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Abstract. Background: Pulmonary artery thromboembolism in children is an exceptionally rare condition.
Since its clinical presentation and associated risk factors differ from those observed in adults, the condition is
frequently underdiagnosed.

Case description: We present three cases of paediatric pulmonary artery thromboembolism, each with
distinct clinical presentations and differing risk factors. The first case involved a 15-year-old boy who devel-
oped fatal massive bilateral pulmonary artery thromboembolism after having spinal trauma, surgery, immo-
bility, and central venous catheter placement. The second case concerned a 17-year-old girl with Prader-Willi
syndrome and multiple comorbidities, who presented with severe respiratory failure and laboratory evidence
suggesting pulmonary thromboembolism, although imaging to confirm the diagnosis was limited. The third
case involved a previously healthy 17-year-old boy with upper-extremity deep venous thrombosis and con-
firmed pulmonary artery thromboembolism despite the absence of identifiable provoking factors.

Conclusions: These cases illustrate the heterogeneity of paediatric PATE presentation, the variability of the
underlying risk factors, and the diagnostic challenges encountered in clinical practice, underscoring the need
for heightened awareness among clinicians.
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Plauciy arterijos tromboembolija (PATE) pediatrijoje:
trijy klinikiniy atvejy pristatymas

Santrauka. Jvadas: Plau¢iy embolija pediatrijoje yra ypac reta buklé. Klinikiné iSraiska ir rizikos veiksniai
daznai skiriasi nuo suaugusiyjy, todél klinikinéje praktikoje $i buklé daznai lieka nediagnozuota.

Atvejy aprasymas: Pateikiame tris vaiky plauciy embolijos atvejus, pasizymincius skirtinga kli-
nikine i$raiska ir jvairiais rizikos veiksniais. Pirmas apragomas atvejis - 15 mety vaikinui po stuburo
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traumos, operacijos, ilgalaikio nejudrumo ir centrinés venos kateterizacijos iSsivysté masyvi abipusé
plauciy arterijy tromboembolija, pasibaigusi mirtimi. Antras aprasomas atvejis - 17 mety mergina,
serganti Prader-Willi (PWS) sindromu ir turinti kelias gretutines patologijas. Siai pacientei pasireis-
ké sunkus kvépavimo nepakankamumas, o laboratoriniai rodmenys kélé jtarimg dél plauciy em-
bolijos, nors vaizdinés diagnostikos galimybés diagnozei patvirtinti buvo ribotos. Trecias atvejis —
anksciau buves sveikas 17 mety vaikinas, kuriam buvo nustatyta giliyjy veny trombozé ir patvirtinta
plauciy arterijy embolija, aiSkaus tromboze sukeliancio veiksnio nebuvo nustatyta.

I$vados: Sie atvejai parodo vaiky plauéiy arterijy embolijos klinikinés iraiskos jvairove, skirtin-
gus rizikos veiksnius ir klinikinéje praktikoje kylancius diagnostinius sunkumus, siekiant atkreipti
gydytojy démesj j $ig liga.

Raktazodziai: plauciy embolija, plauciy arterijos tromboembolija, pediatrija, vaikai.

Introduction

Pulmonary Artery Thromboembolism (PATE) is the blockage of a pulmonary artery or its branches
by a thrombus. PATE in paediatric population is considered rare with an incidence rate of 3.5-6
pulmonary artery thromboembolism-related hospitalisations per 100,000 people [1,2]. In recent
years, the number of children diagnosed with pulmonary artery thromboembolism has been ris-
ing. This trend is thought to reflect an improved survival among those with chronic diseases, along
with a more frequent use of central venous catheters and interventional procedures [3]. Between
79% and 98% of paediatric patients with pulmonary artery thromboembolism have at least one
identifiable risk factor, with the most common one being the presence of a central venous catheter,
obesity, congenital heart disease and other hypercoagulable conditions [4,5]. In children, PATE may
present with pleuritic chest pain, dyspnoea, and signs of Deep Vein Thrombosis (DVT). However,
this presentation is often incomplete or entirely absent. Even large emboli may be well compensated
because children have a strong cardiopulmonary reserve. As a result, paediatric PATE may present
only with subtle, non-specific symptoms, and can easily mimic other pulmonary conditions [5,6].
Consequently, diagnosis is frequently delayed [7,8]. Autopsy studies indicate that pulmonary artery
thromboembolism was included in the initial differential diagnosis in only 15% of paediatric pa-
tients who ultimately died from the condition [7]. Therefore, it is crucial to raise awareness of pul-
monary artery thromboembolism in children. We present three clinical cases aimed at highlighting
the nonspecific nature of PATE symptoms, the associated risk factors, and the diagnostic challenges
encountered in the paediatric population.

Case presentations

Case no. 1

A 15-year-old boy was brought to the Emergency Department with a spinal injury after an unsuc-
cessful dive into water. He was admitted to the Paediatric Intensive Care Unit. The initial labora-
tory tests showed: aPTT 39.3 s, D-dimers 0.99 mg/L, fibrinogen 2.56 g/L, PT 26 s, PT activity 78%
(all within the normal range). Spinal surgery was performed under general anaesthesia. Postop-
eratively, the patient’s condition was stable. He was able to move his upper limbs but had no mo-
tor function in the lower limbs. Clinical examination confirmed paraplegia with complete loss of
sensation. Physiotherapy was initiated. Additionally, on the first day of hospitalization, a Central
Venous Catheter (CVC) was placed, and thrombosis prophylaxis with Fraxiparine 0.3 ml once daily
was initiated.
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After 2 days, the patient developed fever and was started on antibiotic treatment. Inflammatory
markers decreased. However, after one week of treatment, fever recurred. There was no bacterio-
logical growth in blood and urine cultures, and chest radiography showed no signs of pulmonary
infection. No pressure ulcers were present. Antibacterial therapy was adjusted. During this period,
the patient’s clinical condition appeared to improve. Throughout the entire course of treatment, the
patient was breathing spontaneously and did not require supplemental oxygen.

On the 16 day of hospitalization, the patient suddenly complained of severe headache and im-
mediately lost consciousness. His pulse became irregular, followed by cardiac arrest. Cardiopulmo-
nary resuscitation was started following the asystole algorithm.

Bedside echocardiography performed during resuscitation revealed a markedly dilated right ven-
tricle with freely floating hyperechogenic masses consistent with thrombi. A chest X-ray showed
a mildly increased cardiac diameter. Thrombolysis was performed. Despite ongoing resuscitation
efforts, return of spontaneous circulation was not achieved, and the patient was pronounced dead
2 hours later. An autopsy revealed extensive deep vein thrombosis of the lower limbs and acute mas-
sive bilateral pulmonary artery thromboembolism.

Case no. 2

A 17-year-old girl with a known history of Prader-Willi syndrome, morbid obesity (175 kg), Arte-
rial Hypertension (AH), type 2 Diabetes Mellitus (DM) and sleep apnoea presented to the Emergency
Department of a secondary-level hospital with acute expiratory dyspnoea, cyanosis of the lips, in-
termittent cough, and a recent fever peaking at 38.1°C. On clinical examination, the patient was le-
thargic with signs of respiratory distress, RR 50 breaths per minute, SpO2 60% (increased to 75% on
a non-rebreather mask at 15 1/min), and marked use of accessory respiratory muscles. Auscultation
revealed coarse bilateral breath sounds with expiratory wheeze and fine crackles, more prominent
on the right side.

Laboratory data indicated infection, and a nasopharyngeal culture identified Staphylococcus
aureus as the causative pathogen. Arterial blood gas analysis showed respiratory acidosis. Chest
radiography revealed bilateral pleural effusions with features consistent with pleuropneumonia. D-
dimer (10 559 mg/1), TnI (290 ng/1), and NT-pro BNP (3 879 pg/mL) were markedly elevated, which
are findings suggestive of a prothrombotic process and myocardial injury. Bilateral lower extremity
ultrasonography was performed, revealing no evidence of Deep Vein Thrombosis (DVT). Echocar-
diography revealed grade I pulmonary hypertension, whereas follow-up studies showed progressive
cardiac chamber dilation. Although PATE was suspected clinically, no echocardiographic or other
definitive evidence of acute pulmonary artery thromboembolism was identified, apart from elevated
D-dimer levels. CT pulmonary angiography was indicated but could not be performed because the
patient’s body habitus exceeded the scanner’s physical limitations. Overall, the picture was most con-
sistent with cardiopulmonary failure, secondary to severe pleuropneumonia with suspected PATE.

Given the concern for PATE, subcutaneous Fraxiparine 0.9 ml was administered twice daily.
Opver the course of intensive care, D-dimer levels decreased over time (10 559 > 556 mg/L), TnI and
NT-pro BNP normalized as well, and follow-up echocardiography showed no further progression of
cardiac chamber dilation. Clinically, the patient showed improvement: dyspnoea resolved, the res-
piratory distress eased, the patient became alert and no longer dyspnoeic at rest. After 30 days in the
intensive care unit, anticoagulation from Fraxiparine was transitioned to apixaban, and the patient
was subsequently transferred to a tertiary care hospital for continued care.

Case no. 3

A 17-year-old boy presented to the Emergency Department with swelling and bluish discoloration
of the left upper limb. He reported pain in the axillary and supraclavicular area. The symptoms
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developed shortly after participating in a sports competition. He denied trauma, fever, or other sys-
temic symptoms. An outpatient Doppler ultrasound performed prior to admission demonstrated
acute thrombosis of the left subclavian vein and approximately 50% occlusion of the basilic vein,
with a narrow band of residual blood flow around the thrombus. Several markedly enlarged lymph
nodes were noted in the left axillary region. Objectively, all vital signs were within normal limits,
the left arm was slightly paler, and the left armpit was painful to the touch. Laboratory tests showed
mildly elevated aPTT of 40.4 s (reference range 28-38 s) and a fibrinogen level of 4.5 g/L (reference
range 2—4 g/L), while D-dimer levels remained within the normal range at 0.79 mg/L.

Given the confirmed upper-extremity venous thrombosis and the elevated risk of pulmonary ar-
tery thromboembolism, a contrast-enhanced CT scan was performed. Bilateral central contrast-fill-
ing defects were identified in the segmental and subsegmental pulmonary arteries which confirmed
acute pulmonary artery thromboembolism without signs of right ventricular overload. Treatment
with unfractionated heparin was initiated, with dosing titrated according to aPTT. Throughout hos-
pitalization, hemodynamics remained stable, and there was no need for supplemental oxygen. On
follow-up vascular ultrasound, the thrombi were decreasing in size.

No provoking risk factors were identified, therefore, comprehensive genetic testing for throm-
bophilia was performed. The results showed that no prothrombin (F2) gene mutation or the Leiden
factor (F5) mutation was detected. After 10 days of inpatient treatment, with symptomatic and clini-
cal improvement, the patient was discharged for outpatient treatment with oral anticoagulants and
follow-up after 2-3 months.

Table 1. Clinical characteristics of the cases

Case no. 1 Case no. 2 Case no. 3
Age 15 17 17
Sex Male Female Male
Respiratory symptoms None Tachycardia, cyanosis, None
dyspnoea.
Risk Factors Central venous catheter, Prader-Willi syndrome -
paraplegia, surgery, (morbid obesity, AH,
infection DM and sleep apnoea
syndrome), infection
D-dimers (mg/L) 0.99 (taken 2 weeks prior 10 559 0.79
Reference range 0 - 500 mg/L  embolism suspected)
Tnl (ng/L) - 290 -
Reference range 0 - 23 ng/L
NT-pro BNP (pg/mL) - 3879 -
Reference range 0 — 125 pg/L
CT scan - - Acute pulmonary

embolism without signs of
right ventricular overload

DVT Not suspected, but was ~ No Yes
found during the autopsy

Family history None None Grandmother had
Pulmonary embolism

Genetic disorders - Prader-Willi None

Final outcome Died After recovery from PATE, Recovered completely

the patient was transferred
to a tertiary hospital for
further management
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Discussion

PATE in children is uncommon and rarely fatal [8]. The clinical presentation of paediatric PATE
frequently overlaps with many common paediatric diseases, leading to an average diagnostic delay
of one week after the symptom onset [5,7,9]. Therefore, compound adverse events within 90 days
remain a significant clinical concern [10].

Classic symptoms, when present, include an increased shortness of breath, pleuritic chest pain,
haemoptysis, cough, and even syncope. Patients may present with tachycardia, tachypnoea, and
oedema due to deep vein thrombosis (DVT) [7]. Paediatric patients with PATE exhibit DVT in ap-
proximately 60% to 72.1% of cases, and up to 20% of venous thromboemboli in children arise from
upper-extremity DVT, unlike in adults, where lower-extremity sources are most common [5,8].

Diagnosis of PATE in children is challenging not only because the clinical presentation can be
misleading, but also because adult clinical prediction rules, such as Wells clinical score and Geneva
score, have not been validated in paediatrics [11]. This limitation reflects developmental differences
in haemostasis specific to children, including a reduced thrombin-generating capacity due to lower
plasma prothrombin, higher concentrations of thrombin inhibitors such as alpha-2-macroglobulin,
and distinct platelet-vessel-wall interactions [5]. Furthermore, the diagnostic utility of D-dimer for
pulmonary artery thromboembolism in paediatric patients has not been fully validated, and elevated
D-dimer levels are not considered a statistically significant risk factor for PATE in children [12,13].
The D-dimer therefore has low diagnostic utility in this population: it is normal in 15% to 40% of chil-
dren, and, although 85% of children with PATE present with an elevated D-dimer, this finding lacks
specificity and is not discriminatory for the diagnosis [5,14]. D-dimer levels can be higher when the
clinical presentation is more pronounced. In the presented cases, one patient exhibited markedly el-
evated D-dimer levels, corresponding with a typical and prominent presentation of PATE. In contrast,
in the other two cases, D-dimer levels remained within the normal range, despite the presence of acute
PATE in both patients. Similarly, ECG findings in children with PATE are generally non-specific, with
sinus tachycardia observed in around half of the cases, right axis deviation in about 10-15%, and the
S1Q3TS3 pattern being rare, thus highlighting that ECG alone is insufficient for diagnosis [5]. Imaging
plays a key role in PATE diagnosis, with CT scans showing 89% sensitivity and 94% specificity when
performed in patients with two or more risk factors [15]. Two paediatric studies reported high diag-
nostic accuracy for PATE using computed tomography pulmonary angiography (CTPA) performed
with multislice spiral CT, which allows visualization of pulmonary arteries up to sixth-order branches,
evaluation of mediastinal and parenchymal structures, and direct thrombus detection [16-18].

Magnetic resonance pulmonary angiography (MRPA) allows radiation-free evaluation of the pul-
monary arteries and enables imaging of the upper body and central venous system in the same inves-
tigation, making it useful for patients with central venous lines or iodine contrast allergy [8]. However,
its use is limited by long scan times, limited availability, monitoring challenges in critically ill children,
and the need for general anaesthesia in younger patients [8,19]. Echocardiography, via transthoracic
or transoesophageal views, can directly visualize thrombi in the heart and central pulmonary arteries,
and reveal indirect signs of PATE such as right ventricular dilatation, septal motion abnormalities,
tricuspid regurgitation, and persistent inferior vena cava diameter [20]. While not a routine diagnostic
test, it is useful in critically ill patients to help differentiate massive PATE from other causes of hemo-
dynamic instability. In our cases, echocardiographic findings correlated with the disease severity: Case
No. 1 showed right ventricular dilatation and intracardiac thrombi, while Case No. 2 demonstrated
pulmonary hypertension and chamber dilatation. Echocardiography was not performed in Case No. 3.

There are numerous risk factors for paediatric pulmonary embolism. The most significant risk
factor contributing to the development of pulmonary embolism in the paediatric population is the
Central Venous Line (CVL), which is becoming increasingly common in the paediatric practice for
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administering medications, parenteral nutrition or chemotherapy [8,13]. Implantation of CVLs can
cause formation of non-adherent fibrin sleeves that may obstruct catheter tips. In addition, the cath-
eter itself and infused agents (e.g., chemotherapy) can disrupt the normal blood flow, injure the local
endothel of the vessel wall, and can create proinflammatory response to a foreign intravascular body,
which also contributes to thrombus formation [8]. Spinal cord injury is among the strongest recog-
nized risk factors for paediatric Venous Thromboembolism (VTE) because of prolonged immobility,
and immobilization. Children with spinal cord injury have a 37-times higher risk of VTE compared
to children without this injury [4]. Moreover, surgery itself is known to predispose children to PATE,
and this risk increases further with a prolonged surgical duration [21]. The literature suggests that
infection can also significantly increase the risk of thrombosis. The systemic inflammation associ-
ated with either acute or chronic infection can strongly promote coagulation factor activation [22].

One of our presented patients exhibited a particular set of risk factors related to her underlying
genetic disorder. Prader-Willi syndrome (PWS) is an imprinting defect caused by the lack of expres-
sion of paternally inherited genes in the 15q11.2-q13 chromosomal region [23]. The syndrome itself
is associated with multiple complications that are recognized contributors to thromboembolic risk.
Obesity represents the strongest prothrombotic trigger, as it drives chronic inflammation, impairs
fibrinolysis, and elevates fibrinogen, von Willebrand factor, and factor VIII levels [24]. Moreover,
studies have shown that individuals with Prader-Willi syndrome and obesity have nearly a 5-fold
higher risk of pulmonary embolism or DVT compared with obese individuals without the syndrome
[23]. Additional comorbidities frequently observed in individuals with PWS, such as diabetes and
hypertension, further promote a hypercoagulable state and sustain chronic systemic inflammation.
Hypoxemia resulting from obstructive sleep apnoea also directly activates coagulation pathways,
thereby compounding the patient’s overall thrombotic risk [23,25]. Taken together, these overlap-
ping risk factors created a markedly hypercoagulable state, which likely played a crucial role in the
development of the patient’s pulmonary embolism even at a young age.

Paediatric patients with PATE may also have other risk factors that contribute to a hyperco-
agulable state, such as congenital heart disease, thrombophilia, previous VTE, nephrotic syndrome,
hormonal supplementation, or deep vein thrombosis [7-9,13]. Nevertheless, idiopathic thrombosis
may still occur, although it is rare in the paediatric population. It is estimated that only 0-8% of
pulmonary embolism cases in children are spontaneous, compared with adults, in whom, idiopathic
events account for approximately 30% of the cases [8,12]. One of our presented patients had none of
the known risk factors for DVT of the upper limb and PATE. With no causative factors found, the
case could be considered idiopathic. However, considering the symptoms and the excluded risk fac-
tors, the patient’s presentation resembles Paget-Schroetter Syndrome (PSS). This syndrome is a rare
primary deep vein thrombosis involving the axillary and subclavian veins. Patients with this condi-
tion are typically young and otherwise healthy, and the development of thrombosis is associated
with compression of the subclavian vein in the costoclavicular space [26]. However, the diagnosis of
PSS was not confirmed because no anatomical compression of the subclavian vein or other definitive
diagnostic features were identified during evaluation.

The treatment of PATE in children largely follows the principles established in the adult prac-
tice, although evidence in children remains limited, and high-quality randomized trials are lacking.
Moreover, there are limited data regarding differences between adult and paediatric PATE manage-
ment because of the rarity of this condition in children [3]. Currently, the management of pulmonary
thromboembolism in children includes several modalities, such as supportive care, anticoagulation
with unfractionated heparin (UFH) or low molecular weight heparin (LMWH), vitamin K antago-
nists, systemic thrombolysis, placement of IVC filters, and mechanical or surgical thrombectomy.
The optimal strategy is individualised based on the patient’s individual condition [3,8].
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Conclusions

Our case series highlights that pulmonary embolism in children is a rare but clinically important
condition, frequently presenting with nonspecific symptoms. Importantly, the risk factors in pae-
diatric patients differ from those seen in adults, thus necessitating a high index of suspicion and
careful clinical assessment. An early recognition and timely diagnosis are crucial, as they may be
life-saving. The cases presented here illustrate the wide variability in clinical presentation and di-
agnostic pathways, highlighting the need for heightened awareness. Given the limited paediatric
evidence available, further research is essential to standardize diagnostic strategies and to develop
management approaches tailored to the paediatric population.
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