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Summary
Background Epidemiological data on acute pulmonary embolism among children and adolescents are sparse and only 
date back to the 2000s. We aimed to establish annual estimates and age-stratified and sex-stratified indicators of acute 
pulmonary embolism among children and adolescents aged 0–19 years.

Methods We did a retrospective, nationwide, patient-level analysis of the Kids’ Inpatient Database, including 
5733 patients with acute pulmonary embolism aged 0–19 years admitted to hospital in the USA in 2016 and 2019. The 
database includes data of all children admitted to hospital during the 2 years available. We also accessed the US 
Multiple Cause of Death database and population data from the US Census Bureau for the same 2 years. We estimated 
the incidence, mortality, case fatality, and proportional mortality rates, provided data on the annual pulmonary 
embolism burden, and provided data on clinical events recorded during hospitalisation.

Findings In the years 2016 and 2019, 5733 patients (3353 [58.5%] female and 2380 [41.5%] male) were admitted to 
hospital with acute pulmonary embolism as the primary diagnosis or a concomitant diagnosis. The annual incidence of 
acute pulmonary embolism was 3·5 (95% CI 3·4–3·6) per 100 000 people. Two peaks in the incidence rate were 
observed—one in infants younger than 1 year and one in adolescents aged 15–19 years. The in-hospital case fatality rate 
was 4·5% (4·0–5·1). The crude odds ratio for in-hospital death among patients with (vs without) acute pulmonary 
embolism was 9·3 (7·9–10·9). The association between acute pulmonary embolism and death persisted across different 
multivariable models. Patients with acute pulmonary embolism with high-risk (vs no high-risk) features had the highest 
risk of death: 25·3% (20·6–30·5) among patients aged 0–9 years and 13·9% (11·9–16·2) among patients aged 
10–19 years. In patients without high-risk features, risk of death was 4·9% (3·1–7·6) among patients aged 0–9 years and 
0·7% (0·5–1·0) among patients aged 10–19 years. The risk of intracranial bleeding was also highest in the presence of 
pulmonary embolism with high-risk features: 8·1% (5·5–11·7) among patients aged 0–9 years and 3·6% (2·6–4·9) 
among patients aged 10–19 years. In patients without high-risk features, the risk of intracranial bleeding was 2·5% 
(1·3–4·6) among those aged 0–9 years and 0·5% (0·3–0·8) in those aged 10–19 years. Reperfusion treatments beyond 
systemic thrombolysis were rarely used among children and adolescents with acute pulmonary embolism.

Interpretation Acute pulmonary embolism is rare during childhood and adolescence. The high pulmonary 
embolism-related fatality among specific subgroups of patients can be interpreted in the context of severe 
comorbidities and pulmonary embolism events with high-risk features.

Funding None.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Pulmonary embolism rarely occurs in children and 
adolescents. Incidence, risk factors, pathophysiology, 
presenting symptoms, and management strategies 
differ from those observed in adults and show 
substantial heterogeneity between infants, children, 
and adolescents.1 For instance, identifiable risk factors 
for pulmonary embolism, such as central venous 
catheters and hormonal contraception, can be identified 
in up to 95% of children, compared with 50–70% of 
adults.1–4 Furthermore, the severity of acute pulmonary 
embolism and the root causes leading to venous 
thromboembolic events are known to vary substantially 

across the age spectrum in infants, children, and 
adolescents.3,5–7

The epidemiological burden of pulmonary embolism in 
children remains poorly studied. 20 years ago, autopsy 
studies reported a prevalence of pulmonary embolism 
from 0·05% to 4·2% for children deceased for any 
cause.2,8,9 Data from the US National Hospital Discharge 
survey from 1979 to 2001 described an annual incidence 
rate of 0·9 pulmonary embolism cases per 100 000 children 
and adolescents.10 Between 2001 and 2007, the incidence 
rate of venous thromboembolism (VTE) in children in 
the USA was 34–58 cases per 10 000 hospital admissions, 
with pulmonary embolism accounting for 10% of these 
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cases.11 However, no comprehensive investigation of 
key epidemiological indicators of pulmonary embolism 
in children and adolescents is currently available, 
including the frequency of age-specific comorbidities. 
Understanding the epidemiology of acute pulmonary 
embolism among children and adolescents is essential for 
quantifying age-specific and sex-specific disease burdens, 
as it allows us to identify factors contributing to poor 
outcome and study trends in prevalent comorbidities, 
rather than focusing solely on the incidence of the disease. 
Ultimately, this understanding will help to identify 
knowledge gaps and inform future research on new 
treatment (and preventive) strategies.

The aim of this study was to investigate annual 
estimates and age-stratified and sex-stratified indicators 
of pulmonary embolism among children and adolescents 
aged 0–19 years, as well as the prevalence of clinically 
selected comorbidities in patients with (vs without) 
pulmonary embolism.

Methods
Data source
We did a retrospective, nationwide, patient-level analysis 
using the Kids’ Inpatient Database (KID), provided by 

the Healthcare Cost and Utilization Project (HCUP), 
Agency for Healthcare Research and Quality,12 including 
all patients aged 0–19 years admitted to hospital in 
the USA. The KID dataset provided data for selected years 
at regular intervals, of which we used the two available 
years (2016 and 2019) after the introduction of the ICD-10 
in 2015. In 2016, 47 states submitted data to KID. In 2019, 
48 states plus the District of Columbia submitted data. 
The data were sampled from 4200 community hospitals 
(including public hospitals and academic medical cen
tres), excluding rehabilitation hospitals. Uncomplicated 
in-hospital births were sampled at a rate of 10% and 
complicated in-hospital births and other paediatric 
discharges were sampled at a rate of 80% via systematic 
random sampling. Using the provided weight for each 
patient, national estimates were calculated. Diagnoses 
were extracted from ICD-10 codes and pulmonary 
embolism was defined by code I26.x. We did not include 
obstetric codes for acute pulmonary embolism, as we 
anticipated a low count for those. ICD-10 codes for 
clinically selected disorders considered for analysis are 
listed in the appendix (pp 3–6).

We studied the frequency of intracranial bleeding and 
death across subgroups of patients stratified according 

Research in context

Evidence before this study
We searched PubMed, Web of Science, and Google Scholar for 
epidemiological studies and reviews published in English from 
Jan 1, 1980, to Jan 1, 2024, using the search terms “mortality”, 
“incidence”, “epidemiology”, “pulmonary embolism”, “venous 
thromboembolism”, “children”, and “adolescents”. In 2021, 
the Pediatric and Neonatal Thrombosis and Hemostasis 
Subcommittee of the International Society on Thrombosis 
and Haemostasis called for research on paediatric pulmonary 
embolism to improve our knowledge about the disease and to 
guide future research.

The incidence rate of acute pulmonary embolism in children 
and adolescents has been estimated based on studies of 
venous thromboembolism, encompassing pulmonary 
embolism and deep vein thrombosis, covering the years 
1979–2001 and 2001–07. In most cases, epidemiological 
studies have not focused specifically on children and 
adolescents, often presenting data in the context of the 
general population. Finally, no ad hoc epidemiological studies 
of pulmonary embolism-related mortality in children and 
adolescents have been carried out over the past four decades, 
as recent studies looked at populations of individuals older 
than 15 or 20 years.

Added value of this study
Our study provides the largest comprehensive analysis of the 
epidemiological burden of acute pulmonary embolism among 
children and adolescents. Furthermore, we calculated the 
prevalence of 119 clinically selected concomitant disorders 

described in patients with versus without pulmonary 
embolism. We revealed substantial age-specific and sex-specific 
differences in epidemiological parameters, possibly larger than 
those observed in adults, and concomitant disorders. This 
finding could be related to the differential exposure to triggers 
of pulmonary embolism among the three main age groups of 
infants (aged <1 years), children (aged 1–9 years), and 
adolescents (aged 10–19 years). We showed that the fatality 
rate was at least 2-times higher in patients with acute 
pulmonary embolism versus those without, even after 
conditioning for key demographic parameters and 
comorbidities. Both the risk of death and intracranial bleeding 
were very high, particularly in patients with acute pulmonary 
embolism with high-risk features, possibly due to the minimal 
evidence concerning acute management.

Implications of all the available evidence
Further research is needed to dissect disease-specific risks of 
venous thromboembolic complications in children and 
adolescents. We showed large heterogeneity in the genesis and 
prognosis of acute pulmonary embolism across age–sex 
groups: therefore, it is crucial to recognise potential risk factors 
and implement tailored preventive measures and therapeutic 
strategies. We showed the frequency of intracranial bleeding 
and case fatality rate across patients stratified according to the 
presence of high-risk features and advanced pulmonary 
embolism treatment. Acute pulmonary embolism in children is 
rare, and substantial barriers to generating evidence at any 
level of clinical development are anticipated.

See Online for appendix
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to age and features of pulmonary embolism severity. 
ICD-10 codes and ICD-10 procedure codes for the 
definition of pulmonary embolism with high-risk 
features encompass clinical characteristics (ie, shock or 
cardiac arrest) and advanced interventions (ie, reperfusion 
therapies or need for cathecolamines). The ICD-10 codes 
and procedures defining acute pulmonary embolism 
with high-risk characteristics and the definition of 
bleeding events are provided in the appendix (p 7). 

Age–sex stratified mid-year estimates for the general 
population were extracted from the US Census Bureau 
for the same 2 years (2016 and 2019),13 whereas the 
all-cause death counts were obtained from the US 
Centers for Disease Control and Prevention (CDC) 
Multiple Cause of Death (MCOD) database.14 Ethnicities 
were defined as reported in the KID database: White, 
Black, Hispanic, and other (Asian or Pacific Islander, 
Native American, and other). This study was conducted 
in accordance with the RECORD standards.15

The only variable with a substantial number of missing 
data in the KID dataset was the ethnicity variable, for 
which approximately 10% of values were missing. 
Sex data were missing for five patients. Patients with 
missing data were excluded from the respective analyses. 
Death record files (MCOD database) were processed by 
a standard procedure and were considered 100% 
complete, with the exception of a small number of deaths 
for which registration was delayed (eg, Americans dying 
outside of the USA or missing people for whom courts 
had not yet assigned certification of death). As the 
mid-year population data provided by the US Census 
Bureau were official estimates, they required no strategies 
to address missingness.

Statistical analysis
The primary analysis of epidemiological indicators was 
performed for all pulmonary embolism-related cases, 
therefore it also included cases for which pulmonary 
embolism was reported as a concomitant disease. 
We calculated the crude age–sex-specific incidence 
rate as the number of pulmonary embolism-related 
hospitalisations per 100 000 people and the proportion 
of pulmonary embolism events per 10 000 hospital 
admissions. The crude pulmonary embolism-related 
mortality rate was defined as the number of pulmonary 
embolism-related deaths per 100 000 people and 
the proportion of pulmonary embolism-related deaths 
per 10 000 hospital admissions. The in-hospital case 
fatality rate was the number of pulmonary embolism-
related deaths out of the total pulmonary embolism 
cases. The proportional mortality was defined as 
the number of pulmonary embolism-related deaths 
out of the total deaths from all causes. The frequency of 
in-hospital clinical events (intracerebral bleeding and 
death) was calculated as the number of pulmonary 
embolism patients with an event per 100 pulmonary 
embolism cases.

Patients were divided into 5-year age groups 
(age 0–4 years, 5–9 years, 10–14 years, and 15–19 years). 
The 0–4 year age group was further divided into patients 
aged 0 years and 1–4 years. Analyses per 10 000 hospital 
admissions excluded births, as births represented almost 
all hospitalisations in this age group. Epidemiological 
indicators were calculated for the overall population, for 
each age-stratified and sex-stratified group, for different 
ethnicities, and for the years 2016 and 2019 as a sensitivity 
analysis.

We performed two sets of inferential analyses. In the 
first set, we studied whether patients with acute pulmonary 
embolism had a higher fatality than those without 
pulmonary embolism. We performed univariate logistic 
regression analysis in the overall population and age–sex 
stratified subgroups. Then, we ran three multivariable 
models with different conditioning variables (age, sex, and 
clinically identified comorbidities) added in stages. In the 
second set, we studied potential predictors of death among 
patients with acute pulmonary embolism. A penalised 
logistic regression model was built based on the Akaike 
information criterion, starting from a small set of clinically 
selected covariates characterised by reasonable prevalence 
and potential prognostic relevance. The comprehensive 
list of ICD-10 codes used in these regression models is 
provided in the appendix (p 8).

In a hypothesis-generating analysis, we calculated the 
absolute prevalence difference (APD) for each clinically 
selected disorder in pulmonary embolism (vs non-
pulmonary embolism) patients overall and for each age 
group. In the APD calculation, children aged 1–9 years 
were grouped together to reach adequate numerosity.

Data are presented either as n (%) or as median (IQR). 
Continuous variables were visually inspected for data 
distribution. Rates are presented as crude annual 
nationwide estimates. All rates and frequencies are 
presented with appropriate 95% CIs.

To comply with HCUP regulation, data with ten or 
fewer cases per cell were either aggregated or not 
reported. No individual patient-level data on readmission 
were available; therefore patients could not be traced 
over multiple hospitalisations and our estimates refer 
to individual pulmonary embolism events rather than to 
individual patients. The statistical analysis was performed 
using R version 4.3.1.16

Due to the use of anonymised data, approval by an 
institutional review board was not necessary.

Role of the funding source
There was no funding source for this study.

Results
During the study period (2016 and 2019), 
163 841 005 (48·9% female, 51·1% male) children and 
adolescents lived in the USA. A total of 4 367 589 hospital 
admissions and 83 873 deaths were recorded in patients 
aged 0–19 years. Of those, 5733 (58·5% female, 
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41·5% male) hospital admissions had acute pulmonary 
embolism as the primary diagnosis or a concomitant 
diagnosis. Acute pulmonary embolism was the primary 
cause of hospitalisation in 2296 (69·9% female, 
30·1% male) patients and was the primary or con
tributing cause of death in 258 patients. The median age 
of patients at the time of pulmonary embolism-related 
hospitalisation was 17 years (IQR 15–19), whereas the 
median age at pulmonary embolism-related death was 
15 years (2–18; table 1).

The overall pulmonary embolism-related incidence 
rate was 3·5 (95% CI 3·4–3·6) pulmonary embolism-
related hospitalisations per 100 000 people, corresponding 
to a proportion of 13 (12·7–13·4) pulmonary embolism 
events per 10 000 hospital admissions. The incidence rate 
showed a J-shaped curve, with the highest values 
recorded in infants younger than 1 year (3·2 [2·8–3·6] 
per 100 000 people) and in adolescents aged 15–19 years 

(10·4 [10·1–10·7] per 100 000 people). Among infants, 
the incidence rate was slightly higher in males 
(3·5 [3·0–4·1] per 100 000 people) than females 
(2·8 [2·3–3·4] per 100 000 people), whereas the opposite 
was observed among adolescents (7·7 [7·3–8·1] per 100 000 
in males vs 13·3 [12·3–13·8] per 100 000 in females; 
figure 1; appendix p 9).

The proportion of pulmonary embolism-related hos
pitalisations increased from 2·2 (95% CI 2·0–2·6) 
pulmonary embolism events per 10 000 hospital 
admissions among infants to 28·9 (28·1–29·8) pulmonary 
embolism events per 10 000 hospital admissions among 
adolescents aged 15–19 years. Among female infants, the 
proportion was 2·3 [1·8–2·8] pulmonary embolism events 
per 10 000 hospital admissions, whereas among male 
infants it was 2·2 [1·9–2·7] per 10 000 hospital admissions. 
Among adolescents aged 15–19 years, there were 
26·8 [25·8–27·8] pulmonary embolism events per 
10 000 hospital admissions among females and 33·4 
[33·8–35·0] per 10 000 hospital admissions among males 
(figure 1; appendix p 10).

The crude pulmonary embolism-related mortality rate 
was 0·16 (95% CI 0·14–0·18) in-hospital deaths 
per 100 000 people, corresponding to 0·6 (0·5–0·7) 
deaths per 10 000 hospital admissions. The mortality rate 
was highest among infants at 0·7 (0·6–1·0) per 
100 000 general population. In the other age groups, the 
mortality rate did not exceed 0·3 per 100 000 people 
(appendix pp 11, 40). Compared with male infants, female 
infants had a slightly higher pulmonary embolism-
related mortality rate and higher proportion of pulmonary 
embolism-related deaths out of total hospital admissions, 
whereas in adolescents aged 15–19 years, rates were 
slightly higher in males than females (appendix p 40). 
These epidemiological parameters appeared to be similar 
between the sexes among children and adolescents aged 
0–14 years (appendix p 12).

The overall in-hospital case fatality rate was 4·5% 
(95% CI 4·0–5·1). The highest value (23·4% [18·5–29·1]) 
was observed in infants, with a progressive decrease 
across age groups down to 3·0% (2·5–3·6) in adolescents 
aged 15–19 years (figure 2; appendix p 13). The greatest 
sex-specific discrepancies in fatality rate were observed 
among infants (33·0% [24·8–42·4] in females vs 15·9% 
[10·8–23·0] in males) and adolescents (2·1% [1·6–2·7] 
in females vs 4·5% [3·6–5·6] in males; figure 2). The 
autopsy rate was overall higher than 30%, exceeding 
50% in children aged 1–5 years (55·4%) and in those 
aged 15 to 19 years (60·5%; appendix pp 14, 41).

A total of 297 (44·5%) infants and children aged 
0–9 years had high-risk features, the most prevalent of 
which were need for invasive ventilation (n=240), cardiac 
arrest and cardiopulmonary resuscitation (n=64), and 
need for veno-arterial extracorporeal membrane 
oxygenation (ECMO; n=55). A total of 978 (19·3%) 
adolescents aged 10–19 years had high-risk features, 
the most prevalent of which were need for invasive 

Total (N=5733) Males (N=2380) Females (N=3353)

Pulmonary embolism as primary 
diagnosis

2296 (40·0%) 691 (29·0%) 1605 (47·9%)

Aged 0–9 years 30 (0·5%) 12 (0·5%) 18 (0·5%)

Aged 10–14 years 155 (2·7%) 61 (2·6%) 94 (2·8%)

Aged 15–19 years 2111 (36·8%) 618 (26·0%) 1493 (44·5%)

Hospitalisations for or with a 
pulmonary embolism diagnosis

5733 2380 3353 

Neonatal (aged <28 days) 121 (2·1%) 63 (2·6%) 58 (1·7%)

Aged 28 days to <1 year 123 (2·1%) 75 (3·2%) 48 (1·4%)

Aged 1–4 years 214 (3·7%) 99 (4·2%) 115 (3·4%)

Aged 5–9 years 206 (3·6%) 129 (5·4%) 77 (2·3%)

Aged 10–14 years 677 (11·8%) 359 (15·1%) 318 (9·5%)

Aged 15–19 years 4392 (76·6%) 1655 (69·5%) 2737 (81·6%)

Median age of patients hospitalised 
for or with a pulmonary embolism 
diagnosis, years

17 (15–19) 17 (13–18) 18 (16–19)

Patients with acute pulmonary 
embolism with high-risk features

1273 (22·2%) 620 (26·1%) 653 (19·5%)

Neonatal (aged <28 days) 85 (1·5%) 43 (1·8%) 42 (1·3%)

Aged 28 days to <1 year 73 (1·3%) 39 (1·6%) 34 (1·0%)

Aged 1–4 years 85 (1·5%) 40 (1·7%) 45 (1·3%)

Aged 5–9 years 53 (0·9%) 35 (1·5%) 18 (0·5%)

Aged 10–14 years 149 (2·6%) 82 (3·4%) 67 (2·0%)

Aged 15–19 years 828 (14·4%) 381 (16%) 447 (13·3%)

Death with any mention of 
pulmonary embolism

258 (4·5%) 130 (5·5%) 128 (3·8%)

Neonatal (aged <28 days) 30 (0·5%) ≤10 (0·4%) 20 (0·6%)

Aged 28 days to <1 year 27 (0·5%) 12 (0·5%) 15 (0·4%)

Aged 1–9 years 36 (0·6%) 15 (0·6%) 21 (0·6%)

Aged 10–14 years 33 (0·6%) 18 (0·8%) 15 (0·4%)

Aged 15–19 years 132 (2·3%) 75 (3·2%) 57 (1·7%)

Median age at pulmonary embolism-
related death, years

15 (2–18) 16 (5–18) 12 (0–17)

Data shown are n (%) or median (IQR). 

Table 1: Overview of pulmonary embolism cases and pulmonary embolism-related deaths per age group, 
stratified by sex
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ventilation (n=499), cardiac arrest or cardiopulmonary 
resuscitation (n=181), and need for systemic thrombolysis 
(n=324; table 2). 

Patients with high-risk features had a much higher 
case fatality rate across age groups: 25·3% (95% CI 
20·6–30·5) in infants and children aged 0–9 years 
and 13·9% (11·9–16·2) in adolescents aged 10–19 years 
(table 2). Patients requiring veno-arterial ECMO or 
presenting with cardiac arrest had the highest fatality, 
exceeding 40% in infants and children aged 0–9 years 
and 30% in adolescents aged 10–19 years. The case 
fatality rate in patients without high-risk features was 
4·9% (3·1–7·6) in those aged 0–9 years and 
0·7% (0·5–1·0) in those aged 10–19 years. In patients 
with high-risk features, the risk of intracranial bleeding 
was 8·1% (5·5–11·7) in infants and children aged 
0–9 years and 3·6% (2·6–4·9) in adolescents aged 
10–19 years (table 2).

The proportional mortality rate was 3·1 (95% CI 
2·7–3·5) per 1000 overall deaths in the USA. The rate 
was 1·3 (1·0–1·7) per 1000 deaths among infants, and 
progressively increased across age groups up to 
6·3 (5·3–7·4) per 1000 deaths among adolescents aged 
15–19 years (appendix p 15). The proportional mortality 
was higher among females than males across all age 
groups (figure 2).

Differences in ethnicity-specific crude case fatality rates, 
age-stratified case fatality rates, and age-standardised case 
fatality rates were minimal and probably due to the low 
number of events in each subgroup (appendix p 16). 
Furthermore, the rates and proportions calculated for 
each available year (2016 and 2019) did not substantially 
differ (appendix pp 17–22).

The unadjusted odds ratios for death show that patients 
with acute pulmonary embolism had a 10–20-times 
higher risk of dying compared with patients without 
acute pulmonary embolism (figure 3; appendix p 23). 
The odds ratios for death progressively decreased with 
increasing age. The association between acute pulmonary 
embolism and death was present in an unadjusted model 
(9·3 [95% CI 7·9–10·9]) and remained in a multivariable 
model adjusting for age and sex (odds ratio 13·2 
[11·3–15·5]) and in additional multivariable models 
adjusting for different severe comorbidities (2·0 [1·6–2·5] 
in the partially adjusted model and 2·5 [2·0–3·2] in the 
fully adjusted model).

We studied potential factors associated with death 
in the group of patients with acute pulmonary 
embolism. The analysis was limited to patients aged 
10–19 years, as the number of events in younger patients 
was not enough for adjustment. In those aged 
10–19 years, major comorbidities (sepsis, haematological 
tumours, thrombophilia, metabolic disorders, heart 
failure, cerebrovascular diseases, respiratory failure, 
and renal failure) were associated with in-hospital death 
in a multivariable penalised logistic regression model 
(appendix p 24).

In patients for whom pulmonary embolism was 
reported as a concomitant diagnosis, the most commonly 
reported primary diagnoses were cardiovascular diseases 
(669 cases [19·5%]), infectious diseases (597 cases 
[17·4%]), and cancer (171 cases [5·0%]; appendix p 25). 
Irrespective of the position of pulmonary embolism 
code, the most common concomitant diseases were 
endocrine disorders (3014 cases [52·6%]), cardiovascular 
diseases (2730 cases [47·6%]), and respiratory diseases 
(2315 cases [40·4%]). Lemierre syndrome was identified 
in 72 (1·3%) patients with acute pulmonary embolism 
(appendix pp 26–27).

The highest APD across all age groups was found for 
other venous thromboembolic events (excluding deep vein 
thrombosis), with an APD of 31·8% (95 % CI 30·6–33·0) 
among patients with versus without pulmonary 
embolism; this was followed by metabolic disorders 
(15·2% [14·0–16·5]) and obesity (14·7% [13·7–15·8]; 
appendix pp 28–31). A higher prevalence of some key 
conditions was observed in patients with acute pulmonary 
embolism versus those without: these included injuries, 

Figure 1: Crude pulmonary embolism-related incidence rate across age groups
Annual pulmonary embolism-related incidence (A) and proportion of 
hospitalisations (B) across age groups in male and female patients. Data are from 
the Kids’ Inpatient Database and the Census Bureau. Shaded areas depict 95% CIs.
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coagulation defects or thrombophilia, sepsis, respiratory 
or renal failure, arterial disorders, neoplasms, and 
pneumonia.

Clinically relevant APD were found for some conditions, 
typically affecting specific age groups (appendix pp 32–39). 
The prevalence of malformations, injury or poisoning, 
renal failure, heart failure, and cerebrovascular diseases 
was highest among infants with (vs without) pulmonary 
embolism. In contrast, the prevalence of obesity, 
pneumonia, cancer, and asthma were typically higher 
among adolescents with (vs without) pulmonary embolism. 
Some conditions were more frequent among hospitalised 
females (vs males) with pulmonary embolism, such as 
obesity, systemic lupus erythematosus, and osteomyelitis. 
Most of the other clinically selected conditions were more 
frequent among hospitalised males (vs females) with 
pulmonary embolism, notably sepsis, multiorgan failure, 
and neoplasms.

Discussion
This analysis provides a comprehensive overview of the 
epidemiology of acute pulmonary embolism among 
children and adolescents in the USA for the years 2016 
and 2019. We revealed substantial age–sex-specific 
differences for all studied estimators, possibly larger than 
those among adults.17,18 This difference is probably related 
to the exposure to age-specific triggers of pulmonary 
embolism and underlying risk factors in infants, children, 
and adolescents. We explored this hypothesis by 
calculating the prevalence of 119 clinically selected 
concomitant disorders in children with (vs without) 
pulmonary embolism. We showed that the risk of dying 
is much higher in patients with (vs without) acute 
pulmonary embolism: this association was partly driven 
by severe comorbidities, but remained after conditioning 
for several covariates, suggesting an independent role of 
pulmonary embolism. Finally, we provided the absolute 
risks of intracranial bleeding and death in patients with 
acute pulmonary embolism with (vs without) high-risk 
features and across groups of patients receiving advanced 
treatments.

We estimated an overall incidence rate of 3·5 pulmonary 
embolism-related hospitalisations per 100 000 general 
population. Stein and colleagues10 described an overall 
lower incidence rate of 0·9 cases per 100 000 people 
among children and adolescents aged 0–17 years in the 
period 1979–2001, with no sex-specific data been 
presented. In a Canadian study performed between 
1990 and 1992 reporting on the incidence of acute VTE, 
the authors estimated an overall incidence rate of 
0·7 cases per 100 000 people, with possibly no more than 
50% of patients having acute pulmonary embolism.1 In 
adults, the incidence of acute pulmonary embolism has 
been increasing for the past four decades.19 In children 
and adolescents, an increasing frequency of pulmonary 
embolism-related hospitalisations has been described at 
selected institutions between 2001 and 2014.20

In our study, incidence of acute pulmonary 
embolism progressively increased between ages 5 and 
19 years, peaking among adolescents aged 15–19 years 
(10·4 pulmonary embolism-related hospital admissions 
per 100 000 people). Among children and adolescents, 
venous catheters, surgery, and trauma have been described 
as the most common predisposing factors for acute 
pulmonary embolism.21 We showed that, compared with 
patients without acute pulmonary embolism, the 
difference in the prevalence of comorbidities decreased 
with increasing age (exceptions were noted, such as 
obesity, cancer, and pneumonia). Similar to a previous 
study,10 we found a second, smaller incidence peak 
among infants (3·2 pulmonary embolism-related hospital 
admissions per 100 000 people); this might represent an 
underestimation, as imaging is rarely performed in 
this age group.22 As infants have several competing 
risks for hospital admission, we observed no peak in 
the frequency of pulmonary embolism-related hospital 

Figure 2: Crude pulmonary embolism-related case fatality rate and crude 
pulmonary embolism-related proportional mortality rate across age groups
Pulmonary embolism-related deaths per 100 diagnoses of pulmonary embolism 
(A) and pulmonary embolism-related proportional mortality (deaths per 
1000 all-cause deaths; B) across age groups in male and female patients. Data 
are from the Kids’ Inpatient Database and the Multiple Cause of Death database. 
Shaded areas depict 95% CIs.
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admissions.23 Indeed, infants were characterised by 
a higher prevalence of organ failure and severe systemic 
diseases compared with patients without pulmonary 
embolism, which translated to a worse prognosis. In 
relative terms, infants with pulmonary embolism had 
20-times higher odds of dying than infants without 
pulmonary embolism. In adults, the detection of proximal 
deep vein thrombosis or an acute pulmonary embolism 
event has been associated with higher in-hospital fatality.24,25

The reliability of fatality data in children and adolescents 
is supported by the high autopsy rate recorded, which is at 
least 2-times higher than in adults.18,26 As in a previous 
study,5 we showed that, compared with adolescents, 
children and infants with pulmonary embolism were 
more likely to have high-risk features and had much 
higher case fatality rates. In contrast, the pulmonary 
embolism-related fatality rate among adolescents was 
lower and more similar to that of younger adults.27 We also 
obtained estimates for frequency of intracranial bleeding 
in patients with shock, undergoing different reperfusion 
treatment, requiring advanced haemodynamic support, or 
who underwent cardiopulmonary resuscitation. Indeed, 
we observed that the use of reperfusion treatments was 
overall rare, not exceeding 5% for ECMO, catheter-directed 
reperfusion therapies, or surgical embolectomy. Systemic 
thrombolysis remained the most frequently used reper
fusion treatment with a prevalent use of 3·6% among 
patients aged 0–9 years and 6·4% among patients aged 
10–19 years. The very high rate of complications, possibly 
higher than in adults, documented across the spectrum of 

patients with high-risk features reflects the lack of firm 
evidence concerning advanced pulmonary embolism 
management and comorbidities. This encompasses risk 
stratification, pharmacological therapies, and reperfusion 
strategies. 

Our epidemiological estimates showed age–sex-specific 
differences. Pulmonary embolism diagnoses peaked in 
adolescents aged 15–19 years, possibly reflecting the 
maturation of the haemostatic system,28,29 the progressive 
increase of oestrogen concentrations during adrenarche,30 
and the prevalent use of oral contraception.31,32 The 
maturation of the haemostatic system starts at birth and 
evolves until around age 16 years; however, the precise age 
is unknown and might depend on sex-specific factors.33,34 
A typical cause of acute pulmonary embolism among 
adolescents, Lemierre syndrome (encompassing bacterial 
tonsillitis, septic jugular vein thrombosis, and septic 
embolism), was detected in approximately 1% of all acute 
pulmonary embolism cases.35 The high prevalence of oral 
contraceptives and increasing oestrogen concentrations 
among patients aged 15–19 years explains the higher 
absolute number of pulmonary embolism cases observed 
among female patients compared with male patients. In 
adolescents, males had a 2-times higher in-hospital case 
fatality rate than females, reinforcing the different genesis 
of pulmonary embolism. In contrast, the high case fatality 
rate in males might indicate overlooked diagnoses 
and delay in initiation of appropriate treatment.36 As 
a comparison, patients with acute pulmonary embolism 
had a higher in-hospital case fatality rate than those with 

Aged 0–9 years (N=664) Aged 10–19 years (N=5069)

Count Prevalence Intracranial 
bleeding 
cases

Frequency of 
intracranial 
bleeding

Deaths Case fatality 
rate

Count Prevalence Intracranial 
bleeding 
cases

Frequency of 
intracranial 
bleeding

Deaths Case fatality 
rate

ECMO 55 8·3% 14 25·5% 
(15·8–38·3)

29 52·7% 
(39·8–65·3)

58 1·1% ≤10 5·2% 
(1·8–14·1)

26 44·8% 
(32·7–57·5)

Catheter-directed 
reperfusion therapies

≤10 0·8% 0 0 ≤10 20·0% 
(3·6–62·4) 

90 1·8% ≤10 1·1% 
(0·2–6·0)

≤10 1·1% 
(0·2–6·0)

Systemic thrombolysis 24 3·6% ≤10 4·2% 
(0·7–20·2)

≤10 16·7% 
(6·7–35·9)

324 6·4% ≤10 0·9% 
(0·3–2·7)

22 6·8% 
(4·5–10·1)

Shock 47 7·1% ≤10 14·9% 
(7·4–27·7)

19 40·4% 
(27·6–54·7)

145 2·9% ≤10 4·8% 
(2·4–9·6)

35 24·1% 
(17·9–31·7)

Surgical embolectomy 33 5·0% ≤10 3·0% 
(0·5–15·3) 

≤10 3·0% 
(0·5–15·3)

25 0·5% ≤10 12·0% 
(4·2–30·0) 

≤10 16·0% 
(6·4–34·7)

Invasive ventilation 240 36·1% 17 7·1% 
(4·5–11·0)

61 25·4% 
(20·3–31·3)

499 9·8% 31 6·2% 
(4·4–8·7)

106 21·2% 
(17·9–25·0)

Vasopressor use 18 2·7% 0 0 ≤10 27·8% 
(12·5–50·9)

59 1·2% ≤10 6·8% 
(2·7–16·2)

15 25·4% 
(16·1–37·8)

Cardiac arrest or CPR 64 9·6% 11 17·2% 
(9·9–28·2)

29 45·3% 
(33·7–57·4)

181 3·6% ≤10 4·4% 
(2·3–8·5)

59 32·6% 
(26·2–39·7)

Any of the above 297 44·7% 24 8·1% 
(5·5–11·7)

75 25·3% 
(20·6–30·5)

978 19·3% 35 3·6% 
(2·6–4·9)

136 13·9% 
(11·9–16·2)

None of the above 367 55·3% ≤10 2·5% 
(1·3–4·6)

18 4·9% 
(3·1–7·6)

4091 80·7% 21 0·5% 
(0·3–0·8)

29 0·7% 
(0·5–1·0)

Data shown are n, %, and frequency (95% CI). CPR=cardiopulmonary resuscitation. ECMO=extracorporeal membrane oxygenation. 

Table 2: Frequency of intracranial bleeding and case fatality rate, stratified by age
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trauma or severe pneumonia, comparable to those 
with sepsis, and lower than those with acute bacterial 
meningitis.37–40 Our analysis of prevalent conditions 
suggests that males more often presented with more 
severe comorbidities than females; this, along with our 
analysis on the prevalence of comorbidities, might serve 
to generate hypotheses. Further research is necessary to 
investigate diseases and disease groups associated with 
pulmonary embolism in children and specific risk factors 
for pulmonary embolism in children.

Pulmonary embolism-related death was recorded in 
258 children and adolescents and explained 3·1 of 
1000 deaths, with higher rates recorded among adolescents 
and in females. In the same period, the three most 
frequent causes of death among children and adoles
cents were unintentional injuries (648 per 1000 deaths), 
congenital anomalies (307 per 1000), and homicide 
(124 per 1000).14,41 We have previously shown that pul
monary embolism-related proportional mortality peaks 
among female individuals aged 30–34 years, explaining 
15 of 1000 deaths in the USA,18 and that pulmonary 
embolism-related mortality rate exponentially increases 
with increasing age. In this context, acute pulmonary 
embolism is a rare cause of death among children and 
adolescents, but might occur in concomitance and 

represent a marker of the severity of other conditions. The 
clinical effect of acute pulmonary embolism should also be 
evaluated in relation to its poor prognostic impact, 
anticoagulant-related bleeding risk, and patient burden 
(eg, long-term complications).42

Studies on predictors for pulmonary embolism and 
pulmonary embolism-related death in children and ado
lescents are scarce. One recent study found congenital 
heart disease or pulmonary surgery, known thrombophilia, 
previous VTE, nephrotic syndrome, and chest pain to 
be predictors of pulmonary embolism.43 We showed an 
increased odds ratio for death in patients with pulmonary 
embolism aged 10–19 years with severe comorbidities 
(sepsis, haematological tumours, thrombophilia, metabolic 
disorders, heart failure, cerebrovascular diseases, res
piratory failure, and renal failure), suggesting the need for 
closer monitoring of these patients and the considera
tion of early treatment. The current evidence calls for 
the development of age–sex-specific prediction models 
for pulmonary embolism occurrence and pulmonary 
embolism-related death.

Further research is warranted to improve our under
standing of pulmonary embolism in children and 
adolescents. First, prospective studies would improve the 
understanding of the timing of adverse events occurring 
during hospitalisation and, therefore, the potential causal 
relationship between comorbidities and acute pulmonary 
embolism. Second, longitudinal studies focusing on the 
post-discharge phase could assess functional outcomes 
and the burden of long-term sequelae after pulmonary 
embolism.44 Finally, interventional studies should identify 
optimal treatment regimens, including reperfusion 
strategies, across different age groups.

This study has limitations. First, KID consists of 
inpatient hospitalisations only, and no data on out
patient management of acute pulmonary embolism were 
available. Nonetheless, we do not expect that direct 
discharge is routinely adopted after pulmonary embolism 
diagnosis in this patient group. Second, proportionate 
mortality was calculated using data on deaths from KID 
as the numerator and data from the MCOD database as 
the denominator. Therefore, the proportionate mortality 
rate only represents the rate of deaths among hospitalised 
patients with pulmonary embolism. If out-of-hospital 
pulmonary embolism-related deaths were diagnosed and 
included, we would expect the proportionate mortality 
rate to be higher. Third, the study is based on 
ICD-10 coding of hospital admission data, which could 
have led to the inclusion of prevalent cases; this could 
have led to an underestimation of the case fatality rate 
(assuming that the reported recurrent pulmonary 
embolism events are less severe than the index events) 
and to an overestimation of the prevalence of mild 
chronic comorbidities that contributed to the genesis of 
acute pulmonary embolism. Additionally, pulmonary 
embolism-related deaths are based on the coding of 
death certificates, which are less reliable than autopsy 

Figure 3: Odds ratio for in-hospital death among children and adolescents 
with versus without pulmonary embolism by age (A) and model (B)
The y axis is provided as a logarithmic scale. Data are from the Kids’ Inpatient 
Database. Model 1 is the univariate logistic regression model using data from 
the complete cohort. Model 2 is the multivariable logistic regression model 
adjusted for age and sex using data from the complete cohort. Model 3 is the 
multivariable logistic regression model adjusted for age, sex, sepsis, solid 
tumours, haematological tumours, thrombophilia, metabolic disorders, heart 
failure, cerebrovascular diseases, deep venous thrombosis or other venous 
thrombotic manifestations, respiratory failure, and renal failure using data from 
the complete cohort. Model 4 is the multivariable logistic regression model 
adjusted for age; sex; sepsis; solid tumours; haematological tumours; 
thrombophilia; metabolic disorders; heart failure; cerebrovascular diseases; 
deep venous thrombosis or other venous thrombotic manifestations; respiratory 
failure; renal failure; obesity; pneumonia; acute and subacute endocarditis; 
asthma; malformations; cerebrovascular diseases; epilepsy; malnutrition; 
rheumatological diseases; and injury, poisoning, and some other consequences 
of external causes using data from the complete cohort.
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results, and we could not cross-check whether medication 
use was consistent with a diagnosis of acute pulmonary 
embolism, as this information is not available in KID.

We showed that acute pulmonary embolism is rare 
among children and adolescents, with an incidence rate 
of 3·5 pulmonary embolism-related hospitalisations 
per 100 000 people. The sex-specific differences observed 
for all epidemiological parameters reflected differences 
in the prevalence of severe comorbidities. The high 
pulmonary embolism-related fatality among specific 
subgroups of patients could be explained by severe 
comorbidities and a high proportion of pulmonary 
embolism events with high-risk features.
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