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Abstract: Background: Following acute pulmonary embolism (PE), disease outcomes vary
among patients. Complete recovery occurs in some cases, while others may experience per-
sistent long-term symptoms, disease recurrence, or progression to chronic thromboembolic
pulmonary hypertension (CTEPH). The exact reasons behind incomplete recovery and
different outcomes are still not well established. This review aims to present the existing
data regarding the clinical significance of residual thrombi after acute PE, particularly in
the context of disease recurrence, the development of CTEPH, or persistent symptoms and
functional limitations. Methods: Original articles, systematic reviews, and meta-analyses
relevant to the topic are reviewed. Results: Incomplete thrombus resolution after acute PE
is quite common, with studies showing that it affects one-fourth to one-third of PE patients,
despite receiving optimal anticoagulant treatment. It has been shown that residual thrombi
after acute PE play a role in the risk of PE recurrence. However, there is still no standardized
method to differentiate disease recurrence from residual thrombi in pulmonary imaging
studies, particularly in cases where no follow-up scans and different imaging techniques are
used for thrombi detection. Residual vascular obstruction is necessary for the development
of CTEPH. Evidence suggests that the extent of residual thrombi contributes to a higher risk
of CTEPH. Still, there is a need to standardize both the timing of residual thrombi assess-
ment and the evaluation of their distribution, in relation to the development of CTEPH. The
significance of residual thrombi for persistent symptoms and functional limitation remains
debatable. Research indicates that nearly half of patients experience long-term symptoms
after acute PE. Still, it is believed that these symptoms are not necessarily caused only by
residual thrombi, but rather by the worsening of other comorbid conditions. Conclusions:
Studies show that residual thrombi after acute PE are significant for PE outcomes. It may
be beneficial to consider evaluating residual pulmonary vascular obstruction when treating
patients after acute PE to optimize the duration of anticoagulant therapy and improve
patient outcomes.

Keywords: pulmonary embolism; residual pulmonary vascular obstruction; long-term outcomes

1. Introduction

Venous thromboembolism (VTE), clinically manifesting as either PE or deep vein
thrombosis (DVT), represents the third most common acute cardiovascular disorder glob-
ally [1]. PE incidence rates range from 39 to 115 individuals per 100,000 population [2]. As
a highly prevalent disease, PE affects both sexes and impacts individuals across all age
groups worldwide, due to variable risk factors [3].
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Advancements in diagnostics have significantly improved the short-term prognosis of
PE. Clinical probability estimation with age-adjusted D-dimer testing has demonstrated
potential in safely excluding PE [4]. Innovations in CT imaging, such as dual-energy
computed tomography, have markedly enhanced diagnostic accuracy for acute PE [5].
Risk stratification in PE patients also enables clinicians to adjust treatment strategies for
each individual [6]. These advancements have contributed to a notable increase in the
detection of new PE cases and a reduction in PE-related mortality, from 12.8 to 6.5 deaths per
100,000 population over the past few decades [7]. However, this progress has introduced
new challenges in clinical practice. Progress in the short-term management of PE shifted
the perception of the disease, recognizing it not only as an acute event with short-term
treatment but also as a potentially chronic condition requiring long-term treatment, since
the disease does not resolve upon hospital discharge. Various studies indicate that 50-75%
of patients experience complete thrombus resolution after 3 to 6 months of anticoagulation
treatment [8,9]. In others, PE may persist long after the acute episode [10-12].

The significance of incomplete thrombus resolution after an acute event on PE out-
comes remains unclear. The fate of residual thrombi can vary—they may persist with-
out causing serious clinical consequences (chronic PE), lead to recurrent PE, or result in
CTEPH [13]. Chronic PE is diagnosed in approximately ~25-30% of patients after acute
PE [9,14]. The recurrence rate in the first year after treatment discontinuation is generally
reported to be up to 10% [12]. The prevalence of CTEPH in the literature ranges from 0.5%
to 3.8% of patients who survive the acute phase of PE [11,15].

Evidence suggests that residual thrombi are associated with an increased risk of PE re-
currence [8,16]. Furthermore, despite CTEPH being a rare condition, residual thrombi serve
as a necessary precursor for its development [11]. Its clinical significance in contributing to
long-term symptoms, such as persistent dyspnea, reduced exercise capacity, or diminished
quality of life, remains controversial [17].

Empirical experience in our tertiary referral University Center of Pulmonology and
Allergology suggests that guiding the duration of PE treatment based on residual thrombi
would be valuable in preventing treatment complications and avoiding long-term ad-
verse consequences. Therefore, in this comprehensive review, we will discuss the current
data, highlighting the importance of residual thrombi in PE outcomes. At first, the patho-
physiological mechanisms underlying thrombus dissolution, covering both normal and
pathological pathways, will be analyzed. The timing of possible thrombi resolution, the
rates of residual thrombi following acute PE, and the potential risk factors associated with
incomplete thrombus resolution will also be discussed. Then, the clinical significance of
residual thrombi following acute PE, emphasizing their impact on long-term symptom:s,
patient quality of life, the risk of recurrent PE, and the development of chronic CTEPH, will
be explored.

2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

Original articles, systematic reviews, and meta-analyses, written in English, were
included. Studies were eligible if the diagnosis of first-time acute PE was confirmed
either by CTPA or V/Q scintigraphy, and if at least one imaging follow-up was performed
after discharge (not earlier than three months) to assess for residual pulmonary vascular
obstruction (RPVO). Patients in the selected studies must have had received a minimum of
three months of anticoagulation therapy. Studies that investigated the clinical significance
of residual thrombi after PE in relation to long-term symptoms, quality of life, recurrent
PE, or the development of chronic thromboembolic pulmonary hypertension (CTEPH)
were included.
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The exclusion criteria included abstracts, case reports, and letters. Studies involving
recurrent PE ot those using thrombus evaluation methods other than CTPA or pulmonary
scintigraphy were excluded.

2.2. Information Sources and Search Strategy

A comprehensive literature search was conducted on the Web of Science, PubMed, and
Google Scholar to identify relevant original articles, systematic reviews, and meta-analyses
regarding residual thrombi after acute PE. The search strategy involved the utilization of
both MeSH terms and free keywords. The following search terms were used: “residual
pulmonary vascular obstruction AND pulmonary embolism”, “residual thrombi AND

7

pulmonary embolism”, “residual clot AND pulmonary embolism” as well as “long-term

”ou

symptoms”,

"o

quality of life”, “chronic thromboembolic pulmonary hypertension (CTEPH)”,
“recurrent pulmonary embolism”.

2.3. Study Selection

The titles and abstracts of the identified articles were initially screened to assess their
relevance to the topic. A final selection was made based on inclusion and exclusion criteria
after a full-text reading of the studies (Scheme 1).

Records identified through database
searching (n = 699)

PubMed (n = 229)
Google Scholar (n = 285)
Web of Science (n = 185)

{ N
Records screened after duplicates [ Records excluded (n = 200) ]
removed (n = 302)
\ /
'4 N
Full-text articles assessed for eligibility / \
(n=102) Full-text articles excluded (n=77)
~ o * No direct RPVO assessment (e.g.,
long-term symptoms assessed by
p 5 right ventricular dysfunction on
echocardiography or
Studies included in final review (n = 25) questionnaires
\ J * No follow-up scans were

performed (results only from
index pulmonary scan)

* Follow-up scans were performed
only in part of the patients
(suspicion of CTEPH)

KNO full-text available /

Scheme 1. Selection of studies for inclusion in the review.

This review does not aim to cover or summarize all existing literature systematically.
The focus is on providing a narrative overview rather than a full systematic review. There-
fore, some studies already included in recent systematic reviews or meta-analyses covered
in this article were not analyzed in detail. A few excluded studies are also discussed to
highlight the lack of original research on specific aspects.
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3. Definitions in Pulmonary Embolism: Residual Thrombus, Chronic PE,
PE Recurrence, and CTEPH

3.1. Residual Thrombus

Residual thrombus refers to a persistent intraluminal thrombotic material identified on
follow-up imaging after 3 to 6 months following an acute PE, despite a continuous course
of therapeutic anticoagulation. This includes treatment with direct oral anticoagulants
(DOAC:s), warfarin (maintaining a target INR of 2-3), or low-molecular-weight heparins
administered by current clinical guidelines and patient adherence [6,18]. Sometimes, distin-
guishing residual thrombi from chronic thromboembolic changes and pre-existing CTEPH
present before the acute PE can be challenging. According to the literature, CTEPH is
frequently misclassified as acute PE [19]. However, imaging techniques, such as computed
tomography pulmonary angiography (CTPA) and dual-energy computed tomography, can
help differentiate between acute, resolving, or organised thrombi in pulmonary arteries.
Persistent abnormalities in ventilation/perfusion (V/Q) and V/Q single photon emission
tomography (SPECT) scanning can indicate chronic PE [20]. CTPA can also help to deter-
mine if signs of pulmonary hypertension (PH) in acute PE are acute or chronic (based on
right ventricular enlargement or hypertrophy, the presence of collateral vessels or mosaic
perfusion, etc.) [21].

3.2. Chronic Pulmonary Embolism

The presence of RVPO on imaging after >3 months of anticoagulation with no evidence
of pulmonary hypertension at rest is referred to as chronic PE [22].

3.3. Pulmonary Embolism Recurrence

This is a new episode of PE after the initial event, typically presenting with acute
symptoms, such as sudden shortness of breath, chest pain, rapid heart rate, and others.
Sometimes, distinguishing between a true PE recurrence and the persistence of residual
thrombi can be challenging, especially in the absence of baseline images and follow-up
scans, or when different assessment methods are used [23]. In cases where imaging
results are inconclusive, clinical assessment and follow-up are crucial [24]. As mentioned
previously, recurrent PE typically presents with new or worsening symptoms that other
causes cannot explain. In contrast, residual thrombus is often asymptomatic or associated
with persistent, non-progressive symptoms. Laboratory findings can help in differentiation:
an elevated D-dimer level, particularly if previously normalized, may indicate recurrence.
Elevated cardiac biomarkers, such as troponin and brain natriuretic peptide (BNP), may
further support the diagnosis of PE reccurence [24]. Imaging findings, such as CTPA, can
also help distinguish between acute and chronic PE. In acute PE, embolus may totally or
partially occlude the vessel. In case of partial occlusion, it typically appears as a central
filling defect within an otherwise contrast-enhanced vessel. Affected vessels may appear
slightly enlarged. Acute PE may also be associated with pulmonary infarction and signs of
right heart strain [21].

3.4. Chronic Thromboembolic Pulmonary Hypertension

CTEPH is the occlusion of pulmonary arteries by fibrotic material, leading to in-
creased pulmonary vascular resistance and progressive right heart failure, which may or
may not present with symptoms [25]. The diagnosis of CTEPH is based on findings of
right heart catheterisation obtained after at least 3 months of adequate anticoagulation:
mean pulmonary arterial pressure (nPAP) > 20 mmHg with pulmonary artery wedge
pressure (PAWP) < 15 mmHg, pulmonary vascular resistance (PVR) > 2 Wood units and
mismatched perfusion defects on lung scan. Specific diagnostic signs for CTEPH seen
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by multidetector CTPA, MRI, or conventional pulmonary angiography support the diag-
nosis [26]. Pulmonary endarterectomy (PEA) is the choice of treatment in appropriately
selected patients. Balloon pulmonary angioplasty (BPA) is recommended for inoperable
CTEPH patients or patients with residual PH after PEA. PH medications (Riociguat, other
PH medications approved in select regions) are given for CTEPH patients who are not
eligible for interventional treatments. Lifelong anticoagulation is recommended for all
patients with CTEPH [27].

4. Pathophysiology of Thrombus Resolution

Following the initial impact of thromboembolism, a thrombus’s natural resolution is
crucial for restoring normal vascular flow. Several mechanisms, including endogenous
fibrinolysis, angiogenesis, and inflammation, play a key role in determining the outcome
of a thromboembolus [28]. Among these, fibrinolysis is the most important one. It starts
immediately after thrombus formation and helps to dissolve fibrin networks within the clot,
enabling the complete resolution of thromboemboli of varying sizes [29]. Inflammatory
cells, such as neutrophil granulocytes, are the predominant leukocytes in thrombi during
the early stages of clot resorption. Monocytes, which infiltrate the thrombus around day 5
and gradually increase in number for up to three weeks, secrete proteases, chemokines, and
growth factors essential for the resolution process [30]. Angiogenesis helps restore blood
flow to the affected area and clear the thrombus. It is driven by pro-angiogenic factors, such
as vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF), which are
released in response to tissue hypoxia and inflammation [31].

Lungs are remarkable in clearing thromboemboli, partly because the high blood
flow exposes thrombi to more plasminogen and because the cells lining the pulmonary
artery might be better at breaking down clots than those in other veins [32]. Under
normal conditions, when all mechanisms function in coordination, small thrombi begin
to resolve within 5-7 days following an acute event, with most thrombi resolving within
2-3 months [33].

5. Risk Factors and Mechanisms of Incomplete Thrombus Resolution

As discussed earlier, following PE thrombi in the pulmonary arteries are either re-
solved by fibrinolysis or are remodeled and organized into fibrotic tissue [29]. The exact
reason why some pulmonary emboli do not completely resolve remains unclear, not only
because it is likely that there are many contributing factors, but also because the analysis of
potential mechanisms underlying incomplete thrombus resolution is complicated by the
lack of reliable models, which will also be briefly covered later [34].

Experimental studies using rodent models to evaluate the pathogenesis of PE are
widely accepted and commonly used. However, challenges arise when trying to model
thrombi resolution and the development of CTEPH due to the high fibrinolytic activity
of rodent blood plasma [35]. Currently, there are no optimal solutions for these model-
ing difficulties. Autopsy-based studies typically focus on analyzing the age of thrombi
and identifying thrombi at various stages of resolution. However, they provide limited
information about the mechanisms of thrombi resolution [36].

It is hypothesized that residual pulmonary vascular obstruction (RPVO) is associated
with impaired fibrinolysis due to intrinsic patient factors, thrombus characteristics, or
induced hypercoagulability [37]. Abnormal thrombus remodeling and scar tissue formation,
resulting from the intense inflammatory response during acute PE, along with defective
angiogenesis, neovascularization, and smooth muscle hypertrophy, also play a role in
RPVO [38]. Incomplete thrombus resolution likely results from a complex interplay of
multiple different factors.
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Without a comprehensive understanding of the pathogenesis of unresolving thrombi,
clinical conditions that increase the probability of thrombus persistence are distinguished
(Figure 1). These conditions are associated with hypercoagulable states, chronic inflam-
mation, disturbance in various hemostatic and fibrinolytic parameters, and coagulation
defects [31].

Large clot burden

Combined
coagulation defects, Recurrent VTE
APA/LAC
\ /
Permanent Thrombus
intravenous leads : Malignancy
and lines persistence
Thyroid hlﬂiﬂruci:tcory
replacement therapy ro——

Splenectomy

Figure 1. Risk factors for thrombus persistence. APA—antiphospholipid antibodies; LAC—lupus
anticoagulant; VTE—venous thromboembolism.

6. Timing of Thrombus Resolution and Prevalence of Residual Thrombi
After Acute PE

The timing of thrombus resolution and the prevalence of residual thrombi after acute
PE vary between studies. Differences in clot burden observed in patients after acute PE
may be influenced by several factors, discussed below [8,9,14,23,39-43].

Published results of the extent of RPVO in studies depend on the method used to
assess residual thrombi during follow-up visits, whether using pulmonary perfusion (Q),
ventilation/perfusion (V/Q) scans, or CTPA scans. The rate of RPVO is found to be lower
in CTPA scans compared to perfusion lung scans [40,42]. Due to greater sensitivity and
ability to minimize radiation exposure, many studies use lung perfusion scans to assess
RPVO [14,39,40]. However, it is important to consider that non-embolic pulmonary diseases
may increase RPVO by omitting the ventilation scan.

Perfusion defects are also defined differently between studies [9,42]. Some define
pulmonary vascular obstruction as any perfusion defect detected. In contrast, others use a
cut-off value of 10%, which corresponds to the amputation of at least two lung segmental
arteries [44].

Differences in study designs (summarized in Figure 2) may also influence the results
of thrombus resolution time and prevalence following acute PE. Some studies assess RPVO
during anticoagulant discontinuation [23,39], while others perform lung scans after a
certain period following treatment discontinuation [14,43]. There are also studies where
anticoagulation is administered for at least 3 or 6 months after acute PE, with some patients
still on anticoagulants and others having already discontinued treatment at the time of
RPVO assessment [41,42]. In these studies, individual risk factors typically guide the
treatment duration.
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Figure 2. Schematic representation of differences in study designs.

In most studies, patients with PE are initially treated with LMWH. In selected high-risk
cases, thrombolytic therapy is administered by current clinical guidelines. This initial phase
is typically followed by long-term anticoagulation with vitamin K antagonists (VKAs),
most commonly warfarin [9,14,40]. There is a lack of information about the quality control
of the treatment, leaving uncertainty as to whether it might have influenced RPVO at
follow-up visits.

While VKAs have long been used for PE treatment, DOACs (factor Xa inhibitors
apixaban, rivaroxaban, enoxaban, and trombin inhibitor dabigatran) have become the pre-
ferred option in many international guidelines due to their predictable bioavailability and
pharmacokinetics [6,45,46]. DOACs can be given at fixed doses, do not require routine INR
monitoring, have fewer dietary and drug interactions, and are associated with comparable
or lower risk of bleeding than VKAs [6,47]. In cases where extended anticoagulation is indi-
cated, apixaban and rivaroxaban may be continued at lower doses, potentially minimizing
the risk of adverse events [48,49].

In the context of residual thrombus, direct comparative evidence between VKA and
direct oral anticoagulants (DOACs) is limited. A meta-analysis by Nick van Es et al. found
that DOACs had similar efficacy to VKAs in preventing recurrent VTE [50]. However, this
analysis did not specifically evaluate residual thrombus resolution in PE. Most studies on
RVPO either include only warfarin or report outcomes for both VKAs and DOACs without
directly comparing their impact to residual thrombi [41-43]. Therefore, further research is
needed to examine the effects of novel oral anticoagulants (NOACs) on RPVO.

It should also be noted that some studies assessing the prevalence of residual thrombus
do not include patients with risk factors associated with a longer thrombus resolution time
and chronic PE. For example, in the study by Jervan et al. [43], one of the exclusion criteria
was active malignancy.

Despite differences in study design, methods of RPVO assessment, and treatment
duration, studies conducted in the last few decades indicate that one-fourth to one-third
of patients still experience RPVO on pulmonary scans up to one year following acute
pulmonary embolism (see Table 1 for results). Some studies have shown residual thrombi
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in more than half of patients during follow-up lung scans [8,23]. Therefore, thrombi remain

in the pulmonary arteries long after acute PE in many patients.

Table 1. Prevalence of residual thrombi after PE according to studies.

Prevalence of

Number of Time for Imaging . .
Year  Study P : Residual Treatment Treatment Duration
Patients Assessment Techniques Abnormalities
2006  Miniati et al. [39] 235 1 year Q lung scan 34.9% VKA (91.9%) 1 year
V/Q lung scan o .
2010  Sanchez et al. [9] 254 6—12 months (>10% RDVO) 29% VKA 6 months (median)
2011 Cosmi et al. [40] 173 9 months Q lung scan 28% VKA 9 months (median)
’ MDCT scan 15%
12 months (median)
2013 Poli et al. [14] 235 11 months Q lung scan 26% VKA Indefinite treatment
time in 41% of patients
2016  Planquette et al. [41] 321 9 months V/Q lung scan 19% VKA 6.5 months
2017 Pesavento et al. [8] 647 6 months Q lung scan 50.1% VKA at least 6 months
82 MDCT 15.9%
2018  K.A.Maetal. [42] 73 1 year Q lung scan 41.1% VKA 5.7 (mean)
(>0% RPVO) e
o 95% of patients are still
2022 ;0;{11?212? Nakano 43 1 year MDCT 79% DOAC on anticoagulation at
T 1 year
Qyvind Jervan et al. o 8 months (no RPVO)
2023 [43] 286 6-72 months V/Q scan 25.2% NA 9 months (with RPVO)

Q—perfusion scan, V/Q—ventilation/perfusion scan, MDCT—multidetector computed tomography,
RPVO—residual pulmonary vascular obstruction, VKA—vitamin K antagonists, DOAC—direct oral antico-
agulants, NA—not available.

As evidence shows, thrombi resolve more slowly than previously thought, and their
resolution depends on risk factors. Treatment duration for PE is increasingly individual-
ized. The ESC guidelines for PE diagnosis and treatment recommend not only indefinite
treatment duration for patients with antiphospholipid syndrome or active cancer, but
also recommends considering extended-duration therapy for patients when there is no
identifiable risk factor, for those with a persistent risk factor, or even in cases where a minor
transient risk factor was present [6].

7. Clinical Significance of Residual Clots
7.1. Residual Thrombi and PE Recurrence

Anticoagulant treatment effectively reduces the risk of recurrence in VIE. However,
this benefit disappears once treatment is discontinued [51,52]. The risk of PE recurrence de-
pends on individual patient risk factors (see Table 2) [6]. The risk of recurrent VTE after the
first unprovoked event is 10% within the first year after discontinuation of anticoagulation
and rises to 25% within five years [12]. The risk of another PE episode is three times higher
in patients whose initial acute event was PE, compared to those with DVT [48,53]. Given
the clinical importance of recurrent PE, it is crucial to determine whether residual thrombi
following an acute PE episode have prognostic value in predicting disease recurrence.

Over the past few decades, studies have been conducted—mainly retrospective and
a few prospective cohort studies—analyzing the risk of RPVO on recurrent VTE [8,54,55].
Since different results have been obtained from these studies, several meta-analyses have
emerged in recent years summarizing the available data [56,57].

In 2019, Becattini et al. published a meta-analysis aimed at evaluating the prognostic
value of RPVO, as assessed by either CTPA or lung perfusion scan, on the risk of recurrent
VTE and PE in patients treated with anticoagulants for acute PE [56]. In total, 16 studies
involving 3472 patients were analyzed. RPVO was associated with an increased risk of
recurrent VTE (odds ratio [OR] 2.22; 95% confidence interval [CI] 1.61-3.05), but this
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association was statistically significant only when lung perfusion scans detected RPVO,
and not by CTPA. Also, RVPO was associated with recurrent PE (7 studies; 1801 patients;
OR 2.98; 95% CI 2.00—4.44).

Table 2. Risk factors for recurrent venous thromboembolism.

Risk for Recurrence Risk Factors

Major transient or reversible factors (e.g., surgery with general

0,
Low (<3%) anaesthesia for >30 min.; trauma with fractures).

. Transient or reversible factors (e.g., admission to hospital for
<3 days with an acute illness; oestrogen therapy/contraception; leg
injury (without fracture) associated with reduced mobility >3 days;
Intermediate (3-8%) long-haul flight).
. Non-malignant persistent risk factors (e.g., active autoimmune
disease; inflammatory bowel disease).
. No identifiable risk factor

Active cancer; previous VTE in the absence of a major transient or

High (>8%) reversible factor; antiphospholipid antibody syndrome

In this meta-analysis by Becattini et al., a comprehensive search of databases by
multiple authors was performed, ensuring an in-depth review of available studies analyzing
RPVO and recurrent VTE. It includes sensitivity analysis on various parameters, such as
methods of RPVO evaluation, the timing of RPVO evaluation (at least 3 months after acute
PE), and symptomatic vs. asymptomatic recurrence of VTE. Heterogeneity between studies
was also evaluated using Cochran’s X? and the I? tests. Potential limitations that may
influence the results include differences in the cut-off point for RPVO between studies, the
limited accuracy of currently available criteria for diagnosing VTE, particularly in patients
with residual thrombi, and the smaller number of studies assessing RPVO by CT scan,
which may limit the statistical power of the results in this subgroup.

In 2023, Robin et al. published a systematic review and meta-analysis of individual
patient data on RPVO and VTE recurrence [57]. It includes four studies with 809 patients
who received anticoagulant therapy for at least 3 months (median 6.6 months) after PE and
underwent planar lung scans at the time of treatment discontinuation. RPVO was present
in 50.3% of patients after a median of 6.2 months after acute PE. During a median follow-up
of 26.2 months, 114 patients (14.1%) had recurrent VTE. The annual risk of recurrent VTE
was 5.8% (CI 4.4-7.2) in participants with RPVO < 5%, compared to 11.7% (CI 9.5-13.8) in
those with RPVO > 5%. RPVO was a predictor of recurrent VTE in both provoked and
unprovoked PE.

The strength of the Robin et al. study is that individual patient data from included stud-
ies were obtained [57]. This helped to study specific subgroups of interest and determine
optimal cut-off values for RPVO.

There is an association between RPVO and an increased risk of VTE (PE or DVT)
recurrence after initial anticoagulant treatment. However, currently, there are no well-
established guidelines for distinguishing between recurrent PE and chronic unresolved
thrombi on lung imaging, particularly in the absence of follow-up scans using the same
imaging technique. Diagnosis is often challenging even in cases where the recurrence of
PE is symptomatic. According to current data, RPVO evaluation might be beneficial for
guiding anticoagulant treatment duration and secondary VTE prevention [58].

7.2. Residual Thrombi and CTEPH

CTEPH is a rare complication of PE, associated with significant morbidity and mor-
tality [25]. The incidence of CTEPH differs between studies. It is estimated to be around
0.5-3.8% [11,54]. It is known that RPVO is necessary, but not always sufficient, to develop
CTEPH. Clinicians face the challenge of identifying patients at an increased risk of CTEPH.
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There is still a lack of studies analyzing the clinical significance of RPVO extent and other
possible risk factors associated with CTEPH development [8,59-61].

In 2017, Chopard et al. conducted a prospective multicenter study involving
241 patients following acute PE, who underwent at least two V/Q scans at discharge
and 3 months after acute PE [59]. The study found that RPVO > 15% at 3 months and
the difference in RPVO between discharge and 3 months after index PE < 37.5% were
significantly associated with the occurrence of a combined endpoint (consisting of all-cause
mortality, recurrent VTE, CTEPH, heart failure, and hospitalization for cardiac causes at
5 years). However, when examining CTEPH development after 5 years, the incidence of
RPVO > 15% was higher, though it did not reach statistical significance.

This study, published by Chopard et al., has an extended follow-up duration, pro-
viding robust data on long-term outcomes [59]. However, the sample size of the study is
relatively small. The study results could also be influenced by the duration of anticoagula-
tion therapy, as the decision to continue treatment after 3 months was left to the physician’s
discretion. Also, the significance of RPVO in CTEPH development was observed only in
the context of the combined endpoint.

In a randomized, double-blind, multicenter study, involving 371 patients after the first
unprovoked PE, RPVO and systolic pulmonary artery pressure (sSPAP) were identified as
the predictors for CTEPH diagnosis [60]. It was found that RPVO > 45% with a hazard ratio
(HR) of 33 (95% CI 1.64-667, p = 0.02) at PE diagnosis and RPVO >14% at 6 months after
acute PE (HR) of 63.9 [95% CI 3.11-1310, p < 0.01] were related with the development of
CTEPH for 8 years follow-up period. This was the first prospective study on the incidence
of CTEPH in patients with the first unprovoked PE, involving a homogeneous and well-
defined population. The follow-up of the patients in this study was long (8 years), with a
low number of patients lost during that time. A potential limitation that may influence the
study’s statistical power is the small sample size of CTEPH cases, with only nine patients
diagnosed during the follow-up period.

There is also a retrospective study published in 2023, where clot burden was scored
through the Qanadli method (QS) on the initial CTPA (at the time of diagnosis). Over a
one-year follow-up period, 22 (6.8%) out of 475 patients were diagnosed with CTEPH. The
QS from the initial CT was directly associated with CTEPH, and a cut-off point of 14.5
(43.5%) was predictive for CTEPH in men [62]. This study analyzes only the significance
of initial RPVO for CTEPH, and V/Q scans during follow-up were performed only in
symptomatic patients. The extent of clot burden found in V/Q scans of patients diagnosed
with CTEPH is also not specified.

In 2024, Liu et al. proposed a clinical prediction model for the early identification of
chronic PE [63]. It included 464 patients with acute PE, who were followed for at least 3
months and then divided into chronic PE and non-chronic PE groups based on symptoms
and RPVO on CT angiography or V/Q scans. Of 130 (28%) patients with chronic PE,
17% developed CTEPH. Time from symptoms onset to PE diagnosis >15 days, recurrent
PE, RVD, central embolus, and RPVO >10% were identified as independent predictors
of CTEPD, which may lead to the development of CTEPH. A prediction model with a
C-index of 0.895 (95% CI 0.863-0.927) was established for high-risk patients. The study
was internally validated and utilized advanced predictive modeling. However, the sample
size (140 patients in the validation cohort) may limit the analysis of risk factors. Also, V/Q
scans or CTPA were performed only in symptomatic patients during follow-up. It is not
specified whether there were patients with RPVO who exhibited no symptoms.

In summary, the extent of RPVO influences the development of CTEPH. However,
there is still a lack of evidence on the optimal timing to assess RPVO. Additional stud-
ies, including systematic reviews and meta-analyses, are needed to clarify the extent of
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RPVO that is clinically significant for the development of CTEPH, as this value varies
between studies.

7.3. Residual Thrombi and Long-Term Symptoms, Quality of Life

It is increasingly evident that many patients experience long-term consequences
following acute PE. Nearly half of the patients experience chronic symptoms and functional
limitation [17,61]. Health-related quality of life is also lower in patients after acute PE [57].
Recently, it was proposed to refer to this phenomenon of long-lasting symptoms and
functional limitations as the “post-pulmonary embolism syndrome” [61].

Unfortunately, it is still unclear whether persistent symptoms, functional limitations,
or worsened quality of life after acute PE are caused by PE itself or other factors, such as
the worsening of comorbid diseases. In the past decade, numerous studies focusing on
long-term symptoms and functional limitations after PE were conducted. However, most
studies do not assess residual thrombi after the acute PE period [61,64]. Only a few of them
analyze whether these symptoms could be linked to residual clot burden detected on CT or
V/Q scan [59,65,66].

Recently, a systematic review and meta-analysis were published summarizing the
existing data on the impact of residual perfusion defects on long-term symptoms [67]. In
total, 12 studies, involving 1888 patients, were included. After a median of 6 months,
34% of patients had RPVO, and 48% were symptomatic compared to 34% of patients
without RPVO. RPVO was associated with long-term symptoms (OR 2.15, 95% CI 1.66-2.78;
I? = 0%, T = 0). However, no association was found between RPVO and quality of life or
cardiopulmonary exercise test parameters.

In summary, patients with RPVO have an increased likelihood of experiencing per-
sistent symptoms after PE. However, many patients with RPVO remain asymptomatic,
while some without RPVO may still develop prolonged symptoms. Given that RPVO does
not clearly correlate with quality of life or functional limitation, it suggests that additional
factors contribute to dyspnea in these patients.

8. Conclusions

The timing of complete thrombus resolution after acute PE varies between patients. It
should be emphasized that chronic residual pulmonary vascular obstruction after acute PE
is also common. Residual thrombi play a role in the risk of PE recurrence. However, the
issue of differential diagnosis remains unresolved, and there are no clear recommendations
on distinguishing PE recurrence from residual thrombosis after acute PE, sometimes even in
the cases of symptomatic PE recurrence. It seems that the development of CTEPH depends
on the extent of the thrombus in lung scans, along with other factors. Further clarification is
needed regarding the timing of lung scans and the exact extent of residual pulmonary vas-
cular obstruction related to a higher risk of CTEPH. Symptomatic and functional recovery
after PE depends on many factors, possibly including thrombus resolution.

Based on existing data, performing follow-up scans after acute PE and using residual
thrombi to guide treatment to improve patient outcomes may be beneficial.
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Abbreviations

The following abbreviations are used in this manuscript:

PE Pulmonary embolism

CTEPH  Chronic thromboembolic pulmonary hypertension
VTE Venous thromboembolism

DVT Deep vein thrombosis

RPVO Residual pulmonary vascular obstruction
VEGF Vascular endothelial growth factor

FGR Fibroblast growth factor
APA Antiphospholipid antibodies
LAC Lupus anticoagulant

Q Perfusion

V/Q Ventilation /Perfusion

CTPA Computed tomography pulmonary angiography
MDCT Multidetector computed tomography

NOACs Novel oral anticoagulants

DOACs  Direct oral anticoagulants

VKA Vitamin K antagonists
NA Not available
RVD Right ventricular dysfunction
sPAP Systolic pulmonary artery pressure
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