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Abstract OBJECTIVES: Central venous catheter-related intracardiac thrombosis is a rare
but potentially life-threatening complication in pediatric patients.
MATERIALS AND METHODS: This retrospective single-center study included
pediatric patients diagnosed with catheter-related intracardiac thrombosis.
Demographic characteristics, thrombus features, inflammatory markers, micro-
biological findings, treatment strategies, and outcomes were analyzed.
RESULTS: Twenty-two patients were included. Median age was 143 months
(range 2-217). Median CRP level was 11.8 mg/L (0.2-190). Underlying disease
was predominantly renal (36.4%) and malignancy (27.3%). Catheters were inter-
jugular venous catheterization (54.5%), tunneled cuffed hemodialysis catheter
(27.3%), and totally implantable venous access port (18.2%). Echocardiography
was most commonly triggered by infection-related presentations (40.9%) or
performed during routine/high-risk surveillance (31.8%). Median thrombus size
was 10.5 mm (range 2-35). Right atrial thrombi were present in 20/22 patients
(90.9%); one patient had right atrial plus right ventricular thrombi, and one had
left ventricular thrombi secondary to myocarditis. Thrombus resolution occurred
in 21/22 catheter-related right atrial cases (100% of right-sided thrombi). tPA was
used in 45.5%; catheter removal in 40.9%; and surgical thrombectomy in 13.6%.
Thrombus resolution occurred in 21/22 (95.5%); one patient with myocarditis
and severe heart failure died. Median time to resolution was 8 days (range 1-51).
Blood cultures were positive in 40.9% (most commonly coagulase-negative staph-
ylococci). In this small cohort, time to thrombus resolution was similar between
patients receiving tPA plus low-molecular-weight heparin and those managed
with low-molecular-weight heparin alone, despite larger baseline thrombus size
in the tPA group.
CONCLUSION: Catheter-associated intracardiac thrombosis is clinically important
complication in children with chronic diseases requiring central venous access.
Our findings suggest that intracardiac thrombosis may develop silently in patients
with long-term central venous catheters, supporting consideration of routine
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echocardiographic screening in high-risk subgroups.
However, the optimal screening interval and target
populations remain to be defined by prospective
studies. While a size- and status-guided treatment
strategy achieved high resolution rates, prevention
should be prioritized.

INTRODUCTION

Intracardiac thrombosis in pediatric patients with
central venous catheters is an increasingly recognized
complication linked to the growing use of long-term
implantable venous access devices. (Roy & Bansal,
2024) The exact prevalence in children remains vari-
able; a recent systematic review of 262,587 hospitalized
children with central venous access devices reported
a pooled catheter related thrombosis prevalence of 9.1%
(95% CI: 5.7-14.5%), with higher rates in pediatric
intensive care units (10.7%) and lower rates in neonatal
units (2.9%) (Fu et al. 2024). In these patients, thrombus
formation is predominantly right atrial. Risk factors
include catheter tip position, underlying comorbidities,
and the prothrombotic state of critical illness, and have
recently been expanded to encompass femoral inser-
tion site, multi lumen catheters, prolonged indwelling
time, and elevated D dimer levels. Better characteriza-
tion of these risk factors is needed to guide prophylactic
and therapeutic strategies (Lasagni et al. 2022, Jaffray
et al. 2017). This study reports a decade of single-center
experience with catheter-related intracardiac throm-
bosis in children, focusing on management strategies
and outcomes, reported per STROBE guidelines (von
Elm et al. 2007).

MATERIAL & METHODS
Study design and population

All pediatric patients (age <18 years) diagnosed with
intracardiac thrombosis temporally associated with
a central venous catheter between January 2014 and
December 2024 were eligible for inclusion. Exclusion
criteria were: (1) intracardiac thrombi attributable
to primary cardiac pathology without catheter asso-
ciation, (2) isolated catheter-tip fibrin sheaths without
discrete intracardiac mass on echocardiography, and
(3) insufficient imaging data to confirm intracardiac
thrombus. No patients were excluded during the study
period. The data of the patients were analyzed retrospec-
tively using patient files and the electronic record system.

The echocardiographic images and cardiac images
from CT and MRI were reanalyzed from the stored
images. Patient demographics, underlying diagnoses,
catheter characteristics (type and dwell time), clinical
indications for echocardiography, thrombus character-
istics (size and location), treatment strategy, microbio-
logical data, and outcomes were extracted from medical
records and the electronic hospital information system.

Imaging and thrombus assessment

Transthoracic (TTE) and transesophageal echocardiog-
raphy (TEE) was used for first diagnosis and CT or MRI
imaging was performed on patients deemed necessary
to support the diagnosis. Echocardiographic images
were stored and features of the existing thrombus were
recorded. The effectiveness and options of the treat-
ment were determined by comparing echocardiography
images showing changes in thrombus size over time.
Transesophageal echocardiography and/or cardiac
CT/MRI were performed in selected cases to improve
characterization when transthoracic image quality was
suboptimal or when additional anatomical detail was
required. Stored echocardiographic and cross-sectional
images were re-reviewed per current pediatric TTE
standards (Lopez-Fernandez et al. 2024), and thrombus
size was recorded as the maximal diameter on imaging.

Management strategy and definitions

Thrombus management was guided by a multidisci-
plinary team including the primary pediatric service
and Pediatric Hematology-Oncology specialists.
Low-molecular-weight heparin (LMWH) was initi-
ated at 100 IU/kg per dose subcutaneously twice daily.
Systemic thrombolysis with tissue plasminogen acti-
vator (tPA; alteplase) was administered at 0.2-0.5 mg/
kg/h for 6 hours. tPA was generally indicated for
thrombi >10 mm; however, it was also administered
in three patients with smaller thrombi (5-8 mm) who
were deemed clinically significant based on concur-
rent infection (Patients 14 and 15) or hemodynamic
considerations (Patient 20). Following thrombolysis,
anticoagulation was continued with LMWH, per
then-current recommendations (Monagle et al. 2012;
updated in Monagle et al. 2025). Prior to tPA, platelet
count, fibrinogen, and PT/aPTT were assessed; labora-
tory monitoring was repeated after infusion, and the
infusion was discontinued in the event of clinically
significant bleeding. Asymptomatic thrombi <10 mm
were treated with LMWH alone. Catheter removal was
primarily considered in the setting of clinical infec-
tion with supportive laboratory and microbiological
evidence (positive catheter and/or blood cultures and/
or elevated acute-phase reactants). However, cath-
eter removal was also performed in selected patients
without documented infection when thrombus persis-
tence, large thrombus burden, or catheter dysfunction
necessitated device removal (Patients 6, 17, and 20).
Surgical thrombectomy was performed in patients
with large thrombi or in those who failed to respond
adequately to medical management. Anticoagulant and
thrombolytic regimens are detailed in Table 1.

Qutcomes

The primary outcome was complete thrombus reso-
lution on follow-up imaging. Secondary outcomes
included time to thrombus resolution, microbio-
logically documented bloodstream infection, and the
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Tab. 1. Clinical characteristics, treatment strategies, and outcomes of 22 pediatric patients with catheter-related intracardiac thrombosis
(January 2014-December 2024)

Treatment Time to
esnt Primary diagnosis R Thrombus modalltle's throml?us Blood culture result CRP (mg/L)
No type size (mm) (chronological resolution
order)P (days)
Renal 2 courses tPA, Coagulase-negative
! Transplantation Tec 13 catheter removal, 8 staphylococci 73
P LMWH phy
Congenital Nephrotic Catheter removal, Stenotrophomonas
2 Syndrome TIVAP 10 LMWH 22 maltophilia 70
3 Chronic Renal Failure JvC 21 LMWH, surgery 5 No growth 0.2
4 Acute Iymphgblastlc TIVAP 20 LMWH, thrombus 2 No growth 259
leukemia removal surgery
5 Acute Iymphgblastic TIVAP 6 Catheter removal, 12 KIebsieIIg 190.0
leukemia LMWH pneumoniae
Acute lymphoblastic tPA, catheter
6 leukemia Lve 15 removal, LMWH 30 No growth 20
Thrombus
7 Ewing Sarcoma TIVAP 18 removal surgery, 9 No growth 2.9
LMWH
8 Sepsis,CPR history 1JvC 15 tPA, LMWH 51 No growth 40.2
. LMWH,
9 Arrh)}/ﬁhmm CPR 1JvC 8 acetylsalicylic 17 No growth 26.6
istory :
acid
10 Status Epilepticus- LVC 4 LMWH 6 No growth 6.1
Arrhythmia
11 Sepsis-CPR history 1JvC 6 LMWH 11 No growth 127.9
12 Myocarditis, Severe 35 tPA LMWH  death (day 3) No growth 27.8
Heart Failure
13 Status Epilepticus 1JvC 2 LMWH 12 No growth 19.8
14 Chronic Renal Failure ~ TCC 8 tPA, LMWH 6 Coagulase-negative 9.9
staphylococci
15 SLE, Chrgnlc Renal TCC 6 tPA, LMWH 8 Stenotropho.rr)onas 350
Failure maltophilia
16 Menlpgomyelogele, VC 4 Catheter removal 1 Coagulase-negapve 78.0
Chronic Renal Failure staphylococci
Down Syndrome, tPA, catheter
7 Chronic Renal Failure Tec 2 removal + LMWH 7 No growth 1.7
18 Chronic Renal Failure TCC 7 Catheter removal 10 Coagulase—negayve 11.3
+ LMWH staphylococci
Non-Hodgkin Catheter removal
19 Lymphoma, vC 1 7 Candida parapsilosis 51.0
L + LMWH
Encephalitis
Guillain-Barré Catheter removal
20 Syndrome vC 5 +tPA + LMWH 2 No growth 3.7
2 courses tPA Coagulase-negative
21 Osteosarcoma TCC 16 + LMWH 2 staphylococci 12.0
2 Necrotising Ve 18 2 courses tPA 6 No growth 100

pancreatitis

+ LMWH

Abbreviations: CPR, cardiopulmonary resuscitation; CRP, C-reactive protein; IJVC, internal jugular venous catheter; LMWH,Low-molecular-
weight heparin; SLE, Systemic lupus erythematosus; TCC, tunneled cuffed hemodialysis catheter; TIVAP, totally implantable venous access

port; tPA, tissue plasminogen activator

aThrombus size recorded as maximal diameter on transthoracic echocardiography at initial detection.
bTreatment modalities are listed in the chronological order administered.

¢"2 courses tPA" denotes two separate tPA infusion cycles (alteplase 0.2-0.5 mg/kg/h for 6 h each).

d Patient 12: died before thrombus resolution (myocarditis with ejection fraction <30%, requiring ECMO).

e Patient 17: "clexan" refers to enoxaparin (LMWH).
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need for thrombolysis, catheter removal, or surgical
thrombectomy.

Statistical analysis

Continuous variables are summarized as median (inter-
quartile range, IQR) and range, and categorical variables
as number (percentage). Between-group comparisons
were performed using the Mann-Whitney U test for
continuous variables and the Kruskal-Wallis test for
comparisons across catheter types. Time to thrombus
resolution was analyzed as a time-to-event outcome:
complete resolution on follow-up imaging was defined
as the event, and the single death prior to documented
resolution was treated as a censored observation at the
time of death. Kaplan—Meier curves were used to esti-
mate time to resolution, and groups (tPA vs non-tPA)
were compared using the log-rank test. As a sensitivity
analysis, time to resolution among survivors was also
compared using the Mann-Whitney U test. All tests
were two-sided and a p value < 0.05 was considered
statistically significant. Because of the retrospec-
tive design and rarity of catheter-related intracardiac
thrombosis, no a priori sample size or power calculation
was performed. Given the small cohort size, subgroup

Fig. 1. Catheter-related right atrial thrombus in a 13-year-

old girl with Ewing sarcoma (Patient 7). (a) Transthoracic
echocardiography (TTE), apical four-chamber view, showing

two pedunculated, highly mobile masses (asterisks) attached

to opposing surfaces of the right atrial (RA) wall. The thrombi
were detected incidentally 10 months after removal of a totally
implantable venous access port (TIVAP). (b) TTE, parasternal
view, demonstrating the larger mass arising from the RA free
wall. () Gross surgical specimens following thrombectomy.

The larger specimen (~3 cm) is yellowish-white with a firm,
calcified consistency; the smaller specimen is reddish-brown.
Histopathological examination confirmed organized, calcified
thrombotic material. Thrombus size on initial imaging was 18 mm
(Table 1). Blood cultures were negative; CRP was 9.9 mg/L. She had
the surgery at 9th day and complete resolution was documented.
RA, right atrium; RV, right ventricle

analyses were considered exploratory, confidence inter-
vals were not routinely reported, and no multivari-
able adjustment for potential confounders (e.g., age,
underlying disease, catheter factors, or infection status)
was undertaken to avoid model overfitting. Statistical
analyses were performed using SPSS software version
20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Between January 2014 and December 2024, 22 chil-
dren were diagnosed with catheter-related intracar-
diac thrombosis at our institution. The median age
was 143 months (range: 2-217 months, interquartile
range: 104.3-190.8 months). The most commonly used
central venous access devices were internal jugular
venous catheters (IJVC; n = 12, 54.5%), tunneled cuffed
hemodialysis catheters (TCC; n = 6, 27.3%), and totally
implantable venous access ports (TIVAP; n = 4, 18.2%).
Median thrombus size differed across catheter types:
IJVC9.5 mm, TCC 10.5 mm, TIVAP 14.0 mm (Kruskal-
Wallis, p = 0.704). Median time to resolution by cath-
eter type was IJVC 7 days, TCC 8 days, TIVAP 10.5 days
(Kruskal-Wallis, p = 0.866)Table 1 summarizes patient

Copyright © 2026 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



diagnoses, catheter types, thrombus dimensions, treat-
ment sequences, blood culture results, and CRP levels.

Among the 9 patients with positive blood cultures,
catheter removal was performed in 6 (66.7%),
compared with 3/13 (23.1%) patients with negative
cultures (Fisher’s exact test, p = 0.079). Median CRP
was higher in culture-positive patients (35.0 mg/L, IQR
9.9-78.0) than in culture-negative patients (10.0 mg/L,
IQR 3.7-26.6; Mann-Whitney U, p = 0.333). Median
time to thrombus resolution was 8 days in culture-posi-
tive patients versus 10 days in culture-negative patients
(Mann-Whitney U, p = 0.476).

Echocardiography was requested for diverse clinical
indications. The most frequent triggers were infection-
related presentations in 9/22 (40.9%) (persistent fever
in a patient with acute leukemia, fever during hemo-
dialysis in 3 patients with chronic renal failure, fever-
related tachycardia in 2 patients, positive blood cultures
in 3 patients). Asymptomatic evaluation requested as
cardiac follow-up accounted for 7/22 (31.8%): renal
transplanted patients (n = 1), patients with hemodi-
alysis (n = 3), and oncology patients undergoing pre-
chemotherapy cardiac screening (n = 3). In all seven
cases, the intracardiac thrombus was an incidental
finding, as none of these patients had symptoms or
laboratory findings suggestive of thrombosis at the time
of echocardiography.

Right atrial (RA) involvement was the predomi-
nant location in patients diagnosed with intracardiac
thrombus. A 3-month-old patient who had a jugular
catheter inserted due to septic shock one day prior and
experienced a brief cardiopulmonary arrest was found
to have multiple thrombi in both the right atrium and
right ventricle. Patient 12, a 9-year-old girl with an
internal jugular catheter and severe left ventricular
dysfunction due to myocarditis, had multiple thrombi
in the left ventricle. She required extracorporeal
membrane oxygenation for refractory heart failure
but died. Notably, this patient’s thrombi were consid-
ered secondary to severe cardiomyopathy-related
stasis rather than to the right-sided catheter itself, and
she represents the only case of left-sided intracardiac
thrombosis in this cohort. Thrombus resolution was
documented in 21/22 patients (95.5%), the median time
to thrombus resolution was 8 days (IQR 6-12; range
1-51 days). Blood cultures were positive in 9/22 cases
(40.9%), with coagulase-negative staphylococci being
the most frequent pathogen (n = 5, 22.7%), followed by
Stenotrophomonas maltophilia (n = 2, 9.1%), Klebsiella
pneumoniae (n = 1, 4.5%), and Candida parapsilosis
(n=1,4.5%). The median C-reactive protein (CRP) level
was 11.85 mg/L (IQR 8.1-33.2; range 0.2-190.0 mg/L).

The median thrombus size was 10.5 mm (IQR
6.0-17.5; range 2-35 mm). Low-molecular-weight
heparin was used in 21/22 patients (95.5%), while cath-
eter removal was performed in 9/22 (40.9%). Systemic
thrombolysis with tissue plasminogen activator (tPA)
was administered in 10/22 (45.5%), and surgical
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thrombus removal was required in 3/22 (13.6%). One
patient underwent catheter removal alone without anti-
coagulation. The patients who received tPA had larger
thrombi than those managed with anticoagulation alone.
Median thrombus size was 15.0 mm (IQR 9.25-17.50)
in the tPA group (n = 10) versus 7.5 mm (IQR 5.50-
12.75) in the non-tPA group (n = 12; Mann-Whitney U,
p =0.137). In time-to-event analysis accounting for one
censored observation (death), Kaplan-Meier estimated
median time to thrombus resolution was 8 days in the
tPA group and 9 days in the non-tPA group; the log-
rank test showed no statistically significant difference
between groups (p = 0.444). These comparisons should
be interpreted as exploratory given the limited sample
size. In a sensitivity analysis restricted to the 21 survi-
vors, median time to thrombus resolution was 8 days
(IQR 6-17) in the tPA group versus 9.5 days (IQR
5.75-12.0) in the non-tPA group (Mann-Whitney U,
p = 1.000), consistent with the primary Kaplan-Meier
analysis.

Patient 7, a 13-year-old girl with a history of Ewing
sarcoma, previously managed with a totally implant-
able venous access port during oncologic therapy, was
evaluated 10 months after device removal. Although
she was asymptomatic, transthoracic echocardiography
revealed two distinct pedunculated, highly mobile
thrombi attached to opposing surfaces of the right atrial
wall. The patient underwent surgical thrombectomy,
and histopathological examination of the excised mate-
rial confirmed a calcified thrombotic mass (Figure 1).

Thrombus sizes varied among patients, with
measured dimensions ranging from small (<10 mm)
to larger masses exceeding 20 mm. Multimodal
imaging, including transthoracic echocardiography,
transesophageal echocardiography, and cardiac MRI,
was used in selected cases to further characterize
thrombus morphology and localization.(Figure 2)

The interval between catheter insertion and
thrombus detection ranged widely, indicating both
early and late thrombotic events. Left-sided intracardiac
thrombi appear to reflect underlying cardiac pathology
or severe hemodynamic compromise, whereas right
atrial thrombi are predominantly catheter-related.

Management strategies included catheter removal,
low-molecular-weight heparin, and thrombolytic
therapy (tPA), either alone or in combination. In
several patients, follow-up imaging demonstrated
complete thrombus resolution, whereas others required
prolonged anticoagulation. A small number of patients
experienced severe complications, including intracra-
nial hemorrhage and mortality, which were associated
with significant comorbid conditions.

DISCUSSION

The diverse clinical presentations and outcomes
observed in this cohort underscore the heterogeneity
of intracardiac thrombosis in pediatric patients with

Neuroendocrinology Letters Vol.47 No.1 2026 - Article available online: www.nel.edu
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Fig. 2. Multimodal echocardiographic assessment of a right atrial catheter-related thrombus in a 12-year-old girl with Chronic Renal
Failure (Patient 3). (a) Transthoracic echocardiography (TTE), parasternal short-axis view at the aortic valve level, showing an echogenic
mass in the right atrium (RA) adjacent to the tricuspid valve. (b) TTE with caliper measurements of the mass: 21.5 X 15.3 mm. (c) TTE,
apical four-chamber view, demonstrating the mass (asterisk) in the RA. RV, right ventricle. (d) Transesophageal echocardiography (TEE)
at 61° providing improved spatial resolution; mass measurements 8.8 X 17.1 mm. Ao, aorta; RA, right atrium. Thrombus size on initial
imaging was 21 mm (Table 1). Blood cultures were negative; CRP was 0.2 mg/L.She had the surgery at 5th day and complete resolution
was documented. This case illustrates the complementary role of TEE when TTE image quality is suboptimal or when detailed anatomical

characterization is required (Tamaki, 2024).

central venous catheters, necessitating individualized
therapeutic approaches. The high prevalence of cath-
eter-related right atrial thrombosis in this demographic,
often identified via routine echocardiographic surveil-
lance, highlights the importance of early detection and
tailored management strategies (Garcia-Nicoletti et al.
2021). The observed asymptomatic nature of many
catheter related intracardiac thrombi in children further
complicates diagnosis, with a substantial proportion
detected incidentally during imaging performed for
other indications. These ‘silent’ thrombi, despite their
often asymptomatic presentation, carry a significant risk
of pulmonary embolism, systemic embolization, and
catheter dysfunction, underscoring the need for routine
echocardiographic surveillance in high-risk popula-
tions such as children on chronic hemodialysis (Gong
et al. 2022). Consistent with our findings, Agarwal et al.
reported that catheter-related intracardiac thrombi in
58 children required a median 3-6 months of antico-
agulation, with CVC presence independently delaying
resolution (Agarwal et al. 2024).

In our renal subgroup (8/22, 36.4%), catheter
removal was performed in 4 patients, aligning with
recent evidence that device removal combined with
anticoagulation may be preferable for hemodialysis-
associated right atrial thrombi (Chen et al. 2024).

From a clinical perspective, the factors that predomi-
nantly determine the risk of thrombosis are frequently
not the type of catheter employed, but rather the tip
position (cavoatrial junction), the number and diam-
eter of lumens, left-sided placement, insertion trauma,
infection, the patient's thrombophilia-inflammation
status, and catheter dwell time (Lassandro et al. 2020),
a finding prospectively confirmed by et al. (Narayan
et al. 2024).

While echocardiography serves as the primary diag-
nostic tool for initial evaluation, definitive diagnosis
often necessitates histological confirmation, particu-
larly given the potential for misdiagnosis with other
intracardiac masses. Furthermore, distinguishing true
thrombi from catheter-related fibrin sleeves or vegeta-
tions, which can mimic thrombotic lesions on imaging,
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presents a persistent diagnostic dilemma, particularly
in critically ill or septic patients (Odaman et al. 2022).
Odaman Al et al. reported a comparable single-center
experience with 24 pediatric patients with intracar-
diac thrombosis; our cohort extends this evidence
with a longer observation period (10 vs. 5 years), an
explicit size-guided tPA threshold (210 mm), inclu-
sion of surgical thrombectomy with histopathological
confirmation (3/22, 13.6%), and multimodal imaging
characterization including transesophageal echocar-
diography and cardiac MRI. Cardiac CT achieves
96% sensitivity and 99% specificity for intracardiac
thrombus detection and was used adjunctively in our
cohort (Ghozy et al. 2024).. Moreover, the increasing
incidence of venous thromboembolism in pediatric
patients, driven by greater exposure to central venous
access devices and improved diagnostic techniques,
further emphasizes the critical need for accurate and
timely diagnosis (McLaughlin et al. 2019).

Using a size and clinical status guided approach, most
patients in this retrospective cohort achieved thrombus
resolution, but the non randomized treatment alloca-
tion and small subgroup sizes preclude firm conclusions
about the comparative effectiveness of thrombolysis,
anticoagulation alone, catheter removal, or surgery.

Catheter related thrombosis has been increasingly
recognized over the last decades, with a meta analysis
of pediatric CVC studies reporting a pooled thrombosis
frequency of approximately 20% (95% CIL: 16-24%;
Vidal et al. 2014), with case reports documenting CRAT
even in infants (Sharara-Chami ef al. 2020), consistent
with the youngest patient in our cohort (age 2 months).
Future collaborative studies addressing this critical
knowledge gap are essential to inform risk stratified
thromboprophylaxis trials in pediatric patients with
central venous catheters, particularly in light of recent
evidence quantifying device related thrombosis inci-
dence and modifiable risk factors (Vidal et al. 2014).

The absence of established guidelines for antico-
agulation in pediatric patients with long-term catheter
use, particularly in the context of hemodialysis, neces-
sitates further research into surveillance programs for
thrombi detection and risk-stratified management
protocols. Such protocols could incorporate advanced
imaging modalities, including compression ultrasonog-
raphy and CT venography, which have demonstrated
high diagnostic accuracy for venous thrombosis in
children when compared with venography as a refer-
ence standard (McLaughlin et al. 2019). Notably, while
discussions surrounding prophylactic anticoagulation
in high-risk pediatric cohorts are ongoing, current
guidelines primarily favor secondary prophylaxis over
primary preventive measures (Hanuna et al. 2023).

In patients with a central venous catheter, echo-
cardiography should be considered to evaluate for
catheter-associated intracardiac thrombus when there
is persistent or recurrent bacteremia/fungemia, sepsis
without an alternative source, or elevated inflammatory
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markers with clinical infection, particularly if cultures
(catheter or blood) are positive. Additional indications
include new or unexplained cardiopulmonary find-
ings (new murmur, tachyarrhythmia/tachycardia out
of proportion to fever, dyspnea, hypoxemia, respira-
tory deterioration, suspected pulmonary embolism, or
hemodynamic instability), catheter-related problems
(dysfunction, difficult aspiration/infusion, suspected
catheter-tip malposition), and high-risk prothrombotic
settings (known thrombophilia, malignancy, chronic
kidney disease/dialysis, prolonged catheter dwell time,
or prior thrombosis). Repeat echocardiography is also
essential for treatment monitoring, particularly after
thrombolysis or during anticoagulation, to document
regression/resolution and guide duration of therapy.

LIMITATIONS

This study is limited by its retrospective single-center
design, modest sample size, and heterogeneous under-
lying diagnoses. Treatment selection was not random-
ized and reflected clinical decision-making, which may
limit causal inference regarding comparative effective-
ness. Standardized screening intervals were not applied
across all patient groups. Additionally, catheter dwell
time - a recognized risk factor for CVC-related throm-
bosis - was not systematically analyzed as a predictor
variable, although it was recorded as part of cath-
eter characteristics. One patient (Patient 12) had left
ventricular thrombi attributable to myocarditis rather
than catheter-related right atrial thrombosis, intro-
ducing pathophysiological heterogeneity into the
cohort. Finally, the tPA versus non-tPA comparison was
underpowered (n=10 vs. n=12), and observed p-values
should not be interpreted as evidence of equivalence.

CONCLUSION

In conclusion, the retrospective analysis highlights
the persistent challenges in managing intracardiac
thrombosis associated with central venous catheters
in pediatric populations, emphasizing the urgent need
for standardized diagnostic and therapeutic protocols.
Future research should focus on prospective, multi-
center trials to establish evidence-based guidelines
for risk stratification, optimal anticoagulation strate-
gies, and novel thromboprophylactic interventions in
this vulnerable patient group. Additionally, a deeper
understanding of the molecular mechanisms under-
lying pediatric catheter-related thrombosis could
lead to the development of targeted pharmacological
interventions (van Ommen &Luijnenburg,2024). This
would also involve exploring the interplay of develop-
mental hemostasis and specific catheter materials in
promoting thrombus formation, thereby informing the
design of more biocompatible devices. Furthermore,
investigations into the efficacy of various lock solu-
tions, such as ethanol or low-dose heparin infusions,

Neuroendocrinology Letters Vol.47 No.1 2026 - Article available online: www.nel.edu
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for preventing CVC-related thrombosis in pediatric
patients are warranted (Jaffray et al. 2017; Onyeama
et al. 2016). Notably, all patients in our cohort received
parenteral anticoagulation (LMWH); however, recent
network meta-analysis evidence supports DOACs as
non-inferior alternatives with favorable safety profiles
in pediatric VTE (Fu et al. 2024). A recent comparative
study demonstrated that rivaroxaban achieved intracar-
diac thrombus resolution rates comparable to warfarin
in children, offering an oral alternative to the injectable
LMWH regimen used in this series (Cappelletti et al.
2025). Practical frameworks for transitioning pediatric
patients from parenteral to oral anticoagulation are now
available (Bhat et al. 2024).
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