The Bundle
“Plus”: The
Effect of a
Multidisciplina
ry Team
Approach to
Eradicate
Central Line-
Associated
Bloodstream

Infections

USA

The study aims to
decrease and
sustain the
incidence of
CLABSI by
implementing a
multidisciplinary
approach

To implement
CLABSI
prevention
bundle and
practices.

To create best
practice
guidelines for the
insertion of the
internal jugular
central line.

To improve the

education on

Before
and after

design.

Nurses and

Physicians

Seven
adult
ICUs.

Multimodal
approach
intervention
including

education.

Checklists, reports, and

electronic systems.

The CLABSI incidence
decreased.

The insertion of a short-
term central line

decreased.
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Author

Title

Country

Research
Question

/Purpose

Design

Participants

(n)

Setting

Intervention

Measurement instruments

Main findings

obtaining blood
culture.

To do root cause
analyses of all
CLABSIs

To use
chlorhexidine
dressings and
minocycline/reva
mping catheters
to prevent
CLABSIs.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Paquet, | Use of dry Canada | The aim of this Pre-post | 84 intensive | MICU, The intervention | Checklists The adherence to
Morlese, | dressings for study was not study care nurses. | SICU ata | was in-service dressing change was
& central venous mentioned design university | education-based enhanced.
Frenette, | access devices directly but the teaching | sessions and The CLABSI rate was
2021) (CVCs) to study was hospital. | audits performed Zero during the study

decrease central
line-associated
bloodstream
infections
(CLABSI)ina
trauma
intensive care
unit (ICU)

conducted to
reduce the
incidence of
CLABSI and
improve
adherence with
proper dressing

practices.

weekly and twice

a month.

period.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

Hansen, | Time-series German | To examine the Not 32 health 107(ICUs | The healthcare Surveys. Significant decrease in
S., analysis to impact of the mention | care ). providers in the Multiple-choice CLABSI prevalence
Schwab, | observe the program on the ed providers. ICU received guestionnaire Healthcare providers
F., impact of a implementation training and exhibited enhancement
Schneide | centrally of patient care education during in their knowledge and
r,S., organized practices and the the intervention awareness of CLABSI
Sohr, D., | educational occurrence rates period over one preventive intervention.
Gastmeie | intervention on of central line- period. The staff
rnP.,& the prevention associated received two
Geffers, | of central-line- bloodstream lectures held six
C associated infections months apart

bloodstream
infections in 32
German
intensive care

units.

(CLABSI) in the
involved
Intensive Care
Units (ICUs).
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Gauntt Sustaining Columb | To mitigate the Quasi- Multidiscipli | CICU Simulation-based | Using a K-Card for audit Reduction in the

etal., Improvements | us, CLABSIs experim | nary team of training twice per prevalence of CLABSI

2022) in CLABSI Ohio, prevalence in ental health care year. and the reduction
Reductionina | USA Pediatric providers sustained over two
Pediatric intensive care years.
Cardiac units.

Intensive Care
Unit

To maintain the
reduction in
CLABSI rate for

one year.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Mazi et | Sustained Low | Saudi To assess the Prospect | Multidiscipli | MICU Establishment of | Surveillance Observation The compliance with the

al., 2021 | Incidence Rates | Arabia | impact of ive nary and a specialized Checklist. CLABSI bundle is
of Central applying SHEA study. healthcare SICU. infection control maintained at 100%.
Line- based preventive providers team. In-service The CLABSI rate
Associated program of Education declined.
Blood Stream CLABSI on Monitoring the The hand hygiene
Infections in reducing compliance with compliance rate
the Intensive CLABSI rate. hand hygiene sustained above 70%.

Care Unit

based on the
WHO five
moments
Monitoring the
compliance with
CLABSI bundle.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Melo et | Success factors | Brazil To explain the Prospect | Multidiscipli | Five Multimodal Performance of tests. HAIs reduced in all
al., 2022) | of a implementation ive nary team ICUs. approach with Monitoring indicators; ICUs.
collaborative and outcomes of | observati Monthly virtual reports and sharing feedback
project to a joint initiative onal learning sessions
reduce named PROADI- (VLs) and five
healthcare- SUS that was put live learning
associated in place to sessions througho
infections in minimize HAIs ut this time.

intensive care
units in North-

eastern Brazil.

brought on by the
use of devices
and to pinpoint
potential
contributing
variables in five
ICUs in Recife
during the first 18
months of the
nationwide

project.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Hebbar, | Simulation- USA To enhance the prospecti | 79 nurses PICU Simulation-based | Tests and Observation using | Compliance with the
Cunningh | based Pediatric knowledge and ve training with a 17-item bundle checklist CLABSI bundle
am, intensive care compliance with | cohort continuous refresh significantly increased.
McCrack | unit central the central comparis at three, six, and
en, venous line venous catheter on twelve months.
Kamat, & | maintenance maintenance
Fortenber | bundle training bundle.
ry, 2015)
(Mostafa | Reducing Saudi To decline the Pre-Post | Physician Inpatient | Standardizing the | Competency checklist. The CLABSI rate
etal., Central-Line- Arabia | CLABSI rate by | Design and Nurses wards and | policies and Surveillance for CLABSI. decreased.
2022) Associated 30% during the ICUs procedures. Checklist The average compliance

Bloodstream
Infections
(CLABSI): An
Improvement
Project in a
Specialized
Tertiary
Hospital.

study period

Simulation-based
training.
Conducting

workshop

rate of hand hygiene
increased The CLABSI
rate was Zero in ten
ICUs.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(AL Impact of Bahrain | To assess the This Infection ICU of In-service Surveillance system The CLABSI rate
Khawaja | International effect of study control INNICC | education. decreased by 90%.
etal., Nosocomial multimethod applied a | nurses and member Development of The length of stay for
2020) Infection intervention and | prospecti | critical care | hospital. | checklist for CLABSI cases
Control the utilization of | ve, pre- | nurses central line decreased by 367 days.
Consortium's the INICC test, and insertion and care. The cost of
Multidimension Surveillance post-test Introducing new hospitalization for
al Approach on Online System surveilla material patients with CLABSI
central line- (ISOS) on nce- according to the decreased.
associated reducing the based SHEA and CDC.
bloodstream CLABSI rates in | study

infection rates

in Bahrain

ICUs in Bahrain.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Negm et | Impact of a Egypt To assess the A quasi- | 70 Emergenc | The education- Checklists and The compliance with the

al., 2021) | comprehensive effect of the experim | multidiscipli | y ICU based intervention | Questionnaire. CLABSI bundle
care bundle provided ental nary health was applied, improved.
educational education care supported by The CLABSI incidence
program on program providers posters, leaflets, decreased.
device- Comprehensive and videos about The mortality rate
associated Care Bundle central line decreased.
infections in an Educational maintenance. The healthcare

emergency
intensive care

unit.

Program CCBEP
on decreasing
CLABSI rate,
shortening the
mortality rates,
and enhancing
nurses'
knowledge and
compliance with
the CLABSI
bundle.

providers' knowledge

enhanced

137




Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Aloush, | Educating Jordan | To assess the An 128 Critical | MICU Education-based | Questionnaire. Pre-test knowledge
2018) intensive care effect of CLABSI | experim | care nurses. | and SICU | intervention in the | Multiple choice exam scores were poor for all
unit nurses to prevention ental, at 10 form of lectures. participants.
use central educational randomi hospitals The experimental group

venous catheter course on zed that had showed significant

infection improving critical | controlle continuou improvement in

prevention care nurses' d trial. S knowledge after the

guidelines: knowledge of education course.

effectiveness of CLABSI and The control group

an educational prevention infection showed no significant

course. principles control change in knowledge.
programs. Participants with 5 years

of experience in the
control group showed
better improvement.

No significant
difference in knowledge

scores based on gender.
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(W. Mazi
et al.,
2014)

Central line-
associated
bloodstream
infection in a
trauma
intensive care
unit: Impact of
implementation
of Society for
Healthcare
Epidemiology
of
America/Infecti
ous Diseases
Society of
America
practice

guidelines

Saudi
Arabia

To evaluate the
impact of
multimodal
intervention
based on the
recommendations
of the Basic
Society for
Healthcare
Epidemiology of
America/Infectio
us Diseases
Society of
America
(SHEA/IDSA) in
reducing
(CLABSI)
incidence in
intensive care
units (ICUs).

Prospect
ive, pre
and post-
design
studies
conducte
d over

one year.

ICU nurses.

A trauma
ICU.

The intervention
was multimodal,
including
education and
training
Implementation of
the monitoring
system
Assembling
special kit for
central line
insertion.
Monitoring of
compliance with

hand hygiene.

Surveillance

The CLABSI decreased
significantly Three risk
factors were identified
and addressed for
improvement including
education.

Hand hygiene
compliance improved by
31%
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Khalid Itemizing the Saudi To assess the Not clear | Nurses from | MICU Education-based Intermittent audits The CLABSI rate
et al., bundle; Arabia | effects of a MICU and SICU. intervention, declined. The Zero
2013) Achieving and quality SICU conducting audits CLABSI rate was
maintaining improvement to monitor hand maintained for fifteen

“zero” central
line-associated
bloodstream
infection for
over a year in a
tertiary care
hospital in
Saudi Arabia

initiative based
on prevalent
guidelines to
achieve “Zero

CLABSI”.

hygiene, and
central line

bundles.

months.
Compliance with hand
hygiene and central line

maintenance improved
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Lowery | Reducing USA This study aimed | Pre-post- | 541 ER, Education-based | Pertest post-test vial LMS The nurses' knowledge

etal., central line- to assess the test registered MICU, intervention and the same system sent and practice improved

2022) associated effect of applying | design nurses. and utilizing a feedback to the learners. CLABSI rate reduced
bloodstream web-based with one SICUs. learning module for 8 months
infection training grounded | control system (LMS) for The mortality rate
(CLABSI) rates in cognitive group. training. decreased.

with cognitive
science-based

training

science on the
prevalence of
CLABSI.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
Prevention of Europe | Toimprove Stepped- | Multidiscipli | Adult Multimodal Observational checklist The CLABSI incidence
(van der | hospital central line wedge nary team ICUs intervention is decreased significantly
Kooi et infections by insertion and cluster from 14 composed of among the three arms.
al., 2018) | intervention hand hygiene randomi hospitals | developing and Hand hygiene
and training practices to zed in11 applying a compliance improved.
(PROHIBIT): decrease the controlle European | strategy for The CLABSI incidence
results of a pan- CLABSI. d countries. | central line declined as hand
European multicen insertion, hygiene compliance
cluster- tre establishing an improved.
randomized intervent improvement
multicentre ion study approach for hand

study to reduce
central venous
catheter-related
bloodstream

infections

hygiene according
to the WHO, and
applying
educational and
bedside training

sessions
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Humphr | Improving USA To assess the A pre- 64 critical ICUs in Education-based | Questionnaire. The nurses' knowledge
ey, 2015) | Registered baseline level of | post-test | care nurses. | regional intervention in the of CVC maintenance
Nurses' knowledge of design. hospitals. | form of 30-minute improved by twofold

Knowledge of
Evidence-
Based Practice
Guidelines to
Decrease the
Incidence of
Central Line-
Associated
Bloodstream
Infections: An
Educational

Intervention

critical care
nurses about
contributing
factors for
CLABSI and to
evaluate the
effect of
education-based
intervention on
the nurses'

knowledge;

educational
sessions,
interactive
training sessions,
and hands-on

training.

after applying the
education-based

intervention.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")
(Rosenth | Impact of the Argenti | This study aimed | Prospect | Healthcare 14 adult Multimodal Surveillance and The CLABSI rate
al etal., International na to assess the ive, providers of | ICUs in intervention observational checklists declined.
2018) Nosocomial effect of the cohort, different 11 included applying
Infection INICC pre-and | specialties hospitals | the CLABSI
Control multimodal post-test members | bundle and
Consortium approach and design. at INICC | providing
(INICC)'s surveillance in monthly
Multidimension online system Argentina | educational

al Approach on
Rates of
Central Line-
Associated
Bloodstream
Infection in 14
Intensive Care
Unitsin 11
Hospitals in 5
Cities in

Argentina

(ISOS) to
decrease
CLABSI rates.

sessions to health

care providers.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

Impact of India To assess the A quasi- | 34 nurses. MICU in | Education-based | Checklist and test The level of knowledge
(Acharya, | Nursing effect of the experim Tena intervention improved directly after
Mishra, Education on educational ental tertiary composed of 30- the intervention.
Ipsita, & | CLABSI Rates: intervention on design care minute lectures The CLABSI rate
Azim, An Experience increasing hospital. | and skill significantly decreased.
2019) from a Tertiary compliance with demonstrations.

Care Hospital

in Eastern India

Hand Hygiene

and decreasing

the CLABSI rate.
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Research o
Author Title Country Question Design Participants Setting Intervention Measurement instruments Main findings
/Purpose ")
(Zing et | Hospital-Wide To assess the A pre 146 ICUsand | Multimodal Surveillance. The CLABSI rate
al., 2014) | Multidisciplina | Geneva, | effectiveness of a | and post- | physicians medical- | intervention that significantly decreased.
ry, Multimodal | Switzerl | multimodal test and 1274 surgical included updating
Intervention and, intervention in prospecti | nurses departme | protocols for
Programme to decreasing the ve nts at the | central line
Reduce Central CLABSI rate. design. Universit | insertion and
Venous y maintenance,
Catheter- Hospitals | providing
Associated educational
Bloodstream intervention via
Infection eLearning module
and live
workshops, and
introducing
single-use kits
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(Leblebic
ioglu et
al., 2013)

Impact of a
multidimension
al infection
control
approach on
central line-
associated
bloodstream
infection rates
in adult
intensive care
units of 8 cities
of Turkey:
findings of the
International
Nosocomial
Infection
Control
Consortium
(INICC)

Turkey

To decrease the
CLABSI rate in
ICUs

A before
and after
prospecti
ve

design

Multidiscipli
nary Health
care

providers.

Eight
ICUs at
13
hospitals
in eight
Turkish
cities. All
hospitals
were
INICC

members,

Multidimensional
infection control-
based
interventions were
applied including
education and

training.

Surveillance.

The CLABSI rate

decreased.
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Research

Participants

Author Title Country Question Design Setting Intervention Measurement instruments Main findings
/Purpose ")

(Jaggi et | Impact of an India To evaluate the The Physicians 16 ICUs | The intervention | Surveillance system The CLABSI rates

al., 2013) | International impact of multi- | design and nurses. in1l was multimodal decreased by half.
Nosocomial approaches was pre hospitals | including the Hand hygiene
Infection intervention on and post- in eight application of the compliance improved.
Control decreasing intervent Indian CLABSI bundle,
Consortium CLABSI rate. ion, cities. monthly
Multidimension cohort, These education
al approach on and hospitals | sessions, and
central line- prospecti were using a
associated Ve. members | surveillance
bloodstream of INICC. | system to detect

infection rates
in adult
intensive care
units in eight

cities in India

CLABSI. 3
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Appendix D

The study design and data collection Process

*
i
i i
. ! i Data
1 1 .
Y. Providingthe i {+ Conducting thethird | ADalysis
1 H .
® . Collecting baseline i educational intervention | * Conducting the E set of data post- E
i i nurses' competency i for the experimental i secondsetofdata | intervention (eight |
|+ Ethical approval i level E aroup | assessment post- ! weeks later) (T3) i
B N 1 . . .
i + Meeting head nurses, :. +  Assessinglengthof | + Conductingthe firstset ~ |  ‘dterveation (at i
|+ Consenting i stay and mortality rate | of post-intervention ! fm"ﬂ_l week 5?;1 d
|+ Allocatine nursesto | (for three months E assessment (directly) i intervention (T2)
[ ¢ experi i before the first i(TD) ¢
' control or experimental | | . . -
! group ! educational session
i ¢ (T0)
L
G
Weeks 1-3 Weeks 4-7 Weeks 8-12 Weeks 13 -30
Preparatory Phase  Pre-intervention phase  jptervention phase Post-intervention phase

149



Appendix E

The content of the theoretical part of the educational program

Introduction

Objectives

This Course i anaverview of vascudar sccess devi

Central Line Maintenance &
CLABSI prevention.

o,

imcations , complicetion and safe nursing maintinance and
care W will describs the variety of peripheral and central

‘sccess alomg with nsertion, care and remaval .

erapared by:
Pl 8

Types of Venaus Access Devices Types of Venous Access Devices

1+ Iensify differers types o venous sccess devices
o the: indicaticrs and selection criteria ofCWAD.
3 Underatand the sspected complications and preverion

[ —
Recognize the definition and spplication of CLABS! Durdle

Expisin the compenents.of CLABS] bunde:
Uriderstard the gereral principles ef handling theCVAD.

proper

cu.

prager
U

- Dermansirate ability to maintsin Esertion ste .

10 Retrgpie the correct rate of changing the stministrationset

o
olowd culture from CVAD

Types of Venous Access Devices

1+ Peripheral Venous Carrulation. 1+ A peripheral Venous Cannuls PVC:

2 Ml Vecun Acces Devices, is defined as one that i less than or sgual tod inches

3 Central Vouns Acciess Devices.

& v herapy less than & dlaye.ane for bolus injeciions

o short infusions in the outpstient/dsy unit setting.

Types of Venous Access Devices
Types of Central Venous access Device

(7-5cm) i length. Peripheral cannula should be selected far

3 central venous catheter CvC : 1-peripherally Inserted Central CatheterPICE Line )

A PIEE & 3 catheter Inserted Inia thobasilic ar cegalic veln n
N CABILSL 10553 o NS UEBSP T, WIEh the HP FodiEng 0 the.
Superiar Vens CaRISYC)

>l catheter with s tip that lies withinthe proximal third
of the supsrior wena cavs, the right atrium, o the

SPICES arc appraximately 5cm  length
>Catheters can be inserted through a peripheral vein or 2 e may b sl o s e
prazienal central vein, most commonythe internal jusular,
v e >They ca e Indwciling or 5 1312 months or osger
subelavien, or femaral vein.
>MEasrE Upper 1 cicuesterence befare 3nd 3tcr nsertion

X ray image of PICC LINE

' L Y
| { - § T
I ‘ PICC Catheter Midline Catheter

13 14

3-Central - Tunneled Central Venous Catheter

TRIPLE-LUMEN CATHETER: 7 Frenc.

prosal ()
Sine, bl o trie Lmen v, srpsly nncied hecgh
Abtsnends tasuto3n ext i sencaly  th ches o eemint
i

Dt (1)
e s
At it s 1 the sutnen.: e, arund it

Lumens. Medial 2) s grows, hetps £ socure the device. Halderman, 2000).

A tunted capeter e esered ot 3 cerst e (sl e
bciavn, then e specce vems ca) 3nd pcutsnED LS

A" ot s st s 09 cm o

17 18

PLA

4-PORT-A-CATH® implantable venous access port
Beves Descriien

A0 mplantod rescrvc senerally piaced 1 the chest ar arm, attached
103 Catheter with tp position n the contral vasculatore

nfiacate 1s doiered 1o the resenole via 3n cxtenal nancorng
ecedie 0d cxtension tubing

IURSHG ALERT I contral catheters e placed o decply and cxtend
1085 the rght atram, a0 ¥reguilar hoartbeat may resut. Monfiar heart
oyt and ity the Pesith eare provdas immediscly

T indow o

2- A misting estrater far acults

A vascular access device (VAD) is a device that is
inserted into sither avein or an artery, v the
peripheral or central vessels, to provide for sither
diagnastic (slood sampling, central venous pressure
[cvP] reading) or therapeutic (administration of
medications, fluids and/or blood products) purposes.

Mickine catheters sheuld be corsidered for IV therapynbere

ot then 3 IV catheters ey be needed infusions and

‘. ol
st o szt b
it
e por— P
e .
_— . P—y
s
[ —
e i .
T e
o e \/
o Widiea Cathater
8
Bttt PICC
Indications

11

etermediate orLorg torm terapicsi. drug, fusions o chomotheray
Poce vencns access.
Fres P arien

sanadd

considore o 1Y nfLsios which whese o alu 6 9 5.
Oetreae cancensratin - 108
# Trceapy huraton : 4 wech

‘OB cortiaton of U lacation b el ek 0326

12

Central - Percutansous Hon-Tunnsled Catheter

2+ Cral - PErUENEDUS N TUNNELEd Cathetsr

Device Descrigtion:
catheter, often with muliple
Lumers, imserted

percutanensly through the

sbelavian, JUgULSE, OF MOl pe i o e e e
i ldermar, 2000]

15

150

Considerations:

Recommended for shert-lenm sccess 1o the central
irculation in critica! situstions, ar when peripheral scces s
inadecuate of insppropristeshould be comsidered for IV

infusions which whose pH vaiue s <3

‘administer Dextrose cancentration - 10% The Theramy

duration : less than 1 month

16

nele: Non-tunneled

24



5- Hemodialysis catheter TempCath Hemodialysis Catheter

Complication and risk of CVC

The catheter used for hemodialysisis a tunneled DBlesding

catheter because it s placed under the skin. There are Opiscomfort curing placement.
o types of tunneled catheters: Oblocking or kinking

cuffed or non-cuffed.

DCollapsed lung: This is called a Pneumothorax.
Hon-cuffed tunneled catheters are used for

Qinfection: CLABSH (C: l L iated
‘emergenciss and for short psriods (up to3 wesks). infection: CLABSI (Central Line-associat

Bloodstream Infection)

25 27 28

Mechanism of CLABSI occurness What is a Bundle?

* More Comman Mechanizms Exvsiumioal (] [—

T kb
* More common in the early period following
insertion, <7 days

- Intraluminal: Hub contamination, migration along the

intemal surface
* More common >7 days, intraluminal colonization

* Lets Common Mechantims
Hematogenous sesding from another source

- Contaminatedinfusates.

4The gin o aneffethve prevertion rogom sk bethe - Introdaced by the Insttate or Hesihcre Imaravement (K

g
RS from sl patiers care sress

« Groups o practices with hghiovel il svidonce effcetiioncss

5o tha A BUNDLE t0 control infection and « When apsiicd topethe, Impravements syecrpsticallyrester
e theprofesians rocice rearding verous access R o

« Treatmcot varition s eumtzcd

« Rsibitty & enhanced.
JR8 Corton fo Dsacse Corrl ond Povertion

M= Mt s A The vI«hoIe is greater than the sum of its
parts!

29 31 32

IHI Bundle Components

2. Meimal Barrier preesutiors

« Hand Hygiene, 1. Hand Hygiene:
+ Wear can, mask, stevile gown and stevile gloves , STERILE
« Masirmal bisrrier precautiors. + Before and after paipating” catheter insertian sites baskr
« Chiarekexidine skin antisepsie. « Before and sfter imserting, replacing, sccessing, et the i rscrter A0 ot sstent
« Optimal catheter site selection repairing, or dressing 2 catheter + Caver patient fram head 1o toe with sterie drape with
Smail opening for site of insertion
« Daily review of line pecesity « When hasds iy soiled or cantamination suspected

« Beform and sfter imasive procedures betwsen patients
+ Before donning and after removirg glaves

33 34 35 36

‘Background: Epidemiology Modifiable
Risk Factors
3. Chlarhestiene skin ant e Charsciets , : .
- The femaral site should b avoided. B ™
wnecssary e
« Allow time to dry completely before puncturing site2 Ina clinical trial of ICU patients randomized to femeral Traion dramatanens. Eagency > sadia " ! . .
MINUTES or subclavian lines there were: p— [SE— » Rk of infection inceases with duratian of line
4 Optimal catheter sie selection e f bt ot B it I P  Ecmples of sppropriats e receipt of TP, chemmotheragy
P e
. extemnded e of antiiotcs, o hemadizhsis
o el b i s 1 S L S sntpis PO b 47 pviconiocen >
 Sbelovian veinthe preerred s o nanturiled o e v e n 1 b o
. — . Mthaman > anga i
The preferred crder of prefererce: - o
1) Subclavian =+ 2) Intermal Jugukar =+ 3) Feneral - :
S eccutors RS ——

a7 Rl 8 ED) 40

CLABSI Prevention Strategies

[ S T S T T TS
JES——— T Meemes  Peumion Ao b e
Empower nurses and others to R ——
- T TR legwme Mmoo 0
jr——— o pnau
THE Lner Jra—
if any of bundle componants are missing s =
JRE— e
— = pro m ——1
PSR S [, P
Supplemental — =
sl L e ————
e,
J—— L r—

g o e e

4 42 43 44

Principles of Care v MNUH Before insertion v MNUH

‘skin preparation

+ General Principles
. General T i s b s sl Ccsiins
* Accassing the Catheter {230 pricnto CVC nsevticn sing s techrie (kv
+ Flushing After and Between Uses (xcept Pri : l frvard motion) fr 0 seconds and llow 3 dyffr 160
e rinciples e e
PR
* Carsof the Exit Sits (Sxcept Heonates) Flushing After and Betwesn Uses (except Neanatos)

e e e ek b e I ferncesl vein site s seected for OV irsertion, the sres

shauld b serublbed for 2 mirues, prie insertion and allaw 1a
diy.
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Use an eseptic tachmigue:

W stevie gloves when carmying out dressingehanges
Scrud the s - il needle-free sccess devices fbungs)
should be cheaned for 15 secands using chlcrbexidine 2% in
TN 2 e eowed 0 s

49

Mantar temperature, puise, Baod pressure, re5p. FC and 9
Saturatens 3t iesst 3 NI 24 Bty

+ B0 net allow air o enter the caneter

A syringes and intsavenass dminltration sets must be
carctuaty primed. To prevent afr embalism..

€26 0ft the catheser with 3 neediefree access device whe
ot In use T wil minimize sterruptions ta the closed system.
Unless manufacturers Insiructions vary, shis should be changed
every 7 days ar every 200 uses,

Methads for maintaining patency

Whsnzver the cap fsccess devics 5 removedIrom the Exheter
then 1t must s roplaccd with 3 now, noedieless access
v bung, 7o prevent imfectian.

¥ the cathtor passossos an Incegral clam. hoop It closed
whenever in cap & remaves

+ Clamping shoued ways take place at he Seslgiates 303 and
Rever at the thitkened ares s e b (

© Mlways take signs of yszomic o locsl Infection serisustynd
refer ta the medical team

51

Methods for maintaining patency

“General Princpics

*Accessing the
Catheter

- Flisning A an Bt Usts (sscept Nesastes)

- Gae ot Bt S fEacege Nesntes)

53 Windo

There are two types of thrombotic oclusion:

- Parial withdrawal acclsion (PWO)

or g blood rourm whi ks can be e
2 Tota cechion:

‘i s s an iy b ik Blood a e k. r
mesications. Tk can e resclved by st of 2 hismbokyic 395

Flushing Solutions
" Two main types of salutions are tsed to maintain
patency in vaDs.
Hoparin 0.2 sodum chlorce, Al dovkes hould be

Lt R 10 20 L0, 3014 chliice SEr blsod withdrswal
foliswed by the approprate lushing

Main

ing patency can be achieved by:
12 contnuss nfusion o kec the voin oo (£VO),clther by the
poticnt Being attached o 38 infsion ofD. 9% seum chorise,

2 Intermitient fishing (previously kaown 3 3 heparia lock .

61

5 defined as theatility to

asgirate blod from 3 D .

It is important for the patency of the device to be
maintained at all times. Blockags pradisposes to device
damage, infection, inconvenience to patients and
disruption to drug delivery.

e

cclusion of the device Is uually the result of;
ot armation sue to:

50 saministratin st o SectTaNIE nfusion SevieE Being turmes
ot acciasnraily and Lot for 3 proionged periad; o

- Insafficlent or Incarrect flushing af the device when nat I use.
e af s occlusizas.
« Froclpitate formasion das ta:
Inadeguat fishing betwoen Incampatible medicatlons .

= 10nkIng ar pineh aff syndrams may aka Impalr patency f the.
e,

55

+ Th practice of aderlnistoring prophylaciic aniblaticest ihe.
e o CVE iesertion sheuls HOT B reutingsy felswet

+ Tha practice of ademlnisisring prophyiaciic minkdose Wasfaria
12 patients wath CVTS shoudd NOT be follswed

+ Shauld the cathater fracture ox be accidentally cus clamp &

the beeak. speciaiiit
saught immediately 2 consides removal a repalr

52

fore it is used for administering
therapeutic drugs or fluids, thepatency and
correct functioning of the catheter should be
sstablizhed.

59

Flushing After and
Between Uses (except
Neonates)

Care i S g et

ushing Technique and process

Keparinizd saline s still the aceepted solution for
maintaining the patency of CYC3for intemmitzent e ar
infrequent use but dus to the risk of errors with
heparin, its use must be considered carefully

use of 0.5 sodium chloride alons is widsspread with
cartain CVADS, £.4.. Flushing regimens, ranging from
ance daily to ance waskly, have been found to be.

sffective,

> Excorie forcs skl nver b i when ushing devices. When 3.
eatreter Lamce. 1 ataty patent, ool presaune wil S0t TERE
g Tcaing . Howees, I esssance et (e £ portial acchasom)

ringe, hih presaune cod el mithithe Cathote, whch may then
nstre

R 15 et eSS RO VA 5 A T 3 10
o argor stinge cantnieg. 7% suchum o Hawever, amallcr
Syrges et sty B 00 SATINSLES s WSS there 510
P o 021440 3 WS I 15 5t A 18 urthr Lute
deugs a0 ackminies 1 2 Lrge syoge.

152

1+ Using 2 pulsated fush pause) flush ta create turbulent
flrw when administerin the sslution, regardless of type
and wolume. This reeees debris from the internal
catheter wall.

2. The procedure is completed using thecsitive pressare
technigue. This is sccamplished by maintsining pressure
o the plunger of the syrings while disconnecting the
syvinge from the injectian cap, which prevents reflu of
oot in the tp, reducing the risk of seclusion




» Types of dressings

“Where posible, da pot use syringes smaller thant0 ml for
nfusion ints the catheter

Use & brisk ‘pushpause’ flushing technique routinely when
flishing the catheter

IF the catheter pesseses a clamp, elamp the line while the
Final ml of the flsh is being injected

D . routinely withdraw ard discasd blood from the
catheter before flushing fexcept Renal Distysis Catheters

65

¥ Types of dressings

‘equency of flushing and flushing solutions:

Thi waries depending on the device

Slease note that ecsal and Heparinised Ssiine must be.

cribe

+ Types of dressings

- Newer products include a chlarhexidine gluconate
antimicrobial transparent dressingwhich contains a
ehlorheidine gel pad which is intagral o the
dressing and has bean shown to allow visuslization of
the site, facilitating absrption of fluid under the

5 s Bocn shawn €0 prevent the rogrowi af micsobisl sk loca
This can akia be achiered by attachiog 3 BydraphiLc polyurethans.
abssrpive faam pateh impregnated with CHG under i
LFARSparEnt drossing, Which 535 BSn shawn 16 rEduce e Fate of
catheter colcaizationand demar:

st cocactions

the asseclated rate af catheterrotated bloodstreas Infection.
Howeer, the foam patch does not crable imsertion e

Ganeeat incpice
Accessing the Catheter
Flushing after and setwsen Uses (sxcept Neontes)

Care of the Exit Site

67

sterile gauze and transparent dressings

The recommEndtion for 3 CeAtrl wenous Aceess e HRE 13

an fmsact dry acherent

anspareat somlocclusive dhessing,
These dreesings alow absersaiicn of the exlt $52 withost the
nced t remove the drcssing. They arc also moistre

Bermeanic, theresy rea.cing the cotlsetion of malture undsr

the dressing.

3 Dressings Immedately post insetion

The exit ste sheuld ideally be left undisturbed fari-2 days
et exitsites bleed Lo some extent. follawing irsertion, If
s Leadks 1a “strke-heough™ an & dry dresing, ..
exudatebiored/serous fluid oserved on the autside of & ey
dressing) it showkd be changed immedistely since 2 wet

dressing surfiace provides "a liguid patliway for bacteria to travel” to
—
WY
69 Winc 70 Pzl 72
Dressings Immediately post insertion: W bieeding is exeessive the dressing should be chang=d B) Orr-going Dressing Regimes after the first1-2 days: IFthe exit site s reddened. painful i

The ideal dressing immedi stinsertion is o dr
dressir covered and sealed with & trarsparent dressing
(Tegaderm).

¥ a dry dressing alane i used pestinsertion, it shauld
gain ideally be left undisturbed for 1 -2 deys but should
iways be changed 23 saon a5 any “stike-tough” occars
g an eseptic echigue.

73

every time stribes thraugh oezurs ard repiated with 2 more
storbent or thicker dressing

1 is ot seeeptable to sdd more dressings on top of blsad

staked dressings which have been in contact with s moist

outer surface, becsuse of the infection ritk

74

L s g s e it shoule] bes -

inspected resularly and renewed immediately should
it become soiled, wet or detached

75

increase the (requency of dressing change depending on

the smeunt of exudates

76

The main options for dressings are

* ¥ docicatod scelustos kanspareed drescing changed every 7 s
it paticnts o syt and nosastes.

“Storis ary erowieg 1apod 1 i, SRR 3 A Elce 3 ok

ey e

Ciieaning o

A BRI CRBREES, N EHIE SIS SNOULS B EiESne Liing
Chlarhexkdine 21 in T0% lsaprapyd Alcchal (194 5anIclolEZEHG)
aing an outwand saical Frictian) metion ta avold ransterring
Bacteris 1o the extt 2ie.

Cleaning shauld b carriod out using an ascdc techaigus.

> Principles of care/ Cleaning solutions

+ Wt trarsien fara can e removed fram the skin with
a0 arc water sing mscharical fiction. I is s
S ———
efective 2 they cannot peretrate sfece dit

+ Chlorhesiine 1% in 70% slccho s been shown t0 b e
st efective sgent foxsbinclzani sround the VD
irmertion site i L3 ertion and beteen dresirg
charges .

properticstor Sesracton of gampasithe 301 Scgatie BSEIE, 2 vl 5
B sl sgniat gl e virsd g,

actray

+ Thi s whces chlrhexins has an acharage over skl wsod s, 3 1

s cacofont resihal acivity ford & hurs after sppication, It & important

o 3waes of pationt sty t ehlohesiane gucosate,

* SoKions 0uld be appled W {rELaN I Back and farn
Sireks fo At ¢33t 30 5550 808 S T 2 Sy 1030 60
soconk.

- 1t has. been found that 1 mine: o application with alcabol s 25
attoctve a5 12 minutes of serutesng 3n8 redces Bactertal counts
By T Howenes,  Quick wipe 131t e Bacteral esunts pior
2 pertgheral cxanuissian.

* Allawing any cicaning solution ta by b vical In e far dicntoction
e it 3, I the i of Sechal, whiEh 53 pcE,
It s that plastic coulpment wil ot gloc iogesher -

81

- Laose blood, exudates or other debriswhich might

Brevide a forus or infection or might imp

wond may b gently removed bycleaning
manes with sterile 0.9% sodium chlaride prior 1a cleaning
with Chicehexidine 2% (Sanicloti2%).

82

D) Remaval:
1F 2 shart. esen CVC has ot been Use for 24 bours
consierstion should be given Lo it removal.

Sarme CCs are simple and relatively safe ta remove. With
thers, there i high rish of s ermbalism ard = remaval
remuires a highes Level of raining and skill

1-Care of CentrallyInserted, Nor- Tunnelled
CVCs.

zst commonty found in acute settings They are nat
suitble for k they rarsly rema
free of infection for loager than’ - 10 days.

The catheter i usually inserted via thesubelavian,
jugular or femoral veins.

non-tunnelled CvCs may have single or muitiple lumens
Each lumen is squizped with an integral clamp.

85

Windmwe b2

Care of CentrallyInserted, Non-
Tunnelled CvCs
Flushing

[

Witere are the
Jumen, withdram prier o fushing to avald bolus dese

Technique:

Stk st S LOSRNGS WIth PESNE BrESSUTE flnih

87

153

What ta flush with:
- 0.9% sadium chlaride between incompatibie drugs
imfusions and after blood sampling (f sodium chlaride
0.9% incempatible use suitable altemative).

Lick with 10l 0.5% sodium chioride if cathete i 1o be
accessed again within day.
- Lock with S | heparin saline 10 Ufral i catheter ot

e used o 1 dn




Froquency af flushing:

Pl unused lumens 2

Securement

Care of CentrallyInserted, Hon-Tunnelled CVCs

Lines are sutured In place, altormatives such 2 Statiock can b
e

Exit site Care

Lesue i place 35 1oag 25 the catheter i n s

Cleaning

Clcan exitske at dressing changessing chlarhesidine CHG T fn
TO% 1PA s 30 Gt spiral metien . 3k traNAtErTIng
Bactaris ta e e s,

91

Dressings:
Pt irsertion: gauze undsr transparent dressing forl 2
days.

After 2 days: Transperent dresing recommended. Change
every T ey

Bathing & shawering

The exit site must et e allowed 1o get wet.

92

2- Care of Tunneled CVCs .

93

Tunelied €V are Inioadod fos langerterm use In paticnts
i rocuire mutple infuslans of lalds, bioad peoducts, drngs
ar Faresteral Hatritian,

The Tasnetie EVE 18 Inserted ¥ the ssnetavian, Jugutss or
fomarst veins

The catheter s tunaelled sbcutancoUsly 364 SIS 3t 3
canvenient site

95

Sinale, sumts s wriple Wmen eatheters sre selanie.
Each lumen af the catheter i ecpipped cther with ss Intearal
ciamp, or 33 way vaive,

Patients with tunneled CUC may b dlscharged home with the

eatheter .

Flushing

Tochaique:
Brisk push pause techalgue with pasliive prescae finkh
What o flush with:

9% 3001 e Betwesn InESmpstEie drugs

] it
atter biood sampiieg {f sadlum ehlariaco:
suable alicmative.

incampatinie use

- Lok with Sml heprantzed saline 10 Urml  catnetor ot ta he
s within 1 day.

Pacdlatrics - 3t heprantzod saline 10w/l flush i st 1o be wsod

hin € .

Froguency of flushing:

Exit site Care
[

Sccurement:
+Wnen stitches remaved ns furthersceurement requircs
= Podlairics : tape lines to paticns.
Sutures:
- it ste: emove 3121 dnys
- Venepuncure sits: Semave sERches 1 Sterairips 317 days
{aness dissabvabic)

100

Lack with 10ml 0.9% sadium chloride i catheter to be uscd again winsel
rbirly wmt
Bressings
cane . Bdtsae

© Cloan ext site at aressing changes using ChIsANCLIAINGI In
0% Alcshol (TIEHG) using an outward spical matian ta avoid
transterring Bacteria o the oxit site.

Wind

101

+ Bastnsertion: gauze uader transparent dresaing fert- 2
days.
- Aftor 1.2 days chaose between

~ Transparcrs cecssing ichangod cvery7 days)

- OR sy dresing (changed a eask cveryT days)

103

=Ater 21 days: choose betwesn transpvent resseg
Iehange every 7 says) or ory dressing (change St loxst
twice 3 week) ar na arcssing.

venepancturs site:

Bry drescing andfor icansgarent drsscing untl sutures
re——p—

3- Care of PICCs.

104

+ PICCs grerpneraty Inzertea Central Cathoters). LeTunncliea e

CVCs, are Intenacd formia 1o long ferm use (up 16 manths,

€3 i ot potses AU 3 secune the catheter,

[

Cheching o sne picc sneus
semetimes langee.
e g 1o cheex tre une s
.
et marstes

+ APICC I 2 fino bare CVC insorted nia 3 poripherai veln
ssually the Basi or cephailc vein

105 106

General points.

107

PICC ean be sngi, daubic or tripie tumen.
Each lumen af a FICE s casbpedclther with aa lntegral clamp,
ara3way valve.

Patients may return home with 3 FICC In 1t

Placement I contraidicatcd following sallsy node scction
ariradation, o In the case of ymphossiema of the arm,
axilary pode discase or skin Infestion atthe fesertion sic.

APICE 52008 not B o With SmAdling catneter” which
skt 206 1 LR, With DS 1 RETINSHING 1 EhE regin 2t
the axliary vess, and s designes for smorttenm poripherat arug
deleeey”

108

[ T e —
by mare than Zom

Take care at 3l tmes nat t9 pulLPICC o0t

Aveid compression i the el cantalaing the PICE.Da ek ke

bload pressure caft_ Any Bandage tubalar srcssing must b

e,

© Use 3 volumotrc pump with 3 fEtercs giing 50t when intusieg
bload products ta avoid blockage.

+ ever use PICE for adminicring cantrast medhm unless I &

rated far CT usage 25 this wil cause the PIEC ta spllc

109 110

Techaique:

Flushing
Exit site Care
Removal

w

Srik st LS LECRAGS WIth PaSTIG rCssUre flaih

hat to flush wich:
.92 codtum chlarids betwoen incompatible dnigs ¢ ifusians
i Blaad sampLNg O S0d1um ChIGFIGED. 7% Incompatioie use

sumabie atzmatie).

Aack with 104 0.9% sodlm chioride.

111
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Flsing,
Exit site Care
e

112



Securement.

Cloaning:

+ Always s catheter firmly ta paticats sin (dedicated device
.. sttoch.)

- Clean eult site a2 dressieg changes withChlorhexidine X fn
70 Alcahol uing an autward ssieal matkon to avoid
tranaferring bactera ta the et ste.

Dressings:
- osbtsaetion: gaise unse tranparent aresing ort 2
ane
B T T —
Incluingany dagctea fing evie . Seotock ressng)

4 - Care of Implantable Ports (TIVAD /
Portacaths).

a Tunnalied CVE but nsicad of protruding Irom the patients
Ghest, the catheter terminates In a seltsealing njoctian port
a5 Implanted uncer the suin There are harsfore na
enernalparts

113

114

115

116

General Points

Porta-cath Needle Insertion

Pt reQUIrD 2% MAIRLENSNCE WS ROL I U3E AN BERE types
o eammenzr.

SIS far pAtIEnts wh requirsiang 19rm frequsnt 3ng
Intsrmitsent vencus ecess

Dual lumen devices are avatizble.

Farts may 32 be wed 353 QHGTNALI 10 SUBCUNSLE
smintstration of 50 erm mAnSERACE harspics

Window

there may be edoma and

part.

the port

the eatnater o o,
Sametimes & & not possiol ta bleed hack ports dospise easy M

part

1F patient Undergss MRS can, InLSrT 523NN PErOnnel abaut the

18 patient roquires deflbilation do act place pacdies direcily erer

Hever uce port for admieictering conirast meciom 2 thic may cause

shin.

Technique:
* Use Aseptic Technique:
* umb shin aver the pure

+ Prepace skin over the purt uaing CHGZY and allaw 1o dry.

N wving -
+ Hold port firmiy with thumb and two fingers.
« Insert peedle firmly

117

Windows bl Salac)l oJ| Jaisl

118

119

120

Flushing
[,
sty

‘Don-accessed parts:
Flush t loast every four t0 3ix weekswith 10\ 20ml 0,97
sadium chierie for adulk and3-10mL for pediatrc and lock wish
ZSMemational LS 2 Sk 5L {150 tenatianal uae cach 1 ml
wsogn

0 azessson parts

What a flush withc
0.7 i e S Bt INCEMGSERAS S WAL o

[ese—y
W rcodie to e remeovent ock e S30mterrational st Sk S
{100 reemaionst un esent NS 5T

03 £ romae I S 30 T 1550 LA WL by gk mith

Teenigue: H0m 0.9 Socum chiride e oo S cpranted
- Brik push pause techaigue Salne10u/i.
121 122 123 124
Blood culture from CVC
[—

[
Exit site Care
R

Accessod parts:
P ncodi wah sierile gauze If ocessary and cover with
transparent Iv gedicates aressing. Needle st moula be
isiis for wpaction.
T CUBINg fimey 1 200 88 BNt PG oA e needle
Inspect needle entry site a8 loas: daiy.
Asise patient 1 eport any dlscamtort ar Swedling 3t the.
puncture site ummedatety.

Batming shamering B swimaing
Den accessod ports:
Patient may B, Shiwr o Sl frESty DOCE wdnd B3 hesles.
Dbccessed ports:
- Bathing: Fatient shous nt SUBMETRS £ 552 10 Bathwater
Shawering: Patient may hawsr If nsodle s i complotsty
CiEre with 30 GETLuEne RSN TAKING CARS Rt t g
reeite cnatinn with Clmca e Specisa

- SwAmATIng: not adved whle necede I 0 i,

# The Dectoe ansir sheul Be written fer Moo e,

 Blcod culture for patient with contral venous cathetar sheuld
N e P

 Blcod Cultuee Sould anty be taken when thene s ossan (s uspect
an Infection:

* Bl Cultare Cxwesl Dactsin Rl

Eitner 1 major critericn or» 2 minos creria meet an Indication of

blaod culture W these are not prcsent bioo3 culture s ot ndicated

by tee e

125

Windows bl

Windmuare Lasasl ~osboe Al I 157

126

127

128

# Cltures of porpheral and central acces must b draen il
minutez.

7 e velume of st 284aIned framEhG perphenl vk and from 1
v MUST e,

amet tor U sampie.

7 Bl clrures S 3 R B of e WnsErIon can b Congistre
“enpunctues.

7 1.2 kot ypatensive o I shack, 40 pa clay blaod culture
SaMpiing WhIIc QwaTAg Hiae: plaCEmEat. OB two peripheral
cuitures 3 st gt STAT,

 Atoral camphe ' Acooptants AGTAING 3 pRIBRCEA MBI,
D e R B BAIGEES U
gt proviaus b,

7 A g P the LM, WIEN YSSSSCEIE mediestizas

patent satety
1 continuos itz of I flids o any Lumes, STOP il
Intravensus solution for21 minstes pri 15 83sin samples

 Anacrablc sample sheuld b sont only In the following

130

131

132

References:
Procedure: Collection Volume -
N & 1 s e e e 1, the st Gy ity St S b e ol
N Iewiert to mix i
. e e gt e B o e B ——
ot medm B 30 bt st e 5 A . Pce ol i e o et perbag i e eilion. R R AR e e,
o v 10.Exh b e e e i et e s et o T T B X g
- — o e et e o
P —— o oo e 7 b CVERL) S n
R S R ) ey 14.The o s e humonedin o ol sod g Bt A s e i
I ——— iy ot ke, v S5, i | o ———

B -
-

e e e G258, b Rk ot i
Thed A T

S b

A i o R

[

Windows b

Windnwe L. 2zl

alacAll__l
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Appendix F
The approval of the Institutional Review Board of the Arab American University

of Palestine

Arsd Amanican Usiversty - Palestioe .;.. : (e AL ) A
Deassnip of Beientific Rosearch \ B s oy
e ; sobrt
\ $ 1198 oxd D4-241-8888
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Study Tite: The Impact of Using CLAES) Prevention Educational Program on Nurses'
Knowledge and Practices, and CLABSI Rate in Palestine

Submaitted by: Rasha Sublv Abdekfattah Abu Zeitoun
Date recaived: 15" May 2023
Date reviewed: 12" Joee 2023

Date approved: 12" june 2023

Your Study titec “The Impact of Using CLABSI Pravention Educational Program on Nurses'
Knowledge and Practices, ard CLABS| Rate in Palestine” With archived number 2023/4/116/N
was ieviewed by the Arab American University IRE committee and was approved on 12™ June
2023

Reham Kha'al-Nazzal, MD, PO
IRB committee chairman -y
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1R8 it Arab Areerican Ureseruity
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Appendix H

The observational checklist of nursing practices of CVC care and maintenance

The employee code:
The hospital Name:
Type of CVC inserted:

Nurse' Practice

Performed
completely and
accurately

Performed
but not
completely or
accurately

Not Performed

1-Hand hygiene is performed

2.The required equipment
is prepared:

3.The procedure is explained to the
patient, provided that they are
conscious

4.The mask is put on

5.The patient’s head is turned in the
opposite direction of the catheter,
and if it cannot be turned, a mask is
put on his/her face.

6.Disposable gloves are put on.

7.The old dressing is removed.

8.Entrance site, sutures, and
surrounding tissues are evaluated

9.The integrity of the catheter and
its hub is evaluated

10.Gloves are removed.

11.Hand hygiene is performed.

12.Sterile gloves are put on.

13. The region is wiped with
friction movements starting from
the entrance site.

14.The wiped region is allowed to
dry

15.The region is dressed with sterile
transparent or gauze dressing,
placing the dressing so that the
entrance site remains in the center

16.The cap of the lumen is
removed
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17.The catheter hub is cleaned with
chlorhexidine, povidone iodine, or
alcoholic wipes for 15 seconds.

18.The syringe filled with 0.9%
saline solution is placed in the hub
and the clamp is opened

19. The syringe is withdrawn to
observe positive blood return

20.The hub is flushed with the
saline solution in the syringe.

21. A new cap is put on the hub.

22.Gloves are removed.

23.Hand hygiene is performed.

24.The time and date of the
dressing change and the initials of
the nurse are written on the dressing

25. The procedures and
observations are recorded on the
nurse's observation form.
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Appendix |

Content Validity Ratio (CVR) for the knowledge assessment questionnaire

The communicated letter via electronic mail to experts inquiring validation of the

CLABSI Prevention-Knowledge Assessment Questionnaire

Dear Expert

Greetings,

I'm writing to you since you are an infection control and prevention expert. | am a Ph.D.
candidate at The Arab American University of Palestine (AAUP). My dissertation focuses
on hospital-acquired infection, specifically, CLABSI prevention. My study is quasi-experimental
and conducted to determine the effectiveness of the education-based intervention on intensive care
nurse’s competence level and patients' outcomes in terms of mortality rate and length of stay in
intensive care units in the MOH of the north region of Palestine | will be in charge of the intensive
care nurse’s education workshop. The participants will receive lecture-based education supported
by hand on training based on the WHO and CDC recommendations regarding CLABSI prevention.
The knowledge level will be assessed based on the CLABSI Prevention- Knowledge Assessment
questionnaire.

| believe that your experience would be incredibly useful in examining
the content validity of my questionnaire. As a result, I'm writing to ask for your assistance in
evaluating the content validity of my questionnaire items. (Attach file). In order to examine
the content validity, the following categorized scale can be used with categorical options “(Not
necessary”, “Useful but not essential” and “Essential”” for each item and using a Relevancy scale
illustrated in the form below.
| really appreciate you taking the time to review and apply content validity to my questionnaire
items Thank you for your time and consideration. | look forward to hearing from you soon.

Sincerely,
Rasha Abu Zaitoun
Ph.D. Candidate, School of Nursing AAUP -Palestine
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Please fill in the data by placing () in the appropriate answer box: -

Iltem

Bundle CLABSI definition

A laboratory-confirmed infection
where a CVC is in place for
>2 calendar days
before a positive culture
and is also in place the day
of or the day before the
culture and combined with
chills, fever, hypotension,
and tachycardia that is not
related to an infection from
another site

CVAD Maintenance and CLABSI

Prevention Practices

The insertion site of CVAD should
be assessed at least once a
day.

After flushing the CVAD lumens,
it is important to close the
clamp and lock the lumen
at the last 1 ml of saline
because Positive pressure
prevents the backflow of

blood into the lumen and

Not

necessary

Useful but

Not
Essential

161

Not

relevant

Need some

Revision

Need minor

Revision

Very

Relevant



ltem

Not
necessary

can increase the patency of
your IV

The transparent chlorohexidine
dressing over the central
line insertion site must be
changed every seven days
and when needed.

Chlorohexidine 2% in 70% alcohol
is the recommended
disinfectant solution for
CVAD dressing

When accessing the lumen of the
CVAD, the patient should
wear a mask.

The non-touch technique is the
most recommended to
access the CVAD.

Chlorhexidine is recommended
over alcohol to care for the
CVAD insertion site
because it has more than 12
hours of residual activity
after application.

The correct mechanism to do
dressing over the CVAD
insertion site is by using the
backward, forward and

friction for 30 seconds.

Useful but

Not
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Not
necessary

When discontinuing an IV line
from the CVAD lumen,
Hand Hygiene is obligatory
with using the non-touch
technique.

The CVAD hub must be scrubbed
for 15 seconds using
alcohol 70%.

The luer lock adapter (Cap) of the
CVAD hub must be
changed with every
dressing and when needed.

The luer lock adapter (Cap) of the
CVAD hub is a single-used
apparatus.

The proper syringe size to flush or
withdraw blood samples
from CVAD isa 10 ml
syringe.

A pulsatile push pause mechanism
using a 10 ml syringe size
is the proper flushing
technique for all CVAD
types.

The administration sets for
continuous infusions shall
be changed no more

frequently than every 4

Useful but

Not
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Not
necessary

days, but at least every
seven days.

The administration sets for fat
emulsions should be
changed every 24 hours.

The administration sets for blood
should be changed every 24
hours.

After medication administration
through CVAD, the lumen
must be flushed with
Normal Saline 0.9%.

Blood Sample and Culture from

CVAD

A dead space must be withdrawn
and discarded before
collecting blood culture.

The peripheral blood culture
should be withdrawn first
then the central culture for
patients with CVAD.

The blood collected for culture
from CVAD MUST be
collected from each lumen
in one bottle.

When withdrawing a blood sample
from CVAD, all lumens

with continuous fluid

Useful but

Not
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infusion must be closed for
2-3 minutes before the
procedure.

The lumen with vasopressor
infusion shall not be
clamped for blood sampling
from CVAD.

The blood that is withdrawn
directly from the central
line just after insertion is
considered a peripheral
blood sample.

The CVAD bundle contains hand
hygiene, using
Chlorhexidine 2% in 70%
alcohol, daily review of
necessity, site selection for
insertion, and maximum
barrier precaution.

The maximum barrier precautions
for CVAD insertion include
wearing a sterile gown,
sterile gloves, and cap, and
a full body drape

Comments:

Expert Name and signature:

Not
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Useful but

Not
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Appendix J

Informed consent
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