
Original article

TaggedH1Pulmonary embolism in pediatrics: A 10-year experience

from a tertiary center in Brazil TaggedEnd

TaggedPLiana Ariel de Siqueira Lira *, Daniele Martins Celeste ,
Marlene Pereira Garanito , Jorge David Aivazoglou Carneiro TaggedEnd

TaggedPInstituto da Criança, Hospital das Clínicas da Faculdade de Medicina da Universidade de S~ao Paulo (FMUSP), S~ao Paulo,

SP, Brazil

TaggedEnd

TAGGEDPA R T I C L E I N F O

Article history:

Received 4 December 2021

Accepted 13 February 2022

Available online 2 April 2022TaggedEnd

TAGGEDPA B S T R A C T

Introduction: Although still rare, pulmonary embolism (PE) in children has been increasing

over the years. Data regarding this group of patients are still sparse, which contributes to

the lack of standardized prophylaxis protocols and the misdiagnosis. This study aimed to

determine the incidence of pediatric PE at a Brazilian tertiary hospital, describe clinical

characteristics and identify possible risk factors. We also analyzed the diagnosis and man-

agement of PE.

Methods: This was a retrospective review of tertiary Brazilian single-center data of all pedi-

atric patients (0 − 18 years) with acute PE, diagnosed radiologically, from September 2009 to

May 2019.

Results: The incidence of PE was 3.3 cases per 10,000 hospitalized children. All the twenty-

three cases had some risk factor identified and sixteen of them (69.5%) had more than one

risk factor. The most important were central venous catheter (39.1%), malignancy (34.8%)

and recent surgery (34.8%). Among the children with identifiable symptoms (69.5%), the

most common was dyspnea (56.2%). Only one patient did not receive antithrombotic ther-

apy because of the high bleeding risk and most patients (70.6%) were treated for 3 to 6

months. Among the nineteen patients alive at the end of the six-month follow-up, ten

(52.6%) repeated the PE image control. Seven of them (70.0%) had complete or partial resolu-

tion of the thrombosis and none had worsening images.

Conclusion: Our lower incidence than that of the current literature may reflect underdiagno-

sis due to low suspicion of PE. At least one risk factor was identified in all patients, which

emphasizes the importance of increasing awareness of high-risk children.
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TaggedPPulmonary Embolism (PE) is a potentially life-threatening

condition still rare in the pediatric population, but the exact

incidence is not known.1 The annual incidence of pediatric PE
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TaggedEndTaggedPfrom first analyses of the Canadian registry in 1994 was 0.86

per 10,000 hospital admissions, while the Pediatric Health

Information System database from the United States showed

rates up to 9.22 per 10,000 admisisons2−4 in 2019. Among all

the children in the community, PE incidences range from 0.14

to 0.90 per 100,000 per year.5,6TaggedEnd

TaggedPThe different incidences reported reflect diagnostic limita-

tions, PE clinically silent and biased population at tertiary

centers.3,7 Moreover, the incidence of PE is steadily increasing

due to detection of previously undiagnosed patients, as well

as the actual increase of the pediatric PE occurrence as a con-

sequence of a higher number of patients at risk for thrombo-

embolic events, such as longer survival of children with

critical medical conditions and increased use of the central

venous catheter.1,8−10TaggedEnd

TaggedPThe PE characteristics in children are much different from

those in adults, not only in terms of incidence, but also of pre-

disposal factors, pathophysiology, clinical presentation and

management strategies.7 The PE is a consequence of patient-

related and setting-related risk factors, which are usually per-

manent and temporary conditions, respectively.11 In children,

PE is rarely unprovoked and the main risk factors are immobi-

lization, infection, presence of the central venous catheter,

recent surgery/trauma, malignancy, nephrotic syndrome,

hormonal contraception/pregnancy and obesity.11,12 TaggedEnd

TaggedPThe underdiagnosis of pediatric PE is evidenced by inciden-

ces up to 4.2% in autopsy reports, which is partially attributed

to non-specific symptoms masked by underlying conditions.3,13

Additionally, the clinical findings mimic other childhood dis-

eases that are more common, such as pneumonia.14TaggedEnd

TaggedPThe combination of symptoms, clinical findings and risk fac-

tors provide a pre-test probability of PE in the adult popula-

tion.11 In adults, when combined with the D-dimer results, the

clinical probability score is safer to exclude PE without the need

for image tests.14 Several scores already exist as useful tools for

diagnosis, but none of them were approved for children.15TaggedEnd

TaggedPThe delay or missing PE diagnosis may lead to serious con-

sequences to the child. Overall mortality ranges from 10% to

24%, either attributed to underlying conditions or directly to

PE, andmorbidity rates are still unknown.2,3,5 TaggedEnd

TaggedPDue to the lack of pediatric PE studies, the diagnostic man-

agement of a child with suspected PE and the treatment

guidelines are extrapolated from the knowledge gained from

adult patients.16 A recent multinational survey confirmed the

variability in the management of PE, even among academic

tertiary centers.17 TaggedEnd

TaggedPIn Brazil, there is still no knowledge regarding pediatric

venous thromboembolism (VTE) or PE epidemiology and clini-

cal characteristics.18 This article reviews the incidence, clini-

cal characteristics, diagnostic workup, risk factors, treatment

and outcome of PE in pediatric patients admitted to care at a

single Brazilian tertiary center.TaggedEnd

TaggedH1Methods TaggedEnd

TaggedPSubsequent to the Institutional Review Board approval (CAP-

Pesq 3.761.519/Dec 2019), medical records of pediatric patients

diagnosed with acute PE at the Instituto da Criança do Hospital

das Clínicas da Faculdade de Medicina da Universidade de S~ao Paulo

TaggedEndTaggedP(ICr-HCFMUSP) were evaluated. Patient selection was

achieved by searching for the discharge diagnostic code I26

(pulmonary embolism) and/or I82 (other venous embolism

and thrombosis (primary or secondary diagnosis)) in a data-

base of all patients admitted to the ICr-HCFMUSP. Electronic

medical records regarding hospitalization and outpatient fol-

low-up were then reviewed. Then we only included patients

with confirmed PE. TaggedEnd

TaggedPThe study included patients from 0 to 18 years of age and

radiologically confirmed acute PE between September 2009 to

May 2019. Over this period, 70,305 pediatric patients were

hospitalized. The incidence of PE was then calculated using

the ratio between the confirmed acute PEs and the number of

pediatric admissions. The PE diagnosis was established by

computed tomographic pulmonary angiography (CTPA) or

echocardiography, when the CTPA was not possible. The

exclusion criteria were the absence of radiological or patho-

logical PE confirmation and non-thromboembolic pulmonary

embolism. TaggedEnd

TaggedPAt the time of the diagnosis, the main data analyzed were

demographic characteristics, risk factors for thromboembolic

events, presentation symptoms, the D-dimer level and imag-

ing modality. The antithrombotic therapy, duration of treat-

ment and outcome after six months of follow-up were

evaluated. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPOur study evaluated 23 patients with PE during a period of

10 years, with an incidence of 3.3 per 10,000 admissions, six-

teen of them (69.6%) hospitalized at the time of initial symp-

toms. TaggedEnd

TaggedPDemographic and clinical characteristics of patients are

shown in Table 1. The median age was 11 years (2 days - 17

years) and twelve patients (52.2%) were adolescents (> 10

years). TaggedEnd

TaggedPAll the twenty-three cases had some risk factor identified.

The most important were the central venous catheter (39.1%),

malignancy (34.8%) and recent surgery (34.8%). Use of pro-

thrombotic medications, such as corticosteroids and aspara-

ginase, were identified in five cases, although none of them

included an oral contraceptive. More than one risk factor was

present in sixteen of the children (69.5%). TaggedEnd

TaggedPFive patients were asymptomatic and they are described in

Table 2. All of them had comorbidities and CTPAs were per-

formed for other reasons. It was not possible to evaluate

symptoms in two patients: one due to the lack of data and the

other to a critical condition with confusion factors at the time

of the PE diagnosis. TaggedEnd

TaggedPAmong the sixteen children (69.5%) with identifiable

symptoms/signs, most of them presented dyspnea (56.2%)

and there were no reports of syncope or hemoptysis. The

median time between initial symptoms and diagnosis was

1 day (0 - 11 days). Only six patients (26%) were admitted due

to symptoms attributable to PE. The other ten symptomatic

children developed symptoms during hospitalization. TaggedEnd

TaggedPFrom the sixteen patients (69.5%) who had their D-dimer

measured at diagnosis, all had levels higher than 1,000 ng/ml

(laboratory reference: < 500 ng/ml) (Figure 1). TaggedEnd
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TaggedPThe imaging modality of choice was the CTPA. An alterna-

tive imaging technique (echocardiography) was used in two

patients (8.7%). One of themwas a newborn in the second day

of life and the exam revealed a thrombus measuring

9.8 £ 3.4mm, leading to the partial occlusion (70%) of the left

pulmonary artery. The other child was a hemodynamically

unstable infant with sepsis and cardiovascular failure. The

echocardiography evidenced a thrombus measuring

9.0 £ 3.5mm at the bifurcation of the pulmonary artery and

mild pulmonary hypertension. TaggedEnd

TaggedPOnly one patient did not receive antithrombotic therapy

because of a high bleeding risk. In four of the patients treated

(18.2%), the therapy was initiated with unfractionated heparin

(UFH) and continued with low molecular weight heparin

(LMWH). Eighteen (78.3%) were treated with LMWH from the

beginning of the treatment. Thrombolysis was not performed

in any of the cases.TaggedEnd

TaggedPAmong 22 patients who received antithrombotic therapy,

five patients were lost to the follow-up and twelve of the

remaining seventeen (70.6%) received anticoagulation ther-

apy for 3 to 6 months (median of 6 months). Two patients had

the treatment interrupted because of bleeding complications:

one hemothorax (day 9 of treatment) and one fatal intracra-

nial hemorrhage (day 30 of treatment). TaggedEnd

TaggedPFour patients (17.4%) died. One died due to cardiorespira-

tory failure secondary to PE, which was diagnosed after

11 days from the presentation symptoms, and was the only

case not treated because of the high bleeding risk. Another

child died because of intracranial hemorrhage 30 days after
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TaggedEnd Table 1 – Characteristics of pediatric patients with PE.

Characteristics (n = 23) n (%)

Demographics

Age

2 days − 17 years 23 (100)

< 1 year 3 (13)

1 − 10 years 8 (34.8)

> 10 years 12 (52.2)

Male sex 12 (52.2)

Setting

Inpatient 16 (69.6)

Outpatient 7 (30.4)

Risk factors

Central venous catheter 9 (39.2)

Malignancy 8 (34.8)

Recent surgery 8 (34.8)

Infection 7 (30.4)

Drugs
1

5 (21.7)

Nephrotic Syndrome 3 (13.0)

Congenital heart disease 2 (8.7)

Trauma 1 (4.3)

Polycythemia 1 (4.3)

Splenectomy 1 (4.3)

Symptoms/signs

Dyspnea 9 (39.1)

Chest pain 8 (34.8)

Hypoxemia 7 (30.4)

Cough 1 (4.3)

1 Corticosteroids or asparaginase.
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TaggedEndTaggedPanticoagulation was initiated. Two deaths were due to unre-

lated causes (sepsis andmalignancy). TaggedEnd

TaggedPAmong the nineteen patients alive at the end of the six-

month follow-up, ten (52.6%) repeated the PE image control.

Seven of them (70.0%) had complete or partial resolution of

the thrombosis and none had worsening images. TaggedEnd

TaggedH1DiscussionTaggedEnd

TaggedPOne of the main limitations in increasing knowledge on pedi-

atric PE is its low incidence. Nevertheless, we obtained a con-

siderable number of patients from a pediatric reference

center in Brazil, which is comparable to a recent Portuguese

study.19 Our resulting incidence of 3.3 per 10,000 hospitalized

children was previously reported by Biss et al. (2008).3 Multi-

center data from the United States published by Rajpurkar

et al. (2019) are higher and ranged from 5.12 - 9.22 per 10,000

admissions,4 similar to recent findings from a Portuguese

center.19 One possible cause for our lower incidence is the still

incipient knowledge on pediatric VTE and PE in Brazil. TaggedEnd

TaggedPThe peak of incidence of PE was in adolescence, however

the classical bimodal distribution (< 1 year of age and adoles-

cence) was not found in our study.6 The low incidence of PE in

children < 1 year and, more specifically, newborns is probably

due to the existence of a specific neonatal center at the

HCFMUSP hospital complex. TaggedEnd

TaggedPAlthough we found similar frequencies of PE betweenmale

and female patients, the finding was different in the adoles-

cent group. Only four of the 12 adolescents were female

(33.3%) and none of them reported the use of a hormonal con-

traceptive, an important risk factor for PE, which has been

extensively described.11,12 The fact that most of our patients

were hospitalized and had underlying diseases could justify

this lower percentage of female adolescents, in comparison

to the Portuguese study.19 TaggedEnd

TaggedPIn contrast to the adult population, PE is rarely unprovoked

in children and adolescents. Our study identified at least one

TaggedEndTaggedPrisk factor in all patients and the presence of the central

venous catheter was the most common, found in nine chil-

dren (39.3%). Previous reports have already implicated the

central venous catheter as the most important isolated risk

factor associated with thromboembolic events in childhood2,5

and its increasing implication with pediatric PE, due to the

requirement for the administration of new drugs or prolonged

parenteral nutrition.20TaggedEnd

TaggedPMalignancy, nephrotic syndrome and congenital heart dis-

ease are the main comorbidities associated with PE in chil-

dren.3 Malignancy and nephrotic syndrome were found in

eight (34.8%) and three (13.0%) of our patients, respectively.

All the patients with nephrotic syndrome were at home at the

time of the first symptoms of PE. They were diagnosed on the

same day or 1 day after the initial symptoms, which demon-

strates a high clinical suspicion of PE in this condition. Con-

genital heart disease was present in only two patients (8.7%)

and this may be justified by the existence of a specific heart

hospital at the HCFMUSP hospital complex at the ICr. TaggedEnd

TaggedPThe PE following trauma or recent surgery (previous 4

weeks) was diagnosed in nine patients (39.3%). These are rec-

ognized predictors of the PE diagnosis in adults and chil-

dren.21 Two or more risk factors were identified in the

majority of patients (69.5%), which emphasizes the awareness

of conditions involving nonspecific symptoms. TaggedEnd

TaggedPGiven the lack of definitive recommendations regarding

thrombophilia investigation, our center performs these tests

only in certain clinical situations, such as unprovoked PE and

a positive family history of VTE and/or thrombophilia. There-

fore, this variable was not evaluated in our study.22,23TaggedEnd

TaggedPIncidental PE was included in our study due to two main

reasons. First, to compare our data with other studies that

also include them and second, because there is no consensus

regarding the management of asymptomatic PE, most of the

clinicians do not differentiate between symptomatic and

asymptomatic PE.17TaggedEnd

TaggedPAlthough high levels of D-dimer were observed in all of our

patients who were tested, the role of D-dimer testing remains

TaggedEnd TaggedFigure

Figure 1 –D-dimer level at the time of PE diagnosis. TaggedEnd
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TaggedEndTaggedPunknown in the diagnosis of PE in children. The test is not

specific and can be a false positive in the presence of severe

underlying conditions, common in tertiary centers like ours.15

Despite this, prospective studies are necessary to elucidate

the role of D-dimer and the development of diagnostic predic-

tion models using this test in children and adolescents.12 TaggedEnd

TaggedPCurrent imaging techniques to establish the diagnosis of

PE in children are the ventilation/perfusion scan (V/Q scan)

and CTPA. They replaced the historically gold-standard pul-

monary angiograph, which was too invasive and expensive.

The V/Q scan is a safe method, which has been used for years.

However, it requires the cooperation of the patient (often chil-

dren older than 5 - 7 years) and the findings are nonspecific to

the PE. The V/Q scan was not performed in any of our

patients. The CTPA is now the preferred imaging modality

because of the high sensibility and specificity, in addition to

the possibility of the evaluation of parenchymal and medias-

tinal structures.24 The CTPA was not performed in only two of

our patients due to technical difficulties. TaggedEnd

TaggedPThe most common initial antithrombotic therapy for PE is

the UFH and LMWH. The UFH is the preferable drug if the

patient has a high risk for bleeding or presents hemodynamic

instability because of the advantages of the short half-life and

availability of a reversal agent.25 TaggedEnd

TaggedPThe optimal duration of therapy in PE has not been estab-

lished yet and ranges mostly from 3 to 6 months.26,27 The

American Society of Hematology (ASH) guideline published in

2018 recommends anticoagulation for 3 months or less in PE

if the provoking factor has resolved. The exact time of treat-

ment was not defined.28TaggedEnd

TaggedPSevere bleeding occurred in 9.1% of the patients and both

of these children were receiving LMWH, which is often associ-

ated with a lower risk of bleeding (2.9 - 5%).29 The first patient

had the diagnosis of metastatic neoplasm. He had been

treated with LMWH for 30 days and the laboratory test evi-

denced appropriate anticoagulation at the time of bleeding

(intracranial fatal hemorrhage). The second patient had infec-

tive endocarditis and presented with evidence of supra-thera-

peutic anticoagulation after nine days of LMWH, when the

drug was discontinued. The next day, he was diagnosed with

hemothorax. TaggedEnd

TaggedPOverall mortality was 17.4%, although in only one patient

(4.3%) death was related to PE and in another one (4.3%), a

hemorrhagic complication of anticoagulation. Current data

on morbidity and mortality varies among studies. Biss et al.

(2008) found similar incidences regarding overall mortality

(21.4%), deaths directly related to PE (8.9%) and hemorrhagic

complication (3.6%).3 Portuguese data from Lopes de Bragança

et al. (2021) are even more similar to ours: overall mortality

was 17.3% and PE-related mortality was 6.9%.19TaggedEnd

TaggedPDespite recent data evidence having increased pediatric

venous thromboembolism rates, including PE, there is no evi-

dence on the efficacy of thrombosis prophylaxis due to the

lack of randomized clinical trials. Most of the published

guidelines focus on hospitalized adolescents and present var-

iable risk stratification.30,31 The CHAT (The Children’s Hospi-

tal-Acquired Thrombosis) project is a multicenter registry of

pediatric hospital-acquired thromboembolism to evaluate the

presence of risk factors. The second phase of the study was

published in 2020 and used the database from CHAT to

TaggedEndTaggedPretrospectively validate risk assessment models identified

from a previous review. An independent risk assessment

model will be prospectively validated (third phase) to evaluate

the safety and efficacy of thromboprophylaxis.32,33TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPTo our knowledge, this is the first Brazilian report on pediatric

PE. Previous studies are from developed countries, mostly the

United States and Canada, and we still do not know if these

data can be extrapolated to distinct populations. Our data are

comparable to some large centers, regarding time to diagno-

sis, risk factors and complication rates due to PE or anticoagu-

lation treatment. However, recent studies have reported

increasing rates of PE that are not consistent with our data

and we should be concerned about misdiagnosis in our popu-

lation due to the low index of suspicion and diagnostic limita-

tions. TaggedEnd

TaggedPRetrospective analysis from a single center is the main

limitation of the present study. We probably missed some

cases due to the incorrect completion of the discharge docu-

ment, lacking the ICD code for PE, and this can be another

explanation for our lower incidence. The existence of a spe-

cific heart center and a neonatal center at the HCFMUSP hos-

pital complex probably justifies the underrepresentation of

children with congenital heart disease and newborns diag-

nosed with PE, respectively. TaggedEnd

TaggedPOur hospital is a national reference center with multiple

pediatric specialties and this is important to increase the

external validity of this study at other reference hospitals.

However, our findings probably cannot be extrapolated to all

pediatric centers due to the biased population of a tertiary

hospital. TaggedEnd

TaggedPThe knowledge about our epidemiological and clinical data

is the first step towards improving the assistance for the chil-

dren with PE in Brazil. In addition, even single center studies

including distinct populations like ours may contribute to

form the basis for prospective and multicenter trials due to

the low worldwide number of cases. These studies are needed

to answer questions mainly related to pre-test probability

scores for the diagnosis, prophylaxis and ideal management

of PE in children and adolescents. TaggedEnd
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