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Pulmonary embolism in children: a French national multicentric 

retrospective cohort study 

 
 

Introduction 

Pulmonary embolism (PE) in children is rare and potentially life-threatening condition, 

potentially under-recognized (1) and for which accurate timely diagnosis is critical. Our 

fragmented knowledge of pediatric PE is intensified by the infrequency of diagnosis of pediatric 

PE, thus limiting a standardized approach for investigation and management strategy.  

The incidence of venous pulmonary thromboembolism (VPT) has been steadily increasing in 

children (2), as a consequence of longer survival of critically ill children with conditions that 

predispose to thromboembolic disease, as well as the increased use of central venous catheters 

(3–5). This can be also attributed to numerous factors including increased awareness and 

recognition, hormonal supplementation in female adolescents and the availability of 

noninvasive diagnostic modalities.  

Previous studies reported an incidence of PE of 8.6–57 in 100,000 in hospitalized children, and 

0.14–0.9 in 100,000 when studying the general population of non-hospitalized children (6–10).  

There appears to be a predilection of pediatric PE in infants and toddlers, with a second peak 

seen in teenagers (8). However, it is likely that these numbers are underestimated as PE can 

frequently be clinically silent or present with symptoms that can be explained by concurrent 

underlying diseases. This is corroborated by autopsy data, which shows discordant rates of PE 

based on clinical suspicion (11).   

Adult guidelines are often used to treat children (12–16), but the underlying causes of PE may 

be very different in pediatric patients when compared with adults, as well as they are with 

venous thromboembolism (VTE). Few data exist specifically regarding the epidemiology and 

outcomes of PE in children or to guide treatment (17).  

A high clinical index of suspicion is warranted (18) as PE often goes unrecognized among 

children leading to misdiagnosis and potentially increased morbidity and mortality (19).  

We aimed to report the clinical presentation, diagnosis delay, underlying pathologies and risk 

factors, treatment regimens and outcomes of children with PE according to severity.  
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Methods 

Study design and participants 

We conducted a national retrospective study of children with pulmonary embolism followed 

between Jan 1, 2010 and Sep 1, 2020, in the “RespiRare” French national pediatric network 

for rare lung diseases. We obtained approval of the Institutional Review Board of the French 

learned society for respiratory medicine – “Société de Pneumologie de Langue Française”.  

Responses were received regarding 13 centers and concerning 345 patients. Some collaborators 

declined to participate due to difficulty accessing patient’s medical information, lack of 

collaborator time, and limited pulmonary data available for survey completion. 

Children with pulmonary embolism were identified through hospital records and discharge 

diagnostic codes. We included children aged 0-18 years with pulmonary embolism confirmed 

by imaging. Exclusion criteria were cases where information obtained was very incomplete, 

cases without radiological pulmonary embolism confirmation and cases with non-

thromboembolic pulmonary embolism (eg, tumour thrombus or septic embolic). 

 

Procedures 

Patients’ charts were retrieved by one of the investigators at each site. Demographic data, 

clinical features at presentation, diagnostic studies, treatment modalities, and follow-up data 

were collected using a detailed questionnaire (attachment) then extracted and placed into a joint, 

anonymized Microsoft 365 Excel database. The Excel database was password protected and 

stored in a secure network.  

Pulmonary embolism was classified as massive, submassive or non-massive. In brief, massive 

pulmonary embolism was characterized by hemodynamic instability, whereas submassive 

pulmonary embolism required the presence of right ventricular dysfunction (right ventricular 

hypokinesia or tricuspid insufficiency or positive cardiac markers) without hemodynamic 

instability. Positive cardiac markers were defined by new elevation of pro-brain natriuretic 

peptide(pBNP), N-terminal pBNP (NT-pBNP) or troponins. Other pulmonary embolisms are 

defined as non-massive.   

We also collected data on laboratory results within the pulmonary embolism being diagnosed 

focusing on cardiac biomarkers level, on baseline echocardiograms, on electrocardiograms and 

on thrombophilia workup results. Thrombophilia testing was done at diagnosis or during 

clinical follow-up at the discretion of the treating physician.  
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Outcomes 

Our primary outcome was the diagnostic delay between the first symptoms onset and the 

diagnosis of pulmonary embolism made by computed tomography pulmonary angiogram 

(CTPA), cardiac catheterization, echocardiography or scintigraphy. Secondary outcomes were 

recovery, 30-day mortality and recurrence. 

Recovery has been pronounced by a physician who, during follow-up has estimated on the basis 

of clinical data alone or combined with imaging findings that the pathology was cured and that 

treatment could be stopped.  

Recurrence referred to a radiologically proven pulmonary embolism (whether a non-contiguous 

new thrombus or a contiguous progression of a previously defined thrombus).  

 

Statistical analysis  

We described the study cohort using absolute counts (%) and medians (IQRs). We compared 

characteristics patients with massive, submassive and non-massive pulmonary embolism using 

chi2 Fisher’s exact test as appropriate.  

We used univariable logistic regression to explore predictors of diagnostic delay by calculating 

the odds ratio (OR; 95% CI). We used also univariable logistic regression to explore predictors 

of recovery, 30-day mortality and recurrence (OR; 95% CI). 

Potential predictors included age at pulmonary embolism diagnosis, sex, severity, intensive care 

unit (ICU) stay, venous thromboembolism (VTE) history, symptoms, extent, imaging findings 

and characteristics, cardiac evaluation, underlying pathologies, risk factors and treatment 

modalities.  

We have chosen to make a distinction between underlying pathologies and risk factors. 

Underlying pathologies are pathologies that could lead and reveal pulmonary embolism 

included: inherited and acquired cardiopathy, vascular malformation, acute respiratory distress 

syndrome (ARDS), chronic respiratory failure, systemic infection, endocarditis, COVID-19, 

malignancy, connectivitis or vasculitis, sickle cell disease, thalassemia, thrombophilia (with 

inherited thrombophilia and antiphospholipid antibodies), disseminated intravascular 

coagulation (DIC), inflammatory bowel disease (IBD), cushing’s syndrome, hyperlipidemia, 

diabetes, nephrotic syndrome, overweight/obesity or others (including all rare syndromes and 

other pathologies that can lead to thromboembolism). Overweight was defined as body-mass 

index greater than the 95th percentile for age or equal to or greater than 25kg/m².  
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Risk factors are factors from the three broad categories of Virchow’s triad contributing to 

thrombosis (hypercoagulability, stasis of blood flow or endothelial injury) included: recent 

surgery, trauma, oral contraceptive pill, presence of central venous catheter, parenteral 

nutrition, prothrombotic medications, recent transfusion, immobilization, long traveling and 

paresis or paralysis of a limb.  Surgery and immobilization were considered to be risk factors if 

they occurred within 30 days of pulmonary embolism.  

 

 

Results 

All population  

 

Demographics 

Discharge diagnostic codes were identified for a total of 345 patients. We excluded 125 patients 

(17 because medical record wasn’t available, 21 because of lack of sufficient data, 2 because 

age was upper than 18 years, 70 because pulmonary embolism was not proven with 10 

diagnoses of septic embolism, 3 because patient was unique but followed between 2 centers 

and 12 because there were out the study period) (figure 1).  

A total of 220 patients were reviewed after survey results (table.1): 115 female (52%) and 105 

male (48%) with a female to male ratio of: 1.09:1. The median age at diagnosis was 15 years 

(Q1: 11 years and Q3: 16 years). The median diagnostic delay was 3 days (Q1: 0 day and Q3: 

7 days). The median length of hospital stay with an episode of pulmonary embolism was 14 

days (Q1: 8 days and Q3: 30.5 days).  

About 55% of patients were admitted in an intensive care unit during their hospitalization.  
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Figure 1: Flow chart of included patients  

PE=pulmonary embolism 

 

 

VTE history 

A personal VTE history was observed for 20 patients (9 %) and a positive family history was 

observed for 44 patients (20 %).  

 

Clinical manifestations 

Among the clinical characteristics of included patients, the most common symptoms at 

presentation were tachycardia (39%), dyspnea (38%) and chest pain (35%).   

Cardiac arrest was observed for 9 patients (4%) and 25 patients (12%) were in shock. 
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Underlying pathologies and Risk-factors 

170 patients (77%) presented at least one underlying pathology at risk of pulmonary embolism.  

The most common underlying pathologies were malignancy (20%), systemic infection (11%) 

and inherited cardiopathy (10.5%).  

50 patients (23%) had none underlying pathology, 105 patients (48%) only one underlying 

pathology and 65 patients (29%) had at least two or more underlying pathologies. Some patients 

could have until 5 underlying pathologies.  

For 42 patients (19%), at least one underlying pathology was unknown before the diagnosis of 

pulmonary embolism (one pathology for 37 and two for 5 patients). The most unknown 

underlying pathologies were thrombophilia in 21 patients (12 patients with inherited 

thrombophilia and 9 patients with antiphospholipid antibodies), autoinflammatory diseases in 

7 patients (with 5 patients with connectivitis and 2 with vasculitis), malignancy in 5 patients 

and vascular malformation in 4 patients (figure 2). Other unknown underlying pathologies at 

diagnosis were inherited cardiopathies (3), systemic infections (3), hyperlipidemia (1), diabetes 

(1) and nephrotic syndrome (2).  27 of these 42 patients had another underlying pathology or 

risk factor. 

148 patients (83%) had at least one risk-factor. The most common risk factors were presence 

of a central venous catheter (26%), contraception (26%) and recent surgery (19%). 

72 patients (33%) had none risk factor, 80 patients (36%) had only one risk factor and 68 

patients (31%) had at least two risk factors or more. Some patients could have until 5 risk 

factors. 

If we combine underlying pathologies and risk-factors only 14 (6%) patients had no underlying 

pathologies and no risk-factor. Some patients could have until 8 underlying pathologies and 

risk-factors. 
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ARDS= acute respiratory distress syndrome, CRF= chronic respiratory failure, DIC= 

disseminated intravascular coagulation, IBD= inflammatory bowel disease.  

Figure 2: Distribution of known and unknow underlying pathologies at diagnosis of 

pulmonary embolism. 
 

 

Imaging findings and characteristics 

Chest radiography was performed for 79 patients (54%) and was abnormal for 47 patients 

(59%). The most common finding when chest radiography was abnormal was pleural effusion 

(60 %). Other findings include pulmonary infarction (6%), hemidiaphragm elevation (4%) and 

atelectasis (2%). 

Patients were diagnosed by use of CT pulmonary angiography in most cases (92%) followed 

by echocardiograms or cardiac catheterizations. 22 patients (11%) were diagnosed after the 

need of a second CT pulmonary angiography. 

Lung scintigraphy was performed for 18 patients and pulmonary embolism was detected for 16 

patients (89%) when CT pulmonary angiography failed to detect or were not recommended.    

Anatomical location of the pulmonary embolism was available in 202 patients. 107 of 

pulmonary embolisms were lobar (53%), 83 were segmental (41%) and 52 were subsegmental 
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(26%). Additionally, 103 (50%) pulmonary embolisms were bilateral at presentation. 

Pulmonary infarct occurred for 50 patients (24%).  

Complete venous ultrasound was performed for 146 patients, 82 patients (56%) had an 

associated venous thromboembolism.  

 

Cardiac evaluation  

Electrocardiogram was available for 121 patients (55%) and was normal only for 52 patients 

(43%). Among the ECG findings, the most common was sinus tachycardia (55%), “S1Q3” 

pattern and right bundle branch block (39% for each respectively). Other findings include 

inverted T waves in anterior leads (19%) and right axis deviation (14%).   

Baseline echocardiography was available for 160 patients (73%). 77 patients (48%) had 

abnormal echocardiography. Among the abnormal echocardiographic findings, the most 

common signs were right heart dilatation (48%), pulmonary hypertension (47%) and a 

visualized thrombus (31%). Other findings include paradoxical septal motion (27%), right 

ventricular dysfunction (14%), tricuspid regurgitation (10%), dilated IVC with no significant 

change in diameter (5%) and vegetation (4%). 

 

Therapy 

Most patients (93%) were treated with heparin therapy using unfractionated heparin (45%) or 

low-molecular-weight heparin (78%), or both (27%). Completion of initial and long-term 

anticoagulation consisted of low-molecular-weight heparin or vitamin K antagonists (58%) or 

direct oral anticoagulants (16%).  

Thrombolytic therapy was required for 18 patients (8%) and thrombectomy was performed for 

14 patients (6%). Vena cava filters were posed for 4 patients (2%).  

 

Follow-up  

The median follow-up period was 18 months (Q1:7 months and Q3: 50.5 months). Recovery 

occurred for 165 patients (86% of patients with data available). Most of the time, recovery was 

assessed on absence of clinical symptoms (62%) or with control imaging for the others (CT 

pulmonary angiography, scintigraphy, echocardiography or venous ultrasonography).   

Pulmonary embolism led to chronic pulmonary hypertension for 3 patients (2%). Recurrence 

was observed for 16 patients (9%) with recurrence under anticoagulation for 9 patients (56%).  

Unfortunately, death occurred for 20 patients (10% of patients with data available) with in most 

cases because of the consequences of the severe pulmonary embolism. 
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Group comparison according to pulmonary embolism severity 

162 (75%) of 220 patients were classified as having non-massive pulmonary embolism, 27 

(12%) as having submassive pulmonary embolism and 29 (13%) as having massive pulmonary 

embolism. Recovery occurred for 92% patients of non-massive, 90% of submassive and only 

57% of massive pulmonary embolism (p=<0.0001). 

ICU stay was more frequent for patients with massive pulmonary embolism than other groups 

(100% of massive PE vs 77% for submasive and vs 43% for non-massive, p<0.0001). Patients 

with massive pulmonary embolism have more tachypnea than other groups (38% of massive 

PE vs 19% for submassive and vs 9% for non-massive, p=0.0010). Systemic infections were 

more common among patients with massive pulmonary embolism than other groups (21% of 

massive PE vs 0% for submassive and vs 11% for non-massive p=0.032).  Trauma were more 

frequent in the group of massive pulmonary embolism (18% of massive PE vs 4% for 

submassive and vs 4% for non-massive p=0.0392). Recent surgery was also more frequent in 

the group of massive pulmonary embolism (32% of massive PE vs 4% for submassive and vs 

20% for non-massive p=0.0242). Transfusions were significantly more found in the massive 

pulmonary embolism group (29% of massive PE vs 0% for submassive and vs 9% for non-

massive p=0.0017).  

Median of follow-up was shorter for patients with massive pulmonary embolism than for 

patients with non-massive or submassive pulmonary embolism (3 months vs 20 months and vs 

24.5 respectively, p<0.0001).  

 

Patients with submassive pulmonary embolism have more chest pain than other groups (61% 

for submassive vs 32% of non-massive PE and 24% for massive p=0.0078). Dyspnea is more 

frequent in the submassive EP group than the others (61% for submassive vs 34% of non-

massive PE and vs 40% for massive p=0.0281).  

Oral contraceptive pills were significantly more common among patients with submassive 

pulmonary embolism (50% for submassive vs 26% of non-massive PE and vs 0% for massive 

p=0.0012).  

Vitamin K antagonists were more used in the submassive group (73%) than the non-massive 

group (59%) or than the massive group (38%) (p=0.0260).  
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 All 

(n=220) 

NMPE 

(n=162) 

SMPE 

(n=26) 

MPE 

(n=29) 

p value 

Female sex 115 (52%) 78 (48%) 18 (69%) 18 (62%) 0.0738 

Age, years (median [IQR]) 15 (11-16) 15 (11-16) 15.5 (13.2-16) 14 (2-15) 0.051 

Diagnostic delay, days 

(median [IQR]) 

3 (0-7) 3 (0-7) 2 (1-12) 1 (0-3.8) 0.122 

Length of hospital stay, 

days (median [IQR])  

14 (8-30.5) 14 (8-31) 11 (7.5-14) 23 (8-52.5) 0.068 

ICU stay 118 (55%) 69 (43%) 20 (77%) 27 (100%) <0.0001 

VTE history  

  P VTE 

  F VTE 

 

20 (9%) 

44 (20%) 

 

17 (10%) 

33 (21%) 

 

3 (11.5%) 

8 (31%) 

 

0 (0%) 

2 (7%) 

 

0.1802 

0.0908 

Symptoms at presentation 

  Fever 

  Tachycardia 

  Chest pain  

  Dyspnea 

  Polypnea 

  Tachypnea 

  Cyanosis 

  Pleuritic pain 

  Hemoptysis 

 

59 (27%)  

80 (39%) 

73 (35%) 

79 (38%) 

37 (18%) 

28 (13%) 

18 (8%) 

24 (12%) 

7 (3%) 

 

45 (28%) 

50 (32%) 

52 (32%) 

55 (34%) 

27 (17%) 

15 (9%) 

11 (7%) 

22 (14%) 

7 (4%) 

 

9 (35%) 

19 (73%) 

16 (61%) 

16 (61%) 

2 (8%) 

5 (19%) 

2 (8%) 

2 (8%) 

0 (0%) 

 

5 (18%) 

11 (50%) 

5 (24%) 

8 (40%) 

8 (40%) 

8 (38%) 

5 (18%) 

0 (0%) 

0 (0%) 

 

0.4146 

0.0002 

0.0078 

0.0281 

0.0203/ 

0.0010 

0.1182/ 

0.1861/ 

0.8167 

Imaging 

  Normal chest radiography 

  CT Pulmonary angiography 

  CTPA > 1 

  Pulmonary infarction 

  DVT associated  
  Scintigraphy 

 

32 (40%) 

202 (92%) 

22 (11%) 

50 (24%) 

82 (56%) 

18 (8%) 

 

25 (42%) 

152 (94%) 

20 (13%) 

41 (26%) 

62 (55%) 

16 (10%) 

 

4 (40%) 

24 (92%) 

0 (0%) 

5 (20%) 

12 (60%) 

1 (4%) 

 

3 (33%) 

24 (83%) 

1 (4%) 

3 (12.5%) 

7 (64%) 

0 (0%) 

 

0.9274/ 

0.1240 

0.0651/ 

0.3357/ 

0.2020 

0.1641/ 

PE location  

  Bilateral 

  Lobar  

  Segmental  

  Subsegmental 

 

103 (50%) 

107 (53%) 

83 (41%) 

52 (26%) 

 

71 (46%) 

71 (47%) 

64 (42%) 

42 (28%) 

 

18 (75%) 

20 (83%) 

11 (46%) 

4 (17%) 

 

13 (54%) 

15 (62%) 

7 (29%) 

5 (21%) 

 

0.0266 

0.0023 

0.4279 

0.5125/ 

Cardiac evaluation 

  Normal ECG  

 

52 (43%) 

 

44 (48%) 

 

6 (29%) 

 

2 (29%) 

 

0.2132 

Underlying pathologies 

  Cardiopathy inherited 

  Vascular malformation 

  Systemic infection  

  Inflammatory  

  Malignancy 

  Thrombophilia  

  Overweight/Obesity 

  Others 

 

 

23 (10%) 

9 (4%) 

24 (11%) 

10 (5%) 

43 (20%) 

27 (12%) 

22 (10%) 

78 (36%) 

 

18 (11%) 

6 (4%) 

18 (11%) 

9 (6%) 

37 (23%) 

21 (13%) 

17 (11%) 

51 (32%) 

 

0 (0%) 

2 (8%) 

0 (0%) 

0 (0%) 

3 (11%) 

4 (15%) 

5 (19%) 

9 (35%) 

 

5 (17%) 

1 (4%) 

6 (21%) 

0 (0%) 

3 (11%) 

1 (4%) 

0 (0%) 

18 (64%) 

 

0.0855/ 

0.5278/ 

0.032/ 

0.3578/ 

0.2085/ 

0.3370/ 

0.0411/ 

0.0041 
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 All 

(n=220) 

NMPE 

(n=162) 

SMPE 

(n=26) 

MPE 

(n=29) 

p value 

Unknown underlying 

pathologies at diagnosis 

42 (19%) 31 (19%) 5 (19%) 5 (18%) 0.9796 

 

Nb. of underlying 

pathologies 

  0 

  1 

  >=2 

 

 

 

50 (23%) 

105 (48%) 

65 (29%) 

 

 

 

37 (23%) 

73 (45%) 

52 (32%) 

 

 

 

7 (27%) 

15 (58%) 

4 (15%) 

 

 

 

5 (17%) 

15 (52%) 

9 (31%) 

 

 

0.4533/ 

 

 

Risk factors 

  Contraceptive pill  

  Prothrombotic medications 

  Transfusion  

  Central venous catheter 

  Recent surgery 

  Trauma  

  Immobilization 

  Others 

 

 

30 (26%) 

34 (16%) 

22 (10%) 

56 (26%) 

42 (19%) 

14 (6.5%) 

35 (16%) 

16 (7%) 

 

 

20 (26%) 

25 (15%) 

14 (9%) 

45 (28%) 

32 (20%) 

7 (4%) 

22 (14%) 

14 (9%) 

 

 

9 (50%) 

5 (19%) 

0 (0%) 

2 (8%) 

1 (4%) 

1 (4%) 

5 (19%) 

1 (4%) 

 

 

0 (0%) 

3 (11%) 

8 (29%) 

7 (25%) 

9 (32%) 

5 (18%) 

7 (25%) 

1 (4%) 

 

 

0.0012/ 

0.6963 

0.0017/ 

0.0752/ 

0.0242/ 

0.0392/ 

0.2778 

0.7486 

 

Nb. of risk factors 

  0 

  1 

  >=2 

 

 

72 (33%) 

80 (36%) 

68 (31%) 

 

 

53 (33%) 

60 (37%) 

49 (30%) 

 

 

8 (31%) 

13 (50%) 

5 (19%) 

 

 

11 (38%) 

6 (21%) 

12 (41%) 

 

 

0.2166 

 

 

>=1 Underlying 

pathologies or risk factor  

 

197 (96%) 

 

144 (97%) 

 

24 (92%) 

 

26 (96%) 

 

0.5770 

 

Nb. of underlying 

pathologies or risk factor 

  0 

  1 

  >=2 

 

 

 

14 (6%) 

65 (29%) 

141 (64%) 

 

 

 

10 (6%) 

49 (30%) 

103 (64%) 

 

 

 

2 (8%) 

8 (31%) 

16 (61%) 

 

 

 

2 (7%) 

8 (28%) 

19 (65%) 

 

 

0.9910/ 

 

 

 

Treatment modalities 

  Heparin therapy  

  Vitamin K antagonists  

  DOA 

  Aggressive treatment 

 

 

201 (93%) 

125 (58%) 

36 (16%) 

28 (13%) 

 

 

149 (93%) 

94 (60%) 

27 (17%) 

17 (11%) 

 

 

26 (100%) 

19 (73%) 

7 (27%) 

5 (19%) 

 

 

23 (85%) 

11 (38%) 

1 (4%) 

6 (21%) 

 

 

0.1071 

0.0260 

0.0526/ 

0.1800 

 

Follow-up, months 

(median [IQR]) 

 

18 (7-50.5) 

 

24.5 (8.2-61.8) 

 

20 (12.5-35)  

 

3 (0-11) 

 

< 0.0001/ 

Data are n (%), except for p values unless otherwise indicated. NMPE=non-massive 

pulmonary embolism. MPE =massive PE. SMPE=submassive PE. PE =pulmonary embolism. 

VTE= venous thromboembolism. P=personal. F=familial. CTPA=computed tomography 

pulmonary angiography. DVT=deep vein thrombosis. DOA=direct oral anticoagulants. 

/ Fisher test.  
 

Table 1: Group comparison according to pulmonary embolism severity 
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Outcomes 

Diagnostic delay 

With a median diagnostic delay of 3 days in our cohort we have chosen to search predictors of 

short delay defined with a diagnostic delay <3 days. In univariable logistic regression (table.2) 

asthenia (OR 2.9, 95% CI 1.3-7), cough (OR 2.7, 95% CI 1.1-8), thrombophilia (OR 4.2, 95% 

CI 1.6-13.3) and oral contraceptive pills (OR 6.4, 95% CI 2.3-21) are associated with diagnostic 

delay <3 days.  Patients who report a new pathology associated with pulmonary embolism that 

was previously unknown are diagnosed also more quickly (OR 6.1, 95 % CI 2.7-15.9 with p= 

0.0001).   

 OR (95% CI) p value 

Univariable regression   

Age at diagnosis (years) 

Sex, female vs male 

Severity, MPE vs SMPE or NMPE 

ICU stay 

P VTE  

F VTE 

Tachycardia 

Asthenia 

Cough  

Pulmonary infarction 

DVT associated 

“S1Q3” pattern 

Right heart thrombus 

Pulmonary hypertension 

Malignancy 

Inherited cardiopathy 

Thrombophilia 

Unknown underlying pathologies at diagnosis 

Nb. of underlying pathologies 

Oral contraceptive pills 

Nb. of risk factors 

>=1 Underlying pathologies or risk factor 

Nb. of underlying pathologies or risk factor 

1 (1-1.1) 

0.9 (0.5-1.7) 

0.6 (0.2-1.3) 

1 (0.6-1.9) 

1.3 (0.5-3.7) 

1.4 (0.7-2.8) 

1.2 (0.6-2.1) 

2.9 (1.3-7) 

2.7 (1.1-8) 

1.5 (0.8-3) 

1.7 (0.8-3.4) 

0.8 (0.3-2) 

0.9 (0.3-2.3) 

0.8 (0.3-1.7) 

0.5 (0.2-1) 

0.8 (0.3-2) 

4.2 (1.6-13.3) 

6.1 (2.7-15.9) 

0.8 (0.4-1.6) 

6.4 (2.3-21) 

0.8 (0.4-1.6) 

0.3 (0-1.3) 

0.7 (0.2-2.3) 

0.2245 

0.8132 

0.1796 

0.8986 

0.6488 

0.3721 

0.6023 

0.012 

0.0483 

0.2343 

0.164 

0.6571 

0.813 

0.4882 

0.0662 

0.5844 

0.006 

0.0001 

0.5093 

0.0007 

0.5884 

0.1466 

0.5916 

OR =odds ratio. NMPE=non-massive pulmonary embolism. MPE =massive PE. SMPE=submassive 

PE. PE =pulmonary embolism.  ICU= Intensive Care Unit. P =personal. VTE= venous 

thromboembolism F= familial. DVT=deep vein thrombosis. 

Table 2: Predictors of diagnostic delay <3days  
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Recovery 

In univariable logistic regression (table.3) older age (OR 1.1, 95% CI ]1-1.2) and segmental PE 

(OR 6.8, 95% CI 1.9-43.6) are associated with recovery. On the other hand, severity with MPE 

vs SMPE or NMPE (OR 0.1, 95% CI 0-0.3), presence of cyanosis (OR 0.3, 95% CI 0.1-0.8), 

lobar PE (OR 0.2, 95% CI 0-0.5), right heart thrombus in echocardiography (OR 0.2, 95% CI 

0.1-0.7) and inherited cardiopathy (OR 0.2, 95% CI 0.1-0.5) are associated with the absence of 

recovery during the follow-up period.  

 

 OR (95% CI) p value 

Univariable regression   

Age at diagnosis (years) 

Sex, female vs male 

Severity, MPE vs SMPE or NMPE 

Diagnostic delay >= 3days 

ICU stay 

Cyanosis 

Bilateral 

Lobar PE 

Segmental PE 

Pulmonary infarction 

DVT associated 

Right heart thrombus 

Pulmonary hypertension 

Inherited cardiopathy 

Unknown underlying pathologies at diagnosis 

Nb. of underlying pathologies 

Nb. of risk factors 

>=1 Underlying pathologies or risk factor 

Nb. of underlying pathologies or risk factor 

1.1 ]1-1.2) 

0.8 (0.4-1.9) 

0.1 (0-0.3) 

1.3 (0.5-3.1) 

0.4 (0.2-1) 

0.3 (0.1-0.8) 

0.6 (0.2-1.5) 

0.2 (0-0.5) 

6.8 (1.9-43.6) 

0.6 (0.2-1.8) 

0.4 (0.1-1.6) 

0.2 (0.1-1.7) 

0.5 (0.2-1.3) 

0.2 (0.1-0.5) 

0.8 (0.3-2.7) 

0.4 (0.1-1.2) 

0.9 (0.3-2.4) 

1.2 (0.1-8.1) 

0.5 (0-3) 

0.0281 

0.6525 

< 0.0001 

0.5899 

0.063 

0.0182 

0.2831 

0.0065 

0.0121 

0.3599 

0.222 

0.0101 

0.133 

0.0013 

0.7405 

0.1286 

0.7974 

0.8464 

0.5071 

OR =odds ratio. NMPE=non-massive pulmonary embolism. MPE =massive PE. 

SMPE=submassive PE. PE =pulmonary embolism.  ICU= Intensive Care Unit. P =personal. 

VTE= venous thromboembolism F= familial. DVT=deep vein thrombosis. 

Table 3: Predictors of recovery 
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30-day mortality 

In univariable logistic regression (table.4), severity with MPE vs SMPE or NMPE (OR 26.7, 

95% CI 8.8-94.2), cyanosis (OR 5.1, 95% CI 1.4-16.5), tachypnea (OR 4.8, 95% CI 1.3-15.6), 

right heart thrombus in echocardiography (OR 8.2, 95% CI 2.6-26.4), “S1Q3” pattern on ECG 

(OR 6.7, 95% CI ]1-53.8) were associated with 30-day mortality. Aggressive treatment and stay 

in intensive care unit are also associated with 30-day mortality (OR 3.5, 95% CI 1.1-10.1 and 

OR 7.1, 95% CI 1.9-46.1 respectively).  30-day mortality is also more frequent at younger age 

(OR for age at diagnosis is 0.8, 95% CI 0.8-0.9). 

 OR (95% CI) p value 

Univariable regression   

Age at diagnosis (years) 

Sex, female vs male 

Severity, MPE vs SMPE or NMPE 

Diagnostic delay >= 3days 

ICU stay 

Cyanosis 

Tachypnea 

Bilateral 

Lobar 

Segmental PE 

Pulmonary infarction 

DVT associated 

“S1Q3” pattern 

Right heart thrombus 

Pulmonary hypertension 

Inherited cardiopathy 

Unknown underlying pathologies at diagnosis 

Nb. of underlying pathologies 

Nb. of risk factors 

>=1 Underlying pathologies or risk factor 

Nb. of underlying pathologies or risk factor 

Aggressive treatment  

0.8 (0.8-0.9) 

2.9 (1-9.4) 

26.7 (8.8-94.2) 

1 (0.4-2.8) 

7.1 (1.9-46.1) 

5.1 (1.4-16.5) 

4.8 (1.3-15.6) 

2.3 (0.7-8.8) 

3.4 (1-15.5) 

0.1 (0-0.6) 

0.8 (0.2-2.6) 

3 (0.4-59.7) 

6.7 ]1-53.8) 

8.2 (2.6-26.4) 

2.2 (0.7-6.7) 

3.3 (0.8-19.7) 

1.4 (0.4-4.3) 

2.6 (0.6-17.3) 

0.8 (0.2-2.7) 

0.4 (0.1-8.7) 

1.4 (0.2-27.9) 

3.5 (1.1-10.1) 

0.0002 

0.052 

< 0.0001 

0.9973 

0.0104 

0.0077 

0.0115 

0.1786 

0.0726 

0.0439 

0.673 

0.3327 

0.0469 

0.0003 

0.1543 

0.1497 

0.5807 

0.2384 

0.7091 

0.4655 

0.7693 

0.0246 

OR =odds ratio. NMPE=non-massive pulmonary embolism. MPE =massive PE. SMPE=submassive 

PE. PE =pulmonary embolism.  ICU= Intensive Care Unit. P =personal. VTE= venous 

thromboembolism F= familial. DVT=deep vein thrombosis. 

Table 4: Predictors of 30-day mortality 
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Recurrence 

In univariable logistic regression (table. 5), personal VTE history (OR 4.4, 95% CI 1.1-14.9), 

cough (OR 5, 95% CI 1.4-16.5) and inflammatory diseases (OR 7.4, 95% CI 1.4-34) are 

associated with recurrence.  

 

 OR (95% CI) p value 

Univariable regression   

Age at diagnosis (years) 

Sex, female vs male 

Diagnostic delay >= 3days 

ICU stay 

P VTE  

F VTE 

Cough 

Bilateral 

DVT associated 

Right heart thrombus 

Pulmonary hypertension 

Inherited cardiopathy 

Vascular malformation 

Inflammatory 

Unknown underlying pathologies at diagnosis 

Nb. of underlying pathologies 

Nb. of risk factors 

>=1 Underlying pathologies or risk factor 

Aggressive treatment  

1 (0.9-1.2) 

0.6 (0.2-1.7) 

3.6 (1.1-16.7) 

1 (0.3-2.8) 

4.4 (1.1-14.9) 

0.9 (0.2-3) 

5 (1.4-16.5) 

1.7 (0.6-5.2) 

0.9 (0.3-3.3) 

2 (0.3-9) 

1 (0.1-4.3) 

0.5 (0-2.8) 

1.8 (0.1-11.5) 

7.4 (1.4-34) 

1.8 (0.5-5.6) 

3.6 (0.6-68.2) 

1.3 (0.4-5.4) 

0.4 (0-7.3) 

0.4 (0-2.1) 

0.7339 

0.332 

0.058 

0.9281 

0.0236 

0.8784 

0.0088 

0.347 

0.8816 

0.4178 

1 

0.5452 

0.6014 

0.0106 

0.348 

0.2396 

0.6756 

0.377 

0.3783 

OR =odds ratio.  ICU= Intensive Care Unit. P =personal. VTE= venous thromboembolism. 

DVT=deep vein thrombosis. 

Table 5: Predictors of recurrence 
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Multivariable regression 

We used multivariable logistic regression to explore predictors of the different outcomes, by 

calculating the odds ratio (table.6). We have built 2 models of association. Model 1 has potential 

predictors included sex, severity, right heart thrombus visualized, pulmonary hypertension on 

echocardiography at diagnosis, discover of at least one unknown underlying pathology, 

presence of underlying pathology, presence of risk factor and if achievable diagnostic delay 

shorter than 3 days.  Model 2 has the same potential predictors as Model 1 but is focused on the 

potential impact of cumulative underlying pathologies or risk factors with predictors included 

underlying pathologies =1 or >= 2 vs 0 and risk factors =1 or >=2 vs 0. 

In Model 1 and 2, only presence of at least one unknown underlying pathology remained 

associated with shorter diagnostic (OR 7.8, 95% CI 2.2-28 and OR 7.5, 95% CI 2.4-23 

respectively).  

Non-massive pulmonary embolism remained associated with higher recovery with the 2 models 

(OR 0.03, 95% CI 0-0.2 and 0.01, 95% CI 0.01-0.1 respectively, OR is calculated with massive 

pulmonary embolism vs submassive or non-massive pulmonary embolism). Females have also 

higher chance of recovery in Model 2 (OR 5.3, 95% CI 1.02-28).  

30-day mortality is higher with highest severity for both models (OR 58.7, 95% CI 6.5-527 and 

OR 2094, 95% CI 24-183400). Right heart thrombus visualized is associated with higher 30-

day mortality in Model 1 (OR 10.2, 95% CI 1.4-76). There is a cumulative impact of underlying 

pathologies in Model 2 where they remained associated with higher 30-day mortality (OR 39 

when underlying pathologies =1, 95% CI 1.2-1013 and OR 98 when underlying pathologies 

>=2, 95% CI 1.6-6056).  

There was no significative association between recurrence and our potential predictors from 

both models.  
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 Diagnostic delay  

< 3 days 

Recovery 30-day mortality Recurrence 

Multivariable regression OR 

(95% CI) 

p 

value 

OR 

(95% CI) 

p 

value 

OR 

(95% CI) 

p 

value 

OR 

(95% CI) 

p 

value 

Model 1     

Sex, female vs male 

 

Severity, MPE vs SMPE or 

NMPE 

 

Right heart thrombus 

 

Pulmonary hypertension 

 

Unknown underlying 

pathologies at diagnosis 

 

Presence of underlying 

pathologies 

 

Presence of risk factors 

 

Diagnostic delay < 3 days 

  

0.8 (0.3-2) 

 

0.4 (0.1-1.4) 

 

 

0.7 (0.2-2.3) 

 

0.8 (0.3-2.1) 

 

7.8 (2.2-28) 

 

 

0.6 (0.2-1.5) 

 

 

0.9 (0.3-2.6) 

 

NA 

0.649 

 

0.171 

 

 

0.594 

 

0.623 

 

0.002 

 

 

0.273 

 

 

0.818 

 

NA 

3 (0.6-15.6) 

 

0.03 (0-0.2) 

 

 

0.3 (0.1-1.8) 

 

0.3 (0.1-1.3) 

 

6.4 (0.6-70.3) 

 

 

0.2 (0.03-1.8) 

 

 

0.5 (0.1-4.7) 

 

0.4 (0.1-1.7) 

0.193 

 

<0.001 

 

 

0.203 

 

0.102 

 

0.130 

 

 

0.157 

 

 

0.562 

 

0.190 

1.3 (0.1-12.4) 

 

58.7 (6.5-527) 

 

 

10.2 (1.4-76) 

 

3.6 (0.4-28.3) 

 

0.3 (0.02-5.5) 

 

 

18 (0.7-446) 

 

 

0.9 (0.07-12) 

 

2.1 (0.3-15.6) 

0.844 

 

<0.001 

 

 

0.023 

 

0.226 

 

0.443 

 

 

0.078 

 

 

0.960 

 

0.463 

0.8 (0.1-5) 

 

NA 

 

 

4.5 (0.6-35) 

 

0.7 (0.1-7.5) 

 

2.3 (0.2-24) 

 

 

NA 

 

 

0.7 (0.1-9.8) 

 

1.1 (0.1-3.2) 

0.854 

 

NA 

 

 

0.154 

 

0.771 

 

0.494 

 

 

NA 

 

 

0.789 

 

0.06 

Model 2     

Sex, female vs male 

 

Severity, MPE vs SMPE or 

NMPE 

 

Right heart thrombus 

 

Pulmonary hypertension 

 

Unknown underlying  

pathologies at diagnosis 

 

Underlying pathologies = 1 

 

Underlying pathologies >= 2 

 

Risk factors = 1 

 

Risk factors >= 2 

 
Diagnostic delay < 3 days 

 

0.8 (0.4-1.7) 

 

0.7 (0.2-2) 

 

 

0.6 (0.2-1.8) 

 

0.7 (0.3-1.8) 

 

7.5 (2.4-23) 

 

 

0.7 (0.3-1.8) 

 

1.3 (0.5-4) 

 

1.3 (0.5-3.5) 

 

0.7 (0.3-1.8) 

 

NA 

0.595 

 

0.483 

 

 

0.363 

 

0.521 

 

0.001 

 

 

0.474 

 

0.584 

 

0.659 

 

0.463 

 

NA 

 

5.3 (1.02-28) 

 

0.01 (0.01-0.1) 

 

 

0.5 (0.1-2.7) 

 

0.4 (0.1-2) 

 

6.3 (0.8-49.7) 

 

 

0.2 (0.02-1.5) 

 

0.1 (0.01-1.4) 

 

0.3 (0.05-2) 

 

1.2 (0.2-6.2) 

 

0.5 (0.1-2) 

 

0.048 

 

<0.001 

 

 

0.434 

 

0.280 

 

0.079 

 

 

0.117 

 

0.092 

 

0.231 

 

0.827 

 

0.296 

0.3 (0.02-3.5) 

 

2094  

(24-183400) 

 

4.6 (0.5-39) 

 

0.9 (0.1-10.3) 

 

0.3 (0.02-3.4) 

 

 

39 (1.2-1013) 

 

98 (1.6-6056) 

 

13.5 (0.4-439) 

 

0.1 (0.01-2.4) 

 

3.1 (0.3-27) 

 

0.333 

 

0.001 

 

 

0.158 

 

0.973 

 

0.312 

 

 

0.041 

 

0.029 

 

0.143 

 

0.183 

 

0.312 

1.2 (0.2-5.8) 

 

NA 

 

 

4.2 (0.5-34) 

 

2.2 (0.3-15) 

 

1.3 (0.2-9.5) 

 

 

7.9.10^6 

 

1.4.10^7 

 

0.4 (0.04-4) 

 

1 (0.1-6.3) 

 

1.2 (0.2-7) 

 

0.812 

 

NA 

 

 

0.173 

 

0.420 

 

0.774 

 

 

0.995 

 

0.995 

 

0.459 

 

0.978 

 

0.827 

OR =odds ratio. MPE =massive PE. SMPE=submassive PE. NMPE=non-massive pulmonary embolism. PE =pulmonary 

embolism.   

Table 6: Multivariable regression to explore predictors of different outcomes  
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Discussion 

Our cohort with 220 cases of pediatric pulmonary embolism from 13 centers (7 tertiaries and 6 

quaternaries with cardiac surgery) from France, diagnosed between 2010 and 2020, is the 

largest pediatric cohort ever reported. The largest cohort to date was published in 2019 

gathering 170 patients mainly included in a Canadian quaternary center on a broader period 

(20).  

In our cohort we described the distribution of known and unknown underlying pathologies 

associated with pulmonary embolism. Massive pulmonary embolism was associated with more 

tachypnea, systemic infections, traumas and recent surgery. Diagnostic delay was shorter when 

associated with unknown underlying pathology at diagnosis, oral contraceptive pills and 

thrombophilia. 30-day mortality is highly associated with severity and with the cumulative 

impact of underlying pathologies. 

In 19% of cases, pulmonary embolism was inaugural of an unknown underlying 

pathology in our pediatric cohort. Most of these unknown pathologies were chronic ones with 

notably thrombophilia, vascular malformations, inflammatory diseases, malignancies and 

cardiopathies. In 64% of these patients with a new underlying pathology diagnosis, other risk 

factors or underlying pathologies have already been identified. This should lead to thoroughly 

investigate underlying pathologies even with obvious risk factors in all pediatric pulmonary 

embolisms with at least thrombophilia testing, complete explorations of venous axis and cardiac 

evaluation. Physician must also eliminate a possible malignancy and inflammatory etiology. A 

complete evaluation of risk factors is also advisable as we can see that patients can cumulate 

underlying pathologies and risk factors. Only 6% of our pediatrics pulmonary embolisms seems 

to be potentially idiopathic (without risk factors or underlying pathologies identified) which is 

aligned with previous reports where idiopathic thrombus occurs in fewer than 4% of children 

with venous thromboembolism including deep venous thrombosis and pulmonary 

embolism(6,18). We found that 56% of our children with pulmonary embolism have concurrent 

deep vein thrombosis which is lower than the 72.1% previously reported (9).  

Almost 14% of patients in our cohort presented with shock or cardiac arrest, echoing 

previous reports (21). Our cohort has less massive pulmonary embolism (13% vs 22%) than 

Pelland-Marcotte’s et al. cohort (20). This can be partly explained by the fact that we had 

probably less data on hypotension with missing values and no age-adjusted blood pressure. 

values integrating therefore probably less patients with potential hypotension. In our cohort, 

unlike their, massive pulmonary embolism was not significantly associated with cardiac 
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condition. This result could be explained by a potential center’s effect, about 83% of their cohort 

were included from a big quaternary referral hospital with cardiac surgery whereas we got 

patients from 13 centers with only 6 quaternaries referrals hospitals. About 19% of their 

population got cardiac condition whereas we got 12% of our population with cardiopathies. 

Systemic infections should be shortly diagnosed and treated immediately as they are the 

underlying pathology that are the most associated with massive pulmonary embolism. Traumas 

and recent surgeries are more risk factors found in this group, confirming that traumatic injuries 

and heavy surgery are states of hypercoagulability and potential endothelial injuries explaining 

the severity of pulmonary embolisms associated. This is resonating with previous reports in 

adults where major trauma and major general surgery are strong provoking factor for venous 

thromboembolism (22). 

Delay of diagnosis is a quite crucial part of this pathology and one of pediatric aspect. 

The often-silent nature of pulmonary embolism in children and the infrequency of diagnosis 

lead to delayed diagnosis. A previous study (23) has shown that in up to 15% of children with 

a finding of pulmonary embolism at autopsy, the diagnosis was not suspected. We have found 

in our cohort a median of delay of diagnosis of 3 days which is shorter than the usual median 

around 7 days described (19). What we can observe is that typical clinical presentation facilitate 

diagnosis for the clinician, with for example thrombophilia or first-time uses of contraceptive 

oral pills. The report of a new pathology is also associated with a shorter delay of diagnosis 

suggesting also that investigations associated with these diagnosis can lead to diagnosis of a 

pulmonary embolism. This result seems to be confirmed with multivariate regression analyses. 

Besides, the cumulative impact of underlying pathologies and risk factors seems to have no 

positive impact on delay of diagnosis.  

 We found that recovery occurs more often with older patients. This result may be 

explained by the fact that pulmonary embolisms that occur in toddlers are more often associated 

with chronic cardiac diseases, which are leading to chronic stasis of blood flow and where 

curative treatment, or surgery is not possible. This explanation is reinforced with the absence 

of recovery of congenital heart diseases found in univariable logistic regression. This pattern 

corresponds to the in situ pulmonary artery thrombosis (ISPAT), as described by Rajpurkar et 

al.(19). Segmental pulmonary embolism seems to lead to better chance of recovery in contrast 

to lobar pulmonary embolism. This result is easily explained by anatomical territory reached. 

These potential predictors will need to be confirmed with multivariable regression analyses. 

Our very first multivariable regression analyses show us that chance of recovery is related to 
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the severity. This confirms that actual classification of severity derived from adults seems to be 

pertinent for children.  

 As expected and well described, death occurs more often with massive pulmonary-

embolism. We found same mortality rates of pulmonary embolism in childhood as reported to 

be around 10% (24). Death is unfortunately more frequent in younger population. Tachypnea 

is a potential clinical predictor of death at 30 days which is coherent with the higher prevalence 

of this symptoms in massive pulmonary embolism. It is interesting to note that cyanosis is also 

a potential predictor of death at 30 days in our cohort independently the initial severity of 

clinical presentation.  It is important to precise that we had 47% missing values on peripheral 

capillary oxygen saturation in our cohort and cyanosis corresponds to deep hypoxemia 

clinically seen and noticed with for example peripheral cyanosis and requiring oxygen support. 

“S1Q3” pattern is also an interesting potential predictor of death, this pattern, which has very 

low sensitivity and low specificity, is an indicator of right heart dilatation witnessing the cardiac 

impact of pulmonary embolism. Visible right heart thrombus at transthoracic echocardiography 

is also a potential predicator of death witnessing the extent of the thrombus and his fatal impact. 

This was confirmed on multivariable analysis. Aggressive treatment is also associated with 

higher risk of death, these treatments composed of thrombolysis, thrombectomy or both have 

more risk and reflect the last treatment available for the most severe pulmonary embolism. 

Multivariable analysis showed us that 30-day mortality is highly associated with severity and 

with the cumulative impact of underlying pathologies. This underlines the absolute necessity to 

list and to know all the underlying pathologies from each patient with pulmonary embolism. 

One of reassuring feature for the physicians in our study is the fact that longer delay of diagnosis 

seems have no impact on 30-day mortality.  

 Recurrence even under anticoagulation (for 56% of recurrence) reminds us of the 

absolute necessity of long-term follow-up with these children. Follow-up is a good opportunity 

to continue investigations of thrombophilia testing after anticoagulation’s stop, to search 

potential pulmonary hypertension and to control evolution of deep vein thrombosis associated. 

Follow-up should be reinforced for patients with personal history of VTE as they have more 

risk of recurrence. Patients with inflammatory diseases have more risk of recurrence, risk 

situations requiring preventive anticoagulation must be anticipated. 

Our study provides new insights into the natural history and outcomes of children with 

pulmonary embolism. However, it must be interpreted in light of its limitation. First, our 

retrospective study design does not allow us to infer causality. However, we think it is an 

important first step to identify underlying pathologies necessary even if some underlying 
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pathologies or risk factors are already found. Second, although we aimed to study all pediatric 

cases of pulmonary embolism, the study might not have included patients who were either never 

referred to a pulmonary pediatric facility (the least severe cases). Even if some collaborators 

declined, one of our strengths is to get data from centers with different level of care. Third, 

some data were often unavailable leading to loss of statistical power. Fourth, combining data 

from several centers led to increased heterogeneity in patient population. While we believe 

enhanced heterogeneity increases the generalizability of our findings, it is possible that local 

differences in treatment protocols due to local preferences or available resources might affect 

the clinical outcomes, which would not be apparent in group analyses. However, standards of 

care are very similar between centers. Finally, patients were followed-up to different ages by 

different type of physicians. For that reason, our follow-up period might not be long enough to 

capture the full portrait of long-term complications in children, notably chronic 

thromboembolic pulmonary hypertension (only 3 patients in our cohort). Other analyses with 

multivariable regression are needed. 

In summary, children with pulmonary embolism have in 19% of cases, an unknown 

underlying pathology to diagnose. Clinician should track all potential underlying pathologies 

and risk factors at diagnosis even if there are obvious risk factors or underlying pathologies 

already identified. Severity must be well evaluated for the best orientation of patients where 

CTPA, cardiac evaluation and aggressive treatment are available if they are needed. Shorter 

time from onset to diagnosis is desirable even if it is challenging because of the rare diagnosis 

in pediatric. Long term follow-up is mandatory with need of multidisciplinary to choose the 

treatment duration, to assess of recovery, avoid unfavorable outcomes and prevent recurrence.  
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RESUME : 
 

Introduction : L’embolie pulmonaire (EP) chez l’enfant est une pathologie rare, 

potentiellement mortelle, dont l’incidence augmente et pour laquelle un diagnostic précis et 

rapide est essentiel. Nos connaissances fragmentées sur l’EP pédiatrique renforcées par la rareté 

du diagnostic, limitent l’adoption d’une approche standardisée pour la stratégie d’investigation 

et thérapeutique. Le but de cette étude est de décrire la cohorte française d’EP pédiatrique. 

 

Matériel et méthode : Un recueil des données cliniques, paracliniques, thérapeutiques et 

d’évolution des enfants diagnostiqués entre 2010 et 2020 en France a été réalisé vie les centres 

du réseau Respirare ®. 

 

Résultats et discussion : 220 enfants ont présenté une EP dans 13 centres avec un âge médian 

de 15 ans et une médiane de délai diagnostic de 3 (IQR 0;7) jours. 

Les signes cliniques les plus fréquents au diagnostic sont la tachycardie (39%), la dyspnée 

(38%) et la douleur thoracique (35%). 

On retrouve un facteur de risque ou une pathologie sous-jacente dans 94 % des cas. 170 patients 

(77%) présentent au moins une pathologie à risque d’EP. Les pathologies les plus fréquentes 

sont les cancers (20%), les infections systémiques (11%) et les cardiopathies congénitales 

(10.5%). Pour 42 d’entre eux, au moins une pathologie n’était pas connue avant l’EP et 64% 

des patients avaient déjà au moins une pathologie-sous-jacente ou un facteur de risque évident 

pouvant expliquer l’EP. 

13 % des patients ont eu une EP massive. Les patients ayant une EP massive présentent plus de 

tachypnée (38% vs 19 % et vs 9%, p=0.001), plus d’infections systémiques (21% vs 0% et vs 

11%, p=0.032), plus de traumatismes (18% vs 4% et vs 4%, p=0.0392) et plus de chirurgie 

récente (32% vs 4% et vs 20%, p=0.0242) que les patients ayant une EP submassive ou une EP 

non massive respectivement. 

La découverte d’une pathologie sous-jacente inaugurale (OR 6.1, IC 95%, 2.7-15.9, p<0.001), 

la présence d’une thrombophilie (OR 4.2, IC 95% 1.6-13.3, p=0.006) ou la prise de 

contraception orale (OR 6.4, IC 95% 2.3-21, p<0.001) sont associés à un délai diagnostic plus 

court. 

20 patients (10%) sont décédés dans les suites de leur EP. La mortalité à 30 jours est associée 

à la sévérité de l’atteinte (OR 10.2, IC 95% 1.4-76, p=0.023) et à l’impact cumulatif des 

pathologies sous-jacentes (OR 98, IC 95% 1.6-6056, p=0.029). 

 

Ce recueil est la plus large cohorte décrite en pédiatrie. La recherche étiologique doit être la 

plus exhaustive en pédiatrie. La sévérité doit être correctement évaluée pour optimiser la prise 

en charge. Un suivi au long-cours est indispensable pour tout enfant ayant eu une embolie 

pulmonaire. 
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ABSTRACT : 
 

Background: Pulmonary embolism (PE) in children is a rare, life-threatening condition, whose 

incidence is increasing, and for which accurate timely diagnosis is essential. Our fragmented 

knowledge of pediatric PE, is intensified by the infrequency of diagnosis of pediatric pulmonary 

embolism, thus limiting a standardized approach for investigation and management strategy. 

The aim of this study is to describe the French pediatric PE cohort. 

 

Methods: Clinical, paraclinical, therapeutic and outcome data for children diagnosed between 

2010 and 2020 in France were collected from the centers in the Respirare ® network. 

 

Findings and interpretation: 220 children presented with PE in 13 centers, with a median age 

of 15 years and a median diagnostic delay of 3 (IQR 0;7) days.  

The most common symptoms at presentation were tachycardia (39%), dyspnea (38%) and chest 

pain (35%). 

A risk factor or underlying pathology was present in 94% of cases. 170 patients (77%) presented 

at least one underlying pathology at risk of PE. The most common underlying pathologies were 

malignancy (20%), systemic infection (11%) and inherited cardiopathy (10.5%). For 42 of 

them, at least one underlying pathology was unknown prior to the PE and 64% of patients had 

already at least one obvious underlying pathology or risk factor that could explained the PE. 

13% of patients had massive PE. Patients with massive PE had more tachypnea (38% vs. 19% 

and vs. 9%, p=0.001), more systemic infections (21% vs. 0% and vs. 11%, p=0.032), more 

trauma (18% vs. 4% and vs. 4%, p=0.0392) and more recent surgery (32% vs. 4% and vs. 20%, 

p=0.0242) than patients with submassive or non-massive PE respectively. 

The discovery of an inaugural underlying pathology (OR 6.1, 95% CI 2.7-15.9, p<0.001), the 

presence of thrombophilia (OR 4.2, 95% CI 1.6-13.3, p=0.006) or the use of oral contraception 

(OR 6.4, 95% CI 2.3-21, p<0.001) are associated with a shorter diagnostic delay. 

20 patients (10%) died following their PE. 30-day mortality was associated with severity of 

injury (OR 10.2, 95% CI 1.4-76, p=0.023) and with the cumulative impact of underlying 

pathologies (OR 98, 95% CI 1.6-6056, p=0.029). 

 

This is the largest cohort described in pediatrics. Etiological research must be as exhaustive as 

possible in pediatrics. Severity must be correctly assessed to optimize management. Long-term 

follow-up is essential for any child who has had a pulmonary embolism. 



42 
 

REFERENCES BIBLIOGRAPHIQUES:  
 

1. Zaidi AU, Hutchins KK, Rajpurkar M. Pulmonary Embolism in Children. Front Pediatr. 

2017;5:170.  

2. Raffini L, Huang YS, Witmer C, Feudtner C. Dramatic Increase in Venous 

Thromboembolism in Children’s Hospitals in the United States From 2001 to 2007. 

Pediatrics. 1 oct 2009;124(4):1001‑8.  

3. Massicotte MP, Dix D, Monagle P, Adams M, Andrew M. Central venous catheter related 

thrombosis in children: Analysis of the Canadian Registry of Venous Thromboembolic 

Complications. J Pediatr. déc 1998;133(6):770‑6.  

4. Patocka C, Nemeth J. Pulmonary Embolism in Pediatrics. J Emerg Med. janv 

2012;42(1):105‑16.  

5. Byard RW. Fatal embolic events in childhood. J Forensic Leg Med. janv 2013;20(1):1‑5.  

6. Andrew M, David M, Adams M, Ali K, Anderson R, Barnard D, et al. Venous 

thromboembolic complications (VTE) in children: first analyses of the Canadian Registry 

of VTE. Blood. 1 mars 1994;83(5):1251‑7.  

7. Van Ommen CH, Heijboer H, Büller HR, Hirasing RA, Heijmans HSA, Peters M. Venous 

thromboembolism in childhood: A prospective two-year registry in The Netherlands. J 

Pediatr. nov 2001;139(5):676‑81.  

8. Stein PD, Kayali F, Olson RE. Incidence of venous thromboembolism in infants and 

children: Data from the National Hospital Discharge Survey. J Pediatr. oct 

2004;145(4):563‑5.  

9. Biss TT, Brandão LR, Kahr WH, Chan AK, Williams S. Clinical features and outcome of 

pulmonary embolism in children. Br J Haematol. sept 2008;142(5):808‑18.  

10. Dijk FN, Curtin J, Lord D, Fitzgerald DA. Pulmonary Embolism in Children. Paediatr 

Respir Rev. juin 2012;13(2):112‑22.  

11. O’Conor CJ, Zhou H, Ritter J, Dehner L, He M. Pediatric Pulmonary Emboli at Autopsy: 

An Update and Case Series Review. Pediatr Crit Care Med J Soc Crit Care Med World 

Fed Pediatr Intensive Crit Care Soc. 2019;20(3):e180‑4.  

12. Chalmers E, Ganesen V, Liesner R, Maroo S, Nokes T, Saunders D, et al. Guideline on 

the investigation, management and prevention of venous thrombosis in children*: 

Guideline. Br J Haematol. juill 2011;154(2):196‑207.  

13. Brandão L, Labarque V, Diab Y, Williams S, Manson D. Pulmonary Embolism in 

Children. Semin Thromb Hemost. oct 2011;37(07):772‑85.  

14. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP, et al. 2019 

ESC Guidelines for the diagnosis and management of acute pulmonary embolism 

developed in collaboration with the European Respiratory Society (ERS). Eur Heart J. 21 

janv 2020;41(4):543‑603.  



43 
 

15. Ortel TL, Neumann I, Ageno W, Beyth R, Clark NP, Cuker A, et al. American Society of 

Hematology 2020 guidelines for management of venous thromboembolism: treatment of 

deep vein thrombosis and pulmonary embolism. Blood Adv. 13 oct 2020;4(19):4693‑738.  

16. Stevens SM, Woller SC, Baumann Kreuziger L, Bounameaux H, Doerschug K, Geersing 

GJ, et al. Executive Summary. Chest. déc 2021;160(6):2247‑59.  

17. Navanandan N, Stein J, Mistry RD. Pulmonary Embolism in Children. Pediatr Emerg 

Care. févr 2019;35(2):143‑51.  

18. Rajpurkar M, Warrier I, Chitlur M, Sabo C, Frey MJ, Hollon W, et al. Pulmonary 

embolism—experience at a single children’s hospital. Thromb Res. janv 

2007;119(6):699‑703.  

19. Rajpurkar M, Biss TT, Amankwah EK, Martinez D, Williams S, van Ommen CH, et al. 

Pulmonary embolism and in situ pulmonary artery thrombosis in paediatrics: A systematic 

review. Thromb Haemost. 2017;117(06):1199‑207.  

20. Pelland-Marcotte MC, Tucker C, Klaassen A, Avila ML, Amid A, Amiri N, et al. 

Outcomes and risk factors of massive and submassive pulmonary embolism in children: a 

retrospective cohort study. Lancet Haematol. mars 2019;6(3):e144‑53.  

21. Hancock HS, Wang M, Gist KM, Gibson E, Miyamoto SD, Mourani PM, et al. Cardiac 

findings and long-term thromboembolic outcomes following pulmonary embolism in 

children: a combined retrospective-prospective inception cohort study. Cardiol Young. 

juin 2013;23(3):344‑52.  

22. Anderson FA, Spencer FA. Risk Factors for Venous Thromboembolism. Circulation 

[Internet]. 17 juin 2003 [cité 3 oct 2023];107(23_suppl_1). Disponible sur: 

https://www.ahajournals.org/doi/10.1161/01.CIR.0000078469.07362.E6 

23. Buck JR, Connors RH, Coon WW, Weintraub WH, Wesley JR, Coran AG. Pulmonary 

embolism in children. J Pediatr Surg. juin 1981;16(3):385‑91.  

24. Van Ommen CH, Peters M. Acute pulmonary embolism in childhood. Thromb Res. janv 

2006;118(1):13‑25.  

 

 

 

 

 

 

 

 



44 
 

ANNEXES 

 



45 
 

 

 

 



46 
 

 

 

 



47 
 

 

 



48 
 

 

 



49 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


