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CLINICAL CASE

Abstract

Background: Pulmonary embolism (PE) is a complication reported in the adult population with coronavirus disease 2019 
(COVID-19); however, its documentation in the pediatric population is limiteda. Case report: We report the case of a 15-year-
old male with obesity and Down syndrome who was admitted for severe COVID-19 pneumonia. On day 7 of admission, he 
presented with chest pain, hemoptysis, respiratory distress, and marked elevation of D-dimer. Pulmonary CT angiography 
found an extensive thrombus in the right lower lobar artery. He received treatment with enoxaparin and rivaroxaban and had 
a favorable clinical outcome. In the tomographic control 1  month after treatment, thrombus was not evidenced and was 
successfully resolved. Conclusions: There are few reports of PE in children with COVID-19. Prompt diagnosis and early 
anticoagulant treatment are important to avoid life-threatening complications.
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Tromboembolismo pulmonar en un adolescente con neumonía COVID-19

Resumen

Introducción: El tromboembolismo pulmonar es una complicación reportada en la población adulta con COVID-19; sin 
embargo, en la población pediátrica, su descripción es limitada. Caso clínico: Se reporta el caso de un varón de 15 años 
con antecedente de obesidad y síndrome de Down que fue hospitalizado por neumonía COVID-19 severa. En el séptimo día 
de hospitalización presentó dolor torácico, hemoptisis, dificultad respiratoria y elevación del dímero D. En la angiotomografía 
pulmonar se encontró un extenso trombo en la arteria lobar inferior derecha. Recibió tratamiento con enoxaparina y rivaroxa-
bán evolucionando favorablemente. La resolución al mes de tratamiento fue existosa, ya que el control tomográfico no eviden-
ció más el trombo. Conclusiones: El tromboembolismo pulmonar es una complicación poco reportada en niños con 
neumonía COVID-19. El diagnóstico oportuno y tratamiento anticoagulante es importante para evitar complicaciones mortales.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the 
SARS-CoV-2 virus, affects children and adults. 
Respiratory involvement is heterogeneous in children, 
with varying degrees of severity. The most severe 
respiratory manifestations are pneumonia and severe 
acute respiratory distress syndrome1. Thrombotic com-
plications involving various organs have also been 
described in children and adults: venous thrombosis, 
pulmonary embolism (PE), or hemorrhagic events2,3.

Thromboembolism or PE in children is rare. The inci-
dence is estimated at 2.1 cases per 100,000 pediatric 
emergency room visits. The most common risk factors 
are body mass index ≥ 25, women using contraceptives 
or previous episodes of thrombosis without PE4.

Adult patients with severe SARS-CoV-2 infection are 
at increased risk of thrombosis, with PE being the main 
complication5. For example, a multicenter study in 
France involving 150 adult intensive care unit (ICU) 
patients with acute respiratory distress syndrome due 
to COVID-19 reported that 25  (16.7%) patients devel-
oped PE5. Another study conducted with medical 
records of adults with COVID-19 from four hospitals in 
New York (United States) reported 29% incidence of PE 
in ICU patients and 24% outside the ICU6. In children, 
this complication has been poorly described. A study in 
the United States analyzed data from 693 pediatric 
patients hospitalized for COVID-19 and found that only 
eight (1.2%) presented PE, three were admitted to the 
ICU, one patient required mechanical ventilation, and 
none died7. The associated risk factors were obesity, 
oncologic pathology, recent surgery, and contraceptive 
use7. Another study in a hospital in Texas (United 
States) during the wave of the Delta variant of SARS-
CoV-2 reported a frequency of 1.7% (nine out of 
543  patients hospitalized for COVID-19) of PE, with 
obese adolescents being the most affected. In addition, 
none of the patients had a complete vaccination 
schedule8.

Based on the above, this study aimed to report an 
unusual case of PE in an adolescent with severe 
COVID-19 pneumonia, describe the clinical picture and 
management, and compare it with reports on children 
published in the literature.

Clinical case

We describe the case of a 15-year-old male adoles-
cent with Down syndrome who went to the emergency 
department for odynophagia, demanding wet cough, 

fever, and general malaise of 9  days’ evolution. He 
received ambulatory treatment with amoxicillin/clavu-
lanic acid 50 mg/kg/day orally for 6 days without improve-
ment. One day before hospital admission, the patient 
had respiratory distress. The patient had a history of 
hospitalizations for pneumonia at 2, 4, and 5  years of 
age, with no other pathological history. Seven months 
prior to his current condition, the patient’s father had 
COVID-19. During physical examination on admission, 
the patient presented saturation of 88% with ambient 
oxygen, which improved to 98% with a nasal cannula at 
4 L/min; heart rate: 110/min; respiratory rate: 38/min; tem-
perature: 39°C; blood pressure: 100/70 mmHg; and body 
mass index: 32 kg/m2. On examination of the chest and 
lungs, the patient presented subcostal retractions and 
decreased vesicular murmur in the lower third of the right 
hemithorax with sub-crepitus in both lung bases. The 
antigen detection study for SARS-CoV-2 was positive, so 
the patient was transferred to the COVID contingency 
area.

Laboratory results showed elevated acute phase 
reactants: elevated C-reactive protein, ferritin, and lac-
tate dehydrogenase (LDH). In addition, the coagulation 
profile showed hyperfibrinogenemia and elevated 
D-dimer (2.5-fold its normal value). Conversely, pro-
thrombin time and activated partial thromboplastin time 
within normal ranges, and hemogram and differential 
count with no alterations (Table 1). Chest X-ray showed 
multifocal opacities with peribronchial and peripheral 
distribution with right predominance and right perihilar 
and paracardiac consolidation associated with small 
inferior consolidations (Figure 1). Due to the clinical 
picture and hypoxemia associated with laboratory and 
radiological findings, the patient was diagnosed with 
severe COVID-19 pneumonia plus bacterial coinfection. 
Treatment was initiated with intravenous ceftriaxone 
80 mg/kg/day and dexamethasone 0.15 mg/kg/day.

The patient initially had a favorable evolution. The 
fever resolved 36  h after admission, and there was a 
progressive decrease in oxygen requirement (1.5 L/min). 
Laboratory tests on day 3 of hospitalization showed a 
marked decrease in acute-phase reactants (Table  1). 
On day 7  of hospitalization, the patient referred chest 
pain at the right lower costal level, fever, and hemopty-
sis (± 100 cc) on two occasions associated with respi-
ratory distress and oxygen requirement (2 L/min). Blood 
pressure was normal. Control tests showed leukocytosis 
with neutrophilia, mild lymphopenia, and increased 
C-reactive protein (CRP), ferritin, LDH, creatine kinase, 
and fibrinogen, and a marked increase in D-dimer (50-
fold its baseline value) (Table 1). Based on respiratory 
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using low-molecular-weight heparin (enoxaparin 40 mg) 
subcutaneously every 12 h, followed by antibiotic cov-
erage and systemic corticosteroid. In addition, immuno-
logical studies were also performed: anticardiolipin 
antibodies, anti-B2 glycoprotein, antinuclear antibodies, 
anti-neutrophil cytoplasm antibodies, and anti-DNA anti-
bodies with negative results, however, lupus anticoag-
ulant was positive.

During his evolution, the patient did not present 
hemodynamic compromise and did not require ICU 
admission or mechanical ventilation. Therefore, supple-
mental oxygen was withdrawn on day 10 of hospitaliza-
tion. On day 15, we switched from enoxaparin to oral 
anticoagulation with rivaroxaban 15  mg orally every 
12 h for the first 3 weeks and then 20 mg every 24 h 

Table 1. Laboratory findings on admission and during hospitalization

Laboratory (reference values) Hospital stay

Day 1 Day 3 Day 7  
(PE diagnosis)

Day 15 (change from 
enoxaparin to 
rivaroxaban)

Day 37  
(discharge)

Hemoglobin (≥ 11.5 g/dL) 17.5 15.6 15.8 15.0 14.0

Hematocrit (≥ 34%) 50.7 45.6 45.1 43.2 43.8

Leukocytes (4.5‑13.5×103/mm3) 4.92 6.56 15.86 10.74 6.85

Neutrophils (1.5‑8.0×103/mm3) 2.50 (51%) 2.75 (42%) 12.94 (80%) 6.87 (64%) 2.23 (32.6%)

Lymphocytes (1.5‑6.0×103/mm3) 2.06 (42%) 3.15 (48%) 1.36 (8.6%) 2.42 (22.5%) 3.53 (51.5%)

Platelets (150‑350×103/mm3) 155 162 149 289 305

CRP (≤ 0.5 mg/dL) 9.04 1.52 15.7 17.8 0.48

Ferritin (7‑140 ng/mL) 1024 497 857 708 -

ALT (0‑39 U/L) 46 57 56 110 51

AST (0‑47 U/L) 50 35 51 34 26

Urea (10‑38 mg/dL) 34 40 32 25 23

Creatinine (0.7‑1.1 mg/dL) 0.98 0.89 0.83 0.82 0.97

Serum Na+ (135‑148 mmol/L) 141 137 134 138 142

LDH (230‑460 U/L) 976 734 834 884 -

CPK‑CK (24‑195 U/L) 236 44 449 - -

CK‑MB (0‑24 U/L) 15 13 17 17 -

PT (11.68‑14.21 s) 11.64 10.74 13.49 11.7 12.48

aPTT (27.12‑44.21 s) 31.15 25.24 31.88 40.2 36.97

Fibrinogen (160.16‑369.42 mg/dL) 760 537 662 842.4 359.58

D‑dimer (< 0.5 mg/L) 1.25 1.48 24.97 3.5 2.58

ALT: alanine aminotransferase, aPTT: activated partial thromboplastin time, AST: aspartate aminotransferase, CPK‑CK: creatine kinase, CPK‑MB: creatine kinase MB, 
CRP: C‑reactive protein, LDH: lactate dehydrogenase, PE: pulmonary embolism, PT: prothrombin time.

deterioration, hemoptysis, elevated D-dimer, and acute 
phase reactants, PE was suspected. Pulmonary angi-
ography showed a ground glass infiltrate in the right 
lung field and left lower lobe, extensive consolidation in 
the right lower lobe, and extensive thrombus in the right 
inferior lobar artery of 2.5 × 1.2 cm extending into the 
posterior branch. These results were consistent with the 
diagnosis of PE plus pneumonia reported in COVID-19 
CO-RADS 5 (COVID-19 data and reporting system) 
(Figure 2). In addition, an electrocardiogram was per-
formed to assess cardiac involvement, which showed a 
right bundle branch block and left anterior hemiblock; 
however, the echocardiogram did not show any alter-
ations, and there was no clinical evidence of cardiac 
compromise. Anticoagulant treatment was initiated 
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continuously for 3 months. Control CT pulmonary angio-
gram 1 month after diagnosis showed complete throm-
bus resolution. The patient’s clinical, laboratory, and 
radiological evolution was favorable. At present, he con-
tinues to be monitored by the hematology, cardiology, 
and pneumology departments.

Discussion

Adult patients with acute respiratory distress syn-
drome secondary to COVID-19 significantly develop 
thrombotic complications and PE5. This condition has 
been rarely described in children. In these cases, it has 

occurred more frequently in those hospitalized for 
COVID-19 than other causes7. Recently, it has been 
reported in the pediatric population, mainly in those with 
severe respiratory complications7,9.

Our patient presented with severe COVID-19 pneu-
monia, and then abruptly developed increased respira-
tory distress with hemoptysis associated with elevated 
D-dimer. This clinical picture was similar to recent pub-
lications of children with this condition (Table 2). Most 
reports describe patients with a similar age as our case; 
however, a recent study during the SARS-CoV-2 delta 
wave in Texas (United States) reported ages < 15 years 
in five of nine children with PE. A 6-year-old girl was the 
youngest patient documented who presented PE with 
COVID-19 pneumonia8.

Body mass index ≥ 25 has been described as a risk 
factor4 and is a frequent feature observed in the pub-
lished cases (Table 2). COVID-19-related PE in children 
is an uncommon but potentially life-threatening finding, 
so these patients require ICU monitoring and mechan-
ical ventilation, especially those with multisystem 
inflammatory syndrome (MIS-C)10-12 or bilateral pulmo-
nary involvement12,13. Our patient had no evidence of 
hemodynamic compromise; however, he was under 
continuous monitoring and constant medical evalua-
tion. In contrast to other publications8,14,15, no evidence 
of venous thrombosis was found, so an ultrasound of 
the extremities was not performed.

Among the pulmonary histopathological changes 
found in patients with SARS-CoV-2, organized fibrin in 
most of the intra-alveolar foci and epithelial lesions in 
alveoli and blood vessels have been described16. These 
changes could explain the prothrombotic state of the 
patients with COVID-19 pulmonary involvement. The 
development of PE is the result of a prothrombotic state 
caused by the storm of cytokines derived from sepsis, 
which in turn produces inflammation of the pulmonary 
vessels leading to thrombosis when combined with the 
viral factor that interferes with the coagulation 
cascade17.

In patients with Down syndrome, prothrombotic states 
are rare; however, factor V Leiden mutations, methy-
lenetetrahydrofolate reductase deficiency, factor VII defi-
ciency, and some physiological conditions that promote 
venous stasis such as decreased muscle strength in the 
extremities may predispose to this condition18,19.

Prophylactic anticoagulation was not considered in 
our patient since D-dimer was < 5-fold the upper limit 
and because the evolution had been favorable with 
antibiotic and corticosteroid treatment, although some 

Figure 2. A and B: angiotomography showing an extensive 
acute thrombus in the right inferior lobar artery with 
extension to the apical and posterior branches associated 
with extensive consolidation in the right lower lobe. 
C  and  D: after treatment, the resolution of the thrombus 
and right pleural effusion associated with ipsilateral 
pulmonary basal consolidation was observed.

DC

BA

Figure  1. The chest radiograph shows multifocal opacities 
with peribronchial and peripheral distribution and right 
predominance. A: right perihilar and pericardiac consolidation 
associated with small inferior consolidations in the lateral 
pleural base. B: after treatment, decrease in opacities and 
right pleural effusion.

A B
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Table 2. Published cases of pulmonary embolism and COVID‑19 in children and adolescents < 18 years of age 
(PubMed and Scopus updated to July 2022)

Author (year) Sex Age 
(years)

Duration of 
illness (days)

Associated 
diseases/
comorbidities

Main 
symptoms

SARS-CoV-2 
infection

Anticoagulant 
treatment

Martinelli 
et al. (2020)24

Female 17 3 COVID‑19 
pneumonia; 29 
weeks’ gestation; 
and obesity

Fever and 
dyspnea

Antigen Test 
(+)

Enoxaparin

Visveswaran 
et al. (2020)14

Female 12 5 Antiphospholipid 
syndrome

Increased 
volume and 
pain in left 
leg

IgM (+) Mechanical 
thrombectomy, tissue 
plasminogen activator, 
heparin, and 
enoxaparin

Odièvre 
et al. (2020)25

Female 16 7 COVID‑19 
pneumonia and 
sickle cell 
disease

Fever, 
shortness 
of breath, 
and chest 
pain.

RT‑PCR (+) Not specified

Anastas 
et al. (2021)10

Female 15 3 MIS‑C; asthma; 
and obesity

Dyspnea 
and 
syncope.

IgM (+) Tissue plasminogen 
activator and 
enoxaparin

Cristoforo 
et al. (2021)23

Male 11 3 Nephrotic 
syndrome; obesity; 
and COVID‑19 
pneumonia (8 
weeks before 
event)

Fatigue, 
shortness of 
breath, 
vomiting, and 
edema in 
extremities.

- Tissue plasminogen 
activator, heparin, and 
warfarin

Ouarradi 
et al. (2021)26

Female 14 3 weeks Obesity Wet cough, 
dyspnea, 
and chest 
pain.

IgG (+) Non‑fractionated 
heparin, vitamin K, and 
aspirin

Panjabi 
et al. (2021)27

Female 15 1 h SARS‑CoV‑2 
infection; obesity; 
and use of OCPs 
(3 months, but 
discontinued 1 
month before 
admission)

Chest pain 
and 
respiratory 
distress.

Antigen Test 
(+)

Heparin infusion and 
enoxaparin

Female 16 2 weeks COVID‑19 
pneumonia; 
obesity; and 
diabetes

Cough, 
respiratory 
distress, 
and 
syncope.

IgG (+) Pulmonary 
embolectomy, heparin, 
and apixaban

Kotula 
et al. (2021)12

Female 15 3 Suspicion of 
MIS‑C; obesity; 
asthma; and 
appendectomy 3 
days before 
admission.

Respiratory 
distress 
and 
syncope

IgM (+) Tissue plasminogen 
activator and heparin

Bin Ali 
et al. (2021)13

Female 12 1 week COVID‑19 
pneumonia

Wet cough 
and chest 
pain

RT ‑ PCR (+) Enoxaparin

Mitchell 
et al. (2021)9

Female 8 - COVID‑19 
pneumonia

- - Heparin

Male 11 - COVID‑19 
pneumonia; 
genetic syndrome

- - Enoxaparin

(Continues)
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Table 2. Published cases of pulmonary embolism and COVID‑19 in children and adolescents < 18 years of age 
(PubMed and Scopus updated to July 2022) (continued)

Author Sex Age 
(years)

Duration of 
illness (days)

Associated 
diseases/
comorbidities

Main 
symptoms

SARS-CoV-2  
infection

Anticoagulant 
treatment

Ioannidou 
et al. (2022)15

Male 15 4 Low height 
(received 
anastrozole)

Hip pain, 
right knee 
edema and 
respiratory 
distress.

RT-PCR (+) Low‑molecular‑weight 
heparin (tinzaparin) 
and warfarin

Kavthekar 
et al. (2022)11

Male 16 3 MIS‑C; Guillain–
Barré syndrome

Fever and 
weakness 
in 
extremities

IgG (+) Heparin

COVID‑19: coronavirus disease 2019, IgG: immunoglobulin G, MIS‑C: multisystem inflammatory syndrome in children, RT‑PCR: reverse transcription‑polymerase chain 
reaction. 

consensus guidelines recommend this measure, espe-
cially in patients with obesity20.

PE management should be performed according to 
high, intermediate, or low-risk stratification21. Although 
our patient was hemodynamically stable; and his echo-
cardiogram was normal and we were not able to assess 
cardiac involvement better due to the lack of troponin or 
B-type natriuretic peptide levels to perform these tests 
at our institution. Consequently, the case was consid-
ered an intermediate-risk case due to the need for sup-
plemental oxygen and COVID-19 pneumonia. Therefore, 
we initiated anticoagulant therapy with low-molecu-
lar-weight heparin, followed by oral anticoagulant ther-
apy. Oral anticoagulants are the first line of treatment in 
most patients21 as they reduce the risk of recurrent 
venous thrombosis, similar to vitamin K antagonists, 
and the risk of bleeding is low, thus continuous moni-
toring is unnecessary.22. Anticoagulant therapy should 
last at least 3 months, with monthly check-ups depend-
ing on clinical status and right ventricular involvement21. 
In other cases reported7-10,12-14,23-27 (Table 2), the most 
frequent treatments were unfractionated heparin, enox-
aparin, and some oral anticoagulants such as apix-
aban7,27. In this case, rivaroxaban was chosen due to 
its oral administration, accessibility, and adequate 
adherence to treatment.

During follow-up, our patient presented tomographic 
evidence of PE resolution at 1  month of treatment. 
However, due to the risk of recurrence of thrombosis, 
treatment was continued for up to 3 months. He is cur-
rently free of dyspnea and functional limitation and 
continues to undergo follow-up examinations.

In patients with a first episode of PE and no predis-
posing risk factors such as cancer, previous surgery, 
or any associated coagulation disorder, as in this case,  
the risk of recurrence of venous thrombosis and fatal 
PE at one-year follow-up is 10% and 0.4%, respectively, 
and, and 1.5% and 36% at 10  years, being higher in 
males28.

For economic reasons and due to the clinical improve-
ment of the patient after therapy, it was not possible to 
perform the study of thrombophilias such as screening 
for protein C and S, antithrombin III, Leyden factor V 
mutation, or genetic disorders of hypercoagulability as 
in other reports10,27. Only the lupus anticoagulant was 
positive, possibly induced by the viral infectious process 
since it is considered a factor that contributes to throm-
bosis in patients with COVID-195.

In conclusion, PE associated with severe COVID-19 
has been scarcely reported in children. However, it can 
have a favorable course with timely diagnosis and man-
agement. It is important to perform more studies to have 
recommendations for effective and safe anticoagulation 
in children with COVID-19 coagulopathy since most of 
them are extrapolated from the adult population or are 
based on expert recommendations20.

Furthermore, scales to stratify the risk of coagulopa-
thies associated with COVID-19 in the pediatric popu-
lation should be established, especially while the 
pandemic continues.

The present study was approved by the ethics com-
mittee of the Instituto Nacional de Salud del Niño-Breña 
(Lima, Peru) (N° 066-2022-CIEI-INSN).



S39

H. Nuñez-Paucar et al.  Pulmonary embolism and COVID-19

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed on 
humans or animals for this study.

Confidentiality of data. The authors declare that 
they have followed the protocols of their work center on 
the publication of patient data.

Right to privacy and informed consent. The authors 
have obtained the written informed consent of the 
patients or subjects mentioned in the article. The corre-
sponding author has this document.

Conflicts of interest

The authors declare no conflicts of interest.

Funding

No funding.

References
	 1.	 Hernández JL, Orozco IF. COVID-19 in children: respiratory involvement 

and some differences with the adults. Front Pediatr. 2021;9:622240.
	 2.	 Zaffanello M, Piacentini G, Nosetti L, Ganzarolli S, Franchini M. Throm-

botic risk in children with COVID-19 infection: a systematic review of the 
literature. Thromb Res. 2021;205:92-8.

	 3.	 Katsoularis I, Fonseca-Rodríguez O, Farrington P, Jerndal H, 
Lundevaller EH, Sund M, et al. Risks of deep vein thrombosis, pulmonary 
embolism, and bleeding after covid-19: nationwide self-controlled cases 
series and matched cohort study. BMJ. 2022;377:e069590.

	 4.	 Agha BS, Sturm JJ, Simon HK, Hirsh DA. Pulmonary embolism in the 
pediatric emergency department. Pediatrics. 2013;132:663-7.

	 5.	 Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, 
Delabranche X, et al. High risk of thrombosis in patients with severe 
SARS-CoV-2 infection: a multicenter prospective cohort study. Intensive 
Care Med. 2020;46:1089-98.

	 6.	 Riyahi S, Dev H, Behzadi A, Kim J, Attari H, Raza SI, et al. Pulmonary 
embolism in hospitalized patients with COVID-19: a multicenter study. 
Radiology. 2021;301:E426-33.

	 7.	 Chima M, Williams D, Thomas NJ, Krawiec C. COVID-19-associated 
pulmonary embolism in pediatric patients. Hosp Pediatr. 2021;11:e90-4.

	 8.	 Cohen CT, Riedl RA, Gowda ST, Sartain SE, Bashir DA. Pulmonary 
embolism in pediatric and adolescent patients with COVID-19 infection 
during the SARS-CoV-2 delta wave. Pediatr Blood Cancer. 2022; 
69:e29721.

	 9.	 Mitchell WB, Davila J, Keenan J, Jackson J, Tal A, Morrone KA, et al. 
Children and young adults hospitalized for severe COVID-19 exhibit 
thrombotic coagulopathy. Pediatr Blood Cancer. 2021;68:e28975.

	 10.	 Anastas DC, Farias A, Runyon J, Laufer M, Sendi P, Totapally B, et al. 
Massive pulmonary embolism in an adolescent with multisystem inflam-
matory syndrome due to COVID-19. Clin Pediatr (Phila). 2021;60:341-5.

	 11.	 Kavthekar SO, Pawar RS, Patil RR, Aness UP, Patil NB, Kurane AB. 
Intracardiac thrombi and pulmonary thromboembolism in a child with 
multisystem inflammatory syndrome in children (MIS-C). Indian J Pediatr. 
2022;89:726.

	 12.	 Kotula JJ, Balakumar N, Khan D, Patel B. Bilateral pulmonary emboli in 
a teenager with positive SARS-CoV-2 antibody. Pediatr Pulmonol. 
2021;56:271-3.

	 13.	 Bin Ali T, Elyamany G, Nojoom M, Alfaki M, Alahmari H, Alharthi A, et al. 
Unusual presentation of COVID-19 in a child complicated by massive 
acute pulmonary embolism and lung infarction. Hematol Rep. 2021;13:8874.

	 14.	 Visveswaran GK, Morparia K, Narang S, Sturt C, Divita M, Voigt B, et al. 
Severe acute respiratory syndrome Coronavirus 2 infection and throm-
bosis: phlegmasia cerulea dolens presenting with venous gangrene in a 
child. J Pediatr. 2020;226:281-4.e1.

	 15.	 Ioannidou L, Dettoraki A, Noni M, Koukou DM, Michalopoulou A, Botsa E, 
et al. Pulmonary embolism in adolescent with COVID-19 during aroma-
tase inhibitor therapy. Pediatr Pulmonol. 2022;57:1789-91.

	 16.	 Caramaschi S, Kapp ME, Miller SE, Eisenberg R, Johnson J, Epperly G, 
et al. Histopathological findings and clinicopathologic correlation in 
COVID-19: a systematic review. Mod Pathol. 2021;34:1614-33.

	 17.	 Mitchell WB. Thromboinflammation in COVID-19 acute lung injury. Pae-
diatr Respir Rev. 2020;35:20-4.

	 18.	 Girolami A, Farhat MS, Hayward C, Ferrari S, Rossi EB. Arg304Gln (FVII 
Padua) coagulation disorder in a patient with Down syndrome (trisomy 21): 
a remarkable observation from Argentina. Hematol Med Oncol. 2020;5:1-5.

	 19.	 Díaz-Cuéllar S, Yokoyama-Rebollar E, Del Castillo-Ruiz V. Genómica del 
síndrome de Down. Acta Pediatr Mex. 2016;37:289-96.

	 20.	 Goldenberg NA, Sochet A, Albisetti M, Biss T, Bonduel M, Jaffray J, et al. 
Consensus-based clinical recommendations and research priorities for 
anticoagulant thromboprophylaxis in children hospitalized for 
COVID-19-related illness. J Thromb Haemost. 2020;18:3099-105.

	 21.	 Kahn SR, de Wit K. Pulmonary embolism. N Engl J Med. 2022;387:45-57.
	 22.	 Van Es N, Coppens M, Schulman S, Middeldorp S, Büller HR. Direct oral 

anticoagulants compared with Vitamin K antagonists for acute venous 
thromboembolism: evidence from phase 3 trials. Blood. 2014;124:1968-75.

	 23.	 Cristoforo T, McKinley G, Ambrosio P. Saddle pulmonary embolism in a 
pediatric patient with nephrotic syndrome and recent COVID-19 pneumo-
nia: a case report. Am J Emerg Med. 2021;48:376.e1-2.

	 24.	 Martinelli I, Ferrazzi E, Ciavarella A, Erra R, Iurlaro E, Ossola M, et al. 
Pulmonary embolism in a young pregnant woman with COVID-19. 
Thromb Res. 2020;191:36-7.

	 25.	 Odièvre M, de Marcellus C, Le Pointe HD, Allali S, Romain AS, Youn J, 
et al. Dramatic improvement after tocilizumab of severe COVID-19 in a 
child with sickle cell disease and acute chest syndrome. Am J Hematol. 
2020;95:E192-4.

	 26.	 Ouarradi AE, Chekhlabi N, Elharras M, Bensahi I, Oualim S, Merzouk F, 
et al. Acute pulmonary embolism in a child following SARS-CoV-2 infec-
tion: a case report. Pan Afr Med J. 2021;38:125.

	 27.	 Panjabi AL, Foster RC, McCarthy AM, Shah SK, Al-Wahab H, Greenleaf C, 
et al. Pulmonary embolism as the initial presentation of coronavirus 
disease 2019 in adolescents. Pediatr Infect Dis J. 2021;40:e200-2.

	 28.	 Khan F, Rahman A, Carrier M, Kearon C, Weitz JI, Schulman S, et al. Long 
term risk of symptomatic recurrent venous thromboembolism after discon-
tinuation of anticoagulant treatment for first unprovoked venous thromboem-
bolism event: systematic review and meta-analysis. BMJ. 2019;366:l4363.


