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ABSTRACT
Central venous catheters (CVCs) provide essential vascular access for pediatric patients but carry a risk of bloodstream infection (BSI). This evidence-based nursing practice project evaluated the use of a modified CVC exit-site infection score alongside a BSI prevention bundle among pediatric patients in the infectious disease ward at Dr. Cipto Mangunkusumo National Hospital, Jakarta. The quantitative study included 48 patients aged 1 month to 18 years with non-tunneled CVCs, recruited consecutively and allocated to intervention and control groups of 24 patients each. Over seven days, the intervention group received CVC monitoring and care using the modified score in combination with the prevention bundle. Outcomes included leukocyte count, procalcitonin, C-reactive protein, body temperature, exit-site score, and infection status. The authors reported a statistically significant difference in infection status associated with the intervention (p = 0.002) and a significant post-intervention difference between groups. These findings suggest that structured CVC monitoring and bundle-based care may support infection prevention in pediatric patients. Because the score and prevention bundle were implemented together, their individual contributions cannot be determined from the reported results.
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Introduction
A central venous catheter (CVC) is an intravascular access device inserted into a large blood vessel and advanced into the central venous circulation. It is widely used in pediatric patients, particularly those requiring long-term hospitalization and treatment. CVCs are used for fluid administration, parenteral nutrition, medication delivery, blood transfusion, repeated blood sampling, and hemodynamic monitoring (Isaifan et al., 2020; Diniz et al., 2022). According to medical records from Dr. Cipto Mangunkusumo National General Hospital (RSUPN dr. Cipto Mangunkusumo), 475 CVC insertion procedures were performed by the Department of Child Health in 2020. Meanwhile, 57 CVC insertion procedures were recorded in the pediatric inpatient ward on the sixth floor of Kiara between August and October 2022.
Despite their essential role in patient care, CVCs are associated with the risk of both short-term and long-term complications. One of the most serious complications is bloodstream infection (BSI), a type of healthcare-associated infection (HAI) that can increase patient morbidity and mortality. CVC-related bloodstream infections include catheter-related bloodstream infection (CRBSI), in which microbiological evidence establishes a relationship between the infection and the catheter, and central line-associated bloodstream infection (CLABSI), which refers to a bloodstream infection associated with the use of a central venous catheter and meeting established diagnostic criteria.
The risk of infection increases with the duration of CVC use. Other contributing factors include poor compliance with hand hygiene practices, an unfavorable nurse-to-patient ratio, limited availability of equipment, and inconsistent adherence to catheter care procedures (Patel et al., 2020; Committee & Society, 2020). Therefore, preventing CVC-associated bloodstream infections requires consistent implementation of an infection prevention bundle, supported by systematic catheter assessment and comprehensive documentation.
Previous studies have demonstrated that adherence to standardized CVC care bundles contributes to improved patient safety and reduced complications (Jesus et al., 2020). Furthermore, the use of a CVC exit-site infection score may facilitate the early identification of signs of infection at the catheter exit site and support complication prevention (Cesaro et al., 2016). Accordingly, a structured monitoring instrument is needed to promote consistent CVC care and facilitate the early recognition of potential complications.
In the pediatric infectious diseases inpatient ward at Dr. Cipto Mangunkusumo National General Hospital, an infection prevention bundle for bloodstream infections has been implemented. However, observations and interviews with nursing staff have revealed that no dedicated instrument is available for monitoring and documenting CVC site conditions. Current monitoring records consist primarily of descriptive entries integrated into the Health Information System (HIS). This situation highlights the need to develop a standardized monitoring instrument that facilitates documentation, promotes consistency in catheter assessment, and supports the early detection of infection-related signs.
In response to this issue, this study aims to develop a modified CVC exit-site infection score protocol integrated with the bloodstream infection prevention bundle implemented at Dr. Cipto Mangunkusumo National General Hospital and supported by evidence-based nursing practices. This development is expected to improve the quality of CVC monitoring, facilitate the early detection of infection, and strengthen bloodstream infection prevention efforts in pediatric patients.
.
Methods or implementation
This innovation project adopts the Population, Intervention, Comparison, Outcome (PICO) framework. The population comprises pediatric patients with a central venous catheter (CVC); the intervention involves monitoring and catheter care using the CVC exit-site infection score guideline; the comparison is standard care provided in the ward; and the intended outcome is a reduction in infection.
The project is implemented using the Plan-Do-Study-Act (PDSA) cycle as a quality improvement (QI) methodology to evaluate intervention outcomes, identify areas for improvement, and reassess the effectiveness of implementation.
1. Plan
The planning phase includes a preliminary assessment, a review of scientific literature, and the selection of an intervention based on the problems identified. This project implements an independent nursing intervention involving CVC monitoring and care guided by the CVC exit-site infection score, with the aim of reducing infection.
The study employs a quasi-experimental design using a pretest-posttest nonequivalent control group design. Measurements are obtained before and after the intervention in both the intervention and control groups. The independent variable is CVC monitoring and care using the CVC exit-site infection score guideline, whereas the dependent variable is infection status, assessed using the CVC exit-site score, peak body temperature, and laboratory levels of leukocytes, procalcitonin, and C-reactive protein (CRP). Higher values indicate a more severe infection status.
Participants are recruited using consecutive sampling (Polit & Beck, 2013). The study population comprises pediatric patients with CVCs admitted to the pediatric infectious diseases inpatient ward on the sixth floor of Kiara at Dr. Cipto Mangunkusumo National General Hospital (RSUPN dr. Cipto Mangunkusumo).
Inclusion criteria:
1. Pediatric patients and adolescents aged 1 month to 18 years.
2. CVC insertion performed at Dr. Cipto Mangunkusumo National General Hospital.
3. Use of a non-tunneled CVC.
Exclusion criterion:
1. Patients with extensive burns.
The sample size, calculated using Slovin's formula, is 48 patients, comprising 24 patients in the intervention group and 24 patients in the control group.
2. Do
The implementation phase begins with a proposal presentation to the supervisor and nursing staff of the pediatric infectious diseases inpatient ward on the sixth floor of Kiara at Dr. Cipto Mangunkusumo National General Hospital. The presentation outlines the project's objectives, benefits, procedures, and expected outcomes. Ethical approval is subsequently sought from the Research Ethics Committee of the Faculty of Nursing, Universitas Indonesia.
Following authorization to conduct the project, participants are selected, the study is explained to their parents or legal guardians, and written informed consent is obtained from those who agree to participate.
During the pretest phase, both groups are assessed using the CVC exit-site score, peak body temperature, and laboratory measurements of leukocytes, procalcitonin, and CRP. These data are obtained from the medical team's records documented in the Health Information System (HIS).
The intervention group subsequently receives CVC monitoring and care guided by the CVC exit-site infection score, whereas the control group receives standard care in accordance with the established practices at Dr. Cipto Mangunkusumo National General Hospital. The monitoring period lasts seven days.
During the posttest phase, both groups undergo reassessment using the same parameters to evaluate changes in infection status following the intervention.
3. Study
The evaluation phase involves analyzing the effectiveness of the CVC exit-site infection score in relation to changes in infection status. Participant characteristics, CVC exit-site scores, peak body temperatures, and laboratory levels of leukocytes, procalcitonin, and CRP are entered into statistical software for analysis.
A missing-value assessment is performed before the statistical analysis. The results show that both the count and percentage of missing data are zero, indicating that no missing values are present.
Univariate analysis using descriptive statistics is conducted to summarize participant characteristics, including age, sex, duration of CVC placement, CVC insertion site, and medical diagnosis, as well as infection status before and after the intervention.
Bivariate analysis is performed to determine differences in infection status before and after the intervention (before-after comparisons) within each group and to compare outcomes between the intervention and control groups. Data normality is assessed using the Shapiro–Wilk test. Based on the test results, data with a significance value of <0.05 are considered not normally distributed.
Subsequent analyses employ the Wilcoxon Signed-Rank Test and analysis of variance (ANOVA) to evaluate differences before and after the intervention, while the Mann–Whitney U test is used to compare the intervention and control groups. Statistical significance is defined as a p-value of <0.05. The findings are subsequently discussed in relation to relevant scientific literature.
4. Act
The final phase involves presenting the implementation results to the nursing staff of the pediatric infectious diseases inpatient ward on the sixth floor of Kiara at Dr. Cipto Mangunkusumo National General Hospital. The findings of this innovation project are expected to inform recommendations for improving the quality of CVC monitoring and care and strengthening infection prevention and control efforts to reduce infection among pediatric patients.
Results
Participant Characteristics
The characteristics of the 48 participants according to CVC dwell time, insertion site, sex, age group, and medical diagnosis are presented in Table.
Table Characteristics of Participants with CVC (n = 48)
	Variable
	Category
	Frequency (n)
	Percentage (%)

	CVC dwell time
	<7 days
	28
	58.3

	
	>7 days
	20
	41.7

	Insertion site
	Right femoral vein
	18
	37.5

	
	Left femoral vein
	9
	18.8

	
	Right jugular vein
	17
	35.5

	
	Left jugular vein
	4
	8.3

	Sex
	Male
	26
	52.4

	
	Female
	22
	42.8

	Age group
	Infants
	20
	41.6

	
	Toddlers
	11
	22.9

	
	Preschool-aged children
	6
	12.5

	
	School-aged children
	4
	8.3

	
	Adolescents
	7
	14.6

	Medical diagnosis
	Gastrointestinal and nutritional disorders
	22
	45.8

	
	Cardiovascular disorders
	5
	10.4

	
	Urinary tract disorders
	2
	4.2

	
	Musculoskeletal disorders
	1
	2.1

	
	Neurological disorders
	18
	3.7


As shown in Table, most participants had a CVC dwell time of less than seven days (58.3%), with the right femoral vein being the most common insertion site (37.5%). Most participants were male and belonged to the infant age group. Gastrointestinal and nutritional disorders were the most frequently reported underlying medical diagnoses (45.8%).
Differences in Infection Status Between the Intervention and Control Groups
The analysis aimed to evaluate changes in infection status before and after the intervention in both groups. The parameters assessed included the CVC exit-site score, peak body temperature, leukocyte count, procalcitonin level, and C-reactive protein (CRP) level.
A. Comparison Before and After the Intervention
Table Differences in Infection Indicators Before and After the Intervention
	Indicator
	Group
	Pretest n (%)
	Posttest n (%)
	p-value

	Leukocyte count
	Intervention
	19 (79.1)
	6 (25.0)
	0.003

	
	Control
	14 (58.3)
	16 (66.0)
	0.033

	Procalcitonin
	Intervention
	23 (95.8)
	19 (79.1)
	0.004

	
	Control
	22 (91.6)
	22 (91.6)
	0.049

	CRP
	Intervention
	16 (66.6)
	13 (54.1)
	0.001

	
	Control
	16 (66.6)
	19 (79.1)
	0.003


Source: Wilcoxon signed-rank test.
The results showed a reduction in the number of participants exhibiting abnormal infection indicators in the intervention group, whereas the control group generally demonstrated an increase. All reported tests yielded p-values below 0.05, indicating statistically significant differences between pretest and posttest measurements within each group.
Changes in Peak Body Temperature
Seven-day monitoring showed that the intervention group had a higher baseline peak body temperature than the control group. Following the implementation of the CVC exit-site infection score guideline, peak body temperature tended to decrease beginning on day two. In contrast, the control group showed an increase, particularly on day seven. Statistical analysis indicated a significant difference, with a p-value of 0.002.
Changes in the CVC Exit-Site Score
On day one, the intervention group had a higher baseline exit-site score than the control group. Following the intervention, the exit-site score in the intervention group began to decrease on day five, whereas the control group showed an increase. Statistical analysis demonstrated a significant difference, with a p-value of 0.001.
Comparison of Infection Status Between the Intervention and Control Groups
Table Differences in Infection Status Following the Intervention (n = 48)
	Indicator
	Intervention (n = 24)
	Control (n = 24)
	p-value

	Leukocytosis, n (%)
	6 (25.0)
	16 (66.0)
	0.045

	Elevated procalcitonin, n (%)
	19 (79.1)
	22 (91.6)
	0.025

	Elevated CRP, n (%)
	13 (54.1)
	19 (79.1)
	0.049

	Exit-site score
	18.5 (77%)
	19 (79.1%)
	0.002

	Peak body temperature
	2.41 (89.9%)
	3.13 (95.5%)
	0.009


Source: Mann–Whitney U test.
The comparison showed that the intervention group had lower proportions of leukocytosis, elevated procalcitonin, and elevated CRP than the control group. The exit-site score and peak body temperature were also lower in the intervention group. Overall, these findings indicate statistically significant differences in infection status between the two groups following the intervention.
Parameter Estimates Analysis
The parameter estimates analysis was conducted to assess the associations of the intervention and participant characteristics with infection status among pediatric patients with CVCs.
Parameter Estimates for Variables Associated with Infection Status
	Independent variable
	Estimate
	p-value

	CVC exit-site infection score intervention
	-3.068
	<0.001

	CVC dwell time
	-3.097
	<0.001

	Age
	-0.002
	0.902

	Sex
	-0.624
	0.270

	CVC insertion site
	-0.148
	0.024

	Medical diagnosis
	0.322
	0.046


The analysis indicated that the intervention using the CVC exit-site infection score guideline, CVC dwell time, insertion site, and medical diagnosis were statistically significantly associated with infection status (p < 0.05). In contrast, age and sex were not significantly associated with infection status (p > 0.05).
These findings suggest that infection status among pediatric patients with CVCs is associated with the monitoring and care intervention as well as several clinical characteristics of the patients.
Discussion
The implementation of evidence-based nursing using the CVC Exit-Site Infection Score to assess infection status among pediatric patients in the infectious disease ward revealed that the right femoral vein was the most common CVC insertion site. The majority of participants were male and infants, while the primary underlying diagnosis was gastrointestinal and nutritional disorders.
The selection of the femoral vein in pediatric patients is based on its relatively larger diameter compared with other blood vessels, which may facilitate effective therapeutic administration (Álvarez et al., 2020). The predominance of male participants is consistent with the findings of Oninla et al. (2021), who reported that boys may be more susceptible to infectious diseases, partly because females tend to exhibit stronger immune responses to infections and vaccinations. Furthermore, the predominance of infants is consistent with Zheng et al. (2020), who identified the first year of life as a critical period during which the immune system remains immature, resulting in increased susceptibility to pathogens.
Gastrointestinal and nutritional disorders were the primary diagnoses underlying CVC insertion. CVCs are an important option for patients with gastrointestinal disorders, particularly those with malnutrition requiring parenteral nutrition, because peripheral venous administration carries a higher risk of phlebitis (Cormelato et al., 2022). In addition, CVCs are used to administer fluids and high-osmolarity parenteral nutrition, deliver medications, transfuse blood products, obtain repeated blood samples, and monitor hemodynamic status (Diniz et al., 2022).
The seven-day intervention, which involved a modified CVC Exit-Site Infection Score integrated with the bloodstream infection (BSI) prevention bundle, demonstrated a statistically significant effect on infection status, with a p-value of 0.002 (p < 0.05). Changes were observed in laboratory parameters, including leukocyte counts, procalcitonin (PCT), and C-reactive protein (CRP), as well as in peak body temperature and exit-site scores.
Leukocyte counts, PCT, and CRP are biomarkers used to evaluate infection status and patient prognosis (Zhang et al., 2020; Sahputri, 2017). Leukocyte counts reflect the body's response to pathogen invasion, whereas PCT and CRP indicate inflammatory and infectious processes. PCT levels may increase within 3–6 hours of an acute systemic bacterial infection, while they generally do not increase significantly in viral infections, chronic inflammation, or autoimmune conditions. A decrease in PCT following antibiotic therapy indicates a more controlled systemic response but does not necessarily mean that the infection has been completely eradicated. CRP is synthesized by hepatocytes and begins to increase approximately 6–8 hours after tissue injury, reaching its peak within 24 hours. A rapid decline in CRP levels may indicate a favorable response to antimicrobial therapy, making CRP a useful biomarker for monitoring treatment response (Luhulima, 2016).
An increase in body temperature is associated with elevated prostaglandin E2 (PGE2) levels in the hypothalamus, which raises the body's temperature set point (Dinarello, 2020). Fever is also a clinical manifestation of acute infection that occurs when the immune system responds to bacterial or viral pathogens. In borreliosis, fever may occur periodically for 3–6 days, followed by a fever-free period of similar duration, with body temperatures potentially reaching 39.5–40.6°C (Vinay, 2020).
Microbial colonization and biofilm formation may occur within three days after CVC insertion. The longer a catheter remains in place, the greater the potential for biofilm accumulation within its lumen (Kaye & Dhar, 2021). Therefore, CVC care and monitoring using the CVC Exit-Site Infection Score are necessary to detect changes in catheter-site conditions and prevent complications. A ten-year study by Cesaro et al. (2016) reported that interventions involving CVC monitoring and care significantly reduced the complication rate from 2.29 to 0.56 per 1,000 CVC-days over a two-year period.
The implementation of a standardized CVC bundle, accompanied by clinical evaluation, also contributes positively to the safety of critically ill patients and reduces complications associated with CVC use (Conceição de Jesus et al., 2020). The bundle components include dressing changes every 2–3 days or as clinically indicated; cleaning the intravenous port with 2% chlorhexidine for 15 seconds; using sterile gloves during catheter care; daily cleansing of the insertion site with 2% chlorhexidine; daily monitoring of CVC condition by the designated manager or team; and using transparent adhesive dressings that are inspected daily.
Conclusion
The findings demonstrated a statistically significant reduction in infection in the group receiving targeted monitoring using the CVC Exit-Site Infection Score compared with the control group. Furthermore, factors such as catheter dwell time, insertion site, and underlying medical diagnosis were found to influence susceptibility to infection. Therefore, the implementation of this monitoring method is recommended for incorporation into the hospital’s standard operating procedures (SOP) to enhance patient safety and improve the quality of care for pediatric patients
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