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Abstract

Background Acute pulmonary embolism (PE) is a serious and potentially fatal condition that is relatively rare in the
pediatric population. In patients presenting with massive/submassive PE, catheter-directed Therapy (CDT) presents an
emerging therapeutic modality by which PE can be managed.

Methods Electronic databases were systematically searched through May 2024. This systematic review was
performed in line with recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement guidelines and was registered in PROSPERO (Reg. no. CRD42024534229).

Results Sixteen case reports/series were included in the quantitative analysis with a total population of 40 children
diagnosed with PE. Of them, 21 were females and 19 were males. Massive PE was diagnosed in 15 patients and
submassive PE was diagnosed in 17 patients. Complete resolution of PE happened at a rate of 68% (95%C| =46-80%).
Mortality was encountered at a rate of 18% (95%Cl=0.7-36%). PE recurred after CDT at a rate of 15% (95%C|=2-28%).
Non-major bleeding complicated CDT at a rate of 46% (95%Cl=25-66%, p=0.163).

Conclusion CDT can be utilized in the management of PE in children as a potential therapeutic option for selected
patients. While the results of CDT interventions for pediatric PE are promising, further research -including well-
conducted cohort studies- is required to validate those results.
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Introduction

Pulmonary embolism (PE) is a life-threatening condi-
tion that arises when a blood clot obstructs a pulmonary
artery, impeding blood flow to the lungs. This condi-
tion is often associated with significant morbidity and
mortality, particularly when not promptly diagnosed
and treated. While PE is well-documented in adults, its
occurrence in the pediatric population is relatively rare,
leading to limited data and a lack of standardized treat-
ment protocols for children [1]. The incidence of pediat-
ric PE is estimated to be approximately 0.9 per 100,000
children per year, significantly lower than in adults, yet
the consequences can be equally severe [2].

Historically, the management of pediatric PE has been
extrapolated from adult treatment guidelines, due to the
paucity of pediatric-specific data. However, children are
not simply small adults; they have unique physiological
characteristics and disease etiologies that necessitate tai-
lored therapeutic approaches [3]. This is particularly true
for massive and submassive PE, which require urgent and
effective intervention to restore perfusion and prevent
catastrophic outcomes. Traditional treatment options
include systemic anticoagulation with agents such as
heparin, followed by long-term anticoagulation therapy.
Despite their efficacy, these treatments come with sig-
nificant risks, including bleeding complications, which
are especially concerning in the pediatric population [4].
Catheter-directed therapy (CDT) has emerged as a prom-
ising alternative to systemic thrombolysis, offering tar-
geted delivery of thrombolytic agents directly to the site
of the clot. This approach aims to maximize clot dissolu-
tion while minimizing systemic exposure and associated
risks [5]. In adults, CDT has shown favorable outcomes
in terms of clot resolution and survival rates, prompting
interest in its potential application for pediatric patients
[6]. However, the rarity of pediatric PE and the inherent
challenges of conducting large-scale clinical trials in chil-
dren have resulted in a reliance on case reports and small
case series to guide clinical practice [7].

A systematic review and meta-analysis of CDT in pedi-
atric PE can provide crucial insights into its efficacy and
safety, addressing the gap in large-scale clinical data. In
the past decade, there have been significant advance-
ments in the techniques and technologies used in CDT,
making it a viable option even for younger patients. The
American Heart Association reports that PE accounts for
approximately 10% of all acute pediatric hospital admis-
sions for venous thromboembolism (VTE), underscor-
ing the importance of effective treatment modalities [8].
Moreover, recent data suggest that obesity, a rising con-
cern in pediatric health, is a significant risk factor for PE,
further highlighting the need for effective interventions
[6].
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These findings highlight the potential of CDT as a
viable treatment option for pediatric PE, offering sub-
stantial rates of thrombus resolution with manageable
complication rates. However, the reliance on case reports
and small case series indicates a pressing need for larger,
controlled studies to validate these outcomes and refine
treatment protocols. The synthesis of current evidence
provided by this review serves as a foundational step
towards improving the management of this critical con-
dition in children.

Methods

We performed the current systematic review in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement guide-
lines and the Cochrane Handbook for Systematic Reviews

of Interventions, version 6.3 [9]. Our study protocol was
registered in PROSPERO (ID: CRD42024534229).

Eligibility criteria
Studies were included if they met the following criteria:

1. The study population comprised pediatric patients
(aged <21 years) diagnosed with pulmonary
embolism.

2. The intervention included the use of catheter-
directed Therapy.

3. The study reported on outcomes such as thrombus
resolution, mortality, recurrence of PE, bleeding
complications, or hospital stay duration.

Exclusion criteria were:

1. Studies involving adult populations or mixed
populations where pediatric data could not be
disaggregated.

2. Studies without original data (e.g., reviews, editorials,
and opinion pieces).

3. Studies lacking detailed outcome measures relevant
to the review.

Literature search

A comprehensive literature search was conducted to
identify studies reporting on the use of catheter-directed
therapy (CDT) for treating pulmonary embolism (PE) in
pediatric patients. Databases searched included PubMed,
Scopus, Web of Science, and the Cochrane Library, cov-
ering publications up to May 2024. The search terms used
were a combination of “catheter-directed therapy,” “pul-
monary embolism,” “pediatric,” “children,” and “thrombo-
lytic therapy” Boolean operators (AND, OR) were used to
refine the search. The search was limited to articles pub-
lished in English. Reference lists of relevant articles and
reviews were also screened to identify additional studies.
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Study selection

We removed all duplicates using Endnote software
(Clarivate Analytics, PA, USA). To assess their eligibility
criteria, all retrieved records were screened by two inde-
pendent authors. The process included title and abstract
screening, followed by full-text screening. Additionally,
references of the included studies were reviewed and
considered if they met our criteria.

Data extraction

Two independent reviewers screened titles and abstracts
for relevance. Full-text articles of potentially eligible stud-
ies were then retrieved and assessed for inclusion based
on the criteria mentioned above. Discrepancies were
resolved by consensus or by consulting a third reviewer.

Data extracted from each study included:

«+ Study design (case report, case series, observational
study).

+ Demographic information (age, sex).

» PE characteristics (massive, submassive, bilateral,
unilateral).

«+ Risk factors for PE (e.g., obesity, lower limb deep vein
thrombosis).

+ Details of the CDT procedure (thrombolytic agents
used, duration of therapy).

+ Outcomes (thrombus resolution, mortality, PE
recurrence, bleeding complications, hospital stay
duration).

Definitions

CDT was defined as either catheter-directed thromboly-
sis or thrombectomy. Complete resolution of thrombus
was defined as no residual thrombus in the arterial lumen
seen in angiography. Partial resolution of thrombus
was detected when main branches of pulmonary artery
are patent and peripheral branches are still occluded.
Adverse bleeding events were defined according to the
Perinatal and Paediatric Haemostasis Subcommittee of
ISTH [10]. Major bleeding according to ISTH is defined
as fatal bleeding or symptomatic bleeding in a criti-
cal area or organ and/or bleeding causing a drop in the
hemoglobin levels of 2 g/dl or greater. Minor bleeding
is defined as any bleeding that does not meet the men-
tioned definition.

Quality assessment

The methodological quality of included studies was eval-
uated using the Joanna Briggs Institute (JBI Reference))
Critical Appraisal Tools for case reports and case series.
The assessment focused on the clarity of patient demo-
graphics, the comprehensiveness of case description, and
the thoroughness of outcome reporting. Each study was

Page 3 of 20

rated as good, fair, or poor quality based on these criteria
(Supplementary Tables 1, 2).

Statistical analysis

Meta-analyses were conducted to pool data on throm-
bus resolution rates, mortality, PE recurrence, and bleed-
ing complications. Heterogeneity a studies was assessed
using the I” statistic, with values of 0% indicating no het-
erogeneity. A fixed-effect model was used for the meta-
analysis due to the low heterogeneity observed in the
included studies. Pooled estimates with 95% confidence
intervals (CIs) were calculated for each outcome.

All statistical analyses were performed using RevMan
software (version 5.4). Sensitivity analyses were con-
ducted to assess the robustness of the results, excluding
studies of lower quality or those with small sample sizes
to determine their impact on the overall findings.

Results

Study selection

We retrieved 393 records from the literature search.
After removing the duplicates, a total of 236 articles were
assessed for eligibility, ending with 16 articles included in
the analysis. The details of the selection process are dem-
onstrated in the PRISMA flow chart Fig. 1.

Study characteristics

We included 16 studies with a total population sample of
40 cases. Of these, four case series and 12 case reports
were included. Our study population comprised 21
females and 19 males, 9 children and 31 adolescents,
diagnosed with massive (n=15) or submassive (n=17)
pulmonary embolism. Bilaterally locating PE (n=26)
predominated over unilaterally locating ones (Right=11,
Left=5). The characteristics of the included studies and
the procedural details reported in the studies are pre-
sented in Tables 1 and 2, respectively.

Quality assessment of the included studies

Using the JBI quality assessment tool for case reports
and case series, the overall quality of the included studies
was fair to good. Of our 12 case reports, 10 were of good
quality, and two were of fair quality. All included case
reports described the patient’s demographic character-
istics, reported the diagnostic methods and results, and
provided takeaway messages. The details of the quality
assessment for case reports are presented in Supplemen-
tary Table 1. Of the four included case series, two stud-
ies were of good quality and the other two were of fair
quality. All the included case series did not clearly report
complete inclusion of participants, and did not clearly
provide the demographic information of the study site.
The details were described in Supplementary Table 2.
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Identification of studies via databases ]

Records Identified from
databases (n=393)
Pubmed (n=127)
Scopus (n=169)
WOS (n= 89)
Cochrane (n=8)

Duplicate records removed

A4

Records screened
(n=236)

(n=157)

Records excluded (n=216)
Wrong publication type (n=
80)

Including adults (n=57)

l

Full-text articles assessed for
eligibility
(n=20)

Irrelevant (n=63)
Abstract only (n=10)
Not English (n= 6)

.| Irrelevant records excluded

!

Studies included in qualitative and
quantitative synthesis
(n=16)

Fig. 1 The PRISMA chart illustrating the relevant study screening process

Risk factors

The most frequent risk factor of PE was obesity 40%
(16/40) followed by LL DVT 35% (14/40), oral contra-
ceptive (OCP) use 27.5% (11/40), Thrombophilia 22.5%
(9/40), history of congenital heart disease 10% (4/40) and
smoking 7.5% (3/40).

Outcomes

Complete resolution of thrombus

A total of eight studies comprising 27 cases were included
in this analysis. Complete thrombus resolution revealed a
rate of 68% (95%CI=46—80%) in a fixed-effect model. No
substantial heterogeneity was found among the studies
(I’= 0%, p = 0.982). Subgroup analysis for children showed
a complete resolution rate of 75% (95%CI=50-99%) and
for adolescents revealed a complete resolution rate of
65% (95%CI =46-83%). (Fig. 2).

Partial resolution of thrombus

Twenty-three cases from 5 studies were included. The
pooled incidence of partial thrombus resolution was
42% (95%CI=25-60%) using the fixed-effect model.
The studies were homogenous (I’= 0%, p=0.514).
(Fig. 3). Subgroup analysis for children showed a com-
plete resolution rate of 25% (95%CI=10-61%) and for

(n=4)

adolescents revealed a complete resolution rate of 47%
(95%CI=28-67%).

All-cause mortality

Only two studies -enrolling adolescent patients exclu-
sively- reported mortality rate with a total sample of 16
cases considered for analysis. The pooled all-cause mor-
tality rate was 18% (95%CI=0.7-36%) using the fixed-
effect model. No heterogenity was observed (I’= 0%,
p=0.679) (Fig. 4).

Recurrent pulmonary embolism

Analyzing three studies with 22 cases, the pooled inci-
dence of recurrent pulmonary embolism was 15%
(95%CI1=2-28%) in a fixed-effect model. There was
no heterogenity among the included studies (I°= 0%,
p=0.155) (Fig. 5).

Non-major bleeding

Five studies comprising 13 patients -enrolling adolescent
patients exclusively- reported this outcome. The pooled
proportions revealed a rate of 46% (95%CI=26-66%)
using the fixed-effect model. No heterogenity was
noticed (I*= 0%, p =0.163) (Fig. 6).
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Table 1 (continued)

Study ID

Location of PE

Imaging modal-
ity used for
diagnosis

CTA

Thrombophil- Presenting symptoms

ia profile

Risk factors

Country No. Gender Age

Study

of

design

cases

1

Bilateral PE extending into

Syncope, dyspnea, and

N/A
chest discomfort.

-DM type 1 admitted with

10 yrs

M

United States

Case

Suretal,

the fifth and sixth generation
pulmonary artery divisions

hyperglycemic, hyperosmo-

report

2007 [31]

larcoma with associated cere-
bral edema-Immobility-DVT

Bilateral PE with extensive

Elevated Fac-  hypotension, bradycardia, =~ Conventional

-Phlegmasia cerulea dolens-

12 yrs

F

1

United States

Visveswaran Case
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PE: pulmonary embolism, M: male, F: female, yrs: years, DVT: deep vein thrombosis, CTA: computed tomography angiography, V/Q scan: ventilation-perfusion scan, OCP: oral contraceptive, DM: diabetes mellitus, AT IIl:

Antithrombin I1I
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Duration of hospital stay

Two studies reported the mean duration of hospital
stay. The pooled effect estimate was 12.1 (95%CI=8.72
to 15.48). The two studies were homogenous (I*= 0%,
p=0.324) (Fig. 7).

Discussion

This systematic review and meta-analysis assessed the
safety and efficacy of CDT in pediatric PE. Although
there is scarce data concerning this modality of PE ther-
apy, several outcomes were concluded based on quan-
titative analyses. CDT was shown to result in complete
resolution of thrombus in 63% of cases and all-cause
mortality was estimated to be 15%. While CDT was
associated with a 27% recurrence rate and a 46% risk of
non-major bleeding, sufficient data was not available to
estimate the risk of major bleeding.

In general, PE management usually involves the admin-
istration of anticoagulants with or without thrombolytic
therapy depending on the hemodynamic stability of
patients [11]. For stable patients, anticoagulation alone
is the mainstay of treatment. Systemic thrombolysis is
indicated in PE patients presenting with right ventricular
strain shown on echocardiography due to the high risk of
right ventricular failure and cardiogenic shock in these
patients [12]. However, such intervention might be con-
traindicated or unfavorable in some patients as it carries
significant bleeding risks [13, 14]. Of note, up to 20% of
patients who have no absolute contraindications for sys-
temic thrombolysis still experience major bleeding events
[15]. Another potential modality for the management of
massive PE is surgical embolectomy, though considered
a risky procedure given the need for sternotomy and
cardiopulmonary bypass [16]. CDT has been advocated
recently as a novel treatment option for patients with
massive PE that is both effective and carries a relatively
low risk of adverse events [17]. As per recommendations
of the American heart association (AHA), CDT is recom-
mended for patients with massive PE in whom systemic
thrombolysis fails or is contraindicated. In addition,
CDT can be considered in submassive PE cases that are
deemed to have poor prognosis [18]. In terms of efficacy,
a remarkable reduction in the right ventricular afterload
and better hemodynamics are expected shortly follow-
ing CDT interventions. On the other hand, CDT imposes
small risks of bleeding events due to the small doses of
thrombolytics that are used in such procedure. Mostly,
non-major bleeding as a complication was encountered
in 6 patients of the population included in our analysis
which was in most cases minimal gastrointestinal bleed-
ing and mild bleeding at the sheath site except for a large
inguinal hematoma at the access site in a case report by
Cannizzaro et al. [19].
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Fig. 2 Pooled estimate of the rate of complete resolution of thrombus following CDT
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While pharmacologic thrombolysis is the most com-
monly intervention performed in catheter-directed
therapy for PE, many other mechanical modalities are
currently employed and are potentially helpful, safe and
effective, such as: catheter-mediated fragmentation, aspi-
ration, hydrolyzer thrombectomy, rotarex, and rheolytic
techniques [20-22].

The decision regarding which modality to be employed
in the treatment of PE in children is not always driven by
clear indications as there is paucity of data on the efficacy
and safety of different approaches of PE management
in pediatrics [23]. Of note, systemic thrombolysis have
for too long been used in the treatment of massive/sub-
massive PE. However, systemic thrombolysis have many
absolute and relative contraindications including bleed-
ing tendency. This in part determines the preference for
CDT in treating pediatric PE. Additionally, the availabil-
ity of advanced catheterization facilities and the expertise
of interventionalists in a center also greatly influence the
choice of therapy for such group of patients [5, 24]. While
it is not clear which is the safer approach in pediatrics,
CDT -in adults- appears to be associated with higher
risks of bleeding than anticoagulation alone, on the other
hand, systemic thrombolysis is associated with higher
risks of bleeding and mortality when compared with both
approaches [25].

Compared to systemic thrombolysis, more techni-
cally challenging and invasive CDT interventions show
many benefits that account for improved procedural
safety and less complications. For instance, they provide
a more accurate and the gold standard diagnosis through

angiography. While CDT therapy aims to deliver very low
doses of the thrombolytic agent to reduce the bleeding
risks, it results in the delivery of high concentrations of
thrombolytics to thrombi. In adults, the consensus is to
utilize CDT instead of systemic thrombolysis in interme-
diate risk/submassive PE cases [24]. On the other hand,
evidence still lacks when considering CDT in the pediat-
ric population. Differences between the adult age group
and the pediatric age group have to be appreciated in the
decision of which strategy to be used for many reasons.
Generally, children possess anatomical characteristics
that differs from adults as they have significantly smaller
vessels than those of the adult population which would
require different catheter sizes and more advanced skills
and techniques to be used in CDT. Furthermore, pediat-
ric patients develop PE due to risk factors and etiologies
that are different from adults [26]. To our knowledge,
there are no preferred catheter types or characteristics
when it comes to choosing catheters used in CDT in
pediatric PE. However, the first catheter type to get the
approval of Food and Drug Administration (FDA) in
adults is the EkoSonic endovascular system and there has
been a number of randomized clinical trials supporting
its use [27, 28]. The most popular trial to have assessed
the utility of EkoSonic system in adults was the SEAT-
TLE II trial which was a prospective multi-center trial
enrolling 150 adults with PE treated with the EkoSonic
system resulting in resolution of right ventricular strain,
pulmonary artery.

obstruction, and pulmonary hypertension [27]. Of note,
there have been no cases of intracranial hemorrhage in
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the patients treated with CDT using the EkoSonic system
in that trial. Additionally, many reports have investigated
the utility of other catheter types like Cragg-McNa-
mara valved infusion catheters which have emerged as
options with similar efficacy and safety [29, 30]. Overall,
the results of those trials on adults showed similar effi-
cacy and safety endpoints when compared to the results
of this meta-analysis on pediatric patients. Additionally,
many reports have investigated the utility of other cath-
eter types like Cragg-McNamara valved infusion cath-
eters which have emerged as options with similar efficacy
and safety [29, 30]. Overall, the results of those trials on
adults showed similar efficacy and safety endpoints when
compared to the results of this meta-analysis on pediatric
patients.

There is a debate over the use of EkoSonic endovascular
system in young children due to possible fluid overload.
Another device that is utilized in many case reports is
the AngioJet (Boston Scientific, Marlborough, MA, USA)
which is used on an off-label fashion despite the adverse
cardiovascular and hemodynamic effects reported con-
cerning its use in pediatric population [31, 32].

Limitations

While this is the first meta-analysis to assess the utility
of catheter-directed therapies in the treatment of acute
pulmonary embolism in the pediatric population, it has
some limitations. As there is paucity in the existing litera-
ture concerning the topic of this study (i.e., no random-
ized trials or strong observational studies on the topic),
the data we incorporated into our analysis is collected
mainly from case reports and series which are considered
to have low strength of evidence. Additionally, the analy-
sis is limited by the low number of included patients and
the lack of data needed to conduct comparative analyses
between systemic thrombolysis and catheter-directed
therapies as well as to evaluate the performance of differ-
ent catheter types/models.

Conclusion

CDT represents an emerging as a novel modality in the
treatment of acute PE in children particularly in patients
with massive/submassive PE. Despite the lack of evidence
regarding its use in pediatric PE, it should be considered
in selected patient populations. Further research -par-
ticularly cohort studies comparing CDT against the stan-
dard anticoagulation approach or systemic thrombolysis
approach- is required to confirm the utility of CDT in PE
pediatric patients.
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