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Abstract

Background: To date, the focus of investigation in pediatric pulmonary embolism (PE)

has been on PE recurrence and anticoagulant-related bleeding. While highly relevant,

these outcomes do not fully capture functional limitations and the psychological impact

that comprises post-PE syndrome.

Objectives: The primary objective of the Functional Characterization of Venous

Thromboembolic Disease (FUVID) study was to investigate mechanisms of post-PE

syndrome in children.

Methods: The ongoing FUVID study will prospectively enroll and systematically follow,

over 12 months and with standardized pulmonary, cardiac, and muscle testing, a

multicenter prospective cohort of 80 pediatric patients with first-episode PE without

comorbidities. FUVID has 2 coprimary outcomes: exercise intolerance and exertional

dyspnea. Exercise intolerance will be defined objectively as a percent predicted peak

oxygen uptake based on ideal body weight or milliliters per minute per kilogram of lean

body mass during cardiopulmonary exercise testing. Dyspnea will be objectively

quantified using Borg questionnaires and defined as a mean difference of >1 at the end

of the warm-up and submaximal work rates during exercise testing, simulating condi-

tions during daily life that induce dyspnea. Pertinent secondary outcomes include

anxiety, depression, and quality of life.

Conclusion: The FUVID study will investigate the relationship between symptoms

(exercise intolerance and exertional dyspnea) and multiple mechanisms—hemodynamic,

ventilatory, or peripheral/muscle—within the same patient at rest, submaximal exercise

(simulating activities of daily living), and maximal exercise using objective measures. It

will provide new evidence for selecting patients for long-term follow-up, including

mailto:Ayesha.zia@utsouthwestern.edu
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psychological sequelae, after PE, the modalities this follow-up should include, and the

findings interpreted as indicating functional limitations after PE.

K E YWORD S

children, pediatrics, pulmonary embolism, post–pulmonary embolism syndrome, venous

thromboembolism
n.

creen, diagnose, and understand post-PE syndrome in children.

scles under conditions of rest and exercise in children 3 and 12 months after PE.

tress and anxiety and relationship with quality of life in PE.
INTRODUCTION

1 | Background and Rationale

Pediatric venous thromboembolism (VTE), clinically presenting as

deep venous thrombosis and pulmonary embolism (PE), has dramati-

cally increased and now affects 1 in 200 hospitalized children [1]. PE

has experienced a more rapid rise in incidence, nearly 200%, dispro-

portionately affecting adolescents [2]. To date, the focus of investi-

gation in pediatric PE has been on preventing PE recurrence and

anticoagulant-related bleeding [3,4]. While highly relevant, these

outcomes are uncommon in children [5] and do not fully capture the

functional limitations that comprise post-PE syndrome [6,7]. Exercise

intolerance and dyspnea on exertion after PE are common despite

anticoagulation and impact quality of life [8,9]. Up to half of adult PE

and up to one-third of pediatric PE survivors report persistent dys-

pnea, exercise intolerance, and/or functional limitations 3 to 6 months

after acute PE [10,11]. Further, psychotropic drug use increase in

adolescents and young adults following VTE has been reported [12].

Existing studies on mental health after VTE highlight its association

with symptoms of psychological distress, anxiety, depression, and

posttraumatic stress disorder, especially following PE, and correlate

better with quality of life than recurrent thrombotic events and

bleeding [13–15]. Outcomes capturing the impact of VTE, symptom

burden, impact on daily activities, and the ability to return to activities,

school, or work are not captured in pediatric PE studies.

There are several critical gaps in our knowledge of the post-PE

functional limitations in children. The precise mechanisms underlying

exercise intolerance and exertional dyspnea are unknown. Despite the

similarities in the presentation of PE between adults and children [16],

the etiologies associated with PE are different [17]. By extension, post-

PE recovery is likely to be different but largely unknown in children.

Further, how post-PE disease interacts with acquired risk factors such

as sedentary lifestyle, overweight, obesity, and preexistent anxiety or

depression is also unclear. Lastly, the paradox of resting tests has

resulted in the conventional thinking that assumesdeconditioning alone

is the primary etiology of functional limitations following PE. The
ongoing Functional Characterization of Venous Thromboembolic Dis-

ease (FUVID) study will prospectively enroll and systematically follow

pediatric patients over 12 months. With a comprehensive program of

exercise and dyspnea assessments at rest, submaximal (simulating cir-

cumstances that precipitate symptoms), and maximal exercise (peak

effects) using objective measures and by quantifying psychological

sequelae, the primary objective of FUVID was to investigate mecha-

nisms of post-PE syndrome in a multicenter prospective cohort of

children with first-episode PE without comorbidities.
2 | STUDY HYPOTHESIS

Our central hypothesis is that central (cardiac and pulmonary) and

peripheral (skeletal muscle) aberrations are associated with exercise

intolerance and exertional dyspnea following PE with or without deep

venous thrombosis (Figure 1).
3 | STUDY POPULATION AND OBJECTIVES

OF FUVID

Eighty consecutive patients with acute symptomatic PE will be pro-

spectively included in FUVID nationally. Recognizing that it can be

challenging to obtain accurate, valid, and reproducible data across

centers, FUVID is designed to bring participants to the University of

Texas Southwestern (UTSW), Dallas, Texas, United States, the central

testing site, from 32 external sites at 3 and 12 months after diagnosis

(Figures 2 and 3). We plan to enroll all comers with PE irrespective of

right ventricular dysfunction, size, or extent of pulmonary emboli.

Importantly, only children without comorbidities will be enrolled to

investigate the impact of PE in the absence of other dyspnea-

provoking conditions (Table 1). We plan to exclude patients with

comorbidities that are independently (of PE) associated with exercise

intolerance and dyspnea on exertion. The primary comparison will

be between PE survivors with and without exercise intolerance.

To investigate the impact of cardiac maladaptation on exercise



F I GUR E 1 The central hypothesis being

addressed in the Functional

Characterization of Venous

Thromboembolic Disease study. Functional

Characterization of Venous

Thromboembolic Disease study’s

overarching hypothesis is that central

(cardiac and pulmonary) and peripheral

(skeletal muscle) aberrations are associated

with exercise intolerance and exertional

dyspnea after pulmonary embolism.
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intolerance, the “cardiac aim” will determine the right ven-

triculoarterial coupling ratio from rest to exercise; the “pulmonary

aim” will compare ventilatory efficiency at the anaerobic threshold

during exercise, and the “muscle aim” will characterize skeletal muscle

metabolism aberrations from rest to exercise in participants with and

without exercise intolerance. We will repeat all analyses for PE survi-

vors with or without dyspnea.
4 | STUDY OUTCOMES

FUVID has 2 coprimary outcomes: exercise intolerance and exertional

dyspnea. Exercise intolerance will be defined objectively as a percent

predicted peak oxygen uptake (VO2) based on ideal body weight or in

milliliters per minute per kilogram of lean body mass during
F I GUR E 2 Functional Characterization of Venous Thromboembolic D

enrollment sites. Pulmonary embolism (PE) participants travel to the Univ

assessments. IRB, institutional review board.
cardiopulmonary exercise testing (CPET) since the absolute differ-

ences between boys and girls increase with age. Sex at birth is

collected for study protocols and outcomes reporting. Comparisons

between groups relative to body weight (milliliters per minute per

kilogram or relative physical fitness) are inappropriate with obesity

[18]. Dyspnea on exertion will be objectively quantified using vali-

dated Borg questionnaires and defined as a mean difference of >1 at

the end of the warm-up and submaximal work rates during CPET,

simulating conditions during daily life that induce dyspnea [19]. Car-

diac impairment will be defined as ventriculoarterial coupling ratio >1

in response to exercise (rest to peak intensity exercise) measured

during supine exercise during cardiac magnetic resonance imaging

(MRI) using an MRI-compatible ergometer [20,21]; ventilatory

impairment as abnormal minute ventilation to carbon dioxide pro-

duction (VE/VCO2) determined using the V slope method at the
isease study timeline. Visit 1 procedures are completed locally at

ersity of Texas Southwestern (UTSW) for visits 2 and 3 research



F I GUR E 3 Functional Characterization of Venous Thromboembolic Disease (FUVID) study schema and oversight. Participants are recruited

and enrolled nationally at 32 individual centers for pulmonary embolism diagnosis (visit 1). The University of Texas Southwestern multicenter

study core serves as the data and clinical coordinating center and coordinates travel to the University of Texas Southwestern at 3 and 12

months after diagnosis, which spans 3 days each, as depicted at visits 2 and 3. cMR, cardiac magnetic resonance imagining; MR, magnetic

resonance imagining; PA, pulmonary artery; PRO, patient-reported outcomes; RV, right ventricle.
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ventilatory threshold during CPET [22,23]; and muscle impairment as

abnormal percent phosphocreatine (PCr) depletion (Δ %PCr) and PCr

recovery time constant in response to exercise (rest to exercise)

during magnetic resonance spectroscopy [24,25] (the complete list of

primary and secondary outcomes of FUVID is provided in Table 2 and

the Supplementary Material).
5 | STUDY DESIGN, FLOW, AND PROTOCOL

FUVID is designed as a prospective cohort study. The study was

approved by UTSWMedical Center Institutional Review Board (STU#:

2020-0868; Clinicaltrials.gov ID: NCT04583878). The study protocol

does not dictate treatment decisions; patients are treated according to

the American Society of Hematology pediatric VTE guidelines [26].

Participants are recruited and enrolled at individual centers within 60

days of PE diagnosis. The UTSW multicenter study core serves as the

data and clinical coordinating center. There are 3 study visits (Figure 2).

At visit 1 (PE diagnosis), detailed diagnosis, demographic, clinical,

diagnostic, therapeutic procedures, and relevant patient-reported

questionnaires are collected by local study teams and recorded in an

electronic centralized database (Research Electronic Data Capture)
hosted at UTSW. Imaging studies that led to diagnosis and PE risk

stratification are centrally adjudicatedby blinded study radiologists. For

visits 2 (3 months after diagnosis) and 3 (12 months after diagnosis),

participants (with 1 guardian) travel to UTSW and undergo an in-depth

exercise assessment using comprehensive standardized protocols.

Visits 2 and 3 each take place over 3 days at 3 different research lab-

oratories (Figure 4). FUVID is overseen by a Steering Committee (see

Supplementary Appendix S1 for composition).
5.1 | Cardiac assessments

The rationale for cardiac assessment is that exercise intolerance and

dyspnea from cardiac limitations can be better explained by simulta-

neous consideration of both right ventricular performance and arterial

load and the degree of matching between the 2 during exercise using

modalities that take into account the asymmetric shape of the right

ventricle and its function, which the current heavily relied upon

methods (eg, echocardiogram) cannot [27,28]. Participants will un-

dergo exercise cardiac MRI at 3 and 12 months after PE and perform

supine exercise within the MRI bore using an MRI-compatible

ergometer with adjustable electronic resistance. Cardiac imaging will

http://Clinicaltrials.gov


T AB L E 1 The Functional Characterization of Venous Thrombo-
embolic Disease study eligibility criteria.

Inclusion criteria Exclusion criteria

Objectively confirmed, first-

episode, symptomatic

PE ± DVT

Prior history of PE or DVT

Age 8-21 y No anticoagulant treatment due to

contraindications

Willing to travel to UTSW,

Dallas, Texas

Congenital heart disease with abnormal

pulmonary circulation or with in situ

pulmonary artery thrombosis

Able to comply with the

exercise protocol

Chronic kidney disease

Chronic inflammatory or autoimmune

disorder

A metabolic or endocrinological disorder

(eg, DM or thyroid disorders)

Musculoskeletal limitations to exercise

Cancer-associated PE

Severe persistent or uncontrolled asthma

DM, diabetes mellitus; DVT, deep venous thrombosis; PE, pulmonary

embolism; UTSW, University of Texas Southwestern.

TA B L E 2 Functional Characterization of Venous Thromboembolic
Disease study primary and secondary outcomes.

Primary outcomes (3 mo after diagnosis)

3 mo after diagnosis

Exercise intolerance

Exertional dyspnea

Secondary outcomes

3 and 12 mo after diagnosisa

CTEPH

CTED

Cardiac impairment with exercise

Ventilatory impairment with exercise

Muscle impairment with exercise

Assessment of dyspnea at rest in 3 domainsb; during and after

exercise

Physical activity levels and sitting times

Postthrombotic syndrome

Recurrent venous thromboembolism

Generic QOL and PE-specific QOL

Anxiety and depression

Thromboinflammatory biomarkers

CTED, chronic thromboembolic disease; CTEPH, chronic

thromboembolic hypertension; PE, pulmonary embolism; QOL, quality of

life.
aExercise intolerance and exertional dyspnea will be measured at both 3

and 12 months after diagnosis.
bSensory, affective, and impact.
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be performed at rest, at 25%, and 45% of age-, sex-, and ideal body

weight-adjusted peak work rate achieved during a maximal CPET

performed at least 24 hours before (see pulmonary assessments).

Workloads will be maintained for �5 minutes at each stage—3

minutes to achieve a physiological steady-state and then 2 minutes for

image acquisition. The protocol includes standardized ways to simul-

taneously measure biventricular volumes and contractility, right

ventricle longitudinal strain, focusing on right ventriculoarterial

coupling, and pulmonary vascular load using methods validated

against invasive measurements [20,21,29]. Optimal time points will be

described to measure patient-reported outcomes, such as ratings of

perceived breathlessness (RPB), perceived exertion (RPE), and

perceived leg discomfort (RPLD) at each workload and during recov-

ery [30]. We expect that exercise will unmask cardiac dysfunction not

evident at rest and identify hemodynamically significant disease from

a reduced contractile reserve, increased vascular load, or both.
5.2 | Pulmonary or ventilatory assessments

The rationale for ventilatory assessment is that exercise in patients

with persistent ventilation-perfusion mismatch after PE from persis-

tent pulmonary thrombi will better identify a dose-response rela-

tionship between symptoms and pulmonary limitations after PE

[31,32]. Participants will undergo resting pulmonary function tests

followed by maximal CPET, using age- and sex-adjusted protocols. We

will take several steps before exercising the participants to ensure

standardized testing. We will coach participants to pedal at a
continuous rate of �50 revolutions per minute throughout the test to

reach a respiratory exchange ratio of at least 1.1. Measurements will

occur during a 2-minute warm-up at 10 to 30 watts depending on age

and sex, and 6 minutes of constant load exercise at 45% of age-, sex-,

and ideal body weight-predicted maximal work rate. During CPET, we

will measure heart rate, blood pressure, oxygen saturation, gas

exchange, RPB (Borg 0-10 scale), RPE (Borg 6-20 scale), RPLD (Borg

0-10 scale) [30], and breathing mechanics. RPB, RPE, and RPLD will be

measured every 2 minutes during the exercise, and the last values

recorded for each interval will be used for analysis. To further add

rigor, we will perform a verification test of the VO2 following a brief

recovery of �10 to 15 minutes by a verification exercise test at 105%

of the participant’s maximum work rate to confirm VO2 [33]. Baseline

pulmonary function tests will be performed using standard American

Thoracic Society guidelines, including forced vital capacity, forced

expiratory volume, forced expiratory volume / forced vital capacity,

total lung volume, functional residual capacity, and DLCO [34]. The

quality of respiratory sensations experienced will be determined

immediately after CPET by debriefing techniques and dyspnea ques-

tionnaires [35,36]. Participants will undergo pulmonary perfusion on a

separate day using the MRI-arterial spin labeling technique to calcu-

late pulmonary vascular obstruction (PVO) at 3 and 12 months after



F I GUR E 4 The study protocol, order of testing, and measurements. ADP, adenosine diphosphate; ASL, arterial spin labeling; ATP, adenosine

triphosphate; ATS, American Thoracic Society; BP, blood pressure; CPET, cardiopulmonary exercise testing; DEXA, dual-energy X-ray

absorptiometry DLCO, diffusion capacity of carbon monoxide; EKG, electrocardiogram; FEV1, forced expiratory volume; FRC, functional residual

capacity; FVC, forced vital capacity; HR, heart rate; MR, magnetic resonance; PA, pulmonary artery; PCr, phosphocreatine; Pi, inorganic phosphate;

Q max, maximal mitochondrial oxidative capacity; RV, right ventricle; t 1/2, half-life; TLC, total lung volume; VE, ventilation; VCO2, carbon

diaoxide output; VO2, peak oxygen consumption.
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diagnosis [37]. We expect a spectrum of post-PE functional findings:

uneventful recovery to mild pulmonary limitations to those with full-

blown symptoms, residual pulmonary vascular obstruction, and sig-

nificant pulmonary limitations.
5.3 | Skeletal muscle assessments

The rationale for this aim is that skeletal muscle bioenergetics—

depletion and recovery of muscle PCr in vivo—is associated with ex-

ercise intolerance; the association would be stronger for complete

veno-occlusion and higher degrees of thromboinflammation. These 3

independent yet related mechanisms aim to understand exercise

intolerance from muscle or peripheral limitations. Skeletal muscle
phosphorus-31 magnetic resonance spectroscopy enables assess-

ments of muscle PCr, a rapidly mobilizable reserve of high-energy

phosphates that maintains adenosine triphosphate homeostasis in

skeletal muscle that correlates with muscle biopsy [25]. For muscle

assessments, participants will undergo rest and dynamic 31P-MRI

studies during graded plantar flexion exercise and postexercise re-

covery [38]. All MRI spectra will be measured with the calf muscle

(gastrocnemius and soleus) of one leg centered on the skeletal muscle

phosphorus-31 magnetic resonance spectroscopy coil, followed by the

other. We will measure RPE, RPB, and RPLD at rest, during, and after

exercise. Measurements will include Δ %PCr, PCr recovery time-

constant, and Δ %PCr divided by recovery time-constant to yield

adenosine triphosphate synthesis rate to reflect mitochondrial

capacity (maximal mitochondrial oxidative capacity [Q max]) [39].
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We expect that skeletal muscle bioenergetics, as denoted by depletion

(Δ PCr), recovery time constant (k) of PCr, and Q max, will be different

in those with and without exercise intolerance and may be present in

isolation or with cardiac or ventilatory limitations.
6 | SAMPLE SIZE CALCULATION AND

STATISTICAL ANALYSIS

Assuming up to 50% of unselected adult PE survivors develop post-PE

syndrome (based on the available evidence at the time of study

inception) and ≤5% loss to follow-up and deaths in otherwise healthy

children between PE diagnosis and 3 months after diagnosis, at a 2-

sided type I error of 5%, we posited we could detect a 30% cumula-

tive incidence of low exercise capacity and/or exertional dyspnea in

children with PE at 3 months after diagnosis. We will use the receiver

operating characteristic approach to determine the extent to which

cardiac, ventilatory, and muscle limitations predict exercise intoler-

ance. Aalen–Johansen estimators for cumulative incidence of

abnormal exercise capacity and dyspnea with corresponding 95% CIs

will be calculated. We will perform secondary subgroup analyses with

respect to the primary outcomes, utilizing the following subgroups:

sex (male/female), thrombolysis (yes/no), PE risk category (low-risk vs

intermediate/high-risk PE), and chronic thromboembolic disease

(yes/no). All outcomes will be adjudicated independently by the

coinvestigators blinded to clinical information.
6.1 | Analysis of secondary outcomes

The cardiac endpoint is the ventriculoarterial coupling ratio in

response to exercise between the groups with and without exercise

intolerance (change in Ea/Emax from rest to peak intensity exercise,

where Ea is an index of arterial load and Emax is an index of

contractility). Based on published data, Ea/Emax of healthy controls is

0.67 (SD, 0.45), and the SD of change in Ea/Emax from rest to peak

intensity is around 7% [29]. Based on a 2-sample t-test, an effect size

of 0.65 can be detected with 80% power at a 5% 2-sided type I error,

comparing 48 participants (60%) without exercise intolerance and 32

(40%) with exercise intolerance. Assuming an SD of 7%, the above

effect size translates to a 4.5% difference in the change of Ea/Emax

from rest to exercise between the 2 groups. In the scenarios where

the proportion of exercise intolerance is 35% or 30%, the difference

that can be detected is 4.7% or 4.9%, respectively. To explore the

collective impact of exercise intensity and other demographic and

clinical factors, ventriculoarterial coupling responses measured over

different levels of exercise intensity will be modeled by a mixed-effect

regression model, which will include patient random effects to account

for correlation among observations from the same patient.

The primary endpoint for pulmonary/ventilatory limitations is

ventilatory efficiency or VE/VCO2. Preliminary and published data show

that the SD of VE/VCO2 is around 2.5 at the ventilatory threshold [40].

Based on the 2-sample t-test, with 80% power at a 5% 2-sided type I
error, we can detect an effect size (standardized difference) of 0.65

between 48 PE patients without vs 32 PE patients (40% of the cohort)

with exercise intolerance. Assuming an SD of 2.5, this effect size rep-

resents a difference of 1.63 in VE/VCO2 between the 2 groups. In the

scenarios where the proportion of exercise intolerance is 35% or 30%,

the difference that can be detected is 1.6 or 1.7, respectively. To

explore the impact of PVO on exercise capacity on top of VE/VCO2, we

will first construct a regression model with VO2 as the outcome and

VE/VCO2 as the predictor. The resulting residual terms will be corre-

lated with PVO to quantify its impact on VO2 after controlling for

VE/VCO2. We will also construct mixed effect models, which include

3-month and 12-month postdiagnosis measurements as the dependent

variable. It also includes patient random effects to account for within-

subject correlation. We will evaluate interaction effects such as

group × gender and group × time in our analyses.

The muscle endpoint is Δ %PCr between the groups with and

without exercise intolerance. Based on the SD ofΔ%PCr after exercise

of about8.27, basedon the2-sample t-test,we candetect adifferenceof

5.4 in Δ %PCr comparing 48 participants (60%) without exercise intol-

erance and 32 (40%) with exercise intolerance. In the scenarios of the

proportion being 30% and 35%, the difference that can be detected is

5.7or5.5, respectively. The secondaryendpoints include time to fatigue,

PCr recovery time-constant, Qmax and dyspnea ratings at rest, fatigue,

and after exercise in participantswith andwithout exercise intolerance.

To test our hypotheses related to muscle limitations, we will fit 4 hier-

archical linear regressionmodels to evaluate the relationship of skeletal

muscle bioenergetics and exercise capacity with adjustment for sex and

body mass index (model 1); introduce an indicator of diagnosis of veno-

occlusion (1 = partial occlusion; 2 = complete occlusion) to assess the

interaction betweenΔ%PCr and veno-occlusion to assess whether the

association between Δ %PCr and exercise capacity is stronger with

complete veno-occlusion (model 2); perform similar analyses for

thrombin generation, fibrinolysis capacity, and inflammatory bio-

markers (model 3); and construct a full model that includes Δ %PCr,

exercise capacity, and its interactions with veno-occlusion and throm-

boinflammation to assess the joint impact.
7 | RESULTS

Enrollment started in September 2021 and is expected to continue

until June 2026. As of July 2024, 50 patients from 32 active sites

across the USA have been enrolled. The median age of the first 40

enrolled patients is 16 years (IQR, 15-17), and 60% are females, and

among those, 4 (10%) participants have high-risk PE, 17 (42%) have

intermediate-risk PE, and 19 (48%) have low-risk PE.
8 | ETHICAL ASPECTS AND DATA SHARING

The FUVID team will make study results available to the community

of VTE scientists or those working on post-PE functional limitations to

avoid unintentional duplication of research. FUVID data and



TA B L E 3 Areas of innovation in the Functional Characterization
of Venous Thromboembolic Disease study.

Scientific innovation

Investigating the pathophysiology of post-PE functional limitations

across the entire O2 cascade ie, lungs, heart, and skeletal muscle

Blended interrogation of mechanisms of post-PE disease at rest and

during conditions of exercise (submaximal and peak exercise)

Association of objectively measured exercise intolerance and exertional

dyspnea with patient-reported outcomes

Homogenous PE population with no comorbidities
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associated documentation will be available to the scientific community

under an National Institutes of Health–endorsed data-sharing agree-

ment. The final dataset will include self-reported demographic, clinical,

and study-specific outcome data and the statistical analysis plan.

These data will be shared with investigators working under an insti-

tution with Federal Wide Assurance, with requests going directly to

the FUVID principal investigator, who will decide the profiles, names,

and institutions of persons either given or denied access to the data

and the bases for such decisions in collaboration with the FUVID

Steering Committee. These data will be available no later than 1 year

after the publication of the secondary manuscripts.

Comprehensive assessment of dyspnea in the sensory, affective, and

impact domains

Infrastructure

Centralized research assessments

Governance

Steering committee

Adjudication committee

Data monitoring committee

Central institutional review board

Study network and clinical site processes

Multicenter cohort

Data and safety capture and management

Quality control oversight

Patient-focused concierge team

O2, oxygen; PE, pulmonary embolism.
9 | DISCUSSION AND INNOVATIVE

FEATURES OF FUVID

Despite anticoagulation and resolution of PE, limitations such as ex-

ercise intolerance and dyspnea on exertion, also termed post-PE

syndrome, occur commonly, making PE an important cause of

disability in children, otherwise expected to live several decades after

the index event. These long-term sequelae result in a loss of

approximately 1 to 2 years of healthy life and disability that is com-

parable with mild chronic obstructive pulmonary disease, heart failure,

and stroke in adults [9] and diabetes in adolescents [12]. Since the

FUVID study’s conceptualization and initiation in 2021, the body of

evidence of adult post-PE syndrome has grown [41–48], but the

pursuit of post-PE syndrome in children has remained limited [10,49].

FUVID will provide new knowledge to screen, diagnose, and under-

stand the mechanisms of post-PE syndrome in children with the

following innovative features (Table 3):

• The study will examine pathophysiologic mechanisms of exercise

intolerance across the entire O2 cascade, ie, lungs, heart, and skeletal

muscle, closing the scientific loop in each participant with post-PE

disease.

• FUVID study protocols will test the heart, lungs, and muscles under

conditions of rest and during exercise, particularly during exercise

levels simulating activities of daily living. Their blended application

to interrogate mechanisms of pediatric post-PE syndrome is

conceptually novel. The most definitive proof that a specific ab-

normality contributes to exercise intolerance is provided when the

factor is measured during exercise.

• We will evaluate exertional dyspnea and exercise intolerance using

objective measures linking mechanistic factors with symptoms and

patient-reported outcomes.

• The FUVID study will quantify dyspnea comprehensively and sys-

tematically in 3 domains (sensory domain, dyspnea-related affective

distress, and impact of dyspnea).

• FUVID will be the first study to assess the trajectory of post-

traumatic stress and health anxiety and the association with quality

of life following pediatric PE.

• We plan to enroll a multicenter cohort of PE patients from high-

volume sites with no comorbidities. This approach will allow the
FUVID study to tackle the limitation of previous studies, as

comorbidities independent of PE are associated with exercise

intolerance and dyspnea. Participants travel to UTSW, Dallas, for

centralized testing to ensure rigorous, valid, and accurate research

assessments.
10 | CONCLUSIONS

FUVID will provide new knowledge about the pathophysiology of the

pediatric post-PE syndrome and evidence on selecting patients for

long-term follow-up after PE, the modalities that this follow-up should

include, and the findings that should be interpreted as indicating

functional limitations after PE.
APPENDICES

FUVID investigators: Leah M. Adix, Dallas, Texas, USA; Steven

Ambrusko, Buffalo, New York, USA; Shames Alaesa, Arlington,

Texas, USA; Kristen Bradley, Arkansas, Texas, USA; Brain R.

Branchford, Milwaukee, Wisconsin, USA; Katie Carlberg, Buffalo,
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New York, USA; James D. Cooper, Pittsburgh, Pennsylvania, USA;

Susan A. Corley, Dallas, Texas, USA; Marissa Di Miero, Philadel-

phia, Pennsylvania, USA; Anna Eidenberger, St. Petersburg,

Florida, USA; Edith Freyer, Chicago, Illinois, USA; Kevin Guerrero,

Chicago, Illinois, USA; Arun Gurunathan, Austin, Texas, USA;

Brandon Hathorn, Arlington, Texas, USA; Muhammad Khan,

Dallas, Texas, USA; Shawn D. Lade, San Antonio, Texas, USA;

Deanna M. Maida, San Antonio, Texas, USA; Marie Martinelli,

Portland, Oregon, USA; Corey Mozingo, Dallas, Texas, USA; Raksa

Moran, Dallas, Texas, USA; Sharon A. Primeaux, Dallas, Texas,

USA; Leslie Raffini, Philadelphia, Pennsylvania, USA; Rhea Rob-

inson, Austin, Texas, USA; Cynthia Sabo, Detroit, Michigan, USA;

Negin Saleh, Detroit, Michigan, USA; Anjali A. Sharathkumar, Iowa

City, Iowa, USA; Rachel Simon, Chicago, Illinois, USA; Lakshmi

Srivaths, Houston, Texas, USA; MacKenzie Tasset, Cincinnati,

Ohio, USA; Katrina Williams, Kansas City, Missouri, USA; Rebekah

Summerall Woodward, Dallas, Texas, USA

FUVID steering committee composition: Steering Committee

Chair: Dr. Benjamin Levine, Dallas, Texas, USA. Steering Committee

Members: Neil A. Goldenberg, St. Petersburg, Florida, USA; Frederikus A.

Klok, Leiden, Netherlands; Christoph Male, Vienna, Austria; Tony G. Babb,

Dallas, Texas, USA; Madhvi Rajpurkar, Detroit, Michigan, USA; Song Zhang,

Dallas, Texas, USA.
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