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Abstract. Venous thromboembolism (VTE) is a coagulopathic disease that may appear with deep vein 
thrombosis (DVT), pulmonary embolism (PE), or both and is responsible for increased mortality and morbidity 
in children. We report a case of PE in a male teenager obese boy in the setting of a thrombophilic genetic 
disorder, infective condition, and immobility. Our experience underlines as PE in childhood is a multifactorial 
disease in which clinical risk factors and inherited thrombophilia contribute to the development. It is crucial 
to identify one or more risk factors leading to the most appropriate diagnostic workup.
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Introduction

Venous thromboembolism (VTE) is a coagulo-
pathic disease that may appear with deep vein throm-
bosis (DVT), pulmonary embolism (PE), or both and 
is responsible for increased mortality and morbidity in 
children. Although it is considered rare compared to 
adults, its incidence has been increasing in the last dec-
ades due to improved diagnosis and survival of criti-
cally ill patients. First described in 1861 (1), PE occurs 
in about 8.6–57/100,000 in hospitalized children and 
0.14–0.9/100,000 in those not hospitalized (2,3), with 
a peak in infants younger than one year and a second 
peak during adolescence (4,5). The risk of mortality 
can reach 26% (6,7). The wide range of incidence may 
depend on the often clinically silent nature of PE. It 
also seems that these numbers are underestimated, as 
evidenced by the incidence of 0.05 - 4.2% documented 
by autopsy (3). PE is a multifactorial disease with her-
itable and environmental risk factors stratified for age, 
often coexistent. 80% to 96% of children with PE have 
at least one risk factor (8,9), two or more in 81-88% 

(10,11) associated with an increased risk of recurrence 
of 79% in 4.80 years (9). Because PE clinical diagnosis 
is difficult, laboratory and imaging tests have a pivotal 
function to confirm the diagnosis. Guidelines for man-
aging TE events in pediatric patients are extrapolated 
from the adult guidelines (8). Treatment includes sup-
portive care, anticoagulants, thrombectomy. 

We report a case of PE in a male teenager obese 
boy in the setting of a thrombophilic genetic disorder, 
infective condition, and immobility.

Case report

A. H. is a 13-year-old teenager of Moroccan ori-
gin with severe obesity, hospitalized in June 2019 for 
cough and fever, lasting a few days before. The first 
chest X-ray showed pulmonary thickening in the 
right basal field with ipsilateral pleural effusion. Dual 
broad-spectrum antibiotic therapy with cephalosporin 
and macrolide was initiated. After 12 hours, the pa-
tient required oxygen administration through high 
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flows due to the onset of respiratory distress. Cipro-
floxacin was associated after the isolation of Haemo-
philus influenzae from the culture test on bronchial 
sputum. Despite an initial clinical improvement with 
defervescence and reduction of inflammation indexes, 
oxygen dependence persisted. After a week of hos-
pitalization, the boy suddenly showed the onset of 
chest pain and worsening dyspnea. Therefore, a chest 
CT scan was performed, with confirmation in both 
lung bases of multiple irregular triangular thickenings 
with a peripheral implant base (of which the largest 
at right with preserved air bronchogram), associated 
with some minor thickenings the right costophrenic 
breakthrough in the absence of air bronchogram. 
Broncho lavage was performed, which confirmed the 
presence of Haemophilus influenzae. Antibiotic therapy 
was further modified, added carbapenem and second 
level tests were performed to exclude other lung pa-
thologies like tuberculosis and cystic fibrosis. Despite 
the therapeutic changes, the clinical situation did not 
improve. The patient required high flow nasal cannula 
(HFNC) ventilation.

Alteration of the inflammation indexes and neu-
trophilic leukocytosis were still persistent. The patient 
reported sudden pain in his left thigh in the following 
days, associated with hyperemia and edema. The echo 
color-doppler of the lower limb vessels showed massive 
DVT, involving the entire deep venous circle of the left 
lower limb, from the twin veins to the saphenous-fem-
oral ostium. Hence, anticoagulant therapy was started 
immediately with enoxaparin and elastic compression. 
Total body CT scan documented a picture of diffuse 
pulmonary embolism (Figure 1) and thrombosis ex-
tended to the common, internal, and external left iliac 
vein and to the left femoral vein with normal echocar-
diography that allowed to classify low-risk PE based 
on the PESI score. Considering the young age and the 
apparent absence of predisposing conditions, throm-
bophilic screening was carried out, showing multiple 
genetic disorders associated with thrombophilia. Pa-
tients presented heterozygosity for factor II G20210A 
and factor V Leiden and homozygosity for the gene 
MTHFR on the hereditary side, borderline anticardi-
olipin IgM in the absence of LAC, and antibodies to 
β2glycoprotein 1 on the acquired side. Family history 
was negative for thromboembolic events. He started 

therapy with warfarin, and heparin was suspended af-
ter gaining the INR safe range. The inflammation in-
dexes have normalized, and the white blood cell count 
has complete remission of critical aspects. The boy was 
discharged in good clinical conditions with an indica-
tion to continue the oral anticoagulant therapy and to 
start regular follow-up at the thromboembolic disease 
institute of Policlinico San Matteo in Pavia, Italy. Af-
ter three months, echo color-doppler of the lower limb 
vessels did not show thrombosis, but only the outcome 
of progress injury at left femoral vein and popliteal 
vein. The parents provided written informed consent.

Discussion

Clinical presentation of PE overlaps with many 
common pediatric diseases (8); thus, the diagnosis 
in children is complicated and often performed late, 
with an average of one week after the first symptoms. 
Although PE was thought to occur in the setting of 
infection, known comorbidities or other risk factors 
are frequently associated, in contrast to the adults, in 
which up to 30% of PE is idiopathic (5). Raffini et al. 
described two distinct variants of PE in children: in 
situ pulmonary artery thrombosis (ISPAT) and classic 
thromboembolic PE. ISPAT usually occurs in younger 
children with congenital heart disease or anomalies of 
pulmonary arteries (12). Classic thromboembolic PE 
is correlated with underlying risk factors. The most 

Figure 1. Total body CT scan documented diffuse pulmonary 
embolism.
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important is the presence of central venous catheter 
(CVC) for hospitalized children (12,13) and the use 
of the oral contraceptive pill or hormonal supplemen-
tation for those non-hospitalized (14,15). Other risk 
factors reported in infants and neonates are septicemia, 
dehydration, peripartum asphyxia, inherited thrombo-
philia. In older children and adolescents > 12 years, 
known risk factors include obesity (47-52%), autoim-
mune disease (19%), cancer (8%), immobility (22%), 
CVC (27%), infection (27%), surgery (27%), anatomi-
cal abnormality (20%), tobacco smoke (6%), hormonal 
therapy for contraception, gender transition (6-22%), 
trauma (3%), inherited thrombophilia (19%), other 
medical conditions (11%), dehydration, systemic lupus 
erythematosus, and prolonged total parenteral nutri-
tion (13,16). The etiology of thromboembolic events 
is based on Virchow’s triad: venous stasis, injury to the 
vessel wall, and enhanced coagulability (17) (Table 1). 
The last two are the most critical factors in children, 
while stasis remains the main reason in adults. Pedi-
atric patients with PE show DVT in 60% to 72.1% 
(8,18,19). Our patient was hospitalized for more than 
15 days, had a documented condition of hypercoagu-
lability, was obese, and showed Haemophilus Influenzae 
pneumonia. 35% of patients with a thrombotic event 

have either a congenital or an acquired prothrombotic 
disorder (19, 20). In adolescents, this number increases 
to 52% (2). In particular, the heterozygous association 
of the factor V and factor II mutation is described in 
the literature as a rare condition but linked to a higher 
risk of VTE. The percentages of heterozygous muta-
tions of factor II and factor V are 4-8% and 20-25% in 
subjects with VTE. Despite this, no evidence supports 
thrombophilic screening in the general pediatric popu-
lation. Tests may be considered in first-degree relatives 
of individuals with a personal history of early-onset 
VTE. 

Obesity is a condition often associated with 
thromboembolism when compared to non-obese sub-
jects, 35% vs. 17%, and a common risk factor in 43% 
of patients with recurrent thromboembolism (10). Two 
controlled studies reported a 2- to 3-fold increased 
risk of VTE in obese children compared with normal-
weight children (21, 22). Sundbøll et al. described a 
correlation between obesity in childhood and a high 
risk of PE later in age, probably due to a life-long 
sedentary lifestyle that facilitates low-flow conditions 
and venous thrombus formation (23). Diagnosis of 
PE is complex. Clinical prediction rules for PE used 
for adults, such as the Well’s clinical probability score 
and the Geneva score (24), have not been validated yet 
for children due to specific innate protective mecha-
nisms documented in children as a decreased capacity 
to generate thrombin related to decreased plasma con-
centrations of prothrombin, an enhanced capacity to 
inhibit thrombin reflecting increased plasma concen-
trations of alpha-2 macroglobulin and differences in 
platelet/vessel-wall interaction (14,15). Therefore, the 
classic triad of PE symptoms, consisting of pleuritic 
chest pain (32%), shortness of breath (57%), and he-
mostasis or demonstrating symptoms of DVT at pres-
entation (28%) (10) can be incomplete or absent. This 
can lead to a possible diagnosis missing, significantly 
if an embolism obstructs less than 50% of pulmonary 
circulation (19,2) or mimic other pulmonary diseases 
like pneumonia, atelectasis, and thoracic tumors (3). 
Given the generally excellent cardiopulmonary reserve 
in pediatric patients, even large PE can be compensat-
ed, presenting only subtle clinical signs and symptoms. 
Hennelly et al. in a retrospective study combining two 
cohorts, found nine significant variables contributing 

Table 1. Virchow’s triad

Damage to the endothelium
a. Cerebral venous catheters
b. Inflammation (i.e., lupus, inflammatory bowel disease)
c. Systemic infections
d. Antiphospholipid antibodies
Change in laminar flow
a. Congenital or acquired heart disease
b. Local anatomical causes (e.g., congenital anomalies of pul-

monary arteries or after corrective heart surgery, e.g., Fontan 
surgery

c. Total parenteral nutrition
Thrombophilia
a. Nephrotic syndrome
b. Cancer
c. Medications (L-asparaginase therapy)
d. Pregnancy or hormonal supplementation
e. Antiphospholipid antibodies
Inherited conditions
a. Deficit of anticoagulants (i.e., protein C, protein S, Anti-

thrombin III)
b. Factor V Leiden, prothrombin gene variant 
c. Elevated homocysteine
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to the diagnosis: age‐adjusted tachycardia, tachypnea, 
hypoxia, unilateral limb swelling, trauma/surgery re-
quiring hospitalization in previous four weeks, prior 
thromboembolism (protein C, protein S or antithrom-
bin deficiency), cancer, anemia, and leukocytosis (25). 
In this area, diagnostic tests play a crucial function. 
The D-dimer analysis has low diagnostic utility when 
adapted in children, being normal in 15% to 40% of 
children (7, 8). Hypoxia, hypocapnia, and respiratory 
alkalosis in blood gas analysis may be suggestive of PE 
even if not observed in all patients (26). ECG is non-
specific and can reveal sinus tachycardia, right axis 
deviation, right bundle branch deviation, and ST-T 
segment abnormalities. The S1Q3T3 pattern in ECG 
may suggest the diagnosis of PE, but it is neither sen-
sitive nor specific (24). 

Imaging evaluation has a primary role in PE di-
agnosis. Using two or more risk factors as the clinical 
threshold for obtaining a diagnostic CT scan, the sen-
sitivity for PE detection reaches 89%, and the specific-
ity is 94%. The current criterion standard for PE diag-
nosis is computed tomography pulmonary angiogram 
(CTPA), but this carries the risk of radiation-induced 
malignancy (25,27). Conventional chest radiography is 
often the first imaging test performed and is abnormal 
in 88% of cases. An ultrasound exam is controversial, 
and it can be used to identify the thrombus source. Di-
agnostic tests for evaluation of PE can be divided into 
those needed for definitive diagnosis of PE (Table 2), 
tests that may aid in diagnosing the severity of PE (i.e., 
risk prediction and, thus, may help in decision making 
of management of PE) and various tests that should be 
performed prior to anticoagulant therapy of PE (28).

Due to the lack of management guidelines in 
childhood, PE treatment has been extrapolated from 
adults (7, 29), which means that each medical center 
should arrange its multidisciplinary approach. Gen-
erally, hemodynamic status and underlying diseases 
should dictate the choice of treatment. Normally 
standard anticoagulant treatment is expected with ei-
ther unfractionated or low molecular weight heparin 
as in our case presentation. Thrombolysis, ultrasound-
assisted catheter-directed thrombolysis (USAT), or 
surgical or catheter embolectomy is reserved for pa-
tients at high risk of rapid hemodynamic deterioration, 
submassive PE, or who failed to achieve the optimal 

outcome (30-33). There are no studies regarding the 
optimal duration of treatment. Follow-up is necessary 
to establish resolution, progression, or recurrence and 
monitor potential long-term complications, such as 
pulmonary hypertension and chronic PE (34). 

Conclusion

PE is a rare, potentially fatal disease that must 
be suspected in the presence of multiple risk factors, 
even in pediatric patients with subtle symptoms and 
signs. Non-specific symptoms may delay diagnosis in 
children for their intrinsic characteristics. Future addi-
tional studies stratifying by age are needed to improve 
the knowledge and understand this disease process and 
improve the care in this population in terms of diagno-
sis and treatment. Prediction models for the diagnosis 
of PE, such as the Wells criteria and Geneva score, val-
idated for the adults, are greatly needed for the pedi-
atric population. Current practices are based on adult 
literature. Our case underlines as PE in childhood is a 
multifactorial disease in which underlying clinical risk 
factors and inherited thrombophilia contribute to the 

Table 2. Diagnostic tests for PE.

Investigations 
for diagnosis 
of PE

Laboratory: D-dimer

Imaging: Pulmonary angiography, 
Ventilation/Perfusion scan, CT-Pulmonary 
Magnetic resonance imaging/magnetic, 
Resonance pulmonary angiography.

Investigations 
for severity 
assessment

Clinical examinations: signs of respiratory 
distress, sweating
POC: pulse oximetry, ABG, ECG

Laboratory: troponin, BNP

Imaging: echocardiogram

Investigations 
to guide 
management

Laboratory: pregnancy test, CBC, CMP, PT/
INR, PTT, fibrinogen, plasminogen

Investigations 
of underlying 
causes

Laboratory: thrombophilia screening

Congenital: protein C, protein S, 
ATIII, prothrombin, factor VIII, vWF, 
homocysteine, lipoprotein (a), factor V, 
R506Q, prothrombin G20210A, MTHFR 
C677T
Acquired: ANA, ACLA IgG or IgM, 
Circulating
Anticoagulant

Imaging Ultrasound of extremities
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development. Because diagnosis based on symptoms is 
difficult, it is essential to identify one or more risk fac-
tors that can lead to the most appropriate diagnostic 
workup.

Therefore, there is a clear need to carry out clini-
cal trials in the pediatric population to clarify a rare 
pathology in children and more common in adults.
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