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Abstract

Background: Catheter-related bloodstream infections (CRBSIs) remain a major contributor to morbidity in children
receiving chronic hemodialysis, particularly in Latin American settings where surveillance data are scarce and
fragmented. This study provides a comprehensive analysis of CRBSI incidence, microbiological profiles, and clinical
outcomes ata national pediatric referral center in Mexico.

Methods: A retrospective study including pediatric patients (<18 years) who underwent hemodialysis via central
venous catheters (CVCs) from January 2016 to May 2024 was carried out at the Hospital Infantil de México Federico
Gomez. Based on CDC diagnostic criteria, confirmed CRBSI episodes were identified. Using descriptive statistics,
demographic characteristics, microbiological results, therapeutic regimens, and clinical outcomes were methodically
examined.

Results: Among 56 pediatric patients, a total of 89 catheter-related bloodstream infection (CRBSI) episodes were
identified, resulting in an incidence of 11.6 episodes per 1,000 catheter-days. Staphylococcus aureus (39.3%),
Staphylococcus epidermidis (23.6%), Klebsiella pneumoniae (9.0%), and Enterococcus faecalis (4.5%) were the most
frequently isolated pathogens. The most affected groups were school-age children (37.1%) and adolescents (40.4%).
The most used empirical regimen was vancomycin plus cefepime (58.4%). Catheter removal was required in 36% of
episodes. No infection-related deaths were recorded. A substantial decrease in CRBSI incidence was observed from 2021
onwards.

Conclusion: The substantial decline in infection rates underscores the effectiveness of targeted preventive strategies,
including standardized catheter care protocols, continuous microbiological surveillance, and context-specific
therapeutic interventions. These measures have demonstrated a meaningful impact in safeguarding pediatric
hemodialysis patients, a population inherently vulnerable to catheter-related complications.

Keywords: Catheter-related bloodstream infections (CRBSIs); Pediatric hemodialysis; Infection prevention strategies;
Non-tunneled central venous catheters; Microbiological profile
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1. Introduction

Catheter-related bloodstream infections (CRBSIs) are among the most frequent and serious complications in pediatric
patients receiving chronic hemodialysis. These infections are associated with increased morbidity, prolonged
hospitalization, vascular access loss, and elevated healthcare costs. *~2 Children are particularly vulnerable due to their
immature immune systems, repeated exposure to invasive procedures, and long-term reliance on non-tunneled central
venous catheters (CVCs) as their primary vascular access. *

In Latin America, and specifically in Mexico, the epidemiology of CRBSIs in the pediatric dialysis population remains
insufficiently documented. While some local postgraduate theses and institutional case series have addressed
dialysis-related infections in pediatric patients from tertiary care hospitals,®>~* most available data continue to focus on
adult populations or isolated pediatric case reports, resulting in an important knowledge gap.

The Hospital Infantil de México Federico Gémez (HIMFG) serves as a national referral center for pediatric nephrology,
providing specialized multidisciplinary care for children with complex kidney disorders. Over the last decade, the
Nephrology Department has implemented targeted infection control measures, including the adoption of the Aseptic
Non-Touch Technique (ANTT) and standardized catheter care bundles, which may have influenced infection trends. °

This retrospective study analyzes nine years of institutional data (2016-2024) from pediatric patients undergoing
chronic hemodialysis via CVCs at HIMFG. The aim is to describe CRBSI incidence, microbiological profiles, and clinical
outcomes and to evaluate the temporal impact of institutional prevention strategies. By generating region-specific
evidence, we seek to inform future infection control protocols and improve care in resource-constrained pediatric
dialysis settings. *™®

2. Methods
2.1 Study Design and Setting

This was a retrospective, single-center case series conducted at the Hospital Infantil de México Federico Gémez (HIMFG),
a national pediatric referral hospital in Mexico City. Clinical records were reviewed for all patients under 18 years of age
who underwent chronic hemodialysis through non-tunneled central venous catheters (CVCs) between January 2016 and
May 2024. Catheter types included dual-lumen Mahurkar and Niagara devices, which were placed for temporary
vascular access. Institutional infection prevention protocols such as ANTT and standardized catheter care bundles—
were progressively implemented between 2019 and 2021. -2

2.2 Inclusion Criteria

Eligible patients met all of the following:

e Age <18 years at the time of CRBSL

o Diagnosis of end-stage kidney disease requiring chronic hemodialysis.

e Use of anon-tunneled CVC as the sole vascular access.

o Atleast one microbiologically confirmed case of CRBSI during the study period.
2.3 CRBSI Definition

CRBSI was defined according to CDC guidelines. * Diagnosis required clinical signs of systemic infection (e.g., fever, chills,
or hypotension) in the absence of another source, accompanied by a positive blood culture drawn from the catheter.
When both central and peripheral cultures were available, the same organism had to be isolated from both, with the
central sample becoming positive at least two hours earlier than the peripheral sample. *

2.4 Data Collection
e A standardized case report form was used to collect:
e Demographics: age, sex, and developmental group classification.

o (Catheter characteristics: type, insertion site, and dwell time until infection.
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e Microbiological data: isolated organisms and resistance patterns.

e Clinical presentation and treatment: symptoms, empirical and definitive antimicrobial regimens, treatment dura-
tion, catheter removal, and outcomes.

2.5 Statistical Analysis

The identified data were analyzed using descriptive statistics. Categorical variables were reported as frequencies and
percentages, while continuous variables were expressed as means * standard deviation or medians with interquartile
ranges, as appropriate. CRBSI incidence was calculated per 1,000 catheter-days. Yearly trends were graphed, and
differences across periods were explored.

A p-value < 0.05 was considered statistically significant. Statistical review was conducted by a nephrology research
fellow and cross-validated with institutional data.

3. Results
3.1 Patient Characteristics

Between January 2016 and May 2024, a total of 89 catheter-related bloodstream infection (CRBSI) episodes were
documented in 56 pediatric patients undergoing chronic hemodialysis via non- tunneled central venous catheters
(CVCs) at the Hospital Infantil de México Federico Gomez (HIMFG).

The cohort had a slight female predominance (53.9% female, n = 30; 46.1% male, n = 26), and patient ages ranged from
6 months to 17.9 years, with a mean age of 10.3 * 5.2 years.

In terms of developmental stage, adolescents (12-17 years) represented the most affected group (40.4%, n = 36),
followed by school-age children (6-11 years) with 37.1% (n = 33), infants (<lyear) with 9.0% (n = 8), preschool-aged
children (3-5 years) with 7.9% (n = 7), and toddlers (1-2 years) with 5.6% (n = 5).

These distributions are detailed in Table 1.

Table 1. Demographic Characteristics of the Pediatric Cohort.

<lyr 1-2yr 3-5yr 6-11yr 12-17 yr Total
n (%) 8(9.0) 5(5.6) 7(7.9) 33(37.1) 36 (40.4) 89 (100)
Female 4 3 4 19 19 49
Male 4 2 3 14 17 40

Note: Data represent absolute frequency and relative distribution of pediatric patients undergoing hemodialysis be-
tween 2016-2024.

3.2 Incidence and Temporal Trends

The overall CRBSI incidence across the nine-year period was 11.6 episodes per 1,000 catheter- days, based on 89 micro-
biologically confirmed episodes and 7,663 catheter-days of follow-up.

The annual distribution of episodes was 2016 (11.2%), 2017 (19.1%), 2018 (24.7%), 2019 (9.0%), 2020 (24.7%), 2021
(0%), 2022 (0%), 2023 (5.6%), and 2024 (through May, 5.6%).
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A marked reduction in CRBSI incidence was observed beginning in 2021, with no reported cases during 2021-2022 and
only isolated episodes in subsequent years. This decline closely followed the phased institutional implementation of

infection prevention strategies, including Aseptic Non- Touch Technique (ANTT) and standardized catheter care bundles,
introduced between 2019 and 2021. *~2

These measures were reinforced with continuous staff education and protocol auditing, as previously described.

Annual Distribution of CRBSI Episodes at HIMFG (2016-2024)
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Figure 1. Annual distribution of catheter-related bloodstream infection (CRBSI) episodes
among 56 pediatric hemodialysis patients at HIMFG from 2016 to 2024. The decline observed
after 2021 coincides with the implementation of targeted infection prevention strategies.

Data from 2024 reflects only cases reported up to May.

3.3 Infection Prevention Strategies

A progressive reduction in CRBSI incidence at HIMFG correlated temporally with the implementation of
multiple institutional infection prevention strategies between 2019 and 2021. These interventions were guided by
evidence-based protocols and internal audits and were particularly reinforced following a quality improvement
initiative reported by Guerrero-Diaz et al.*

The cornerstone of these efforts was the introduction of the Aseptic Non-Touch Technique (ANTT) for catheter access,
adapted from central line-associated bloodstream infection (CLABSI) protocols used in intensive care settings. ANTT was
introduced in late 2019 and fully adopted by early 2021, coinciding with the documented elimination of CRBSI episodes
during the 2021-2022 period. ?

Additional measures included:

I. Standardized care bundles for pediatric hemodialysis CVCs.

II. Mandatory use of maximal sterile barrier precautions during catheter insertion and manipulation.
I1I. Routine chlorhexidine antisepsis for skin disinfection.

IV. Daily auditing of hand hygiene practices among HD and nephrology staff.

V. Ongoing training workshops and simulation-based refresher sessions.

These strategies are summarized in Table 2.
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Table 2. Infection Prevention Strategies Implemented at HIMFG for Pediatric Hemodialysis (2019-2024).

Infection Prevention
Strategy

Description/Implementation

Associated Outcomes

Standardized HD protocol
for pediatric CVCs

Institution-wide care bundle tailored
for pediatric patients with central
catheters

Provided a structured and consistent
catheter care framework

Aseptic Non-Touch

Adapted from CLABSI protocols and

Provided a structured and consistent

Technique (ANTT) implemented for HD catheter access catheter care framework
Strict hand hygiene Regular monitoring and reinforcement| Contributed to sustained infection
enforcement of compliance among HD staff control improvements

Mandatory use of full sterile attire
during catheter insertion and manipu-
lation

Minimized contamination during
catheter procedures

Maximal barrier
precautions

Reduced incidence of skin
flora-related infections

Required for skin disinfection during

Chlorhexidine antisepsis . . .
p catheter insertion and maintenance

3.4 Microbiological Profile

Among the 89 confirmed CRBSI episodes, the vast majority were caused by gram-positive organisms (70.8%), followed
by gram-negative bacteria (19.1%), fungi (1.1%), and atypical organisms, including nontuberculous mycobacteria
(1.1%).

The most frequently isolated pathogens were:

e Staphylococcus aureus (39.3%, n = 35)

Staphylococcus epidermidis (23.6%, n = 21)

Klebsiella pneumoniae (9.0%, n = 8)

Enterococcus faecalis (4.5%, n = 4)

Escherichia coli (3.4%, n = 3)

Less frequent isolates included Streptococcus mitis, Pseudomonas aeruginosa, Stenotrophomonas spp., Haemophilus
influenzae, Candida albicans, Proteus mirabilis, Salmonella group D, and Mycobacterium abscessus, each accounting for
approximately 1.1% of cases. A full list of recovered organisms is provided in Supplementary Figure 2.

The predominance of Staphylococcus spp., particularly S. aureus and S. epidermidis, aligns with global pediatric CRBSI
data and highlights the importance of strict hub asepsis and catheter manipulation protocols. * 72

The presence of gram-negative bacilli such as K pneumoniae and E. coli supports the routine use of broad-spectrum
empiric coverage, especially in resource-limited settings with increased environmental exposure.

Rare but clinically significant isolates like Candida albicans and M. abscessus are associated with prolonged catheter dwell
times and prior antimicrobial exposure, as previously reported. *
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Figure 2. Distribution of pathogens isolated from confirmed
catheter-related bloodstream infections (CRBSIs) in pediatric
hemodialysis patients (n = 89).

Staphylococcus aureus and Staphylococcus epidermidis were the most frequently recovered organisms.
Gram-negative bacilli and rare isolates such as Candida albicans and Mycobacterium abscessus were also
reported.

3.5 Catheter Characteristics and Duration

The majority of CRBSI episodes occurred in patients with Mahurkar-type catheters (71.9%, n = 64), followed by Niagara
catheters (6.7%, n = 6) and a single case involving a Permacath (1.1%). In 18 episodes (20.2%), the catheter type was not
documented. All catheters used were non- tunneled, dual-lumen central venous devices intended for temporary
hemodialysis access. *

Among episodes with insertion site documentation (n = 18), the most common locations were the right internal jugular
vein (n = 3) and the right subclavian vein (n = 3), with other subclavian and femoral placements reported sporadically.
The insertion site was not recorded in 71 episodes.

The median time from catheter placement to infection onset was 60 days, with a range from 1 to 621 days, reflecting the
wide variation in catheter dwell time and outpatient follow-up.

These findings reinforce the predominant use of non-tunneled CVCs in pediatric hemodialysis and emphasize the
challenges of maintaining sterility and line integrity over extended periods, particularly in resource-constrained

outpatient settings. 273

3.6 Treatment Approaches

The most frequently used empirical regimen was vancomycin combined with cefepime, documented in 52 episodes
(58.4%). Other empirical treatments included cefepime with amikacin (7.9%) and vancomycin monotherapy (3.4%). In
11.2% of cases, the empirical regimen was not recorded. Following microbiological identification and sensitivity testing,
targeted antimicrobial therapy was administered in 87.6% of episodes. The mean duration of antibiotic treatment was 8.3

days, with a range from 3 to 15 days, consistent with recommendations from pediatric infectious disease guidelines. >

Catheter removal was required in 32 of the 89 episodes (36.0%), primarily due to persistent fever, failure to respond to
antibiotics, or identification of biofilm-forming organisms such as Staphylococcus aureus or Candida albicans. * No
infection-related deaths were reported.
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These findings align with current best practices for CRBSI management in children, emphasizing early empiric coverage
for gram-positive and gram-negative organisms, followed by directed therapy and timely catheter removal when
necessary. >~*

4. Discussion

This nine-year retrospective analysis of catheter-related bloodstream infections (CRBSIs) in pediatric hemodialysis
patients provides valuable epidemiological and clinical insights into one of the most significant complications in this
population. Our findings reflect evolving trends and underscore the impact of targeted institutional interventions on
infection control outcomes.

4.1 Incidence and Temporal Trends

This nine-year retrospective analysis provides real-world insights into the burden and evolution of catheter-related
bloodstream infections (CRBSIs) in a pediatric hemodialysis population. Our cohort—comprising 56 patients and 89
microbiologically confirmed episodes—yielded an incidence of 11.6 CRBSIs per 1,000 catheter-days, which is higher
than reported rates in high- income countries (typically ranging from 0.5 to 5.5 episodes per 1,000 catheter-days). *

These discrepancies likely reflect differences in healthcare infrastructure, outpatient follow-up, infection surveillance
systems, and catheter types—especially the predominant use of non- tunneled catheters in Latin American pediatric
programs. 2

A key finding was the complete absence of CRBSIs during 2021-2022 and a sustained low incidence thereafter. This
temporal shift coincides with the phased institutional adoption of Aseptic Non-Touch Technique (ANTT) and a
comprehensive catheter care bundle at HIMFG. * These protocols, introduced between 2019 and 2021, were reinforced
through staff education, audit- feedback systems, and barrier precautions.

Their effectiveness is consistent with reports from other pediatric units implementing ANTT and aligns with
international recommendations. *~°

4.2 Microbiological Profile

Our microbiological analysis revealed that over 70% of CRBSI episodes were caused by gram- positive organisms, with
Staphylococcus aureus (39.3%) and Staphylococcus epidermidis (23.6%) as the dominant pathogens. These findings are
consistent with global pediatric hemodialysis cohorts, where skin flora organisms remain the principal source of

infection due to hub contamination and suboptimal line access techniques. * 72

The presence of gram-negative organisms, including Klebsiella pneumoniae (9.0%) and Escherichia coli (3.4%),
underscores the importance of broad-spectrum empirical regimens, especially in high-density urban centers or where
environmental sanitation is suboptimal. ® Such coverage is routinely recommended by the Infectious Diseases Society of

America (IDSA) and Cochrane reviews on pediatric CRBSI management. *™*

Although rare, the isolation of fungal (Candida albicans) and nontuberculous mycobacteria (Mycobacterium abscessus) is
clinically significant. These pathogens are often linked to prolonged catheter dwell times, prior antibiotic exposure, and
biofilm formation. Their detection in our cohort reinforces the need for early catheter removal and aggressive therapy in
refractory or relapsing infections. °

These microbiological trends justify our institution's empirical use of vancomycin plus cefepime, a combination offering
coverage against methicillin-resistant staphylococci and gram-negative bacilli, including Pseudomonas spp., as
recommended by IDSA.?

4.3 Age Distribution

CRBSIs were most frequently observed in adolescents (40.4%) and school-age children (37.1%), a pattern that may
reflect differences in behavioral factors, catheter manipulation, and autonomy of care. Adolescents, in particular, may
struggle with adherence to aseptic practices during home handling or outpatient visits, especially in the absence of
consistent caregiver supervision. *
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School-aged children, while more closely monitored, are often physically active and mobile, increasing the risk of
inadvertent line disruption or contamination during routine activities. In contrast, infants (<1 year)—who accounted for
9.0% of infections—face unique anatomical and immunological vulnerabilities, such as immature immune responses,
thinner skin, and challenges maintaining catheter dressing integrity. 2

These developmental differences suggest that infection prevention strategies should be tailored not only to technical care
protocols but also to age-appropriate education and caregiver engagement, particularly for older children managing
dialysis in the outpatient setting. 3

4.4 Treatment Approaches

The predominance of Staphylococcus aureus and other gram-positive organisms, along with the presence of gram
negative pathogens such as Klebsiella pneumoniae and Escherichia coli, supports the use of empiric
broad-spectrum regimens in pediatric CRBSIs. In our cohort, the most frequently used combination vancomycin plus
cefepime was administered in 58.4% of episodes, offering reliable coverage against methicillin-resistant
Staphylococcus aureus (MRSA) and Pseudomonas spp.*

This approach is consistent with IDSA 2018 guidelines and the Cochrane meta-analysis by Ong et al., which highlight the
importance of early empirical therapy targeting both gram-positive and gram-negative organisms in children with sus-
pected catheter infections. "2 Empirical regimens were adjusted following microbiological identification in 87.6% of
episodes in our study.

The mean treatment duration was 8.3 days, aligning with published pediatric standards and reflecting the effectiveness

of early therapy and infection control interventions. >3

In 36% of cases, catheter removal was necessary due to persistent symptoms or infection by biofilm-forming organisms
(S. aureus, Candida spp.). Timely removal remains a cornerstone in managing catheter-related infections, particularly
when clinical improvement is not achieved within 48-72 hours of appropriate antimicrobial therapy. *

4.5 Recurrent Infections

Recurrent CRBSIs were documented in 34.1% of patients in our cohort, underscoring the persistent challenge of infection
control in chronically catheterized pediatric populations. Multiple episodes in the same patient may result from biofilm

persistence, inadequate eradication of microorganisms, or ongoing lapses in outpatient catheter care. >~

Staphylococcus epidermidis, Enterococcus spp., and atypical organisms such as Mycobacterium abscessus are known to
form biofilms that resist conventional antibiotic regimens and require catheter removal for definitive resolution. 3

Our findings echo those from Schaefer and Schmitt, who reported that recurrent CRBSIs are associated with increased
hospitalization, catheter-related complications, and longer cumulative dwell times. *

To address this issue, potential strategies include:
e Antimicrobial lock therapy, particularly in patients with a history of recurrence.®
e Structured outpatient protocols for line care and follow-up.

e Early transition to arteriovenous fistula, when feasible, to minimize long-term catheter dependence.

4.6 Clinical Implications and Future Directions

This study demonstrates that structured, multidisciplinary infection prevention strategies can lead to sustained
reductions in CRBSI incidence, even in resource-limited pediatric settings. The elimination of cases during 2021-2022
and persistently low incidence in subsequent years support the effectiveness of ANTT, staff education, and standardized

catheter care protocols. 12

Our microbiological findings support broad empiric antimicrobial coverage that includes both gram-positive and
gram-negative organisms, with early de-escalation based on culture data. The relatively high rate of catheter removal
(36%) and recurrent infections (34%) also highlight the need for individualized risk stratification, close outpatient
monitoring, and potential incorporation of lock protocols or earlier AVF referral.
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Future efforts should include:

e Development of national pediatric dialysis infection registries.

o Implementation of standardized CRBSI surveillance protocols across institutions.

e Multicenter studies assessing the impact of preventive strategies on long-term outcomes.

e By strengthening clinical infrastructure and adopting evidence-based practices, pediatric nephrology centers in Latin
America can bridge the quality gap in catheter-related infection management.

5. Limitations

This study has several limitations inherent to its retrospective design, including the incomplete documentation of key
variables such as catheter insertion site and exact duration of catheter use in some cases. Although the study spans nine
years, data collection depended on the accuracy and availability of medical records, which may introduce information
bias.

Second, this is a single-center analysis conducted at a national pediatric referral hospital, which may limit the
generalizability of findings to other institutions with different patient profiles, resource availability, or infection
prevention protocols.

Third, the study did not systematically assess socioeconomic variables, caregiver adherence, or home catheter care
practices, all of which can significantly influence infection risk and recurrence.

Finally, changes in institutional surveillance protocols over the study period may have influenced CRBSI reporting rates,
despite efforts to standardize definitions based on CDC criteria.

Despite these limitations, the study provides a robust, data-driven view of CRBSIs in pediatric hemodialysis over an
extended period and offers actionable insights for infection prevention strategies in similar settings.

6. Conclusion

This nine-year retrospective study demonstrates that catheter-related bloodstream infections (CRBSIs) remain a
significant clinical challenge in pediatric hemodialysis, especially in settings where non-tunneled catheters are used as
long-term access. Despite this, our findings show that substantial and sustained reductions in infection rates are
achievable through the implementation of structured, evidence-based prevention strategies.

The complete absence of CRBSIs during 2021-2022 and the persistently low incidence thereafter support the
effectiveness of institutional interventions such as Aseptic Non-Touch Technique (ANTT), standardized catheter care
bundles, and continuous staff training. These strategies, when properly implemented, can protect a highly vulnerable
population without requiring high-cost technologies.

Our microbiological data reinforce the importance of broad-spectrum empiric antibiotic coverage and emphasize the
need for timely catheter removal in refractory cases. The high rate of recurrent infections highlights the importance of
long-term surveillance, risk stratification, and consideration of alternative vascular access options, such as
arteriovenous fistulas in suitable candidates.

Ultimately, this study contributes valuable region-specific data to the pediatric nephrology literature and supports the
development of national CRBSI surveillance frameworks. Future multicenter studies are needed to validate these findings,
explore modifiable risk factors, and guide best practices in pediatric dialysis care.
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