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Post-Pulmonary Embolism Care

From short-term to long-term management.

By Akhil Khosla, MD; Bushra Mina, MD; and Maanasi Samant, MD

cute pulmonary embolism (PE) remains the third
leading cause of cardiovascular deaths in the
United States. Each year, there is an estimated
900,000 cases of venous thromboembolism (VTE)
as well as 150,000 to 250,000 PE-related hospitalizations
per year in the United States.! Recently, there has been
increasing efforts to prevent, diagnose, and treat PE
with a focus on the acute management of PE including
risk stratification, anticoagulation (AC) strategies, and
advanced therapy options during initial hospitalization.?
There is less guidance on the management of patients
in the outpatient setting after hospitalization for acute
PE. Post-PE evaluation requires multiple facets and
may require subspecialty evaluation. For example, AC
type, duration, and tolerance; post-PE dyspnea and
impairment; etiology of PE; management of concomitant
deep vein thrombosis; lifestyle modifications; quality of
life (QoL); and mental health all need to be considered.
This article reviews considerations for post-PE care
during outpatient follow-up within the first month of
diagnosis, care between the 3- to 6-month period, and
reviews screening for chronic thromboembolic disease
(CTED) and chronic thromboembolic pulmonary
hypertension (CTEPH).

FOLLOW-UP IN THE FIRST MONTH

Early follow-up visits within the first 3 to 7 days
postdischarge are essential to assess the patient’s clinical
status, adherence to therapy, any new or ongoing
symptoms, ensuring patient safety, and managing
potential complications. This approach is associated
with low rates of 30-day adverse events, indicating that
early follow-up is crucial.? Follow-up clinics specifically
for PE patients provide a structured environment for
monitoring and managing ongoing care. These clinics
ensure that patients receive the necessary medical
evaluations, adjustments to AC therapy, and other
supportive measures. Educating patients about
the signs and symptoms of PE recurrence (sudden
shortness of breath, chest pain, or leg swelling), the
importance of medication adherence, and lifestyle
changes is vital. Providing psychological support and
addressing anxiety related to the risk of recurrence is
also important.> Additionally, direct oral anticoagulants
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improved patient compliance and reduced the need for
hospital readmissions.®

Assessing the QoL in patients after a PE is crucial
for understanding the long-term impacts of the
condition and for improving patient care. Several
studies have developed and validated tools specifically
for this purpose, such as the Pulmonary Embolism QoL
(PEmb-Qol) questionnaire. Patients with a history of
acute PE often experience impaired Qol, with scores
significantly lower than the general population across
several dimensions, including physical functioning, social
functioning, and vitality. The PEmb-QolL questionnaire
provides valuable insights and has been validated across
different cultures.”

Biomarker monitoring (eg, D-dimer levels) can also
help predict recurrence and guide ongoing treatment
decisions.® N-terminal pro-brain natriuretic peptide
is essential in accessing resolution of cardiac strain
and may guide decisions on continued AC and heart
failure management.® During follow-up, the etiology of
the PE should be considered and certain patients may
meet criteria for thrombophilia workup. The American
Society of Hematology published guidelines on the
management of thrombophilia testing, which may
help clinicians determine when to order or refer for
thrombophilia testing.'

FOLLOW-UP WITHIN 3 TO 6 MONTHS

Patients who follow up after 3 to 6 months should be
evaluated for possible AC discontinuation if presenting
after provoked PE." Candidates for long-term AC should
have their bleeding risk assessed. This can be done using
clinical gestalt and validated bleeding risk prediction
scores. Ultimate decisions on duration of AC should also
include shared patient decision-making.'? Regardless of
proposed duration, it is important to assess bleeding risk
and tolerance of anticoagulant therapy at every follow-up
visit.!* Patients who had an inferior vena cava filter placed
as part of their treatment should be assessed for timely
removal if able to tolerate AC or the patient is no longer
at risk for additional PE."

Patients should also be evaluated for persistent
symptoms.’ These symptoms can range from
cardiopulmonary complaints, exercise intolerance, and
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cognitive and psychological complaints.’ There are
several screening algorithms that can be employed to
help evaluate the symptomatic patient post-PE. The

goal of these step-wise approaches is to identify whether
symptoms are secondary to residual thrombus burden or
an alternate etiology.’>'>® These patients should receive
further imaging studies to assess for presence of residual
PE using ventilation/perfusion (V/Q) scanning.'” Other
modalities such as single-photon emission CT (SPECT)
can also be considered.”® CT pulmonary angiography
(CTPA) can also be used to evaluate for the presence of
chronic thrombi (though distal lesions may be missed),
signs of pulmonary hypertension, and assessment of the
lung parenchyma.’?° Transthoracic echocardiography
(TTE) is also a useful tool to assess for the presence

of right ventricular (RV) dysfunction, pulmonary
hypertension, or additional cardiac pathology (ie,
diastolic dysfunction, cardiomyopathy, valvular disease).?’
Cardiopulmonary exercise testing (CPET) can also be used
to distinguish between persistent functional limitations
secondary to persistent PE versus another comorbidity.
Although useful, this tool is not as widely available and
requires expertise in interpretation.?? Six-minute walk
testing could be easily employed to assess functional
status and heart rate recovery.?

PE survivors can have persistent symptoms for multiple
reasons.'> Additionally, assessment can be difficult in the
presence of comorbidities such as chronic obstructive
pulmonary disease, heart failure, arrhythmia, valvular
heart disease, malignancy, age, and deconditioning.?*
When evaluating for these alternate etiologies of dyspnea,
additional testing that may be helpful includes laboratory

work (such as assessing for anemia and thyroid disease),
pulmonary function testing, and radiographic assessment
for parenchymal lung disease. AC is generally continued
until these investigations are completed.

Treatment of the symptomatic patient post-PE should
focus on optimization of previously known or newly
diagnosed comorbidities and referral for assessment of
possible CTED or CTEPH. Providing psychological/mental
health support and enrollment in pulmonary or cardiac
rehab would likely also be useful.'

Screening for CTED and CTEPH

Post-PE impairment (PPEI) is defined as new or
persistent dyspnea, exercise limitation, or impaired
functional status 3 months after appropriate AC use from
the time of diagnosis of initial PE2> CTED and CTEPH
are subtypes of PPEI that require screening to make a
formal diagnosis. Early screening, diagnosis, and referral to
centers who specialize in CTED and CTEPH is imperative,
as treatment strategies can improve underlying
pulmonary hypertension, morbidity, and mortality.? The
diagnosis of PPEI is traditionally made after 3 to 6 months
of effective AC to allow for thrombi to resolve with
initial therapies.?”?® Exceptions to waiting for 3 months
post-PE include if there are radiographic features of CTED
or CTEPH at the time of initial diagnosis, significantly
elevated pulmonary pressures (estimated systolic
pulmonary artery pressure [PAP] > 60 mm Hg) or RV wall
hypertrophy.2%?° PPEI is thought to represent a spectrum
of disease with increasing severity from post-PE syndrome
(PPES) to CTED to CTEPH (Figure 1). The true incidence
of PPES, CTED, and CTEPH remains difficult to determine,
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Figure 1. Diagnostic criteria for CTEPH, CTED, and PPES.
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but prior studies have indicated approximately 50%
of patients will have exercise limitation at 1 year that
adversely influences their QolL.22

The diagnosis and treatment for PPEI can be complex,
and treatment is best carried out at centers specialized in
the management of PPEI.?® Dedicated screening for PPEI
should be performed to identify patients who may benefit
from referral to specialized centers for ongoing treatment
management. Treatment options for PPEI continue to
evolve and can lead to improvements in morbidity and
mortality. Treatment options for CTED and CTEPH
include targeted medications aimed at lowering
pulmonary pressures, procedures to remove or reduce
residual thrombi such as balloon pulmonary angioplasty
(BPA) and pulmonary thromboendarterectomy (PTE).
The choice of treatment is determined based on a
combination of thrombi location, burden, accessibility,
and operable candidacy. The definitive treatment for
CTED and CTEPH is PTE; however, patients who are not
surgical candidates may be treated with BPA and/or
medical therapies. Therapy should include a multimodal
approach, as some patients may require a combination
of advanced treatment options to manage their
disease process.?

There is currently limited consensus on screening
guidelines for PPEI. Screening should focus on the
following areas: presence of symptoms, evidence of
abnormal pulmonary hemodynamics, and evidence of
residual pulmonary vascular obstruction (RPVO). Figure 1
reviews the diagnostic criteria of CTEPH, CTED, and PPES.
Criteria for diagnosis of CTEPH include symptoms with
evidence of RPVO in the setting of resting pulmonary
hypertension (elevated mean PAP > 20 mm Hg,
pulmonary capillary wedge pressure < 15 mm Hg, and
pulmonary vascular resistance [PVR] > 2 woods units),
whereas the criteria for CTED include symptoms as well
as findings of RPVO with pulmonary pressures that do
not clearly meet the diagnosis of resting pulmonary
hypertension but may have abnormal cardiopulmonary
response during exercise.2® PPES manifests as
ongoing symptoms in patients who may or may not
have RPVO but no evidence of resting or exercise
pulmonary hypertension.

There are multiple ways to identify the presence and
severity of symptoms in a post-PE patient as noted
previously. Additional workup is required to determine
if ongoing symptoms are primarily due to sequelae of
PE or are secondary to other potential etiologies such
as heart failure, chronic obstructive pulmonary disease,
obesity, deconditioning, and interstitial lung disease (ILD).
Patients whose symptoms are thought to be related to
PPEI should undergo testing to evaluate for abnormal
pulmonary hemodynamics. Abnormal pulmonary

20 SUPPLEMENT TO ENDOVASCULAR TODAY JULY 2024 VOL.23, NO.7

hemodynamics may be suggested by several tests such as
CPET, including submaximal CPET, conventional CPET,
and invasive CPET (ICPET). ICPET is considered the gold
standard in diagnosis of dyspnea and offers additional
advantages over other exercise testing because it can
determine cardiac filling pressures, PAPs, and cardiac
output during exertion.3® Abnormal exercise testing
parameters such as increased dead-space, decreased
stroke volume, and increased PVR/decreased PA
compliance are suggestive of CTED and CTEPH.*

A number of studies can be completed to detect RPVO.
Historically, V/Q scans (planar or SPECT) and CTPA have
been the tests of choice to determine if residual disease
is present. V/Q imaging is more sensitive in identifying
obstructions at the segmental and subsegmental levels
compared to CTPA3" CTPA has the benefit of identifying
other findings that may be suggestive of CTEPH (ie,
web-like defects, bands, pouch defects, bronchial artery
hypertrophy, and heterogeneous lung parenchyma) as
well as rule out other etiologies of pulmonary disease (ie,
emphysema, ILD, bronchiectasis).3? Other imaging studies
such as cardiac MRI and dual-energy CTPA are emerging
as testing modalities to help identify findings suggestive
of RPVO and CTEPH." Digital subtraction angiography
can be used to confirm findings of V/Q and/or CTPA and
allows one to determine potential treatment targets for
patients undergoing consideration for BPA or PTE. Given
that this testing is invasive, it should be reserved for those
centers who specialize in the diagnosis and management
of CTED and CTEPH.

Right heart catheterization (RHC) is completed
to confirm the presence and degree of underlying
pulmonary hypertension. RHC can differentiate CTEPH
and CTED based on the presence of underlying resting
pulmonary hypertension (CTEPH) versus normal resting
pulmonary hemodynamics with abnormal exercise
pulmonary hemodynamics (CTED)." RHC should be
completed at experienced centers or those who specialize
in pulmonary hypertension management.?® TTE can be a
helpful adjunct to assess RV function and other cardiac
pathology as noted previously.

Given the limited consensus on post-PE screening, it is
reasonable to screen all patients who are symptomatic
after 3 months of AC post-PE or those with high clinical
suspicion of CTED/CTEPH for PPEI. Some centers
have algorithms to assist in a standardized evaluation
for post-PE patients. Morris et al recently published a
stepwise approach to identify patients with CTED/CTEPH
using the SEARCH (symptom screening, exercise testing,
arterial perfusion, resting echocardiography, confirmatory
chest imaging, and hemodynamics measured by RHC)
criteria.’ Post-PE patients who have clinical workup that
is suggestive of post-PE impairment should be referred
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to a center that specializes in post-PE care for further
diagnosis and treatment.

CONCLUSION

Post-PE follow-up continues to evolve and the focus
of care can change depending on the time frame from
diagnosis. Follow-up should be completed within the
first month after PE treatment to assess for appropriate
AC, including adherence and complications, symptom
burden, lifestyle modification, and psychological health.
Follow-up within the 3- to 6-month period includes
reviewing the care from the 1-month follow-up in
addition to assessing for possible AC discontinuation,
symptom burden, workup for alternative or concomitant
etiologies of symptoms, and screening for PPEI. Screening
for PPEI should be completed to evaluate the presence
of ongoing symptoms, RPVO, and abnormal pulmonary
hemodynamics. Patients with symptoms and workup
concerning for CTED or CTEPH should be referred to
a center that specializes in CTED/CTEPH for formal
diagnosis and management. Given the complexity of
post-PE care, dedicated post-PE clinics are emerging to
help manage the care for these patients. Post-PE care

continues to be an area of focus to help improve the
morbidity and mortality associated with PE. m
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