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A B S T R A C T

Introduction: The incidence of thromboembolic (TE)-pediatric pulmonary embolism (PPE) is increasing. We
sought to evaluate current practice patterns and gaps in the management of TE-PPE.
Materials and methods: After Institutional Review Board approval, SurveyMonkey® questions were sent to
members of the Pediatric/Neonatal Thrombosis and Hemostasis Subcommittee, of the International Society on
Thrombosis and Haemostasis and the Hemostasis and Thrombosis Research Society.
Results: Of 442 members of the two groups, 134 (30%) responded, and 125 (28%) complete responses were
analyzed. Eighty percent practiced at a pediatric facility, 88% at academic centers, and 59% in the USA.
Computed tomography pulmonary angiography (CTPA) was the preferred diagnostic modality (89%). D-dimer
testing was variably used; 22% used clinical diagnostic prediction models and 8% had specific clinical care
pathways for TE-PPE management. Prognostic stratification models were used to guide therapy by 4%.
Indications for thrombolytic therapy varied considerably; 40% had a standardized protocol for thrombolysis,
employing various modalities (45% systemic, 25% catheter-directed, 19% pharmaco-mechanical) and tissue
plasminogen activator dose intensities. Duration of anticoagulation was variable with 58% prescribing antic-
oagulation for duration of> 3months–6months; 61% followed for long-term adverse outcomes.
Conclusion: This multinational survey of thrombosis/hemostasis specialists mainly based at pediatric academic
centers demonstrates that antithrombotic management of TE-PPE (including duration of anticoagulation and
use/non-use of thrombolysis) varies considerably. Furthermore, standardized care pathways to facilitate acute
evaluation and management decisions are in place in a minority of centers. These findings help to inform the
design of future clinical trials in TE-PPE.

1. Introduction

Pulmonary embolism (PE) is an infrequent but potentially life
threatening form of venous thromboembolism (VTE) [1]. The incidence
of pediatric PE (PPE) has increased by 200% over the last 15 years but
there is a significant paucity of information on the diagnosis and
management of PPE [2]. Given that several gaps exist in this field, re-
cently, the Pediatric/Neonatal Thrombosis and Hemostasis

Subcommittee of the Scientific and Standardization committee (SSC) of
the International Society on Thrombosis and Haemostasis (ISTH) made
specific recommendations for further research in the field [3]. A sys-
tematic review of the published literature on PPE revealed that there
were two patterns of PPE [4]. One is the classic thromboembolic (TE)
PE; the other, unique to children, occurred due to local causes such as
congenital heart disease surgery, congenital anomalies of the pul-
monary artery etc. and was deemed to be an “in-situ pulmonary artery
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thrombosis” (ISPAT). Published studies over the course of the last few
decades have revealed that diagnostic and treatment modalities for TE-
PPE are highly variable [4]. To understand contemporary practice
patterns, we conducted a multinational survey of a group of pediatric
thrombosis/hemostasis physicians.

2. Materials and methods

The Institutional Review Board of the Wayne State University
(WSU) School of Medicine approved the study. Questions were devel-
oped in Survey Monkey® according to guidelines for reporting survey-
based research [5] and were divided into specific sections: demographic
information of the survey respondents; diagnosis of TE-PPE; acute
management of TE-PPE with specific focus on early clot reduction
techniques (ECRT); extended anticoagulation in TE-PPE; evaluation of
thrombophilia and associated risk factors; follow-up for long-term
outcomes after TE-PPE; and management of asymptomatic TE-PPE. To
assess specific trends in management patterns, hypothetical case sce-
narios were also provided and results were analyzed descriptively.

Survey questions were primarily in multiple-choice format and
some used branching logic with specific follow-up questions. Prior to
implementation, the survey was pre-tested by the authors of this
manuscript, members of the pediatric hematology oncology division at
WSU (n=6) and two external pediatric thrombosis /hemostasis experts
(Dr. Ayesha Zia, University of Texas Southwestern and Dr. Leslie
Raffini, Children's Hospital of Philadelphia). After incorporating
changes suggested from the pre-review, the survey was sent via an
online survey tool to the practitioners who had identified themselves to
be pediatric thrombosis/hemostasis physicians in the membership ros-
ters of the ISTH SSC's Pediatric/Neonatal Thrombosis and Hemostasis
Subcommittee and the Hemostasis Thrombosis Research Society (HTRS,
North America). An incentive of US $50 was offered as an electronic gift
card for the first 125 participants who completed the survey.

At the initiation of the survey, the respondents were advised re-
garding the two types of PE in children (as mentioned in the previous
section) and were asked to restrict their responses as pertaining speci-
fically to TE-PPE in patients< 21 years of age. The respondents were
also assured of the anonymous nature of responses and were asked to
proceed only if they consented to participate voluntarily. A copy of the
full survey is attached in the “Supplemental materials” section.

Responses were analyzed using SPSS statistical software (Version
24.0, IBM Inc.). Statistical analysis was descriptive and a non-para-
metric Fischer's Exact test was used to evaluate associations between
responses to specific clinical scenarios. Additionally, to assess differ-
ences in management patterns, responses were dichotomized and ana-
lyzed according to professional experience (≤10 years versus> 10
after completion of hematology training), affiliation (academic vs. non-
academic centers), country of practice (USA versus Non-USA), number
of PE patients evaluated annually (≤5 versus> 5 PE patients per year)
and existence of a clinical care pathway or pulmonary embolism re-
sponse team (yes versus no).

3. Results

There were 342 members of the Pediatric/Neonatal Subcommittee
of the ISTH SSC and 160 HTRS members who identified themselves as
pediatric thrombosis/hemostasis physicians; 60 members belonged to
both societies. The survey was therefore sent to a total of 442 unique
individuals, of whom 134 (30%) responded; 2 did not consent to par-
ticipate in the survey and 7 more revealed that they did not manage PE
in children as previously defined. Thus, a total of 125 (28%) analyzable
complete responses were obtained. Characteristics of the survey study
population, with regard to years of experience, practice setting, and TE-
PPE management experience, are summarized here: Among the re-
spondents, 49% were within 10 years of training and 46% were>10
years after training. A small minority (5%) was still in training. The

majority (80%) practiced at a pediatric facility, while 6% practiced at a
combined adult and pediatric facility; 88% were affiliated with an
academic medical center, 9% with a community medical hospital and
3% with private medical center. Fifty nine percent of the respondents
practiced in the United States while 41% were from other countries (8%
Canada, 6% Saudi Arabia, 2% each Brazil, Australia, Switzerland, Czech
Republic, Germany, United Kingdom, Israel, Singapore, Turkey,
Thailand, 1% each Austria, Spain, Indonesia, Moldova, Mongolia, The
Netherlands, New Zealand, Russia and Sweden). The majority of phy-
sicians (69%) evaluated 1–5, 21% evaluated 6–10, 8% evaluated 11–20
and 2% evaluated> 20 new children with PE annually.

3.1. Diagnostic evaluation

The physicians used a variety of modalities for the diagnosis of TE-
PPE with computed tomography pulmonary angiography (CTPA) being
the most common (89%). A D-dimer value was variably used by the
physicians to determine further radiologic testing for the diagnosis of
TE-PPE; 17% indicated that they “always” use, 24% “often” use, 38%
“occasionally” use and 18% “never” use the D-dimer value to determine
further radiologic testing. Twenty percent of respondents reported
using a clinical diagnostic prediction model validated in adults, for the
diagnosis of TE-PPE with the Wells criteria (original, modified or sim-
plified) being most frequently used (92%), followed by the Pulmonary
Embolism Rule-out Criteria (PERC) (12%). Furthermore, 8% of the re-
spondents reported the existence of a specific pulmonary embolism
response team (PERT) or a clinical care pathway for the rapid diagnosis
and acute management of TE-PPE at their institutions. Within such
teams, the composition consisted of a variety of subspecialists: 80% had
pediatric intensive care physicians, 60% had pediatric cardiologists,
90% had pediatric hematologists, 60% had pediatric emergency care
physicians, 10% had pediatric hospitalists/general pediatricians, 60%
had pediatric radiologists, 50% had interventional radiologists and 30%
had cardiovascular surgeons as part of the team. Overall, 80% re-
sponded that they would like to be involved in clinical research eval-
uating the impact of the PERT on outcomes of TE-PPE.

3.2. Acute management of TE-PPE

Among the respondents, 40% indicated that they had a specific
management protocol for thrombolysis/thrombectomy while 60% did
not have such a protocol; 33% of the physicians admitted all patients
with TE-PPE to the ICU while 57% admitted to the ICU depending on
the clinical condition of the patient. We also attempted to review the
current practice of early risk categorization of TE-PPE among physi-
cians: Four percent indicated that they use a prognostic risk score for
classification of PE; 67% used the pulmonary embolism severity index
(PESI) and 33% used the European Society of Cardiology (ESC) model.
The survey results also showed that the physicians use a variety of
methods to assess the severity of PE (Fig. 1a) and for the use of ECRT
(Fig. 1b). As shown in Fig. 1a, 98% of physicians used clinical signs and
symptoms to assess the severity of PE. A large proportion of physicians
also used abnormalities on echocardiography (ECHO, 92%), electro-
cardiography (EKG, 69%), radiologic location of the thrombus (84%)
and biomarkers such as elevated troponin (46%) and B-natriuretic
peptide (BNP, 32%) to assess the severity of PE. With regard to situa-
tions in which they would use ECRT (Fig. 1b), 95% of physicians stated
that prescribed thrombolytic therapy for patients with hemodynamic
collapse, 50% prescribed thrombolytic therapy to hemodynamically
stable patients who show evidence of cardiac dysfunction or cardiac
strain and 24% of physicians stated that they prescribed thrombolytic
therapy based solely on the site of the thrombus (i.e. main or right/left
main pulmonary artery).

Tissue-type plasminogen activator (tPA) was the most preferred
agent (98%) for use for thrombolysis. Furthermore, the survey revealed
that the physicians used a variety of routes (45% used systemic
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thrombolysis, 25% used catheter directed thrombolysis, 19% used
pharmaco-mechanical thrombolysis, 3% performed surgical removal of
the thrombus) and intensities for administering thrombolysis. When
catheter-directed or pharmaco-mechanical thrombolysis was used, it
was performed by interventional radiologists (66%), interventional
cardiologists (21%), critical care/intensive care physicians (13%) and
vascular surgeons (14%). The most frequent dose of tPA used for sys-
temic thrombolysis was 0.1–0.5mg/kg/h over 6 h (55%) followed by
0.01–0.06mg/kg/h over 24–48 h (31%). For catheter–directed throm-
bolysis, the most common tPA dose was 1–2mg/h administered
through the catheter over 24 h (62%); 18% had an alternate dose for
catheter directed thrombolysis and 18% did not perform catheter-di-
rected thrombolysis at their center.

Adjunctive measures used during thrombolysis (Fig. 2a) and the
practice of administering FFP to supplement plasminogen (Fig. 2b) vary
considerably. In regards to duration of thrombolysis, 39% of physicians
revealed that they continue thrombolysis for ≤48 h, 27% for 48–72 h,
9% for 72–96 h, 2% for> 96 h and 18% do not have a set maximal limit
for administering thrombolytic therapy.

When questioned about screening for other sites of deep venous
thrombosis (DVT), 74% responded that they screen for upper and lower
extremity DVT for all patients while 21% screen if there are symptoms
or signs of DVT; an additional 31% screen for intra-cardiac thrombosis
in the presence of a central venous catheter (CVC). Evaluation of
thrombophilia was also variable as indicated in Table 1.

3.3. Long-term choice of anticoagulants and duration of anticoagulation

To understand the practice patterns in prescription of antic-
oagulants (ACs), the respondents were advised to consider the age of
the patient and to assume that there were no restrictions in terms of
medication availability or insurance approval. As seen in Fig. 3, the
choice of ACs was age-dependent. In neonates and infants< 1 year,
96% responded that low-molecular weight heparins (LMWH) were their
AC of choice. For patients aged>1–6 years, 74% preferred LMWH,
22% preferred a vitamin K antagonist (VKA) and 2% prescribed direct
oral anticoagulants (DOACs). In children between 6 years of age and
puberty, 60% preferred a LMWH, 34% preferred VKA and 4% pre-
scribed DOACS. In post-pubertal children, 37% prescribed a LMWH,
32% VKA and 31% used DOACs for the long-term management of PE.

When questioned regarding duration of AC therapy for TE-PPE, 17%
indicated that they treat for 6 weeks–3months. On the other hand, 58%
indicated that they treated TE-PPE for duration of> 3
months–6months, 16% indicated that they prescribed AC for
6months–1 year and 10% prescribed>1 year or life-long antic-
oagulation. Furthermore, 17% believed that patients with non-central
PE (segmental/non-segmental) needed shorter duration of therapy,
while the majority (68%) of physicians did not differentiate between
the two for the duration of therapy. The practice for evaluation of re-
sidual thrombosis (RT) at the end of AC therapy also varied with 60%
indicating that they routinely re-imaged at the end of anticoagulant
therapy while 40% did not. When questioned about the role of RT on

Fig. 1. a and b: Factors taken into consideration to assess the severity of TE-PPE and indications for use of early clot reduction techniques (ECRT).
ECHO: echocardiography; EKG: electrocardiography; BNP: brain natriuretic peptide; CT: computed tomography; PE: pulmonary embolism.

Fig. 2. a and b: Use of adjunctive measures during thrombolysis and administration of FFP to supplement plasminogen.
ICU: intensive care unit; CBC: complete blood count; PT/APTT: prothrombin time/activated partial thromboplastin time; FFP: fresh frozen plasma.
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the duration of AC therapy, 13% of the respondents indicated that they
increased the duration of therapy from 6weeks to 3months, 58% re-
sponded that they increased the duration of AC from 3months to
6months and 35% indicated that the presence of RT would not alter the
duration of predetermined AC therapy.

3.4. Evaluation of long-term sequelae

Sixty-one percent of the respondents indicated that they regularly
followed patients for evaluation of long-term adverse outcomes such as
chronic thromboembolic pulmonary hypertension (CTEPH); 77% per-
formed ECHO, 39% EKG, 49% evaluated objective or subjective

Table 1
Practice pattern for evaluation of thrombophilia in TE-PPE.

Neonates- < 1 year 1 year-
Puberty

Post-
pubertal

Natural anticoagulant (Protein S, Protein C, Antithrombin III) deficiency
Always test 50% 47% 47%
Evaluate only if family
history or other reason

45% 47% 47%

Never test 6% 6% 6%

Genetic thrombophilia (Factor V Leiden mutation, prothrombin gene mutation)
Always test 35% 39% 38%
Evaluate only if family
history or other reason

48% 46% 50%

Never test 17% 15% 12%

Elevated levels of clotting factors (Factor VIII, Von Willebrand factor etc.)
Always test 28% 33% 35%
Evaluate only if family
history or other reason

37% 37% 36%

Never test 35% 30% 29%

Anti phospholipid antibody
Always test 47% 54% 57%
Evaluate only if family
history or other reason

37% 39% 40%

Never test 16% 6% 3%

Homocysteine level
Always test 26% 31% 30%
Evaluate only if family
history or other reason

34% 34% 35%

Never test 41% 35% 35%

Lipoprotein (a) level
Always test 16% 23% 25%
Evaluate only if family
history or other reason

34% 30% 34%

Never test 50% 46% 42%

Fig. 3. Age-dependent differences in choice of prescribed anticoagulants for TE-
PPE in children.
LMWH: low molecular weight heparin; VKA: vitamin K antagonist; DOACS:
direct oral anticoagulants.

Table 2
Trends in practice according to sub-categorizations.

A. Respondents' affiliation with an academic versus non- academic center

• Respondents from non-academic centers tended to use the clinical diagnostic
models such as the Wells criteria while those from academic centers did not

• Only a few centers had a clinical care pathway (or a PERT system), all belonged to
academic centers

• Academic centers were more likely to have a specific management protocol for
thrombolysis/thrombectomy

• Respondents from academic and non-academic centers were equally inclined to use
systemic and catheter directed thrombolysis; The use of pharmaco-mechanical
thrombolysis was generally seen in academic centers

• There was a tendency for use of high dose tPA for systemic thrombolysis in non-
academic centers while academic centers used both high and low dose tPA

• An age-dependent increase in the use of vitamin K antagonists and DOACs
(especially in the post-pubertal age) was seen with no differences in trends in
academic versus non academic centers

• In regards to thrombophilia testing, there was tendency for academic centers to test
for natural anticoagulant deficiency and genetic thrombophilia in all patients while
non-academic centers are more likely to test when there was a positive family
history, or if the clot was unprovoked. Antiphospholipid antibody (APA) testing was
performed by both academic and non-academic centers while testing for
homocysteine levels and lipoprotein (a) levels and elevated levels of clotting factors
was very heterogeneous with no specific differences between academic and non-
academic centers.

• There was no difference between academic and non-academic centers regarding
duration of therapy with the majority of the respondents indicated

• Respondents from non-academic centers were less likely to re-image at the end of
prescribed anticoagulant therapy, and likely to manage asymptomatic central PE
with anticoagulation

• Respondents from academic centers were inclined to not differentiate between
central and non-central PE

B. Respondents from US versus non-US countries

• There were no differences in the diagnostic tests, use of D-dimer, use of clinical
prediction models, likelihood of having a clinical care pathway, or a specific
pathway for thrombolysis/thrombectomy, likelihood of admission to the ICU, use of
a prognostic risk prediction model between US and non-US countries. There was a
greater tendency to use pharmaco-mechanical thrombolysis in the US; Non-US
countries were less likely to use catheter directed thrombolysis.

• There was a tendency to give FFP in all or in patients < 1 year in non-US countries
to supplement plasminogen while respondents from the US tend to give FFP when
there is a low level of plasminogen or when there was no response seen after
thrombolysis

• As regards anticoagulant use, although an age dependent increase was seen in the
use of vitamin K antagonists and DOACS, low molecular weight heparin was the
most common anticoagulant that was preferred by the US respondents. On the other
hand after the neonatal period, VKA were the anticoagulants of choice. US
respondents indicated that they were more likely to prescribe DOACs than VKA in
the post pubertal age than the non-US respondents

• There were no differences in the thrombophilia testing patterns between the US and
non-US respondents across all ages and tests

• There were no differences in the duration of therapy between US and non-US
respondents.

• US respondents were less likely to image at the end of prescribed anticoagulation.

• Non-US countries were more likely to follow children with PE for long term adverse
outcomes

• There was no difference in the prescribed anticoagulation duration between US and
non-US countries for asymptomatic PE

• US respondents tended not to re-image at the end of therapy
C. Number of new TE-PPE patients seen annually by the respondents (≤5 versus
> 5)

• Although the numbers were small, centers that evaluated> 5 TE_PE patients per
year tend to have a clinical care pathway or PERT and a specific protocol for
thrombolysis/thrombectomy

• In regards to anticoagulant use, although age dependent increase was seen in the
use of vitamin K antagonists and DOACS, low molecular weight heparin was the
most common anticoagulant that was preferred. In the 6 years-pubertal age group,
there was a higher tendency to use VKA by respondents who evaluate > 5 TE-PPE
patients per year than those who evaluate < 5 TE-PPE per year

• Respondents that evaluate > 5 TE-PPE patients tend to follow TE-PPE patients for
long term adverse outcomes

D. Whether the respondent had a clinical pathway PERT at their center or not

• All respondents (100%) with a PERT tend to use CT pulmonary angiography for
diagnosing TE-PPE

(continued on next page)
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measures of exercise hypoxia, 48% performed pulmonary function
testing and 6% performed a pulmonary angiography to evaluate for
CTEPH.

3.5. Asymptomatic TE-PPE

When asked about practice patterns of management of asympto-
matic TE-PPE, 58% indicated that they did not differentiate between
symptomatic and asymptomatic TE-PPE and treated both in a similar
manner; 25% indicated that in the case of asymptomatic PE, if the
thrombus was centrally located, they managed like symptomatic TE-
PPE. Furthermore, 55% revealed that they would re-image patients
with asymptomatic TE-PPE to evaluate for resolution.

3.6. Analysis according to various categorizations

We stratified survey responses according to various categories
mentioned previously in the “Materials and methods” subsection.
Results (Table 2) are described descriptively (if considered relevant to
the topic) with notation made on the trends (although statistical sig-
nificance as deemed by a p-value of< 0.05 was not achieved).

Descriptive analysis of cases (please see Supplemental material for
the exact wording of the questions).

The survey participants were provided an opportunity to respond to
hypothetical case scenarios. There were two case scenarios per section,
each designed to address a specific challenging issue regarding the
management of TE-PPE. As seen in Table 3, question 1a assessed re-
spondents' approach towards D-dimer testing. The results reveal that
33% of the respondents did not test a D-dimer routinely and 26% tested
a D-dimer primarily for determining whether to prescribe AC therapy or
for determining the duration of therapy. The reasons for not testing a D-
dimer varied considerably (Question 1b). Question 2 addressed D-dimer
testing in a variety of scenarios in order to evaluate the circumstances
in which the respondents considered D-dimer testing to be potentially
useful. The responses suggest that D-dimer testing was considered to be
more useful in cases presenting to the emergency department than in
inpatients, and in older children compared to younger children. Cases 3
and 4 primarily assessed the respondents approach to hemodynamically

unstable and stable TE-PPE respectively. As can be seen by the re-
sponses, 47% of respondents preferred systemic thrombolysis in he-
modynamically unstable TE-PPE and 66% preferred AC therapy for
hemodynamically stable TE-PPE regardless of the site of thrombus.
Cases 5 and 6 gauged the respondents' approach to duration of AC
therapy for segmental/subsegmental and central TE-PPE. As is evident
by the responses, most of the respondents prescribed anticoagulation
for more than three months regardless of the location of the thrombus.
Case 7 addressed the respondent's approach to patients with respiratory
symptoms in setting of prior pulmonary embolism. The responses sug-
gest some form of imaging was undertaken to investigate, with the most
common modality being echocardiogram to assess for pulmonary hy-
pertension. Question 8 assessed the duration of follow up for TE-PPE. As
seen in Table 3, the follow-up period was variable.

4. Discussion

In the past, several surveys of experts in pediatric blood disorders
have provided data regarding practice patterns of specific disease states
in childhood [6–9]. We conducted a survey of a group of multinational
pediatric thrombosis hemostasis experts, the results of which demon-
strate a wide variation in management approaches between practi-
tioners despite the existence of consensus-based recommendations for
antithrombotic therapy in children with VTE [27,28].

As evident from the results, the vast majority of respondents (89%)
indicated that they utilize CTPA as the preferred modality for the di-
agnosis of TE-PPE. Given the high usage of CTPA as indicated by this
survey, there is a strong need for standardizing techniques of CTPA in
children. Interestingly, there are specific variables that may affect the
quality of CTPA results in children. As summarized by Lee et al., timing
of the contrast bolus (bolus tracking versus empiric delay), type of CT
images (axial versus multi-planar) and underlying diseases (e.g. slug-
gish flow in the pulmonary artery due to the Fontan procedure) may
affect the diagnosis of PE on CTPA in children [10,11]. A recent survey
of Society of Pediatric Radiology members revealed that there is con-
siderable variation in the policies and practices of how CTPA is con-
ducted in children, highlighting a critical need to determine the optimal
technique for this practice [12].

This survey also revealed that the use of an elevated D-dimer to
guide further radiologic evaluation of TE-PPE was highly variable. Thus
far, the utility of an elevated D-dimer has only been evaluated in ret-
rospective cohorts of PPE patients and findings from our survey likely
reflect trends in practice patterns that emerge from the fact that al-
though an elevated D-dimer value was shown to have a high sensitivity
in PPE, the overall specificity is quite variable [13]. The survey further
revealed that the majority of physicians do not systematically use a
diagnostic clinical prediction model but among those who do use such a
model, the Wells score was most common. Previous retrospective stu-
dies in pediatrics have revealed the sensitivity of the Wells score to be
between 72 and 86% and the specificity to be 60%, for TE-PE [14,15].
Other studies evaluating scores such as the PERC criteria have yielded
higher sensitivity (84–100%) and but a lower specificity (24–34.7%)
[15,16], but as indicated by the survey results, it is rarely used. Patients
with PE often present with confounding symptoms and in adults, di-
agnostic prediction models in combination with an elevated D-dimer
value are often used to drive further radiologic testing. The survey re-
sults indicate, there is an urgent need to conduct prospective studies to
evaluate the role of an elevated D-dimer and clinical decision making
rules in TE-PPE.

Results from this survey indicate that a high proportion of physi-
cians considered admission of TE-PPE patients to the ICU. Given that all
patients with TE-PE do not present with cardiovascular instability, the
appropriateness of healthcare utilization with its associated cost, war-
rants assessment. Importantly, the majority of physicians indicated that
they do not have a clinical care pathway for the management of TE-
PPE. Studies in adult PE patients have demonstrated that

Table 2 (continued)

• Respondents with a PERT team tend to have specific protocols for thrombolysis/
thrombectomy

• Respondents with a PERT team tend to use catheter directed and pharmaco-
mechanical thrombolysis over systemic thrombolysis

• For systemic thrombolysis, respondents with PERT teams tend to use TPA
0.1–0.5mg/kg/h rather than low dose TPA

• For catheter directed thrombolysis, respondents with PERT teams tend to use TPA
1–2mg/h for 24 h rather than urokinase or other dosing

• Respondents with PERT teams tend to give thrombolysis for 48–72 h or longer as
compared to < 48 h of thrombolysis

• Respondents with PERT teams tend to follow TE-PPE patients for long term adverse
outcomes

• Respondents with PERT teams tend to treat asymptomatic PE like symptomatic PE
as compared to those without PERT team

E. Respondents experience as reflected by number of years after training
(≤10 years versus those >10 years after training)

• Respondents with ≤10 years of training tend to use CT pulmonary angiography
while respondents with > 10 years tend to also use other modalities such as MRI
angiography/VQ scan and echocardiography

• Respondents with < 10 years experience tend to use thrombolysis as compared to
respondents with >10 years of experience

• Although LMWH was the most common anticoagulant of choice across all age
groups with an age dependent increase in the use of vitamin K antagonists and
DOACs, there was tendency for respondents with > 10 years experience to use
vitamin K antagonists in the post neonatal age groups as compared to those with
<10 years of experience

• Respondents with >10 years of experience tend not to test for elevation in FVIII
and Lipoprotein a levels across all age groups
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multidisciplinary PERTs lead to rapid diagnosis of and improved out-
comes after PE [17,18]. Whether the development of such teams for
pediatric patients will result in similar outcomes is yet to seen.

Patients with PE exhibit a wide variation in clinical presentation

and outcomes. The short-term mortality differs widely, ranging
from<2% in patients with clinically stable PE, approximately 30% in
patients who present with shock, to> 65–95% in patients who ex-
perience cardiorespiratory arrest [19]. Therefore, prognostic risk

Table 3
Hypothetical case scenario analysis.

Case
number

Primary goal of case with brief description Results (%)

1a Utility of D-dimer testing in a 15 year old on oral contraceptive pill
presenting with shortness of breath, chest pain, flu-like symptoms, cough
and productive sputum

I would request D-dimers with a decision not to proceed to imaging for
pulmonary embolism if they were negative

16%

I would request D-dimers if the Well's score (or another diagnostic prediction
model) gave a low probability of pulmonary embolism with a decision not to
proceed to imaging if they were negative

14%

I would request D-dimers in order to decide whether to give anticoagulant
therapy/determine duration of therapy prior to imaging but proceed to
imaging whether the result was positive or negative

26%

I would not request D-dimers 34%
Other (please specify) 10%

1b Follow up question for not testing D-dimer* I would not request D-dimers as I have already made the decision to proceed to
imaging for PE

45%

I wouldn't request D-dimers as their negative predictive value is not known in
this age group

47%

I would not request D-dimers as I do not find them to be helpful in children
and adolescents

20%

Other 25%
2 Settings in which D-dimer testing is adopted by respondents A 12-year-old pre-pubertal male with acute lymphoblastic leukemia and

unexplained tachycardia during an inpatient stay for control of nausea and
vomiting

12%

A 14-year-old post-pubertal female presenting to the emergency department
with tachypnea and hypoxia after a long haul flight

56%

A 2-year-old male with nephritic syndrome presenting with breathlessness and
tachycardia

34%

A 9 -year-old female with stable ulcerative colitis presenting to the emergency
department with shortness of breath and pleuritic chest pain

40%

A 17-year-old female who has started a combined oral contraceptive pill
2months back presenting to the emergency department with haemoptysis.

55%

I don't rely on a D-dimer value for proceeding for testing for PE 49%
3 Management of hemodynamically unstable PE, with thrombus in the

main PA
Start systemic thrombolysis using TPA/urokinase 47%
Pharmaco-mechanical thrombolysis using EKOS or Angiojet with thrombolysis 17%
Catheter directed thrombolysis 22%
Heparin infusion/Low molecular weight heparin/Fondaparinux 9%
Direct oral anticoagulants 0%
Other (please specify) 6%

4 Management of hemodynamically stable PE, with thrombus in the main
PA

Start systemic thrombolysis with TPA/Urokinase 14%
Pharmaco-mechanical thrombolysis using EKOS/Angiojet with thrombolysis 8%
Catheter directed thrombolysis 10%
Heparin infusion/Low molecular weight heparin/fondaparinux 66%
Direct oral anticoagulants (DOACs) 0%
Other (please specify) 3%

5 Duration of anticoagulation in a 14-year-old boy with segmental and sub
segmental PE where the risk factor has resolved and the clot has resolved
thrombus.

Stop anticoagulation 6%
Check a D-dimer level and if elevated, continue anticoagulant therapy 5%
Continue anticoagulant therapy to complete 3months of treatment 68%
Continue anticoagulant therapy to complete 6months of treatment 18%
Continue anticoagulant therapy to complete one year of treatment 0.8%
Other 2%

6 Duration of anticoagulation in a 14-year-old boy with central PE where
the risk factor has resolved and the clot has resolved thrombus

Stop anticoagulation 5%
Check a D-dimer level and if elevated, continue anticoagulant therapy 4%
Continue anticoagulation to complete 3months of therapy 55%
Continue anticoagulation to complete 6months of therapy 30%
Continue anticoagulation to complete 1 year of therapy 2%
Other 3%

7 Evaluation of dyspnea in a patient after PPE Counsel regarding expected deconditioning following pulmonary embolism 41%
Re-image for possible new pulmonary embolism 46.4%
D-dimer, leg Doppler ultrasound if lung imaging negative 22%
6minute walk test 26%
Cardiopulmonary exercise testing to determine peak oxygen uptake 47%
Echocardiogram 83%
Other (please specify) 17%

8 Duration of follow up of PE for CTEPH 6months 2%
1 year 18%
2 years 29%
5 years 10%
Until adulthood 16%
Refer back to primary practitioner for long-term follow-up 22%
Other (please specify) 4%
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stratification drives early therapeutic interventions, differentiating pa-
tients who may benefit from aggressive ECRT (e.g. thrombolysis or
thrombectomy) from those in whom conventional AC therapy appears
most appropriate. In adults, a variety of risk prediction tools such as the
PESI, simplified PESI (sPESI) and others have been developed and va-
lidated using a combination of clinical symptoms, presence of under-
lying risk factors and vital signs [20–24]. This survey indicated that the
majority of pediatric thrombosis/hemostasis physicians do not sys-
tematically use a prognostic risk prediction model for risk stratification
of TE-PPE but instead use a variety of parameters (such as ECHO, ECG,
BNP, troponin) in assessing risk (Fig. 1). This likely reflects the fact that
such prognostic risk prediction tools have not been consistently eval-
uated in predicting outcomes in TE-PPE. A recent (published after the
completion of the survey) retrospective review of PPE patients has
demonstrated that that while the sensitivity of sPESI was 100% and
specificity was 30% in predicting 30-day mortality, area under the ROC
curve was 0.76 (95% CI 0·64–0·87) [25]. Thus, there is a further need to
develop and evaluate risk prediction models in TE-PPE.

The results also revealed the variability of practice patterns for
using ECRT in TE-PPE. Although ECRT has shown to improve 30-day
outcomes after PE, thrombolytic therapy clearly increases the risk of
bleeding [4,26]. In adult PE patients, currently, thrombolytic therapy is
reserved for those who present with hemodynamic collapse (shock)
[27]. In the Pulmonary Embolism Thrombolysis (PEITHO) trial con-
ducted in adult PE patients, the clinical efficacy and safety of throm-
bolytic therapy in intermediate-risk PE (patients who have evidence of
cardiac dysfunction but do not present with shock) was evaluated and
demonstrated a significant reduction in death and hemodynamic col-
lapse in patients receiving thrombolytic therapy [28]. However, this
was at the cost of a higher risk for hemorrhagic stroke and extra-cranial
bleeding. Whether children and adolescents will have a similar bleeding
risk is unknown. As shown by the survey results, significant differences
also exist in the choice of ECRT likely dictated by the availability of
local resources and lack of evidence of superiority of any specific
therapy in TE-PPE. Although tPA was the agent of choice for throm-
bolysis, there was significant variability in the dose, route, concomitant
supportive care (admission to ICU, supplementation of FFP etc.),
monitoring and duration of thrombolysis. Given that thrombolytic
therapy has a heightened risk of bleeding, these data demonstrate a
clear need to standardize and evaluate thrombolytic regimens in terms
of duration and dose of thrombolytic agents and also for monitoring of
efficacy and safety of these risky therapeutic modalities in children.

This survey also revealed an interesting pattern in long-term man-
agement of TE-PPE. As anticipated, there was an age-dependent var-
iation in the choice of anticoagulants with LMWH being the drugs of
choice in younger children. Despite limited information on the efficacy
and use of DOACs in children, it is interesting to note that approxi-
mately one third of physicians preferred to prescribe a DOAC in ado-
lescent TE-PE patients. Safety and efficacy findings from randomized
trials of DOACS for pediatric VTE treatment are eagerly awaited.

The duration of therapy for TE-PPE is highly variable. The majority
of respondents prescribed AC therapy for> 3months with no sig-
nificant differentiation between central and segmental TE-PPE. Also,
interestingly, 58% of survey respondents stated that they would in-
crease the AC therapy duration if there was residual thrombosis at the
end of three months of therapy reflecting their belief that it is a risk
factor for recurrent VTE after PPE. Currently, guidelines for duration of
AC in children do not differentiate between PE and non-PE VTE and
recommend anticoagulation therapy for ≤3months if the provoking
factor has resolved [29,30]; however, expert opinions still vary [31].
Thus, there is ongoing ambiguity in defining the optimal duration of AC
for TE-PPE and indeed, in the only ongoing RCT that aims to define
duration of AC for pediatric VTE (Kids-DOTT), children with PE were
not included until a recent amendment to include patients with non-
proximal PE [32].

Our results also revealed that there is considerable variation in the

concurrent evaluation for other sites of VTE and long-term follow-up for
outcomes after TE-PPE. Similarly, there is a lack of consistent follow-up
in terms of duration and the types of tests used to screen for post-TE-
PPE consequences. Although there are some recommendations on the
necessary follow up after PE [33], prospective studies are limited in
children [34]. The authors are aware of one ongoing prospective study
evaluating post-PE impairment (www.clinicaltrials.gov NCT03068923).

4.1. Limitations

Our study had a few limitations. As previously stated, the survey
was sent to the membership rosters of two scientific societies, and likely
reflects opinions of predominantly pediatric hematologists working in
academic tertiary care centers. Thus, it is possible that these opinions
are reflective of a minority of physicians as we had a 30% response rate.
The management of TE-PPE may be different by physicians that are not
members of either ISTH Pediatric/Neonatal Subcommittee or HTRS.
The majority of the respondents were from the US with low participa-
tion by physicians from other countries and hence may not truly reflect
practice patterns in non-US countries. Nonetheless, these limitations
not withstanding, we believe this is the first survey that specifically has
focused on evaluating practice patterns of hematologists on the man-
agement of TE-PPE. Our study is notable for demonstrating that TE-PPE
is a rare disease at individual centers and there is considerable varia-
bility in management. These findings, while providing information
about current practice patterns, will help to identify critical gaps in the
management of TE-PPE and provide data for planning of future clinical
trials in this field.

Declaration of competing interest

None.

Acknowledgements

This project was supported and endorsed by the ISTH SSC's
Pediatric/Neonatal Thrombosis and Hemostasis Subcommittee.
Funding for this project was obtained from the Purcell-Lusher
Endowment for Research in Pediatric Thrombosis and Hemostasis at
Wayne State University School of Medicine. In addition to the co-au-
thors, Dr. Ayesha Zia (University of Texas Southwestern) and Dr. Leslie
Raffini (Children's Hospital of Philadelphia) provided critical input re-
garding the design of the survey.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.08.002.

References

[1] A.U. Zaidi, K.K. Hutchins, M. Rajpurkar, Pulmonary embolism in children, Front.
Pediatr. 5 (2017) 170.

[2] S.L. Carpenter, T. Richardson, M. Hall, Increasing rate of pulmonary embolism di-
agnosed in hospitalized children in the United States from 2001 to 2014, Blood Adv.
2 (2018) 1403–1408.

[3] T.T. Biss, M. Rajpurkar, S. Williams, C.H. van Ommen, A.K.C. Chan,
N.A. Goldenberg, et al., Recommendations for future research in relation to pe-
diatric pulmonary embolism: communication from the SSC of the ISTH, J. Thromb.
Haemost. 16 (2018) 405–408.

[4] M. Rajpurkar, T. Biss, E.K. Amankwah, D. Martinez, S. Williams, C.H. Van Ommen,
et al., Pulmonary embolism and in situ pulmonary artery thrombosis in paediatrics.
A systematic review, Thromb. Haemost. 117 (2017) 1199–1207.

[5] A.R. Artino Jr., S.J. Durning, D.P. Sklar, Guidelines for reporting survey-based re-
search submitted to academic medicine, Acad. Med. 93 (2018) 337–340.

[6] D.L. Yee, A.K. Chan, S. Williams, N.A. Goldenberg, M.P. Massicotte, L.J. Raffini,
Varied opinions on thrombolysis for venous thromboembolism in infants and
children: findings from a survey of pediatric hematology-oncology specialists,
Pediatr. Blood Cancer 53 (2009) 960–966.

[7] G.C. Moyer, B.S. Bannow, C. Thornburg, R. Rosovsky, T.F. Wang, S. Woller, et al.,

M. Rajpurkar, et al. Thrombosis Research 183 (2019) 98–105

104

http://www.clinicaltrials.gov
http://clinicaltrials.gov/show/NCT03068923
https://doi.org/10.1016/j.thromres.2019.08.002
https://doi.org/10.1016/j.thromres.2019.08.002
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0005
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0005
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0010
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0010
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0010
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0015
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0015
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0015
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0015
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0020
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0020
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0020
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0025
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0025
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0030
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0030
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0030
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0030
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0035


Venous thromboembolism: a survey of oral anticoagulant preferences in the treat-
ment of challenging patient populations, Clin. Appl. Thromb. Hemost. (2018)
1076029618804080.

[8] S.K. Vesely, G.R. Buchanan, L. Adix, J.N. George, A.R. Cohen, V.S. Blanchette, et al.,
Self-reported initial management of childhood idiopathic thrombocytopenic pur-
pura: results of a survey of members of the American Society of Pediatric
Hematology/Oncology, 2001, J. Pediatr. Hematol. Oncol. 25 (2003) 130–133.

[9] E.C. Wong, E. Perez-Albuerne, J.A. Moscow, N.L. Luban, Transfusion management
strategies: a survey of practicing pediatric hematology/oncology specialists,
Pediatr. Blood Cancer 44 (2005) 119–127.

[10] E.Y. Lee, E.J. Zucker, J. Tsai, D.A. Tracy, R.H. Cleveland, D. Zurakowski, et al.,
Pulmonary MDCT angiography: value of multiplanar reformatted images in de-
tecting pulmonary embolism in children, AJR Am. J. Roentgenol. 197 (2011)
1460–1465.

[11] P.G. Thacker, E.Y. Lee, Advances in multidetector CT diagnosis of pediatric pul-
monary thromboembolism, Korean J. Radiol. 17 (2016) 198–208.

[12] E.Y. Lee, D. Zurakowski, P.M. Boiselle, Pulmonary embolism in pediatric patients
survey of CT pulmonary angiography practices and policies, Acad. Radiol. 17
(2010) 1543–1549.

[13] T.T. Biss, Pulmonary embolism in childhood: how can we be sure not to miss it?
Arch. Dis. Child. 103 (2018) 814–816.

[14] T.T. Biss, L.R. Brandao, W.H. Kahr, A.K. Chan, S. Williams, Clinical features and
outcome of pulmonary embolism in children, Br. J. Haematol. 142 (2008) 808–818.

[15] K.E. Hennelly, M.N. Baskin, M.C. Monuteuax, J. Hudgins, E. Kua, A. Commeree,
et al., Detection of pulmonary embolism in high-risk children, J. Pediatr. 178
(2016) 214–218.e3.

[16] B.S. Agha, J.J. Sturm, H.K. Simon, D.A. Hirsh, Pulmonary embolism in the pediatric
emergency department, Pediatrics 132 (2013) 663–667.

[17] M. Porres-Aguilar, J.E. Anaya-Ayala, G.A. Heresi, B.N. Rivera-Lebron, Pulmonary
embolism response teams: a novel approach for the care of complex patients with
pulmonary embolism, Clin. Appl. Thromb. Hemost. (2018) [1076029618812954].

[18] M. Serhal, I.S. Haddadin, G.A. Heresi, D.A. Hornacek, M.H. Shishehbor,
J.R. Bartholomew, Pulmonary embolism response teams, J. Thromb. Thrombolysis
44 (2017) 19–29.

[19] R.H. White, The epidemiology of venous thromboembolism, Circulation 107 (2003)
I4–I8.

[20] D. Aujesky, P.M. Roy, C.P. Le Manach, F. Verschuren, G. Meyer, D.S. Obrosky, et al.,
Validation of a model to predict adverse outcomes in patients with pulmonary
embolism, Eur. Heart J. 27 (2006) 476–481.

[21] D. Jimenez, D. Aujesky, L. Moores, V. Gomez, J.L. Lobo, F. Uresandi, et al.,
Simplification of the pulmonary embolism severity index for prognostication in
patients with acute symptomatic pulmonary embolism, Arch. Intern. Med. 170
(2010) 1383–1389.

[22] M. Righini, P.M. Roy, G. Meyer, F. Verschuren, D. Aujesky, G. Le Gal, The Simplified

Pulmonary Embolism Severity Index (PESI): validation of a clinical prognostic
model for pulmonary embolism, J. Thromb. Haemost. 9 (2011) 2115–2117.

[23] C. Venetz, D. Jimenez, M. Mean, D. Aujesky, A comparison of the original and
simplified Pulmonary Embolism Severity Index, Thromb. Haemost. 106 (2011)
423–428.

[24] A. Elias, S. Mallett, M. Daoud-Elias, J.N. Poggi, M. Clarke, Prognostic models in
acute pulmonary embolism: a systematic review and meta-analysis, BMJ Open 6
(2016) e010324.

[25] M.C. Pelland-Marcotte, C. Tucker, A. Klaassen, M.L. Avila, A. Amid, N. Amiri, et al.,
Outcomes and risk factors of massive and submassive pulmonary embolism in
children: a retrospective cohort study, Lancet Haematol. 6 (2019) e144–e153.

[26] S. Chatterjee, A. Chakraborty, I. Weinberg, M. Kadakia, R.L. Wilensky, P. Sardar,
et al., Thrombolysis for pulmonary embolism and risk of all-cause mortality, major
bleeding, and intracranial hemorrhage: a meta-analysis, JAMA 311 (2014)
2414–2421.

[27] C. Kearon, E.A. Akl, J. Ornelas, A. Blaivas, D. Jimenez, H. Bounameaux, et al.,
Antithrombotic therapy for VTE disease: CHEST guideline and expert panel report,
Chest 149 (2016) 315–352.

[28] G. Meyer, E. Vicaut, T. Danays, G. Agnelli, C. Becattini, J. Beyer-Westendorf, et al.,
Fibrinolysis for patients with intermediate-risk pulmonary embolism, N. Engl. J.
Med. 370 (2014) 1402–1411.

[29] P. Monagle, A.K.C. Chan, N.A. Goldenberg, R.N. Ichord, J.M. Journeycake,
U. Nowak-Gottl, et al., Antithrombotic therapy in neonates and children: antith-
rombotic therapy and prevention of thrombosis, 9th ed: American College of Chest
Physicians evidence-based clinical practice guidelines, Chest 141 (2012)
e737S–e801S.

[30] P. Monagle, C.A. Cuello, C. Augustine, M. Bonduel, L.R. Brandao, T. Capman, et al.,
American Society of Hematology 2018 Guidelines for management of venous
thromboembolism: treatment of pediatric venous thromboembolism, Blood Adv. 2
(2018) 3292–3316.

[31] G. Young, How I treat pediatric venous thromboembolism, Blood 130 (2017)
1402–1408.

[32] N.A. Goldenberg, T. Abshire, P.J. Blatchford, L.Z. Fenton, J.L. Halperin, W.R. Hiatt,
et al., Multicenter randomized controlled trial on duration of therapy for throm-
bosis in children and young adults (the Kids-DOTT trial): pilot/feasibility phase
findings, J. Thromb. Haemost. 13 (2015) 1597–1605.

[33] M. Rajpurkar, A. Sharathkumar, S. Williams, K. Lau, S.C. Ling, A.K. Chan,
Recommendations for the assessment of non-extremity venous thromboembolism
outcomes: communication from the SSC of the ISTH, J. Thromb. Haemost. 13
(2015) 477–480.

[34] H.S. Hancock, M. Wang, K.M. Gist, E. Gibson, S.D. Miyamoto, P.M. Mourani, et al.,
Cardiac findings and long-term thromboembolic outcomes following pulmonary
embolism in children: a combined retrospective-prospective inception cohort study,
Cardiol. Young 23 (2013) 344–352.

M. Rajpurkar, et al. Thrombosis Research 183 (2019) 98–105

105

http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0035
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0035
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0035
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0040
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0040
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0040
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0040
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0045
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0045
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0045
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0050
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0050
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0050
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0050
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0055
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0055
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0060
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0060
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0060
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0065
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0065
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0070
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0070
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0075
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0075
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0075
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0080
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0080
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0085
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0085
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0085
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0090
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0090
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0090
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0095
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0095
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0100
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0100
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0100
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0105
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0105
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0105
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0105
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0110
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0110
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0110
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0115
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0115
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0115
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0120
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0120
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0120
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0125
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0125
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0125
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0130
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0130
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0130
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0130
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0135
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0135
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0135
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0140
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0140
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0140
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0145
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0145
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0145
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0145
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0145
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0150
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0150
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0150
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0150
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0155
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0155
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0160
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0160
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0160
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0160
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0165
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0165
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0165
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0165
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0170
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0170
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0170
http://refhub.elsevier.com/S0049-3848(19)30325-1/rf0170

	Results of a multinational survey of diagnostic and management practices of thromboembolic pulmonary embolism in children
	Introduction
	Materials and methods
	Results
	Diagnostic evaluation
	Acute management of TE-PPE
	Long-term choice of anticoagulants and duration of anticoagulation
	Evaluation of long-term sequelae
	Asymptomatic TE-PPE
	Analysis according to various categorizations

	Discussion
	Limitations

	mk:H1_12
	Acknowledgements
	Supplementary data
	References




