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Mitigating risks in central line-associated ol

bloodstream infection: a comprehensive insight
into critical care nurses’' knowledge, attitudes,
barriers, and compliance
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Abstract

Background Central venous catheter-related bloodstream infections (CLABSIs) are a significant concern in intensive
care units (ICUs) as they lead to increased morbidity, mortality, and healthcare costs. Fortunately, these infections are

largely preventable through strict adherence to CLABSI prevention guidelines. Nurses play a critical role in preventing
CLABSIs.

Aim This study aimed to investigate factors affecting critical care nurses knowledge, attitudes, and perceived barri-
ers related to implementing CLABSI prevention guidelines, and to predict factors influencing compliance with these
guidelines.

Methods This cross-sectional study was conducted from April to May 30, 2023, with a convenience sample of 470
critical care nurses from ICUs across eight hospitals in Sana'a, Yemen. Data were collected using an observational
checklist and self-administered questionnaire. Descriptive statistics, Independent Student’s t-test, one-way ANOVA,
Pearson’s correlation coefficient, multiple linear regression, and multilayer perceptron neural networks were
performed.

Results Critical care nurses exhibited low knowledge of CLABSI prevention guidelines, with compliance reach-

ing an acceptable level. Despite the higher perceived barriers, the nurses demonstrated a positive attitude. Nurses
with greater knowledge and positive attitudes displayed higher compliance levels. However, perceived barriers were
negatively associated with knowledge and compliance. Notably, multilayer neural network analysis identified knowl-
edge and perceived barriers as the strongest predictors of nurses’compliance.

Conclusion The current findings emphasize the need for multifaceted strategies to implement the CLABSI preven-
tion guidelines. These strategies should address knowledge gaps, support positive attitudes, and address practical
barriers faced by nurses to ensure successful implementation of CLABSI prevention.

Keywords CLABSI prevention, Critical care nurses, Knowledge, Attitude, Barriers, Compliance, Multilayer neural
network
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Introduction

Central venous catheters (CVCs) are widely used in
intensive care units and considered safe for medication
administration. Despite its benefits, CVCs are associated
with CLABSI, which is the most common nosocomial
infection, accounting for 20—-30% of all hospital-acquired
infections. Notably, CLABSI rates differ significantly
between developed 1.2 and developing countries 6.5 per
1000 catheters [1].

Numerous studies have identified various risk factors
of CLABSIs. These factors, as highlighted in both sys-
tematic review studies and meta-analyses, include total
parenteral nutrition, chemotherapy, immunosuppression,
and duration of catheterization [2]. However, it is crucial
to underscore the practices of health-care workers, par-
ticularly nurses, regarding CVCs. Given their significant
role in managing and maintaining CVCs, these practices
can greatly influence CLABSIs. Consequently, a lack of
knowledge and compliance with infection control pro-
tocols, coupled with the existence of barriers to effective
practice, can contribute to an increased risk of CLABSIs
[3].

CLABSIs are a significant source of morbidity, mor-
tality, and economic burden in the healthcare system.
Fortunately, these infections can be prevented by imple-
menting rigorous aseptic techniques, robust surveillance
programs, and evidence-based management guidelines
[4]. The Centers for Disease Control and Prevention serve
as a valuable resource, providing guidelines and tools to
healthcare professionals to eliminate CLABSIs [5].

Nurses may not consistently comply with evidence-
based guidelines for the prevention of CLABSIs because
of a combination of internal and external barriers. Inter-
nal barriers can encompass attitudes and knowledge as
well as cultural aspects and motivation. On the other
hand, external barriers may include the design of the
guidelines, resource availability, and the quality of leader-
ship. Specifically, guidelines that are unclear or inflexible,
lack the necessary resources, and ineffective leadership
can all contribute to non-compliance [6].

Given the scarcity of local and regional research on
this topic, this study was designed to investigate the fac-
tors affecting Yemeni critical care nurses’ knowledge,
attitudes, and barriers related to implementing CLABSI
prevention guidelines, and to predict factors affecting
compliance with these guidelines.

Methods

Study design and setting

This cross-sectional study was conducted in the intensive
care units of major teaching, public, and private hospitals
in Yemen from April to May 30, 2023.
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Participants and sample

The study was conducted across 16 ICUs encompassing a
range of specializations (trauma, surgery, coronary care,
medical, neurology, burns, pediatrics, and post-cardiac
surgery) within eight diverse hospitals (public, teach-
ing, and private) in Sana’a, Yemen’s most populous city.
A convenience sampling approach was adopted to recruit
470 critical care nurses, ensuring an adequate sample
size for multiple linear regression analysis (generally,
one independent variable per 10 participants [7]). Eli-
gible participants were registered ICU nurses who pro-
vided written informed consent on the first page of the
questionnaire. Nurses on leave during the data collection
period or with less than six months of ICU experience
were excluded.

Measures

Data were collected from critical care nurses working
in intensive care units (ICUs) using a structured obser-
vational checklist and a self-administered questionnaire.
The questionnaire was adapted and modified based on a
review of relevant literature from similar studies [8-12].
The questionnaire was adopted in English version.

Demographic characteristics

Demographic characteristics of critical care nurses, such
as age, sex, education level, marital status, ICU experi-
ence, nurses-to-patient ratio, previous CLABSI pre-
vention training, availability of a CLABSI prevention
protocol, and type of hospital, were gathered.

knowledge

The critical care nurses * Knowledge Questionnaire on
CLABSI Prevention was adapted from a questionnaire
designed by Labeau et al. [8]. It consisted of 11 multiple-
choice questions, each with one correct and three incor-
rect options. These questions covered various aspects of
catheter care, including replacement timing, disinfection
methods, set replacement, dressing of the catheter area,
and methods for evaluating infection at the catheter site
[8]. Each correct response received one point, whereas
the incorrect response scored zero.

Attitudes

Critical care nurses’ attitudes toward evidence-based
recommendations for preventing CLABSI were assessed
using an 8-item questionnaire designed by Bianco et al.
[9]. Each item was rated on a 3-point Likert scale, with a
higher score indicating a more positive attitude.

Barriers
This tool was adapted from the studies by Chen et al.
[10] and Badparva et al. [11] to identify the barriers faced
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by critical care nurses in implementing evidence-based
guidelines for CLABSI prevention. It consists of six bar-
riers, with each item scored on a scale of 1-10. Higher
scores indicated greater perceived barriers.

Compliance

A structured observational sheet, originally derived
from the Aloush and Alsaraireh study [12], was primarily
designed to monitor CVC maintenance care. It assessed
compliance with 10 CLABSI prevention guidelines
using a three-point scale: 2 points for "done completely,”
1 point for "done incompletely,” and 0 points for "not
done." [12]. The highest score indicated greater compli-
ance among the critical care nurses.

The validity and reliability of the instrument

The validity of all instruments was assessed by a panel of
14 experts, including members of five critical care nurs-
ing faculties, three infection control specialists, three ICU
nurses, and three ICU clinical instructors. The final ver-
sion of the questionnaire achieved content validity ratios
and indices above 0.8, indicating its approval. In a pilot
study involving 40 critical care nurses, the instruments
demonstrated high reliability, with intraclass correlation
coefficients of 0.89, 0.82, 0.79, and 0.84 for knowledge,
barriers, attitude, and compliance, respectively.

Data collection

This study was approved by the Research Ethical Com-
mittee of Alrazi University (56/FMS/2021). The data
collection involved direct observation and self-adminis-
tered questionnaires. Initially, critical care nurses were
informed that observation would occur; however, the
purpose of the study and specific aspects of their work
to be observed were not disclosed. Data on the compli-
ance of critical care nurses with CLABSI prevention
guidelines in ICUs were collected through unobtrusive
direct observation during all three shifts. These observa-
tions were conducted by trained nurses in each ICU who
had received educational sessions on the best evidence-
based practices for CLABSI prevention and how to use a
structured observational checklist. Once the observation
was completed, the critical care nurses were informed
that they had been observed during CVC care. They were
given the right to participate after the purpose of the
study was explained. A self-administered questionnaire
assessing knowledge, attitudes, and barriers was distrib-
uted. The structured observation checklist was coded
congruently with the self-administered questionnaire to
ensure that the data for each nurse could be matched eas-
ily. Data were collected anonymously to ensure partici-
pant confidentiality.
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Statistical analysis

Trained nurses collected questionnaires from the par-
ticipants, checked for missing data, and returned incom-
plete questionnaires to the participants for completion.
Subsequently, the collected data were encoded and ana-
lyzed using the Statistical Package for the Social Sciences
version 27. All items within the dimensions of knowl-
edge, attitudes, perceived barriers, and compliance were
summed to obtain a total score. This score was then
assessed for normality using a histogram and statistical
tests (Kolmogorov—Smirnov and Shapiro—Wilk tests).
Since the p-values of these tests were greater than .05,
the data were considered normally distributed. The rela-
tionships between nurses’ characteristics and the total
score were explored using independent-sample t-tests
(for two groups) and one-way ANOVA (for more than
two groups). Pearson’s correlation coefficients were used
to identify correlations between dimensions. Addition-
ally, multiple linear regression analysis was conducted to
determine the factors that predicted critical care nurses’
knowledge, attitudes, and perceived barriers. There was
no evidence of substantial multicollinearity, as indicated
by a variance inflation factor that did not exceed four.
The explanatory power of the model was assessed using
R-squared statistics.

Nurses’ compliance scores were transformed into
binary variables. Scores below 10 were categorized as
“insufficient compliance,” while scores of 10 or higher
were deemed as “sufficient compliance” [12]. This
new binary variable of the nurses’ scores served as the
dependent variable in the multilayer neural network. A
multilayer perceptron neural network was employed to
predict critical care nurses’ compliance with the CLABSI
prevention guidelines. The network considered features
including knowledge, attitudes, barriers, demographics
(age, sex, marital status, educational level, and experi-
ence), and hospital factors (workload ratio, hospital type,
availability of CLABSI prevention protocol, and training
course participation). The network architecture consisted
of an input layer with 27 neurons representing the pre-
processed input feature. This was followed by one hidden
layer with six neurons and a final output layer with two
neurons to classify the nurses’ compliance as insufficient
or sufficient (binary classification).

Results

Critical care nurses characteristics and association

with knowledge, attitudes, perceived barriers,

and compliance

The total number of observed critical care nurses was
500, 470 of whom agreed to complete a self-adminis-
tered questionnaire. The overall response rate was 94%.
The mean age was 33.7 years; 33.5 years for females and
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33.8 years for males. Of the participants, 61.5% were
aged between 31 and 40 years, 52.6% were females, and
59.8% had a bachelor’s degree in nursing science. More
than half (56.8%) were married, and 44.0% had less than
5 years of experience. More than two-thirds (65.7%) had
no previous training in CLABSI prevention. The major-
ity (79.6%) reported that no CLABSI prevention protocol
was available at their hospital. Of these, 43.2% took care
of three patients per shift.

Critical care nurses older than 40 years had higher
mean scores for knowledge, compliance, and attitudes
and a lower mean score for perceived barriers. The differ-
ence in the knowledge scores was statistically significant
(p=.004). Nurses with a master’s degree or those who
have undergone prevention training or have a preven-
tion protocol in their hospitals have significantly higher
mean scores for knowledge, attitudes, and compliance
and lower mean scores for perceived barriers, where the
p-value was less than .05. Nurses with more than 10 years
of experience and those caring for one patient per shift
had the highest mean scores for knowledge and compli-
ance, and lower mean scores for perceived barriers, with
p-values less than .05. Nurses working in teaching hospi-
tals had the highest mean scores for knowledge, compli-
ance, and attitudes, with p-values of .023, .027 and .019
respectively. However, the scores for the perceived barri-
ers were not significantly different. The findings are sum-
marized in Table 1.

Critical care nurses’ attitudes toward evidence-based
recommendations for preventing CLABSI

Critical care nurses had positive attitudes toward the
general aspects of CLABSI prevention (21.12 out of 24).
They believe that maintaining aseptic techniques for the
insertion and care of CVC reduces the CLABSI risk.
They also agreed that antiseptics should be allowed to
dry before catheter placement and hand hygiene should
be performed before and after CVC care. Agreement
rates for these practices were 88.7%, 83.4%, and 80.9%,
respectively (Table 2).

Perceived barriers to implementation of CLABSI prevention
guidelines in ICU

As illustrated in Table 3, critical care nurses identified
several higher barriers to implementing evidence-based
CLABSI prevention guidelines. These included over-
whelming workload (mean score: 7.05), shortage of nurs-
ing staff (mean score: 6.78), lack of CLABSI prevention
workshops (mean score: 6.66), and shortage of necessary
equipment (mean score: 6.42).
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Correlation matrix association between nurses knowledge,
attitudes, barriers, and compliance.

This study revealed a robust link between critical care
nurses’ knowledge and clinical behaviors. Notably,
higher knowledge scores demonstrated a strong posi-
tive association with both compliance (r=0.781) and
positive attitudes (r=0.868) towards CLABSI preven-
tion. Interestingly, the positive influence extended
further, with improved attitudes fostering greater com-
pliance (r=0.784). The findings also revealed a signifi-
cant negative association between increased knowledge,
compliance, positive attitudes, and perceived barriers to
CLABSI prevention guideline implementation (r=-0.639,
-0.861, and -0.610 respectively), as shown in Table 4.

Prediction of critical care nurses knowledge, compliance,
attitudes, and barriers

Multiple linear logistic regression models were used with
the following four dependent variables: Knowledge, com-
pliance, attitudes, and barriers. The models explained
80% of the variance in nurses’ knowledge, 9% in compli-
ance, 62% in attitude, and 76% in perceived barriers.

Nurses aged less than 30 years and those from 31 to
40 years old had knowledge scores that were 0.49 and
0.44 points lower, respectively, than those aged over
40 years. Nurses with a diploma degree had knowledge
scores that were 0.36 points lower than those with a
master’s degree. Meanwhile, nurses who cared for ICU
patients at a ratio of 1:1 and 1:2 had knowledge scores
that were 0.43 and 0.19 points higher, respectively, than
those who cared for three ICU patients. Higher knowl-
edge was associated with 0.11- and 0.36-point increases
in nurses’ compliance and attitudes, respectively, com-
pared to those with low knowledge.

Critical care nurses with less than five years of experi-
ence had compliance scores that were 0.86 points lower
than those with more than 10 years of experience in the
ICU. Nurses who worked in hospitals where a CLABSI
protocol was available had compliance scores that
were.96 points higher than those who worked in hos-
pitals without a CLABSI protocol. On the other hand,
nurses who worked in public and private hospitals had
compliance scores that were 0.76 and 0.91 points lower,
respectively, than those working in teaching hospitals.
Those who cared for one patient had compliance scores
that were 1.02 points higher than those who cared for
three patients in the ICU. Nurses with higher positive
attitudes had compliance scores that were 0.73 points
higher than those with lower attitudes.

Moreover, lower compliance was associated with
higher barriers faced by the nurses. Nurses who faced
barriers to the implementation of evidence-based guide-
lines for CLABSI prevention had compliance scores that
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Table 1 Critical care nurses characteristics and association with knowledge, compliance, attitudes, and barriers (N=470)
Variable Overall F(%) Knowledge Mean+SD Attitude Mean+SD  Barriers Mean+SD  Compliance
Mean*SD
Age ® <30 years 123(26.2) 20.59+2.97 3940+9.23 500+1.67 12.09+341
31 t0 40 years 289(61.5) 21354304 3845+9.05 544+158 12624330
>40 years 58(12.3) 2106+3.12 36.57+9.15 584+2.04 13.10+3.98
p-value 004 082 202 151
Sex @ Male 213(47.4) 2092+3232 3864+90] 527+1.70 12514339
Female 247(52.6) 21.29+3.06 38314993 547+167 12574346
p-value 210 208 724 862
Educational level ® Diploma 138(29.3) 2057 +3.58 40.73+8.64 499+1.65 11.75+322
Bachelor 281(59.8) 21284302 37514813 546+163 12814345
Master 51(109) 2168+2.76 37.62+846 594+1.90 13214352
p-value <.001 .041 .006 .004
Marital status ® Single 176(37.5) 2106+3.32 3836+9.58 543+1.75 12484355
Married 267(56.8) 21144313 3863+937 535+16] 1254+333
Divorce/Widow  27(5.7) 2133+278 37514968 5.25+1.90 12924352
p-value 843 909 846 823
Experience ® <5ears 207(44.0) 21114281 39.71+806 521+1.50 12254303
6 t010 years 145(30.9) 21054331 39394939 534+168 12334346
>10 years 118(25.1) 21224306 36.37+9.96 571+1.94 13324390
p-value .037 906 .014 .017
Previous CLABSI pre-  Yes 161(34.3) 21514297 37.21+940 560+1.72 13.14+345
vention training No 309(65.7) 20914327 39.12+9.67 5264165 12234337
p-value .020 .027 .024 .003
Availability of CLABSI  Yes 96(20.4) 2162+248 36.01+9.21 573+1.76 13254369
prevention protocol ® 370(79.6) 2099+333 39.10+9.03 5284165 12314331
p-value 019 .041 .022 .006
Type of hospital ® Public 147(31.3) 2061+3.84 38.82+9.03 514+1.68 12.16+3.66
Private 161(34.3) 2108+3.02 39214913 531+1.70 12314334
Teaching 162(34.4) 21624256 37414969 566+164 13124322
p-value .023 .019 235 .027
Nurses to patients’ 11 89(18.9) 2149+332 36.85+9.88 583+1.95 13.15+3.83
ratios 12 178(37.9) 2125+3.17 37794941 550+1.76 12734351
13 203(43.2) 2084+3.12 39.77+897 507+141 12114311
p-value <.001 212 .036 .037

@ Student's t-test
® One-way ANOVA
SD Standard deviation

were 2.88 points lower than those who did not face such
barriers, as shown in Table 5.

The implemented multilayer neural network achieved
a high accuracy in predicting nurse complaints based on
the provided features, including knowledge, attitudes,
barriers, demographics, and hospital factors. The train-
ing accuracy reached 96.3% and the testing accuracy was
even higher (96.6%). Additionally, the area under the
ROC curve for both insufficient and sufficient compliance
was exceptional at 0.993, indicating the model’s strong
performance in classifying compliance. Interestingly, the

analysis revealed that knowledge and barriers were the
most prominent factors influencing nurse compliance
according to the model, as shown in Fig. 1.

Discussion

To our knowledge, this is the first national and regional
observational study to investigate critical care nurses’
compliance with CLABSI prevention guidelines and
identify gaps in knowledge, attitudes, and perceived bar-
riers. Furthermore, this study offers new insights into
CLABSI prevention by highlighting the discrepancies
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Table 2 Critical care nurses attitudes toward Attitudes toward evidence-based recommendations for preventing CLABSI (N=470)

Attitudes Agree Uncertain Disagree
Maintaining aseptic technique for the insertion and care of intravascular catheters reduces CLABSI risk 88.7° 6.2 5.1
Performing hand hygiene before and after inserting, replacing, accessing, or dressing an intravascular catheter 80.9° 83 10.9
reduces CLABSI risk

If patients have fever without obvious source, catheter site dressing should be removed to allow thorough examina- ~ 72.6*  14.0 134
tion of the site

Catheter insertion site should be monitored visually or by palpation through an intact dressing on a regular basis 557¢ 196 24.7
Using topical antibiotic ointment or creams on insertion CVC sites reduces CLABSI risk 136 16.0 70.4°
Antiseptics should be allowed to dry prior to placing the catheter 83.4° 9.1 74
Routine CVCs replacement is effective to prevent CLABSI 12.3 12.2 75.5°
Using a CVC with the minimum number of lumens is an effective practice to reduce CLABSI risk 79.8% 130 7.2

@ correct answer

between evidence-based recommendations and cur-
rent practices among critical care nurses. The findings
underscore the importance of knowledge, positive atti-
tudes, and the need to overcome perceived barriers to
promoting compliance with CLABSI prevention guide-
lines among critical care nurses. The overall mean score
of Yemeni critical care nurses’ compliance with CLABSI
prevention guidelines barely reached an acceptable level
(12.54 out of 20). Compliance with several critical meas-
ures was low. This may be linked to perceived barriers by
nurses, according to the study’s findings, such as staffing
shortages, high workloads, lack of written protocols and
in-service workshops/training programs in most hos-
pitals, and unfamiliarity with guidelines. This is further
compounded by the current state of Yemen’s healthcare
system, which is characterized by poor working condi-
tions and overcrowded hospitals.

Critical care nurses in this study demonstrated a con-
cerning gap in their knowledge (5.38 out of 10) regarding
CLABSI prevention guidelines. These gaps put patients
at increase the risk of developing CLABSIs. Some
awareness existed in knowledge, such as recommenda-
tions for replacing CVCs routinely (64.9%), replacing
the administration set when neither lipid emulsions nor
blood products were administered (64.7%), and apply-
ing an antibiotic ointment at the insertion site of the
CVC (60.2%). However, knowledge gaps were identified
in recommendations regarding covering insertion sites,
using CVC coated or impregnated with an antiseptic
agent, and disinfecting the catheter insertion site. These
findings contrast with a Malaysian study by Sham et al.
(2023). This study found a lower mean score for knowl-
edge (5.85) and lower scores in the same specific aspects
(ranging from 19.7% to 23.2%), but also reported a higher
percentage in other areas [13]. A comparison with studies
by Chi et al. (2020) (16.29%, 10.90%, 21.32%, and 28.38%,
respectively) also revealed a lower percentage [14]. Low

knowledge was observed in items related to the time to
change the IV set, using catheters impregnated with
disinfectants, changing, cleaning, drying, and healthy
dressing, and the best solution to disinfect the catheter
entry site [11]. Incorrect answers were often provided
for changes in administration sets, changes in pressure
transducers and tubing, changes in transparent catheter
dressings, and use of>0.5% chlorhexidine [10]. Studies
across China [14], 25 European countries [8], Jordan[15],
Egypt [16], and Greece [17] point to a lack of knowl-
edge regarding CLABSI prevention among ICU nurses.
These findings are consistent with those of the present
study. Conversely, studies from Poland, Italy, and Bel-
gium reported higher knowledge levels [8, 18, 19]. Azlan
et al. (2021) found that ICU nurses exhibit a high level
of knowledge, attitudes, and practices regarding CLABSI
prevention. The study also revealed a positive association
between these three factors [20]. These discrepancies in
studies on nurses’ knowledge arise from several factors,
including regional variations, hospital policies, tools
used, national regulations, and nurse populations.

The study results revealed CLABSI prevention compli-
ance gaps (12.54 out of 20). Critical care nurses exhibited
low compliance with specific elements, such as using
sterile gloves and maintaining clean dressings. Most
critically, they frequently omitted two crucial steps: the
dressing was maintained clean and dry, the catheter was
flushed with normal saline, and the port was swabbed
with antiseptic solution. This discrepancy in adherence
can be attributed to two potential causes. One possi-
bility is a knowledge gap regarding the critical nature
of these steps. Moreover, nurses reported several con-
tributing factors. These barriers to compliance include
high workloads, staffing shortages, and limited access
to necessary equipment. Deficiencies in compliance and
reporting factors also contribute to an increased risk of
CLABSIs. A similar result has been observed in nurses
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Table 4 Correlation matrix between critical care nurses’ knowledge, compliance, attitudes, and barriers (n=470)

Knowledge (5.3+1.6) Compliance (12.5+3.4) Attitude (21.1+3.1) Barriers

(38.4+9.9)

Knowledge Pearson Correlation 1

Sig. (2-tailed)
Compliance Pearson Correlation 7810 1

Sig. (2-tailed) <.001
Attitude Pearson Correlation 868° 784° 1

Sig. (2-tailed) .000 .000
Barriers Pearson Correlation -639° -861° -610° 1

Sig. (2-tailed) <.001 <.001 <.001

b Correlation is significant at the 0.01 level (2-tailed)

Table 5 Multiple linear regression models estimating the effect of the nurses characteristics on knowledge, compliance, attitudes, and
barriers scores (N=470)

Variable Knowledge Attitudes Barriers

OR p-value 95% Cl for OR p-value 95% Cl for OR p-value 95% Cl for odds ratio

odds ratio odds ratio

Age
<30 years -49 <.001 -77-20
31 to 40 years -44 <.001 -68-.20
>40 years reference
Educational level
Diploma -36 .005 -61-11 -02 944 -67-62 -47 566 -2.09-1.15
Bachelor -21 072 -44-02 -10 749 -69-49 -1.14 133 -2.63-0.35
Master reference
Experience
<5 ears =13 221 -34-08 37 534 -79-1.51
61010 years -03 742 -23-17 -75 230 -1.10-48
>10 years reference

Training about prevention of CLABSI

Yes -08 307 -23-07 -07 741 -45-32 50 311 -47-147
No reference

Availability of CLABSI protocol

Yes 07 465 -11-24 -23 303 -69-22 -23 695 -1.36-91
No reference

Type of hospital

Public -02 860 -16-19 -33 145 -85-01

Private -07 403 -24-10 06 793 -48-34

Teaching reference

Nurses to patients’ ratios

1:1 43 <.001 23-62 -35 589 -1.60-91
1:2 19 .017 03-34 -38 461 -1.39-63
13 reference

Compliance 1 <.001 07-14 73 <.001 68-.79 -2.88 <.001 -3.09-2.67
Attitude .36 <.001 .33-40 -52 <.001 -29-38

Knowledge model: R Square =.80, Adjusted R Square=.79, F=132.51, p<.001
Attitudes model: R Square =.62, Adjusted R Square=.61, F=107.17, p<.001
Barriers model: R Square =.76, Adjusted R Square=.75, F=143.23, p<.001
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Fig. 1 Multilayer neural network for predicting compliance of critical care nurses to CLABSI prevention guidelines

with handwashing, wearing sterile gloves, daily assess-
ment of catheter insertion, and checking dressing change
dates [12]. A low mean score for nurses’ practice has
been reported by 4.19 in Malaysia, [13]. While (43%) of
the nurses always followed the maximum barrier precau-
tions, a concerning number (14%) never used chlorhex-
idine gluconate 2%. Additionally, only 40% of catheters
were removed when no longer needed, and a third (33%)
routinely changed catheters, even if there was no poten-
tial risk of infection [14]. A similar barrier factor was
reported among Iranian nurses, with high workload,

shortage of necessary equipment, and lack of work-
shops being the most common barriers [11]. A shortage
of nurses, unfamiliarity with guidelines, and excessive
workload are the main barriers for ICU nurses in China
[10].

Nurses with higher education and access to preven-
tion training and protocols exhibited higher knowledge,
compliance, and positive attitudes toward CLABSI pre-
vention. Conversely, they also reported fewer perceived
barriers. This finding suggests that advanced education,
experience, training, and clear policies play a role in
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enhancing nurses’ understanding, compliance, attitudes,
and ability to overcome barriers to the implementation
of CLABSI prevention guidelines in CVC care. This is
supported by the finding that training, written policies,
and experience contribute to an increase in knowledge,
practice, and positive attitudes toward CLABSI preven-
tion [9]. Nurses’ experiences were associated with their
knowledge and practices. No association was found
between nurses’ characteristics and their attitudes [13].
Age, sex, educational level, experience, and previous
workshops associated with knowledge [11]. Experience
and educational level are associated with knowledge [10].
Nurses’ knowledge differed according to age, ICU expe-
rience, and nurse-to-patient ratio. Moreover, nurse-to-
patient ratio and hospital were associated with nurses’
compliance, whereas educational level and training were
not associated with knowledge [21].

Interestingly, nurses working in teaching hospitals dis-
played higher levels of knowledge, compliance, and atti-
tude. However, these barriers remain unchanged. This
suggests that, while a teaching environment fosters posi-
tive learning and practice, it may not directly address per-
ceived barriers in implementing CLABSI prevention. Our
findings align with the study by Matlab (2022), which
demonstrates an association between the type of hospital
and nurses’ compliance with implementing CLABSI pre-
vention guidelines [21].

Nurses caring for one patient in the ICU demonstrated
higher knowledge and compliance, and lower barrier
scores than those caring for three patients. This finding
suggests that a lower patient-to-nurse ratio facilitates
more focused care, potentially enhancing knowledge
acquisition, adherence to protocols, and overcoming
barriers to implementing CLABSI preventive measures.
Consequently, this approach may reduce the incidence
of CLABSI, thereby highlighting the potential benefits of
lower nurse-to-patient ratios. In addition, nurses facing
higher barriers had lower compliance rates. Our multi-
layer neural network analysis identified knowledge as the
most significant factor that influences nurse compliance.
This suggests that the model prioritizes knowledge when
evaluating and improving factors affecting nurses’ com-
pliance. This is consistent with a study in Saudi Arabia,
which stated that previous education and nurses work-
ing in a 1:1 nurse-patient ratio environment were more
likely to comply with CLABSI prevention guidelines than
those working in a 1:2 ratio environment [12]. Moreo-
ver, the nurse-to-patient ratio is associated with nurses’
knowledge and compliance [21]. A low nurse-to-patient
ratio reduces the incidence of CLABSIs [22]. Yemen’s
constant political violence, instability, and worsening
economic situation are the root causes for everything.
This has ultimately resulted in poor quality healthcare
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services and the daily stress and frustrations faced by the
Yemeni people. These findings highlight the importance
of education, patient care ratio, experience, availability of
protocols, hospital type, attitudes, and barriers to influ-
encing critical care nurses knowledge and compliance.

To effectively prevent hospital-acquired infections,
especially CLABSI, it is essential to regularly assess the
knowledge and compliance of critical care nurses and to
address barriers. This evaluation can be effortlessly inte-
grated into the existing competency assessments for criti-
cal care nurses. Moreover, ongoing monitoring of nurses’
adherence to the latest evidence-based CVC care bundles
can provide useful feedback for identifying areas where
further education is needed. This feedback loop can
inform the development and implementation of targeted
educational interventions, such as workshops or training
sessions, to improve the ability of critical care nurses to
prevent CLABSI or other hospital-acquired infections.

Limitations

The limitations of the present study include its cross-
sectional design, which precludes the establishment of
causal relationships between the variables. data limita-
tions regarding the number of ICU nurses hindered the
ability to calculate the optimal sample size. The use of a
convenience sample leads to a potential for selection bias
and presents challenges in generalizing study findings. To
a certain extent, large sample size can help mitigate this
bias. The investigation was limited to critical care nurses
and did not include physicians. Observing nurses’ com-
pliance might introduce a Hawthorne effect, whereby
nurses alter their behavior in response to being observed.
Moreover, the results are specific to critical care nurses
in Sana’a City, and may not be generalizable to other
regions. Nonetheless, one notable strength of this study
is the inclusion of various ICUs and hospitals, which pro-
vides an accurate representation of the geographic region
under investigation.

Conclusion

Critical care nurses displayed limited knowledge of
CLABSI prevention guidelines, with compliance rates
barely reaching an acceptable level. Despite encounter-
ing more perceived barriers, nurses maintained positive
attitudes towards CLABSI prevention. Moreover, nurses
with greater knowledge and more positive attitudes
exhibited higher levels of compliance. However, per-
ceived barriers were negatively associated with knowl-
edge and compliance. Remarkably, multilayer neural
network analysis revealed that knowledge and perceived
barriers were the strongest predictors of nurses’ com-
pliance. This study provides invaluable insights into the
factors that influence the implementation of CLABSI
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prevention guidelines among critical care nurses. This
emphasizes the need for comprehensive strategies to
simultaneously address these factors. Compliance rates
can be significantly enhanced by improving knowledge,
fostering positive attitudes, and finding solutions to daily
barriers.

Relevance to clinical practice

A deficit in critical care nurses’ knowledge, compliance
with, and the presence of significant barriers hindering
the implementation of CLABSI prevention guidelines
poses a potential threat to patient safety. These findings
underscore the necessity for healthcare managers to pri-
oritize initiatives to improve nurses’ training and knowl-
edge of CLABSI prevention. Additionally, addressing and
mitigating the identified barriers is crucial for optimizing
the implementation of CLABSI guidelines.
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