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EDITORIAL COMMENT
Childhood Pulmonary Embolism
Characterizing a Critical and Challenging Diagnosis*
Mary P. Mullen, MD, PHDa,b
P ulmonary embolism (PE) is a rare and likely
under-recognized diagnosis in hospitalized
children. There is an increasing incidence of

PE in the pediatric population owing to evolving pe-
diatric disease complexity, a growing number of pa-
tients with chronic conditions, and an expanded use
of central lines for parenteral nutrition, hemody-
namic management, hemodialysis, cancer treatment,
and other infusion therapies.1 Although causing sig-
nificant mortality and long-term morbidity in the
form of chronic thromboembolic disease, pediatric
PE differs substantially from adult pulmonary throm-
boembolism in etiology, presentation, and associated
medical conditions. This recognition has led to the
development of recent guidelines for the diagnosis
and management of PE that are targeted at the pedi-
atric age range.2,3 Yet, there remains much to be
learned about the clinical characteristics and appro-
priate management of PE in children.

In this issue of JACC: Advances, Rastogi et al4

report a retrospective multicenter observational
study of children with PE treated at a US-based
primary pediatric hospital over a 6-year span (2015-
2021). They draw data from the Pediatric Health In-
formation Systems Database (PHIS), which contains
information from 49 American not-for-profit tertiary
care pediatric hospitals affiliated with the Children’s
Hospital Association. This breadth and scale give
them powerful numbers and experiences, but they
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may not be typical of pediatric patients admitted to
nonspecialty hospitals or community centers. They
charted PE when identified by the International
Classification of Disease-Version 10 code at any point
during hospitalization. The investigators describe the
general characteristics of the cohort, treatment stra-
tegies, trends in treatment over time, and associa-
tions of treatment with outcome.

Their results showed that, of the 3,237,752 admis-
sions to PHIS hospitals during the study period, 0.1%
had a diagnosis of PE. After excluding repeat admis-
sions and missing data, the study cohort included
3,136 patients (69% age $12 years, 46% male, 59%
white), of whom 62% were diagnosed with at least 1
comorbid condition (20% congenital heart disease,
14% oncologic diagnoses, and 10% thrombophilia).
Therapeutic choices were informative: 88% of pa-
tients were treated solely with anticoagulation, 7%
with systemic thrombolysis, and 5% with directed
therapy (site-directed thrombolysis or transcatheter/
operative thrombectomy). There was significant
variation in the use of systemic thrombolysis and
directed therapies among individual hospitals. Rates
of treatment choice were constant but anticoagulant
choice differed with less warfarin and increased
direct oral anticoagulant or direct thrombin inhibitor
over the study time, reflecting emerging data for use
of these newer approaches in the pediatric popula-
tion. Patients treated with directed therapy were
younger and more likely to have congenital heart
disease than patients treated with anticoagulation
alone. In-hospital mortality for the group overall was
7.5%, median length of stay was 10 days, and the
median cost for hospitalization was $54,143. Directed
therapy was associated with lower mortality than
treatment with anticoagulation alone, while systemic
thrombolysis had no difference in mortality
compared to anticoagulation alone. Mortality was
greater among patients with more profound illnesses,
including those with at least 1 comorbidity,
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congenital heart disease, oncologic disease, prema-
turity, intensive care unit admission, or extracorpo-
real membrane oxygenation course.

This large, multicenter experience describes and
benchmarks the current state of the art for managing
PE in children. Though rare, PE still carries substan-
tial mortality, particularly among patients with car-
diovascular or oncological diagnoses or major
concurrent illnesses. As has been seen in the adult
population, there is growing use of nonwarfarin oral
treatments, reflecting recent pediatric trials of these
agents and United States Food and Drug Administra-
tion approval for use in children. In contrast to
growing practice in adult populations, there was more
limited use of directed therapy to resolve the
thrombosis, though the lower risk of mortality for the
use of directed therapy may speak to judicious use of
this intervention. Specific reports looking at the in-
dications and outcomes for catheter-based interven-
tion will be important. Interestingly, systemic
thrombolysis was not associated with better out-
comes than systemic anticoagulation alone. Again, it
will be valuable to explore why patients in the
aggregate did not seem to benefit from thrombolysis.

As with any diagnosis-based large data analysis,
there are gaps in understanding the full medical de-
tails of individual patients. Limitations of the PHIS
dataset include the inability to determine 2 well-
known risk stratification factors: right heart strain or
the presence of hemodynamic decompensation.
These measures of cardiac dysfunction following PE
are important in current pediatric PE management
algorithms.3 Similarly, it will be important to learn
more about comorbid risk factors such as obesity,
travel history, tobacco exposure, or oral contracep-
tive use. The presence of central venous catheter as a
risk factor for PE, as opposed to a therapeutic inter-
vention for PE, could not be ascertained, and there-
fore this well-known risk factor for PE could not be
used as a prognostic variable in the study. Finally, PE
can be part of yet-less-common, complex health
concerns such as chronic thromboembolic pulmonary
hypertension; however, this may be difficult to di-
agnose. In an academic, multicenter pediatric pul-
monary hypertension registry, World Symposium on
Pulmonary Hypertension Group 4 PH (chronic
thromboembolic pulmonary hypertension) was iden-
tified in only 8 of 1,475 cases of PH.5 Follow-up
beyond inpatient diagnosis will be critical for under-
standing the true impact of PE on longer-term health
for these children.

Timing of the study overlaps with COVID pandemic
in 2020 and 2021. Early experience with COVID sug-
gested an increased risk of PE and other thrombotic
events in children. It will be critical to continue to
monitor these data to see if COVID-era PE carries
different risk factors and outcomes than historically
have been seen.6

Even in large pediatric tertiary hospitals, it can be
challenging to adequately characterize rare events
and complications. The investigators have demon-
strated the power of a vast pooled clinical database to
identify the 0.1% of children diagnosed with PE. They
have established a benchmark for outcomes in this
disorder and identified important areas for ongoing
quality of care analysis and newly needed
interventions.
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