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ABSTRACT

Objectives: Central line—associated bloodstream infections (CLABSIs) remain an important source of morbidity and mortality in pediatric car-
diac intensive care units (PCICUs). Although evidence-based prevention bundles can reduce infection rates, sustaining low CLABSI rates in high-
acuity settings remains difficult. To evaluate longitudinal trends in CLABSI rates in a pediatric cardiac intensive care unit over a three-year period.
Methods: A retrospective analysis of prospectively collected infection surveillance data was conducted for the period between January 1,
2023, and January 1, 2026. CLABSI rates were calculated as infections per 1,000 central line-days and analyzed quarterly. Observed infection
rates were compared with institutional targets and external benchmark data from the Pediatric Cardiac Critical Care Consortium (PC*).
Results: A total of 1,800 patients and 24,100 central line-days were evaluated during the study period. Overall, 72 CLABSI episodes were
identified, corresponding to a rate of 3.0 infections per 1,000 central line-days. CLABSI rates ranged from 0.5 to 6 infections per 1,000 catheter-
days, with the lowest rates observed during 2024 and transient increases during early 2025. Periods with higher infection rates coincided with
increased catheter utilization, prolonged catheter dwell time, greater ECMO exposure, and a higher proportion of complex surgical proce-
dures. Gram-negative microorganisms predominated (66%), particularly Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas
aeruginosa. CLABSI-related mortality was 6.9%.

Conclusion: CLABSI rates in this pediatric cardiac intensive care unit showed substantial temporal variability over the three-year surveillance
period. Although periods of near-benchmark performance were achieved, sustaining consistently low infection rates remained challenging,
particularly during periods of increased patient acuity and device utilization.
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Introduction use carries a significant risk of central line-associated
bloodstream infections (CLABSIs), which remain among
the most important healthcare-associated infections in
intensive care settings.'?

Central venous catheters are essential in the
management of critically ill children admitted to pediatric
cardiac intensive care units. These devices allow the
administration of vasoactive medications, parenteral CLABSIs are associated with substantial morbidity,
nutrition, and hemodynamic monitoring. However, their  prolonged hospitalization, increased healthcare costs, and
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potentially increased mortality in critically ill children.l'?
Pediatric patients with congenital heart disease represent a
particularly vulnerable population because they frequently
require prolonged vascular access, repeated invasive
procedures, and complex surgical interventions.’#

Overthe pasttwo decades, theimplementation ofevidence-
based infection prevention bundles has significantly
reduced CLABSI rates in many intensive care units. These
bundles typically include standardized catheter insertion
protocols, maximal barrier precautions, strict hand
hygiene practices, and structured catheter maintenance
strategies.®>” Landmark quality improvement initiatives
have demonstrated that the systematic implementation
of such strategies can dramatically reduce catheter-related
bloodstream infections in intensive care environments.®

Despite these improvements, maintaining low infection
rates over time remains challenging. Healthcare systems are
dynamic environments in which staff turnover, fluctuating
clinical workload, and variable adherence to infection
prevention practices may influence long-term infection
control performance.®

Benchmarking systems have become important tools for
evaluating infection prevention performance. The Pediatric
Cardiac Critical Care Consortium (PC*) provides multicenter
outcome data from pediatric cardiac intensive care units
and allows institutions to compare their performance with
peer centers.'"3 Such collaborative databases facilitate
the identification of best practices and promote quality
improvement initiatives.

Althoughmanystudieshavedemonstratedtheeffectiveness
of infection prevention bundles, fewer have evaluated the
sustainability of these interventions in pediatric cardiac
intensive care units. Understanding temporal variation
in CLABSI incidence may provide important insights
into factors influencing the sustainability of infection
prevention strategies. The aim of this study was to evaluate
longitudinal CLABSI trends in a pediatric cardiac intensive
care unit over a three-year period in relation to institutional
targets and external benchmark data.

Methods

Study Design and Setting

This study was conducted as a retrospective analysis
of prospectively collected infection surveillance data
from a tertiary-care pediatric cardiac intensive care unit
providing postoperative and medical care for children
with congenital heart disease. The observation period
extended from January 1, 2023, to January 1, 2026. The
unit provides postoperative care for the full spectrum of

congenital heart disease, including neonatal complex
repairs, single-ventricle palliation, and extracorporeal
membrane oxygenation (ECMO) support. All pediatric
patients admitted to the pediatric cardiac intensive care
unit with a central venous catheter during the study period
were included. Patients without central venous access
and patients with incomplete surveillance records were
excluded. Ethical approval for this study was obtained
from the University of Health Sciences, Basaksehir Cam and
Sakura Hospital Institutional Ethics Committee (Approval
No: 2026-225; Date: 29 April 2026), and the requirement for
informed consent was waived owing to the retrospective
design and use of fully de-identified surveillance data.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Infection prevention practices during the study period
followed institutional CLABSI prevention protocols. These
measures included maximal sterile barrier precautions
during catheter insertion, chlorhexidine-based skin
antisepsis when age-appropriate, standardized catheter
maintenance procedures, daily assessment of line necessity,
reinforcement of hand hygiene practices, and routine staff
education regarding central line care. These practices were
implemented as part of standard institutional infection
prevention policies and were maintained throughout
the observation period. However, formal process-level
adherence metrics and structured compliance audits were
not systematically collected during the study period.

Infection Surveillance

CLABSI surveillance was conducted according to
internationally recognized infection control guidelines.
M |Infection events were prospectively recorded by the
institutional infection control team using standardized
definitions  consistent with  healthcare-associated
infection surveillance criteria."'¥ For each observation
period, the number of CLABSI events and total central line
days were documented. CLABSI events were identified
by trained infection control nurses using standardized
laboratory-confirmed bloodstream infection criteria in
line with internationally accepted surveillance definitions.
Bloodstream infections secondary to another infectious
source and those meeting criteria for mucosal barrier
injury laboratory-confirmed bloodstream infection
(MBI-LCBI) were excluded. All identified CLABSI events
were independently reviewed by an infectious disease
specialist prior to final classification. Central line days
were defined as the total number of patient-days during
which any central venous catheter was in place, summed
across all eligible patients.
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Calculation of Infection Rates

CLABSI rates were calculated using standard methodology:
CLABSI rate=(number of CLABSI events+central line
days)x1000. Rates were aggregated quarterly to facilitate
trend analysis.

Benchmark Comparison
Observed infection rates were compared with:
+ Institutional infection control targets.

. External benchmark data from the Pediatric Cardiac
Critical Care Consortium (PC*).0112

The PC* reference benchmark used in this analysis was 1.2
infections per 1,000 central line days.

Data Analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistical methods were used to
evaluate temporal trends in CLABSI rates throughout the
study period. Quarterly infection rates were analyzed
relative to institutional targets and external benchmark
data. Temporal fluctuations in infection rates were assessed
using descriptive trend analysis and graphical visualization.

Additional epidemiological and clinical variables
were evaluated to provide contextual interpretation
of CLABSI trends. These variables included patient-
days, catheter utilization ratios, median catheter dwell
time, extracorporeal membrane oxygenation (ECMO)
exposure, neonatal surgical admissions, and surgical
complexity. Catheter utilization ratio was calculated
as total central line-days divided by total patient-days
for each observation period. Surgical complexity was
classified according to STAT mortality categories, with
categories 4-5 defined as high-complexity procedures.
031 Continuous variables were summarized as median
and interquartile range (IQR); categorical variables
were expressed as frequencies and percentages. Given
the descriptive observational design of the study, no
inferential statistical comparisons were performed.

Primary and Secondary Outcomes

The primary outcome was quarterly CLABSI incidence per
1,000 central line-days. Secondary outcomes included
annual CLABSItrends, microbiological distribution, catheter
utilization ratios, catheter dwell time, ECMO exposure,
surgical complexity, and CLABSI-related mortality.

Results

A total of 1,800 patients with 24,100 central line-days were
included in the study. The median age of the patients was
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Table 1. Baseline patient and catheter characteristics

Variable Value / n (%)
Total patients 1800
Total Catheter days 24,100 (median 13.3 days per patient)
Median age (months) 2.5 (IQR0.5-8)
Median weight (kg) 4.8 (IQR 3-7.2)
Localization of CVC
Femoral vein 1170 (65)
Jugular vein 540 (30)
Umbilical vein 90 (5)
Surgical vs. Medical Surgical: 1440 (80%) Medical: 360 (20%)
ICU LOS (days, median) 7 (IQR 5-10)

Values reflect a pediatric cardiac ICU population. CVC: Central venous catheter; ICU
LOS: Intensive care unit length of stay.

Table 2. Additional epidemiological and clinical variables by year

Year

Variable 2023 2024 2025
Catheter -days 8000 8100 8000
Patient-days 10500 11200 11000
Catheter utilization ratio 0.76 0.72 0.73
Median catheter dwell time (days) 15 12 14
ECMO exposure (%) 6 4 5
STAT category 4-5 procedures (%) 52 48 56
Neonatal surgical admissions(%) 54 50 60

ECMO: Extracorporeal membrane oxygenation; STAT: Society of thoracic surgeons and
european association for cardio-thoracic surgery.

2.5 months (IQR 0.5-8), and the median weight was 4.8
kg (IQR 3-7.2). Femoral vein catheterization was the most
common central venous catheter (CVC) site, accounting
for 65% of cases, followed by the jugular vein (30%)
and umbilical vein (5%). Baseline patient and catheter
characteristics are summarized in Table 1.

Across the three-year study period, central line utilization
and patient characteristics remained relatively stable.
Annual central line-days ranged between 8,000 and
8,100, while patient-days varied from 10,500 to 11,200.
The catheter utilization ratio slightly decreased from 0.76
in 2023 to 0.72 in 2024, with a minor increase to 0.73 in
2025. Median catheter dwell time declined from 15 days in
2023 to 12 days in 2024, then increased to 14 days in 2025.
Additional epidemiological and clinical variables across the
study period are summarized in Table 2.
A total of 72 CLABSI episodes were
the study period, corresponding to approximately 3
infections per 1,000 central line-days and affecting 4%
of all patients. Gram-negative microorganisms were the

identified during
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Table 3. CLABSI episodes and microbiology

Variable Value / n (%)

Total CLABSI episodes 72 (4 % of patients; ~3 per 1000 line-days)
Rate per 1000 line-days 3.0

48 (66%)

Gram-negative

Acinetobacter baumannii n=15
Klebsiella pneumoniae n=12
Pseudomonas aeruginosa n=11
Serratia marcescens n=
Escherichia coli n=3
Enterobacter cloacae n=3
Gram-positive 18 (26%)
Staphylococcus epidermidis n=8
Staphylococcus aureus n=7
Enterococcus faecium n=2
Staphylococcus hominis n=1
Fungal 8 (8%)
Candida albicans n=6
Candida parapsilosis n=2

Mortality (CLABSI-related) 5 (6.9% of CLABSI cases)

CLABSI: Central line-associated bloodstream infection. Microbiological distribution
reflects typical pediatric cardiac ICU pathogens. Rate per 1000 line-days calculated as
(total CLABSI episodes / total central line days) x 1000.

predominant pathogens, accounting for 66% of infections.
The most frequently isolated organisms were Acinetobacter
baumannii (n=15), Klebsiella pneumoniae (n=12), and
Pseudomonas aeruginosa (n=11). Gram-positive pathogens
constituted 26% of cases, predominantly Staphylococcus
epidermidis (n=8) and Staphylococcus aureus (n=7). Fungal
infections accounted for 8% of CLABSI episodes, mainly
caused by Candida albicans (n=6). CLABSI-related mortality
was observed in 5 patients, corresponding to 6.9% of
CLABSI cases. Microbiological distribution and CLABSI
episodes are presented in Table 3.

Overall Infection Trends

During the three-year observation period, CLABSI rates
in the pediatric cardiac intensive care unit demonstrated
substantial variability. Quarterly infection rates ranged
from 0.5 to 6 infections per 1,000 central line-days.

At the beginning of the observation period, CLABSI
rates were relatively elevated. The first quarter of 2023
demonstrated a rate of 6 infections per 1,000 central line-
days. Subsequent quarters showed gradual improvement,
with infection rates declining to 4.5 per 1,000 catheter-
days in Q2, 4 per 1,000 catheter-days in Q3, and 3 per
1,000 catheter-days in Q4. Although this represented a
progressive decline, infection rates remained above both
institutional targets and the PC* benchmark.!™

The most favorable infection control outcomes were
observed in 2024. The first quarter demonstrated a CLABSI
rate of 1.6 infections per 1,000 catheter-days, approaching
the benchmark value. During the second quarter, the
rate further declined to 1.5 infections per 1,000 catheter-
days. Several mid-year months were associated with zero
reported infection events, suggesting effective adherence
to infection prevention practices. The final quarter of 2024
demonstrated a rate of 1.2 infections per 1,000 catheter-
days, representing the lowest sustained infection rate
observed during the study period.

In contrast, infection rates increased substantially
during early 2025. The first and second quarters both
demonstrated infection rates of 6 infections per 1,000
catheter-days, exceeding both institutional targets and
external benchmarks. However, infection rates declined
during the second half of the year, decreasing to 1.5
infections per 1,000 catheter-days in the third quarter
and 0.5 infections per 1,000 catheter-days in the fourth
quarter. These findings underscore the difficulty of
maintaining stable infection prevention performance
over prolonged periods in high-acuity pediatric cardiac
intensive care settings (Fig. 1).

Additional epidemiological variables demonstrated
temporal variation in patient acuity and device utilization
across the study period. Periods associated with increased
CLABSI rates, particularly during early 2025, coincided with
higher catheter utilization ratios, prolonged catheter dwell
times, increased ECMO exposure, and a greater proportion
of high-complexity surgical procedures (STAT categories
4-5). In contrast, lower infection rates observed during
2024 corresponded with relatively lower patient acuity
indicators and reduced device utilization.

Discussion

This multi-year evaluation of CLABSI rates in a pediatric
cardiac intensive care unit demonstrated substantial
temporal variability in infection incidence within a high-
acuity clinical environment. Although periods of lower
infection rates were achieved, theseimprovements were not
consistently sustained over time, highlighting the ongoing
challenges of maintaining stable infection prevention
performance in pediatric cardiac critical care settings.

The progressive reduction in infection rates observed
during 2024 is consistent with previous studies
demonstrating that standardized infection prevention
bundles can substantially reduce catheter-related
bloodstream infections in intensive care units.571316
Large multicenter quality improvement initiatives,
including those conducted in pediatric critical care
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Central Line-Associated Bloodstream Infection Rates by Period

Rate (per 1,000 catheter-days)

—&@— CLABSI rate (per 1,000 catheter-days)
—® - Institutional target
PC* benchmark (1.2 per 1,000 catheter-days)

CLABSI events (n) 12 9 8 6 4 3 0 2 12 12 3 1
Central line-days 2,000 2,000 2,000 2,000 2,500 2,000 2,000 1,600 2,000 2,000 2,000 2,000
CLABSI rate
(per 1,000 catheter-dys) 6.0 4.5 4.0 3.0 1.6 1.3 0.0 1.25 6.0 6.0 15 0.5

Figure 1. Quarterly trends in central line-associated bloodstream infection (CLABSI) rates in the pediatric cardiac intensive care unit between
2023 and 2025.Solid line with circular markers represents the observed CLABSI rate per 1,000 central line days. The dashed line with square
markers indicates the institutional infection control target, which was lowered from 2.0 to 1.5 infections per 1,000 catheter days at the begin-
ning of 2024. The dotted line indicates the Pediatric Cardiac Critical Care Consortium (PC*) reference benchmark of 1.2 infections per 1,000
catheter days. Quarterly periods are displayed sequentially along the x-axis (Jan-Mar, Apr-Jun, Jul-Sep, Oct-Dec).

CLABSI: Central line-associated bloodstream infection; PC*: Pediatric Cardiac Critical Care Consortium.

settings, have shown that the implementation of
structured insertion and maintenance protocols, hand
hygiene reinforcement, and daily catheter assessment
can significantly improve CLABSI outcomes over time.
56171 Nevertheless, maintaining these gains remains
difficult in high-acuity units caring for medically and
surgically complex patients.

The transient increase in CLABSI rates observed
during early 2025 further highlights the dynamic and
multifactorial nature of healthcare-associated infection
epidemiology in pediatric cardiac critical care settings.
Similar temporal variability has been described in
longitudinal surveillance studies despite established
prevention frameworks, suggesting that CLABSI
incidence may be influenced by fluctuations in patient
acuity, device exposure, staffing conditions, and workflow
intensity over time.®'% |n the present study, periods with
higher infection rates coincided with increased catheter
utilization, prolonged catheter dwell time, greater ECMO
exposure, and a higher proportion of STAT category
4-5 surgical procedures. These findings are consistent
with previous reports identifying prolonged vascular
access, extracorporeal support, neonatal admissions, and

surgical complexity as important contributors to CLABSI
risk in children with congenital heart disease.’>4'8°

The predominance of Gram-negative microorganisms
observed in this cohort is also notable. Acinetobacter
baumannii, Klebsiella pneumoniae, and Pseudomonas
aeruginosa accounted for most bloodstream isolates,
whereas Gram-positive pathogens were less frequent.
Similar microbiological distributions have been reported
in high-acuity pediatric cardiac and surgical intensive
care populations, where prolonged invasive support,
broad-spectrum antibiotic exposure, and extended
hospitalization may favor Gram-negative pathogen
predominance.?*'2% |n contrast to our findings, another
study reported a predominance of Gram-positive
microorganisms, accounting for 70.1% of isolates,
while Gram-negative bacteria and fungal pathogens
represented 23.9% and 6% of cases, respectively.?" These
differences may reflect variations in patient populations,
catheter practices, local microbiological epidemiology,
antimicrobial exposure patterns, and institutional
infection control strategies across centers.

The absence of formal statistical process control (SPC)
outputs, including control charts and defined control limits,
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also limits interpretation of temporal trends. Although SPC
methodology is referenced in the manuscript, the lack of
presented SPC figures precludes assessment of special-
cause variation and weakens the ability to distinguish true
signal from random fluctuation. As a result, the reported
trends should be considered primarily descriptive.

CLABSI is associated with substantial morbidity and
mortality in critically ill pediatric populations. In a recent
study, the highest case fatality rate was observed in
children with fungal septicemia (27.3%), followed by
Gram-negative bacteremia (22.4%) and Gram-positive
bacteremia (8.9%).2" In the present study, CLABSI-related
mortality was 6.9%.

Limitations

This study has several limitations. First, it represents a
single-center retrospective observational analysis, which
may limit the generalizability of the findings to other
institutions and does not allow causal inference regarding
factors associated with temporal changes in CLABSI rates.
Second, the study relied on aggregated surveillance data
and therefore could not evaluate individual procedural
practices associated with infection events. Although
additional epidemiological and clinical variables were
incorporated, the study remained limited by the absence
of detailed process-level adherence metrics such as
bundle compliance audits, hand hygiene performance
data, staffing-related variables, and structured compliance
monitoring. Third, the absence of a control group limits
the ability to directly compare outcomes or evaluate the
independent effect of preventive practices. Finally, the
relatively limited number of CLABSI events may have
contributed to temporal variability in quarterly infection
rates. Future multicenter studies incorporating detailed
patient-level and process-level metrics may provide a
more robust understanding of factors influencing long-
term CLABSI prevention performance in pediatric cardiac
intensive care units.

Conclusion

This study demonstrated substantial temporal variability
in CLABSIrates within a pediatric cardiacintensive care unit
over a three-year surveillance period. Although periods of
near-benchmark performance were achieved, sustaining
consistently low infection rates remained challenging,
particularly during periods of increased patient acuity
and device utilization. Future multicenter investigations
incorporating detailed patient-level and process-level
data are needed to better define factors associated with
durable infection prevention performance in pediatric
cardiac critical care settings.
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