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Abstract: Venous thromboembolism, commonly presented as pulmonary embolism and deep-vein
thrombosis, is a paramount and potentially fatal condition with variable clinical presentation. Diag-
nosis is key to providing appropriate treatment in a safe and timely fashion. Clinical judgment and
assessment using clinical scoring systems should guide diagnostic testing, including laboratory and
imaging modalities, for optimal results and to avoid unnecessary testing.

Keywords: pulmonary embolism; venous thromboembolism; deep-vein thrombosis; diagnosis;
clinical judgment; blood clots; risk stratification; biomarkers; pulmonary embolism response team;
vascular medicine

1. Introduction

Venous thromboembolism (VTE) is a substantial contributor to the burden of non-
communicable diseases globally [1]. VTE includes blood clots formed in the venous
circulation, deep-vein thrombosis (DVT), along with blood clots that break off and travel
to the pulmonary vasculature, leading to pulmonary embolism (PE) [2]. Despite ef-
forts at prevention and prophylactic measures, the incidence of VTE has been rising
in the last several decades [3,4]. Studies report annual incidence rates for PE ranging
from 39 to 115 per 100,000 people, while the incidence for DVT ranges from 53 to 162
per 100,000 people [5–7]. However, the actual incidence rates are likely significantly higher,
as many patients are asymptomatic and many others are underdiagnosed or misdiagnosed.
For instance, there are reports of silent PE in 40–50% of patients with proximal DVT and
numerous PEs incidentally found upon autopsy [8,9]. Massive PE can lead to elevated
physiologic dead space secondary to occlusion in pulmonary vascular flow [10]. Regard-
less, PE remains a fatal condition with high mortality rates. An epidemiological model
created among six countries in the European Union reported an estimated annual total of
465,715 symptomatic DVT cases, 295,982 symptomatic PE cases, and 370,012 VTE-related
fatalities [11,12]. Of these deaths, 27,473 (~7%) of the VTE events were identified ante-
mortem, whereas 126,145 (~35%) were deadly PE, and 217,394 (~ 60%) were undiagnosed
PE [13].

The ICOPER study evaluated 2454 patients with acute PE from seven countries
in Europe and North America and showed an overall crude mortality rate of 17.4% at
3 months [2]. PE was attributed as the cause of ~45% of deaths, and ~75% of the fatalities
transpired during the initial hospitalization for PE [2]. This highlights the importance of
timely diagnosis to initiate treatment promptly and reduce the risk of mortality and mor-
bidity. In this article, we hope to summarize a comprehensive approach to the diagnostic
evaluation of PE while also avoiding unnecessary testing in appropriate clinical settings.

J. Clin. Med. 2024, 13, 3722. https://doi.org/10.3390/jcm13133722 https://www.mdpi.com/journal/jcm1
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2. Pretest Probability

2.1. Does Clinical Presentation and Physical Examination Have Any Role in PE Diagnosis
in 2024?

Clinical manifestations of acute pulmonary embolism can be very nonspecific, given
its various presentations (Table 1), and they often result in a differential diagnosis for
numerous typical and atypical presentations. The range of presentation varies from no
symptoms to mild–moderate symptoms of shortness of breath to severe cases with hemo-
dynamic collapse [14,15]. PE is typically suspected in patients who present with symptoms
such as dyspnea, pleuritic chest discomfort, cough, and hemoptysis, with an incidence of
73%, 66%, 37%, and 13%, respectively, based on PE data from the Prospective Investigation
of Pulmonary Embolism Diagnosis (PIOPED) study [14–17]. Syncope is an extensively
discussed clinical symptom in PE, given the variable reports of its incidence and prognostic
role [16,18,19]. The proposed mechanism for syncope in PE involves pulmonary vascular
obstruction by a large embolus, resulting in impaired right ventricular function and conse-
quently impacting left ventricular filling and cardiac output. Hemodynamic instability and
circulatory compromise suggestive of right ventricular strain is an infrequent yet signifi-
cant clinical finding since they may suggest central or widespread pulmonary embolism
with a diminished ability to maintain a stable blood flow [16]. Cardiac arrhythmias, the
Bezold–Jarisch reflex, hypoxemia, orthostatic dysfunction, and other comorbidities can
also precede syncope events [20]. Even though syncope alone may not have a prognostic
role, studies have shown elevated risk for early PE-related adverse outcomes such as early
mortality (during hospitalization or <30 days) and 30-day negative events in patients with
syncope [18]. Common physical examination findings of PE include tachycardia, tachypnea,
or pulmonary hypertension/right heart strain, such as jugular venous distension, a loud
P2 (pulmonic) component of the second heart, and right ventricular parasternal lift [21].
However, none of these findings are specific enough to diagnose PE, nor does the lack of
these findings exclude PE. The presence of clinical symptoms and provoking risk factors
for PE enables patients to be classified into distinct pretest probability categories.

Table 1. Common clinical manifestations of pulmonary embolism.

Clinical Features Physical Examination Findings

Dyspnea Tachycardia

Pleuritic chest pain Tachypnea

Cough Hypotension/Shock

Hemoptysis Hypoxemia

Syncope Orthostatic dysfunction

Cardiac arrythmias

JVD: Jugular venous distention

Loud pulmonic heart sound

Right ventricular parasternal lift

2.2. Role of Clinical Scoring Systems

Pretest probability assessment may be based on clinical judgment alone or clinical
prediction scores. The major disadvantage of depending on clinical judgment alone is
the subjectivity in the assessment and the lack of standardization. The clinical scoring
systems provide objective variables that can allow for a more standardized approach to
assess clinical probability and ultimately lead to a more effective diagnostic process. As
a result, the clinical prediction rules may become helpful in assessing pretest probability
in scenarios where clinical judgment alone is equivocal. The most commonly used and
validated systems to assess pretest probability include the simplified and modified Wells
Scoring System and the Revised Geneva Scoring System (Table 2) [22,23].
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Table 2. Clinical scoring systems.

Wells Score [22] Revised Geneva Score [23]

Original Simplified Original Simplified

Previous DVT or PE 1.5 1 3 1

Heart rate

75–94/min 3 1

>=95/min 5 2

>100/min 1.5 1

Surgery/fracture/immobilization
within 4 weeks (1 month) 1.5 1 2 1

Hemoptysis 1 1 2 1

Cancer (active) 1 1 2 1

Clinical signs of DVT 3 1

One-sided limb pain 3 1

Pain on calf palpation (Homan’s
positive) and unilateral edema 4 1

Alternative diagnosis less likely
than PE 3 1

Age > 65 years 1 1

PE unlikely <=4 <=1 <=5 <=2

PE likely >4 >1 >5 >2

DVT: Deep vein thrombosis; PE: Pulmonary embolism.

2.3. Clinical Judgement versus Decision Rules

Studies have shown a trend toward increasing accuracy with increasing clinical expe-
rience, and there is some uncertainty in the accuracy of the clinical gestalt of inexperienced
physicians [24–26]. The gestalt of experienced clinicians has demonstrated comparable
accuracy in identifying patients with low, moderate, and high pretest probabilities of PE in
a few studies [24,25,27]. A retrospective analysis of a prospective cohort of 1038 patients
was performed to assess the accuracy of gestalt evaluation compared to the revised Geneva
score and the modified Wells score [27]. The area under the curve varied substantially
across the three methods. Specifically, the AUC was 0.81 (95% confidence interval (CI) 0.78
to 0.84) for gestalt evaluation while it was 0.71 (95% CI 0.68–0.75) for the Wells score and
0.66 (95% CI, 0.63–0.70) for the revised Geneva score. The study results showed a favorable
comparison between gestalt evaluation and clinical decision rules in assessing the clinical
probability of PE and especially did better in selecting low- and high-clinical-probability
patients [27]. Another meta-analysis of 52 studies involving 55,268 patients compared
these different clinical prediction methods and showed comparable results. In 15 studies,
gestalt assessment was utilized and showed a sensitivity of 0.85 with a specificity of 0.51.
Nineteen studies used Wells scoring with a cutoff < 2, resulting in a sensitivity of 0.84
with a specificity 0.58, while eleven studies used Wells scoring with a cutoff of 4 or less
and showed a sensitivity of 0.60 and a specificity of 0.80. Five studies applied the Geneva
score and showed a sensitivity of 0.84 and a specificity of 0.50, and finally, four studies
adopted the revised Geneva score and showed a sensitivity of 0.91 and a specificity of
0.37 [28]. In summary, it is acceptable to utilize clinical gestalt evaluation (especially by
an experienced clinician) or any available scoring systems (Wells or Geneva) to assess the
pretest probability of a pulmonary embolism.
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3. Ruling out PE

3.1. PERC Rule

Although identifying patients with PE is critical, it is equally important to avoid the
overuse of diagnostic tests for PE and lower inappropriate costs and complications of
unnecessary testing, especially when clinical suspicion is low. The Pulmonary Embolism
Rule-out Criteria (PERC) rule should be utilized for patients who are considered to have
a low probability of PE. The PERC includes the following criteria: individuals 50 years
of age or older, heart rate of 100 bpm or higher, oxygen saturation level of <95% while
on room air, asymmetric lower-extremity swelling, presence of hemoptysis, recent major
surgery or traumatic event, history of prior PE or DVT, and use of any type of exogenous
hormones [29,30]. If any of the eight criteria are positive, the PERC rule cannot be used to
rule out PE, but if all are negative, the risk of testing is greater than the risk for embolism,
and PE can be ruled out with no further testing [30–32].

3.2. D-Dimer Testing
3.2.1. Different Techniques of D-Dimer Measurement

D-dimer is a soluble fibrin degradation byproduct of coagulation and fibrinolysis. D-
dimer has high sensitivity along with high negative predictive value, though it lacks speci-
ficity [33–35]. D-dimer can help to exclude PE in low and intermediate-risk patients. More
specifically, the enzyme-linked immunofluorescence assay (ELFA), microplate enzyme-
linked immunosorbent assay (ELISA), and latex quantitative assay have lower specificity
but higher sensitivity when compared to other D-dimer assays such as whole-blood D-
dimer assay, latex semiquantitative assay, and latex qualitative assay (Table 3A) [34,36].
Consequently, it is imperative to note that some individuals with suspected PE may have
negative results [37]. In patients with an intermediate pretest probability of PE, low-risk
individuals where the PERC rule cannot be applied, or those with a low pretest probability
but do not meet all the criteria to rule out PE, it is recommended to obtain a high-sensitivity
D-dimer test as the preliminary diagnostic evaluation [38]. In high-risk patients and for
patients with elevated D-dimer, advanced imaging, including computed tomography
pulmonary angiography (CTPA), should be considered.

Table 3. A: Sensitivity, Specificity, and Negative Predictive Value of commercially available D-dimer
assays, Pro-BNP, and Troponin for Detection of Venous Thromboembolism. B: Utility of BNP or
NT-Pro-BNP in Prognostication of Pulmonary Embolism. Adapted from two metanalyses where
BNP/NT-Pro-BNP was utilized to assess short-term mortality, PE-related mortality, and serious
adverse events. C: Associations of Different Troponin Assays with Outcomes. Pooled odds ratio was
utilized to assess mortality in acute PE using various troponin assays.

A

Biomarker
Sensitivity

VTE (%)
Specificity
VTE (%)

NPV
VTE (%)

Sensitivity DVT
(%)

Sensitivity PE
(%)

* D-Dimer

Enzyme-linked
immunofluorescence assay

(ELFA)
96–97 57 99 96 97

Microplate enzyme-linked
immunosorbent assay (ELISA) 95 45 97 94 95

Latex quantitative assay 95 48–61 99 93 95

Whole-blood D-dimer assay 75–87 69–83 89 83 87

Latex qualitative assay 75 99 99 69 75

Pro-BNP 85 80

Troponin-I 65 42

4



J. Clin. Med. 2024, 13, 3722

Table 3. Cont.

B

Outcomes
Sensitivity Study 1/

Study 2
(%)

Specificity Study
1/

Study 2
(%)

PPV
Study 1/
Study 2

(%)

NPV Study 1/
Study 2

(%)

OR
Study 1/
Study 2

Short-term death 93/96 48/42 14/13 99/99 6.57/7.7

Death resulting from PE 92/97 52/42 13/12 99/97 6.10/6.4

Serious adverse events 89/100 48/36 33/26 94/100 7.47/15.6

C

Outcomes
All Troponins

Conventional
Troponin-I

Conventional
Troponin-T

High-Sensitivity
Troponin

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Overall mortality 4.3 (3.3–5.7) 2.8 (2.0–4.0) 7.9 (4.5–13.6) 3.7 (1.2–11.6)

Short-term mortality 5.2 (3.3–8.4)

PE-related mortality 9.4 (4.1–21.5)

Adverse outcomes 7.0 (2.4–20.4)

90-day mortality 4.8 (2.8–8.2)

Mortality in low-risk PE subgroup 6.9 (1.3–35.8)

A: Adapted from (reference/s): [34,36,39,40]. BNP: brain natriuretic peptide; NPV: negative predictive value.
B: Adapted from (reference/s): [39,41,42]. NT-Pro-BNP: N-terminal pro–B-type natriuretic peptide; PE: pul-
monary embolism; PPV: positive predictive value; NPV: negative predictive value, OR: odds ratio. C: Adapted
from (reference/s): [43–48]. OR: odds ratio; 95% CI: 95% confidence interval; PE: pulmonary embolism.
* D-dimer measurement, preferably high-sensitivity assay, with age-adjusted cutoff (age × 10 μg/L in patient
with age > 50 yrs) is recommended in outpatient/emergency-room patients with low or intermediate clinical
probability/PE unlikely. D-dimer measurement is not recommended in patient with high clinical probability as a
negative test does not rule out PE.

3.2.2. Age Adjustment of D-Dimer

The performance of the D-dimer test is significantly influenced by age [49]. In patients
who are 50 years of age or older, the age-adjusted D-dimer threshold (age × 10 ng/mL)
should be utilized to assess whether imaging is necessary, instead of a generic threshold of
500 ng/mL [50]. Studies have noted that the pretest clinical probability assessment and
age-adjusted D-dimer cutoff together yield a greater proportion of individuals in whom PE
can be confidently excluded, with a low likelihood of future VTE events, when compared
to a set 500 μg/L cutoff [50]. The YEARS diagnostic algorithm looked at D-dimer cutoff
adaptations based on clinical probability (three items from the Wells score and D-dimer
level). PE was excluded in patients without clinical items (DVT symptoms, hemoptysis, and
alternate diagnosis less likely) and D-dimer < 1000 ng/mL vs. one or more clinical items
and D-dimer < 500 ng/mL. A study showed a significant reduction of 14% in computed
tomography pulmonary angiography (CTPA) tests across all age groups and other relevant
subgroups [51].

Certain special populations other than the elderly also need D-dimer modifications.
For example, the ELISA D-dimer test appears to be a reliable way to exclude the presence
of PE in cancer patients. However, it yields negative results at the standard cutoff value
in only 10% of patients. Elevating the threshold of the cutoff value in cancer patients may
enhance the use of the test in this particular population; a negative test can still reliably
exclude PE diagnosis, nonetheless [52–54]. Similarly, a large proportion of outpatients
with suspected pulmonary embolism can be efficiently ruled out by combining D-dimer
results with clinical and pretest assessments. For instance, a Wells score of four or lower in
conjunction with a negative D-dimer measurement may effectively and safely rule out PE
in outpatient settings [55].

D-dimer measurement appears less useful in hospitalized and critically ill patients
due to its lower specificity within these specific groups [56]. As such, it is crucial to use
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clinical judgement and pretest probability in assessing this population. It also remains as a
diagnostic challenge in patients with underlying pulmonary etiology such as consolidation
or pneumonia [57].

4. Role of Other Laboratory Biomarkers

4.1. Arterial Blood Gas (ABG)

Although few studies in the past have suggested normal (A–a) O2 gradient as a
possible PE exclusion criterion, studies in recent years have revoked these findings [58–60].
Arterial blood gas (ABG) collected from a study of 293 patients showed that ABG, either
by itself or in conjunction with other clinical parameters, has little diagnostic utility when
PE is suspected [60]. Similarly, PE could not be ruled out in over 30% of cases in patients
without preexisting cardiopulmonary disease when the partial pressure of arterial oxygen
was 80 mm Hg or higher, the partial pressure of arterial carbon dioxide was 35 mm Hg or
higher, and the P(A–a) O2 gradient was 20 mm Hg or lower [61]. Likewise, PE could not
be dismissed as a possibility in over 14% of cases under the same conditions in patients
with preexisting cardiopulmonary disease [61]. As a result, blood gas levels do not provide
enough information to definitively rule out the possibility of PE.

4.2. Brain Natriuretic Peptide (BNP)

BNP and N-terminal pro BNP (NT-proBNP), its precursor, are neurohormones pro-
duced when the myocardium is stretched [62,63]. PE can lead to stretching of the right
ventricle from pressure overload. Although both of these biomarkers are not often benefi-
cial for the diagnosis of PE itself, they are frequently useful for prognostication as they can
be considered indirect markers of right ventricular dilation and strain (Table 3B) [64–66].
A meta-analysis that reviewed 12 studies noted that higher levels of BNP corresponded
with elevated all-cause mortality in the short term (odds ratio, 6.5; 95% CI, 3.1–13.9),
mortality-related PE (OR, 6.1; 95% CI, 2.5–14.3), and major adverse events (OR, 7.5; 95%
CI, 4.2–13.2) [39,67]. This study has also highlighted that normal BNP is a strong negative
predictor in acute PE (Table 3A) [39,43]. However, utility is questionable in patients who
may have other etiologies for the elevated BNP/Pro-BNP.

4.3. Troponin

Similar to BNP, troponin is also a great prognostic indicator but has minimal diag-
nostic value. It is a nonspecific marker of myocardial inflammation or injury. Elevated
serum troponin suggests poorer immediate and long-lasting effects in individuals with
PE (Table 3C) [40]. It may be utilized as an early and reliable marker of right ventricular
dysfunction, especially when an echocardiogram is not immediately available [40,68].

4.4. Lactate

Serum lactate is a marker of tissue hypoxia. Several clinical conditions affecting
perfusion and/or oxygen demand and supply, such as sepsis, may affect the serum lactate
concentration. It is also a significant prognostic marker in acute pulmonary embolism. In
a study of 270 patients, patients with lactate levels (> or =2 mmol/L) showed a mortality
rate of 17.3%, (95% CI, 12–20%), while patients with lower lactate levels had a mortality
rate of 1.6% (95% CI, 0.8–2%). Serum lactate level had a significant impact on both the
overall mortality and composite endpoints in this study. The hazard ratio for overall
mortality was 11.7 (95% CI, 3.3–41.0), while the hazard ratio for the composite endpoint
was 8.1 (95% CI, 3.8–17.3). These effects were seen irrespective of the occurrence of shock,
hypotension, right ventricular failure, or elevated troponin [69]. Another similar study
involving 496 normotensive outpatient participants with acute symptomatic PE and an
elevated plasma lactate showed that individuals with higher lactate levels had a higher
likelihood of PE-related sequelae with an adjusted odds ratio 5.3 (95% CI, 1.9–14.4; p = 0.001)
in contrast to those with lower lactate levels [69,70]. The positive predictive value of the
combination of high plasma lactate with indices of right ventricular dysfunction on echo
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and myocardial injury such as cardiac troponin was ~18% (95% CI, 6.1–36.9%), making it
an exceptionally beneficial prognostic indicator to assess complications associated with PE
in <7 days [70].

5. Pulmonary Embolism Severity Index (PESI)

The pulmonary embolism severity index is a prognostic guide that enables the classifi-
cation of patients with PE into different risk groups based on mortality (Table 4). The PESI
rule applies clinical criteria for estimating outcomes within a 30-day period.

Table 4. Comparison of major guidelines on risk stratification and diagnosis of pulmonary embolism.

Guidelines Categories Risk Stratification Diagnosis

ESC 2019 [7]

Low Risk 0 to 3 on revised Geneva or 0 to 1 on
modified simplified Geneva score

History + risk assessment
PERC rule

Intermediate Risk 4 to 10 on revised Geneva or 2 to 4 on
modified simplified Geneva score

History + risk assessment
Age adjusted D-dimer

High Risk 11 to 25 on revised Geneva or >5 on
modified simplified Geneva score CTPA vs. V/Q SPECT

ACC/AHA 2011 [44]

Non-Massive Normotensive, normal Biomarkers, and
PE unlikely in sPESI (or PESI)

Submassive

PESI class III-IV or sPESI ≥ 1, echo or
CT evidence of RV strain, positive

troponin, or elevated BNP or
NT-Pro-BNP

Massive

Hypotension (systolic blood
pressure < 90 mm Hg for ≥15 min,

drop in systolic blood pressure of ≥40
mm Hg or vasopressor), or thrombus in

transit, or syncope, or cardiac arrest

ESC: European Society of Cardiology; ACC: American College of Cardiology; AHA: American Heart Association;
CT: computerized tomography; CTPA: CT pulmonary angiogram; V/Q: ventilation- perfusion; SPECT: single-
photon emission CT; PE: pulmonary embolism; PERC: PE Rule-out Criteria; PESI: PE severity index; NT-Pro-BNP:
N-terminal Pro–B-type natriuretic peptide.

6. Role of PERT (Pulmonary Embolism Response Team)

Currently, there are no guidelines on the timeframe for diagnosis and management,
although clinicians understand the critical nature of the diagnosis, especially in hemody-
namically unstable patients. Since Massachusetts General Hospital implemented the first
pulmonary embolism response team (PERT) in 2012, several other centers have adopted
this multidisciplinary initiative to facilitate the diagnosis and treatment of patient with
intermediate–high- and high-risk PE over the past decade [71–73]. Although several differ-
ent structures exist within various small and large institutions, PERT programs generally
aim to incorporate team-based multidisciplinary care into PE care by coordinating anti-
coagulation plans, thrombolytics vs. catheter-directed treatments, surgical options, and
follow-ups [74]. The impact of PERT in facilitating multidisciplinary care is crucial, and
more data are needed in this area to assess the effect on PE mortality and morbidity [75].

7. Role of EKG/ECG

A 12-lead electrocardiogram (EKG) may provide insights on the PE severity, if any
acute changes are present. The six EKG findings including heart rate > 100 bpm (38%),
S1Q3T3 (24%), complete right bundle branch block (10%), T-wave inversions in leads V1–V4
(29%), ST segment elevation in aVR (36%), and atrial fibrillation (15%) were found to be
predictive of circulatory collapse and 30-day mortality following sudden PE in a systematic
review and meta-analysis of 3007 patients [76]. However, these EKG changes alone are
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not enough to make the diagnosis, and a lack of EKG changes does not reliably reject the
possibility of PE diagnosis.

8. Role of Various Imaging Modalities

8.1. Chest X-ray (CXR)

Acute pulmonary embolism is most commonly accompanied by the presence of car-
diomegaly on chest radiographs. However, chest radiographs are not helpful in diagnosing
pulmonary embolism but rather help exclude other mimickers of PE [77]. Normal CXR is
also necessary for accurate and reliable interpretation of the ventilation–perfusion scan.

8.2. CT Pulmonary Angiography vs. Lung Scintigraphy

For patients with suspicion for PE, Multidetector Computed Tomographic Pulmonary
Angiography, or CTPA, is the preferred imaging modality [78]. A filling defect that appears
following contrast administration in any branch of the pulmonary artery is indicative of
PE. The PIOPED II study reported a sensitivity of 83% (95% CI, 76–92%) and a specificity
of 96% (95% CI, 93–97%) among 773 patients who had CTPA for the diagnosis of PE [78].
CTA-CTV (CT venogram) was also evaluated in the study and showed a sensitivity of
90% and specificity of 95%. Both CTPA and CTA-CTV had high concordance with clinical
assessment. However, if there is discordance between the clinical judgment and the CTPA
results, further evaluation should be considered. Motion artifacts, large body habitus,
artifacts due to foreign objects, and inadequate contrast enhancement of the pulmonary
vasculature can all lead to poor study quality [79]. CTV of the pelvis and lower extremity
is not routinely performed in all patients unless there are clinical signs, given the risk of
radiation, even though it might improve the diagnostic yield [80].

The detection of smaller emboli has increased with the use of newer scanners with
higher resolution. For example, segmental and subsegmental artery visualization and
interobserver agreement in the detection of PEs have been substantially enhanced by
multi-detector row CT. However, the clinical significance of these smaller embolisms is still
unclear [81,82].

For several years, lung scintigraphy/ventilation–perfusion (V-Q) scanning used to
be the choice noninvasive imaging for patients with suspected PE. Many have had non-
diagnostic evaluations due to the inconclusive results, however. CTPA emerged as the
primary imaging technique for suspected pulmonary embolism (PE), effectively replacing
V/Q scanning in the United States by 2001 [83]. However, V-Q still has utility in specific
situations such as severe contrast allergy, severe renal dysfunction, and low radiation
risk in pregnant and even young female patients where scintigraphy provides distinct
advantages [84]. A normal chest radiograph is necessary given the risk of false positives
due to underlying lung pathologies.

The updated PIOPED criterion, with an area under the ROC curve of 0.753, demonstrated
greater accuracy compared to the previous PIOPED criteria [17,85]. However, intermediate
probability or indeterminate studies remain a major limitation of V-Q scanning.

In another randomized study involving 1417 patients, the V-Q scan was noted to be
non-inferior to CTPA in ruling out PE when used in combination with clinical probability
evaluation, D-dimer, and lower-extremity ultrasonography [86]. However, it is important to
note that despite achieving statistical significance, the V-Q scan group missed one fatal PE,
and CTPA detected more patients with PE [86]. For patients at increased risk of pulmonary
embolism (PE), employing a diagnostic approach involving chest X-ray and V-Q scanning
based on the PISAPED criteria appears to be less safe compared to using CTPA [87].

8.3. Role of Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) has not yet become a substitute for CTPA in
assessing acute PE. However, it has the potential for specific utility in patients who cannot
tolerate iodinated contrast and in pregnant or young patients, similar to a V/Q scan. The
current MRI technology has a notable level of accuracy and precision in detecting proximal

8



J. Clin. Med. 2024, 13, 3722

pulmonary embolism (PE), but its ability to detect distal PE is still limited, resulting in
a sensitivity shortfall. Additionally, approximately 30% of the results obtained from this
technology are inconclusive. While MRI/MRA can be helpful in clinical decision-making,
it cannot be relied upon as the sole diagnostic study to rule out PE [88]. For patients
with technically satisfactory images, the combination of magnetic resonance pulmonary
angiography and magnetic resonance venography demonstrates a higher degree of sensi-
tivity than magnetic resonance pulmonary angiography alone [89]. Regardless, acquiring
technically satisfactory images using both methods is more challenging [90].

8.4. Imaging Modalities of the Future

V-Q single-photon emission CT (SPECT) has been reported to provide highly accurate
negative and positive predictive values, with just 1% of the results being inconclusive [91].
However, accessibility for this study remains a major limitation, along with varied diagnos-
tic criteria.

V-Q SPECT and low-dose CT without contrast combination has also shown outstand-
ing diagnostic accuracy in a few studies and should be further explored [92]. The utilization
of SPECT/low-dose CT can also help distinguish between lung symptoms, leading to a
notable enhancement in diagnosing pulmonary embolism or identifying other lung disor-
ders in a substantial number of patients, particularly when anomalies in lung perfusion are
observed [93].

8.5. Is Pulmonary Angiography Still a Gold Standard?

Pulmonary angiography is the most accurate examination for detecting embolism
and used to be the “gold standard”. However, the advancements in noninvasive imaging
modalities have changed the criteria for doing angiography. It is rarely performed due to
the invasive nature of the test. Conventional pulmonary angiography lacks precision in
diagnosing pulmonary embolism that is confined to subsegmental arteries [94]. For instance,
one study reported a possibility of misdiagnosis in ~33% of subsegmental emboli and ~33%
of solitary subsegmental emboli on pulmonary angiograms initially [95]. Procedure-related
complications are also a concern. Among the 1111 patients that underwent angiography in
PIOPED, complications of death occurred in five patients, renal dysfunction in thirteen,
respiratory distress in four, and hematoma in two patients [77]. However, it is still a
justifiable diagnostic technique in the proper clinical context [96].

8.6. Echocardiography

The major utility of an echocardiogram during acute PE is its ability to assess for
right ventricular strain and elevated risk for poorer outcomes [97]. Both pulmonary artery
enlargement and cardiomegaly do not demonstrate sensitivity or specificity in detecting the
echocardiographic manifestation of right ventricular hypokinesis, which is a significant pre-
dictor of death in cases of acute pulmonary embolism [98]. Transthoracic echocardiography
(TTE) is commonly used to investigate right ventricular (RV) pressure overload in indi-
viduals suspected of having acute PE [99]. McConnell’s sign, a specific echocardiographic
pattern characterized by localized right ventricular failure with the apex being unaffected,
can occur in some PEs (77% sensitivity; 94% specificity), but it is not a specific indicator
of pulmonary embolism [100–102]. Other findings such as right ventricle/left ventricle
size ratio, septal motion abnormality, tricuspid regurgitation, 60/60 sign, hypokinesis of
right ventricle, pulmonary hypertension, right ventricular end-diastolic diameter, tricuspid
annular plane systolic excursion (TAPSE), and right ventricular systolic pressure can also
be evaluated on an echocardiogram [77,103–105].

A meta-analysis of 511 patients with pulmonary embolism and transthoracic echocar-
diography showed that 71% of patients with PE had no significant abnormalities on
TTE [106]. In patients that had TTE findings, ~27% had RV enlargement, ~27% had RV
free wall hypokinesis while ~20% had the McConnell sign, 18% had interventricular septal
flattening, and 13% had a 60/60 sign [107]. This study also reported that the simultaneous
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presence of hypokinetic right ventricle along with the 60/60 sign and the McConnell sign
to be the most reliable indicator for RV strain [106].

The pulmonary embolism severity index (PESI)-Echo score (PESI + PASP-TAPSE =
PESI-Echo) has been reported as an innovative and novel measure to evaluate the risk
of mortality in individuals who have acute pulmonary embolism [108]. A multicentric
prospective study among 684 patients in 75 academic centers in Argentina showed a PESI-
Echo score greater than or equal to 128 as the optimal cutoff point to predict mortality while
in the hospital (sensitivity 82%, specificity 69%) [108].

Although very rare, if there is a thrombus within the proximal pulmonary arteries and
in the right atrium/right ventricle, this may also be visualized on an echocardiogram. A
total of 1.8% of patients in the meta-analysis mentioned earlier had right heart thrombus.
The presence of right heart thrombi in patients is mostly associated with the hemodynamic
effects of pulmonary embolism rather than the specific characteristics of thrombi. Never-
theless, individuals with right heart thrombi and pulmonary embolism leading to right
ventricular dysfunction appear to have a worse outcome compared to controls matched
based on propensity scores [109].

8.7. Role of Point-of-Care Ultrasound for Diagnosis of PE in the Modern Era

Point-of-care ultrasound (POCUS) is a fast, safe, effective, and valuable tool that is
available at the bedside which can aid in diagnosis if integrated with traditional clinical
examination. In acute settings, the POCUS evaluation helps to assess evidence of right heart
strain, which is particularly useful if the patient is hemodynamically unstable to travel
for imaging or has renal impairment or other contraindications to obtain CTPA urgently.
One of the major limitations is operator dependency. Similarly, POCUS cannot distinguish
other causes of right heart strain, such as RV infarction, and cannot be used to exclude the
diagnosis of PE, as a lack of RV strain does not necessarily rule out PE [110]. More recent
studies are also exploring triple point-of-care US (heart, lung, and venous compression
ultrasound) for a real-time assessment, which has promising potential but is not yet a
formally recommended alternative diagnostic approach [111].

8.8. Compression Ultrasonography

Thrombi are often formed in the lower extremities and embolize to the lungs. As a
result, venous compression ultrasound (CUS) is often performed in patients suspected
of having DVT/PE. A combination of lower-extremity ultrasound and echocardiography
may also offer increased specificity (if positive) or negative predictive value (if negative) in
patients who cannot have a CTPA for some reason [112]. However, CUS has low sensitivity
(sensitivity, 41%; 95% CI, 36–46%) and, therefore, cannot be used to rule out PE [113]. A
retrospective study of 168 patients with acute PE showed that 46.4% of patients had a
negative lower-extremity venous compression ultrasound [114]. Negative CUS was more
often seen in patients with no history of DVT, low D-dimer levels, PE on V/P-SPECT rather
than CT, and peripheral PEs [115].

9. Conclusions

Pulmonary embolism remains a major contributor to cardiovascular mortality despite
many advances in diagnostic technologies over the last few decades. Clinical judgment and
validated risk assessment tools should be used to guide diagnosis to reduce unnecessary
testing. The presence of various clinical and laboratory features in patients can provide
hints for diagnosis and indicate characteristics that can reduce the chances of erroneously
ruling out the diagnosis of PE. Laboratory testing and imaging may be indicated in patients
with intermediate and high risk for PE. Appropriate risk stratification is crucial for both the
diagnosis and management of these patients.
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Abstract: Venous thromboembolism (VTE), which encompasses deep vein thrombosis (DVT) and
pulmonary embolism (PE), is a significant cause of morbidity and mortality worldwide. There are
many factors, both acquired and inherited, known to increase the risk of VTE. Most of these result in
increased risk via several common mechanisms including circulatory stasis, endothelial damage, or
increased hypercoagulability. Overall, a risk factor can be identified in the majority of patients with
VTE; however, not all risk factors carry the same predictive value. It is important for clinicians to
understand the potency of each individual risk factor when managing patients who have a VTE or are
at risk of developing VTE. With this, many providers consider performing a thrombophilia evaluation
to further define a patient’s risk. However, guidance on who to test and when to test is controversial
and not always clear. This comprehensive review attempts to address these aspects/concerns by
providing an overview of the multifaceted risk factors associated with VTE as well as examining the
role of performing a thrombophilia evaluation, including the indications and timing of performing
such an evaluation.

Keywords: deep vein thrombosis; pulmonary embolism; venous thromboembolism; risk factors;
thrombophilia

1. Introduction

Venous thromboembolism (VTE) is a potentially life-threatening condition charac-
terized by the formation of blood clots in deep veins, leading to deep vein thrombosis
(DVT) and the potential for pulmonary embolism (PE). VTE is a complex and multifac-
torial disorder influenced by a wide range of risk factors. A major theory describing the
pathogenesis of VTE is Virchow’s triad which consists of the stasis of blood flow, vascular
endothelial injury, and hypercoagulability [1]. With this, most identified risk factors for the
development of VTE have at least one element of Virchow’s triad.

Overall, a risk factor can be identified in the majority of patients with VTE, with the
most commonly identified factors including age > 40, obesity, a personal history of VTE, and
cancer [2]. These risk factors may be permanent, such as related to patients’ characteristics,
or transient, such as acute clinical condition. Evidence demonstrates that the VTE risk
increases proportionally to the number of predisposing risk factors [2]. Understanding the
risk factors associated with VTE is important for understanding a patient’s risk of VTE
development and recurrence, and thus guides providers on the best management strategies
moving forward. Importantly, risk factors do not carry an equal risk of VTE development
(Table 1) [2,3]. As such, physicians should consider both the strength of each individual
risk factor as well as the cumulative impact of all risk factors in determining the type and
duration of appropriate prophylaxis. During this evaluation, thrombophilia testing is often
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considered. Although these tests are readily available, it can be challenging to determine
who would benefit from a thrombophilia evaluation and how the testing results will change
clinical management.

Table 1. Predisposing risk factors for venous thromboembolism [2,3].

Strong Risk Factors (OR < 10)

• Fracture of lower limb;
• Hospitalization for heart failure or atrial fibrillation/flutter (within previous 3 months);
• Hip or knee replacement;
• Major trauma;
• Myocardial infarction (within previous 3 months);
• Previous VTE;
• Spinal cord injury.

Moderate risk factors (OR 2–9)

• Arthroscopic knee surgery;
• Autoimmune diseases;
• Blood transfusion;
• Central venous lines;
• Intravenous catheters and leads;
• Chemotherapy;
• Congestive heart failure or respiratory failure;
• Erythropoiesis-stimulating agents;
• Hormone replacement therapy (depends on formulation);
• In vitro fertilization;
• Oral contraceptive therapy;
• Post-partum period;
• Infection (specifically pneumonia, urinary tract infection, or HIV);
• Inflammatory bowel disease;
• Cancer (highest risk in metastatic disease);
• Paralytic stroke;
• Superficial vein thrombosis;
• Thrombophilia.

Weak risk factors (OR < 2)

• Bed rest > 3 days;
• Diabetes mellitus;
• Arterial hypertension;
• Immobility due to sitting (i.e., prolonged car or air travel);
• Increasing age;
• Laparoscope surgery (i.e., cholecystectomy);
• Obesity;
• Pregnancy;
• Varicose veins.

VTE—venous thromboembolism; OR—odds ratio; HIV—human immunodeficiency virus.

This review aims to provide an extensive exploration of these risk factors, encompass-
ing both acquired and modifiable risk factors as well as inherited risk factors, as well as
review the indications and timing for thrombophilia evaluation.

1.1. Acquired and Modifiable Risk Factors
1.1.1. Previous VTE

Individuals with a history of VTE are at an increased risk of recurrent thrombosis. A
prospective cohort of 355 patients reported an incidence of recurrent VTE at 17.5% after
two years of follow up, 24.6% after four years, and 30.3% after eight years [4]. Likewise,
in a large observational study of 1231 patients with VTE, 19% of the patients reported
at least one prior clinically recognized VTE event [5]. However, the risk of recurrence
is highly dependent upon patient-specific factors. Patients with a history of VTE in the
setting of a transient, reversible risk factor (i.e., immobilization or surgery) have a lower
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rate of recurrence compared to those with no known risk factors (i.e., unprovoked) or with
permanent risk factors (i.e., malignancy). In the study noted above, the presence of cancer
was associated with an increased risk of recurrent VTE (hazard ratio (HR) 1.72) while
surgery and recent trauma or fracture were associated with a decreased risk of recurrent
VTE (HR 0.36) [4]. Similarly, a prospective cohort study of 570 patients followed over 2
years noted zero recurrence of VTE in those whose first VTE occurred within six weeks of
surgery compared to 19.4% recurrence in those whose first VTE had no identifiable clinical
risk factors [6]. As such, while a previous VTE is a risk factor for a future VTE, the ultimate
risk is highly dependent on patient-specific factors, which are further outlined below.

1.1.2. Family History of VTE

Similar to a personal history of VTE, a family history of VTE has also been identified
as a risk factor for VTE development. A large national cohort study noted that having a
sibling with a history of VTE incurred a relative risk (RR) of 3.08 for developing a VTE
event compared to the general population [7]. It appears that the risk increases based on
the number of family members with a prior VTE. In a case–control study of 505 patients, a
positive family increased the risk of VTE more than 2-fold (odds ratio (OR) 2.2), with the
risk increasing up to 4-fold (OR 3.9) when more than one relative has a history of VTE [8].
Interestingly, this study also noted that those with hereditary thrombophilia and a family
history of VTE had a higher risk of VTE compared to those with heredity thrombophilia and
no family history. Specifically, in those with a factor V Leiden mutation, a positive family
history of VTE incurred a 2.9-fold higher risk compared to a negative family history [8].
These findings underscore that there are likely other inherited thrombophilias present that
have yet to be discovered.

1.1.3. Immobility

Prolonged periods of immobility, such as postoperative bed rest, paralysis, hospital-
ization, or long-haul travel, are well-established risk factors for VTE. Immobility leads to
venous stasis, particularly in the legs, which promotes thrombosis. A prior autopsy study
noted that 15% of patients on bed rest for less than one week before death were found
to have a venous thrombosis, with the incidence increasing to 80% for those in bed for a
longer period [9]. Likewise, in a large international registry, chronically immobile elderly
patients were noted to have an increased risk of recurrent VTE [10]. As immobility can be
caused by numerous different factors, the risk of VTE ultimately depends on the cause and
length of immobility.

The risk of VTE after an acute cerebrovascular accident (CVA) resulting in paralysis is
quite high. The current rates of symptomatic VTE in patients with acute CVA ranges from
1–10%, whereas asymptomatic VTE is even higher, with a report of 11% at 10 days post
CVA and 15% at 30 days post CVA [11–13]. Likewise, the rates of DVT within 3 months of
paralytic spinal cord injury are also high, with the reported incidence of DVT being greater
than 30% in those who are screened for DVT [14,15]. The risk of VTE development after
spinal cord injury appears to be greatest during the first two weeks after injury, with fatal
PE being rare beyond 3 months after injury [2]. Interestingly, chronic immobility in the
setting of CVA or spinal cord injury does not appear to confer the same degree of risk as
acute immobility. This difference is likely due to the physiologic changes that occur with
chronic immobility, including leg muscle atrophy and changes in venous anatomy [2].

Transient immobility both during hospitalization and upon discharge to home or
rehabilitation facility also represents an important risk factor for VTE. In addition to ve-
nous stasis due to immobility, acute illness can increase the risk of VTE due to increased
alterations in the hypercoagulable state and damage to endothelial cells in the setting of
increased inflammation. Common medical illnesses associated with VTE in hospitalized pa-
tients include infection, CVA, inflammatory bowel disease, and autoimmune diseases [16].
When compared to patients in the community, those hospitalized for any reason appear to
have a 100 times greater incidence of VTE [17]. Likewise, factors associated with institu-
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tionalization, defined as current or recent hospitalization within the past three months or
being a nursing home resident, independently account for over 50% of all cases of VTE in
the community [18].

Prolonged travel, including in the car and by air, also appears to confer an increased
risk of VTE. A meta-analysis of 14 studies noted that the pooled RR for VTE in travelers
was as high as 2.8 [19]. Additionally, there was a dose–response relationship identified
with an 18% higher risk for VTE for each 2 h increase in the duration of travel by any mode
and a 26% higher risk for every 2 h of air travel.

Lastly, prolonged sitting such as at a computer for a prolonged period also appears to
confer an increased risk. In a series of patients admitted for DVT/PE, 34% reported seated
immobility for a prolonged period of time (8–12 h) at work [20].

1.1.4. Surgery

Surgical procedures have long been associated with an increased risk of VTE, as
surgery can result in damage to blood vessels, activation of the coagulation cascade, and
venous stasis due to immobility, both during the surgery and in the post-operative period.
However, not all surgery carries the same risk of VTE, with thrombotic risk being the
highest amongst orthopedic, major vascular, neurosurgery, and cancer surgery. Hip and
knee arthroplasty are considered amongst the highest-risk surgeries for VTE development.
Initial reports have demonstrated that the VTE incidence is as high as 30% in patients
undergoing major orthopedic surgery who were not receiving thromboprophylaxis [21].
However, during more recent studies, where anticoagulation was used for VTE prophylaxis,
the incidence is much lower, typically less than 5% [22,23]. The American College of Chest
Physicians (ACCP) estimates the baseline perioperative, 35-day risk at 4.3% after major
orthopedic surgery, with the risk highest within the first 7–14 days [24]. As such, several
guidelines, including the International Consensus Meeting on VTE in 2022 (Strength of
Recommendation: Strong), the American Society of Hematology in 2019 (conditional
recommendation based on very low certainty), and the National Institute for Health and
Care Excellence (NICE) in 2018, recommend the use of chemoprophylaxis for the prevention
of VTE in this patient population [25–27].

In non-orthopedic surgery, open abdominal and open pelvic surgery, particularly
for those associated with cancer, are also considered high risk [28,29]. Neurosurgical
interventions have also reported increased rates of VTE, with a meta-analysis reporting
approximately one in four patients developing VTE after neurosurgery [30,31]. Other
surgeries reporting an elevated risk of VTE in the post-operative setting include coronary
artery bypass, major urologic surgery, thoracic surgery, and bariatric surgery [32–34].

In contrast, laparoscopic surgery does not appear to confer the same degree of risk
compared to open surgery. A retrospective study of 750,159 patients demonstrated an
incidence of VTE of 0.32% within 30 days of abdominal laparoscopic surgery, with the
highest incidence among patients undergoing colorectal surgery at 1.12% [35]. Similarly,
another retrospective study of over 138,595 patients demonstrated that the incidence of VTE
among patients undergoing laparoscopic surgery was lower compared to those undergoing
open surgery (0.28% versus 0.59%, respectively) [36].

1.1.5. Trauma

Trauma resulting in fracture and severe injury elevates the risk of VTE, often due to
blood stasis in the setting of immobilization and via endothelial activation in the setting of
injury, resulting in the activation of the clotting cascade. Like surgery, not all trauma confers
the same degree of risk of thrombosis. Major trauma is associated with a significantly
increased risk of VTE. A study of 716 patients with major trauma, defined as an Injury
Severity Score of at least 9, who underwent screening evaluation for DVT reported a DVT
incidence of 58%, with 18% occurring in the proximal veins [37,38]. Of note, these patients
did not receive prophylactic anticoagulation. Interestingly, while the use of prophylactic
anticoagulation does reduce the risk of VTE in patients with major trauma, the reported
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rates of VTE in this patient population remain high, with a reported incidence of VTE of
44% with the use of low-dose heparin and of 31% with the use of low-molecular-weight
heparin [39]. Trauma resulting in fracture, particularly those involving the lower limb, is
a strong VTE risk factor. The incidence differs based on the location of the fracture, with
the highest risk locations including the hip (16.6%), tibial plateau (16.3%), and tibial shaft
(13.3%) [1].

In contrast, minor trauma does not appear to confer the same degree of risk. In a
cohort of 294 cancer-free patients with VTE admitted to hospital, the adjusted incidence
rate ratio (IRR) for VTE for open wounds was 0.46 (95% CI, 0.15–1.39), for sprains 1.15
(95% CI, 0.44–3.04), and for dislocations 1.54 (95% CI, 0.37–6.48). In contrast, the adjusted
IRR in the same cohort was elevated for fractures (2.45, 95% CI 1.29–4.68) and immobility
(3.84, 95% CI 2.39–6.15) [40]. Likewise, a systematic review of 15 studies demonstrated an
incidence of VTE of 4.8% in patients undergoing temporary lower limb immobilization due
to isolated trauma [41].

1.1.6. Cancer

Malignancy is a well-established risk factor for the development of VTE. Cancer
is known to create a hypercoagulable state via the expression of hemostatic proteins
on tumor cells, the release of inflammatory cytokines, and the activation of the clotting
system [42]. Additionally, depending on the location and size of the tumor, the local mass
effect can lead to the compression of veins with the stasis of venous flow. Amongst patients
with symptomatic DVT, approximately 20% will have a known active malignancy [18,43].
The risk of cancer-associated thrombosis (CAT) varies due to several factors, including
cancer site and stage, malignancy treatment, and other patient-specific factors. The risk
of VTE varies broadly by cancer type. In a large registry study, the cancers associated
with the highest 6-month cumulative VTE incidence were pancreatic cancer (4.4%), ovarian
cancer (3.1%), Hodgkin lymphoma (2.9%), and non-Hodgkin lymphoma (2.7%); in contrast,
melanoma (0.36%) and breast cancer (0.64%) were amongst the malignancies with the lowest
risk [44]. Other significant risk factors for VTE development included a prior history of VTE
(subdistribution HR (SHR) 7.6), distant metastasis (SHR 3.2), and the use of chemotherapy
(SHR 3.4). These findings have been confirmed elsewhere with metastatic disease and
the use of high-risk treatment, including surgery, radiotherapy, and chemotherapy, being
associated with an increased risk of VTE [45].

The risk of VTE is highest in the first 3 months after cancer diagnosis [44,46,47].
This increased risk is likely related to cancer treatments, as several treatments, including
chemotherapy, protein kinase inhibitors, antiangiogenic therapy, and immunotherapy, as
well as the use of central venous catheters, have been associated with an increased risk
of thrombosis [44,48]. Aside from the increased morbidity associated with VTE, CAT is
reported to be the second leading cause of death after disease progression amongst patients
with cancer [49].

Given the clear association of malignancy as a risk factor for VTE, the question of-
ten arises about screening for malignancy in a patient with VTE without other identified
risk factors with the goal of the earlier detection of malignancy and thus decreasing the
cancer-related mortality and improving the quality of life. Of note, the majority of cancers
associated with thromboembolic events have previously been diagnosed at the time of
VTE diagnosis [50]. In those without a known history of malignancy, the rate of occult
cancer detection for unprovoked VTE was ~5% within 12 months of VTE diagnosis [51–53].
Despite this, there has been no data demonstrating improved patient-specific outcomes [53].
As such, the 2017 International Society on Thrombosis and Haemostasis recommend per-
forming age- and gender-specific cancer screening (breast, cervical, colon, and prostate)
while more intensive screening with whole-body CT or PET scan is not routinely recom-
mended [54].
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1.1.7. Pregnancy and Postpartum

Pregnancy and the postpartum period are associated with an increased risk of VTE
via several different mechanisms. Venous stasis frequently occurs in pregnancy due to
the compression of the pelvic vein by the gravid uterus and due to pregnancy-associated
changes in venous capacitance. Additionally, pregnancy can result in an alteration in several
coagulation factors, resulting in a hypercoagulable state, as well as result in vascular injury
at the time of delivery [55]. The overall incidence of VTE in pregnancy is relatively low with
reports of VTE diagnosis during 1 in 1000 to 2000 pregnancies [56,57]. The incidence of DVT
is reported to be three times higher than that of PE and the majority of VTE events occur
in the postpartum period [56,57]. Compared to non-pregnant patients, pregnant patients
have a 5-fold increased risk of VTE during pregnancy, with the risk increasing substantially
to 60-fold during the first three months after delivery [58]. Additional reported risk factors
associated with pregnancy-related VTE include increasing age (age > 40) and the use of
assisted reproductive technology [59–61].

1.1.8. Hormone-Based Contraception and Hormone Replacement Therapy

Estrogen-containing contraceptives and hormone replacement therapy (HRT) have
been associated with an increased risk of both arterial and venous thrombosis. The mech-
anism is not fully understood but appears to be related to the effect that estrogen has on
inducing prothrombotic and fibrinolytic changes in hemostatic factors as well as impacting
the regulation of endothelial function [62]. Given their widespread use, oral contraceptives
(OCPs) are one of the most important causes of thrombosis in young women. It is reported
that OCPs increase the relative risk of VTE by approximately threefold [61,63,64]. The risk
of VTE development with the use of OCPs appears to be highest in the first 6–12 months
after the initiation of OCPs [65]. At the time of cessation of OCPs, the risk of VTE is felt to
return to the level prior to OCP initiation within one to three months. Overall, the risk of
VTE is considerably lower with the use of OCPs compared to the risk seen in pregnancy
and the postpartum period. Additional factors that are felt to increase the risk of VTE
during OCP use include smoking, obesity, polycystic ovary syndrome, older age, venous
compression, and immobilization [66–68].

HRT is also associated with increased risk; however, this risk appears to be lower than
that of OCPs, potentially due to the lower estrogen doses used in HRT compared to OCPs.
Studies suggest that HRT causes an approximate twofold increase in the VTE risk [69–71].
Similar to OCPs, the risk of VTE development appears to be highest in the first year of HRT
treatment [71]. Other risk factors associated with VTE in the setting of HRT use include
older age, overweight/obesity, and factor V Leiden mutation [72].

1.1.9. Obesity

Obesity is a recognized risk factor for VTE, likely due to its association with inflam-
mation and the enhanced production of clotting factors. There are numerous studies
demonstrating that obesity is associated with an increased risk of DVT and PE, and con-
versely, that underweight patients are at a reduced risk. In a study of 19,293 patients
evaluating cardiovascular risk factors and venous thromboembolism, a body mass index
(BMI) of greater than 40 had a sex-adjusted HR of 2.7 [73]. Likewise, a national database
study demonstrated an RR of 2.5 for DVT and 2.21 for PE when comparing obese patients
to non-obese patients [74]. Conversely, results from the EDITH study demonstrated un-
derweight patients had a statistically significant reduction in risk for VTE compared with
normal weight (OR 0.55) [75].

1.1.10. Smoking

Cigarette smoking is linked to endothelial damage and inflammation and thus a
heightened risk of VTE, especially in combination with other risk factors. Smoking is a well-
established risk factor for atherosclerosis but has a less established link with VTE. There are
several studies that have demonstrated no significant relationship between smoking and
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VTE [73,76]. However, others have demonstrated a link between smoking and VTE, with
several demonstrating a dose-dependent link between smoking and non-smoking, with
those having a higher pack year and currently smoking being at the highest risk [77,78].

1.1.11. Age

Advancing age has been demonstrated in numerous studies to be associated with VTE,
with proposed mechanisms including changes within the venous system and less effective
inherent anticoagulation mechanisms. A prior study has demonstrated an exponential
increase in VTE risk with age, with the annual incidence rate for DVT increasing from
17 per 100,000 persons/years for patients between the ages of 40 to 49 to 232 per 100,000
persons/year for those between the ages of 70 and 79 [79]. Similarly, it has been noted
that the risk of VTE approximately doubles with each decade, starting at age 40 [2]. With
this, VTEs in children and young adults are rare. When they do occur, they are usually
associated with a strong predisposing risk factor, such as trauma/fracture or surgery.

1.1.12. Male Sex

Male sex has been demonstrated in several studies to be a risk factor for VTE recur-
rence; however, there is no reported sex differences in the risk of the first VTE event. In a
meta-analysis of 2554 patients with a first VTE, the incidence of recurrence was higher in
men than women, both at one year (9.5% vs. 5.3%) and at three years (11.3% vs. 7.3%) [80].
Likewise, another large meta-analysis of over 2185 demonstrated a 2.8-fold higher risk of
VTE recurrence in men compared to women [81]. The mechanism behind this difference is
unclear but has been reported to be due to differences in other VTE risk factors between the
sexes. One prior study noted a factor V Leiden mutation as a risk factor for VTE recurrence
in male patients, while the age at the first event and obesity were noted as risk factors for
female patients [82].

1.1.13. SARS-CoV-2 Disease (COVID-19)

Since the start of the COVID-19 pandemic, there have been numerous reports demon-
strating an increased risk of VTE. Mechanistically, SARS-CoV-2 is felt to increase the risk
of VTE via the release of proinflammatory cytokines which activate platelet aggregation,
tissue factor, and the coagulation cascade, as well as via the interaction with the angiotensin
converting enzyme (ACE)-2 receptor on endothelial cells, resulting in endothelial dysfunc-
tion as well as the release of vasoconstrictor angiotensin-II [83,84]. With this, numerous
studies have reported increased rates of VTE in patients hospitalized with COVID-19. A
large meta-analysis demonstrated that the overall prevalence of PE/DVT in hospitalized pa-
tients with COVID-19 who underwent a screening assessment for VTE was approximately
30% [85]. Moreover, a meta-analysis of twelve studies demonstrated a VTE prevalence
of 31% among ICU patients, despite the use of prophylactic or therapeutic anticoagula-
tion [86]. In contrast, the incidence of VTE in non-hospitalized patients with COVID-19
does not appear to be increased. In a large cohort of 398,000 patients, the overall incidence
of VTE in non-hospitalized patients with COVID-19 was reported to be 0.1%. Likewise,
in a retrospective cohort comparing COVID-19-positive patients with COVID-19-negative
controls, the 30-day prevalence of VTE events was not different between the two groups
(1.4% vs. 1.3%, respectively) [87]. Interestingly, it appears that the risk of VTE also differs
by the strain of SARS-CoV-2 virus [88]. While there is still much left to understand about
the role of COVID-19 in the VTE risk, it does appear that both the severity of COVID-19
illness and the strain of COVID-19 virus do impact the risk.

1.1.14. Superficial Vein Thrombosis

As the name implies, superficial vein thrombosis (SVT) results in the thrombosis
of a superficial vein. While often considered to not be as severe as DVT, studies have
demonstrated that patients with SVT do have an increased risk of developing DVT. As
the superficial venous system connects with the deep systems, the location of SVT does
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confer some risk as thrombosis near the saphenofemoral or saphenopopiteal junction is
associated with an increased risk of DVT and PE development. With this, a meta-analysis of
21 studies noted that 18.1% of patients have concomitant DVT at the time of SVT diagnosis;
in 11 studies, 6.9% of patients were found to have concomitant PE [89]. Longitudinally, a
history of SVT also appears to carry a risk of developing DVT, with a study demonstrating
that approximately one third of patients developed a DVT in four years of follow up after
SVT [90]. The increased risk of developing a DVT or PE in patients with a history of SVT is
likely due to shared risk factors between superficial and deep thrombosis.

1.1.15. Central Vein Catheters

Intravenous catheters can lead to VTE development due to endothelial trauma and
inflammation associated with catheter insertion and maintenance. The majority of SVT and
DVT occurring in the upper extremities occurs in the setting of intravenous catheters [91,92].
Due to the nature of intravenous catheters, any catheter has the potential to cause venous
thrombosis. In prior reports, there is a wide variation in the incidence of venous thrombosis
associated with central access, ranging from 0 to 28% [93]. The risk of VTE appears to be
higher with the use of peripherally inserted central catheters (PICCs) compared to a central
port. Additional risk factors include active malignancy, a history of DVT, the improper
positioning of catheter tip, and a subclavian venipuncture insertion site [94,95].

1.1.16. Anatomic Risk Factors

There are several anatomic risk factors for the development of DVT. Venous com-
pression due to anatomic variations can occur in both the upper and lower extremities,
increasing the risk of VTE. In the lower extremity, May–Thurner syndrome is a common
anatomic variant, resulting in the hemodynamically significant compression of the left
common iliac vein between the overlying right common iliac artery and the underlying
vertebral body [96]. In the upper extremity, venous thoracic outlet syndrome, also known
as Paget–Schroetter syndrome, results in the compression of the subclavian vein between
the first rib and a hypertrophied scalene or subclavius tendon or between the tendons
themselves [97]. Compression often occurs in the setting of repetitive overhead movements,
such as with weightlifting and certain sports. Both anatomic variants can lead to venous
stasis and endothelial injury from repetitive compression, resulting in an increased risk
of thrombosis.

Varicose veins also appear to confer increased risk for VTE. In a large cohort of patients
in Taiwan, patients with varicose veins were at an increased risk of both DVT (HR 5.30)
and PE (HR 1.73) [98]. Interestingly, a population-based case–control study demonstrated
that the risk of VTE associated with varicose veins appears to decrease with age: OR 4.2 at
age 45, 1.9 at age 60, and 0.9 at age 75 [99].

1.1.17. Other Medical Conditions

There are reports of an increased risk of VTE in patients with renal, liver, cardiovascu-
lar, and hematologic diseases. Amongst patients with renal dysfunction, chronic kidney
disease, the use of hemodialysis, nephrotic syndrome, and renal transplantation have
been associated with an increased risk of VTE [100–103]. As for cardiovascular disease,
myocardial infarction and heart failure have been reported to be independent risk factors
for VTE development [104,105]. Diabetes has also been reported as causing an increased
risk of VTE, with a large meta-analysis reporting an HR of 1.35 [106]. The data on liver
disease is mixed, with both increased and decreased VTE risk reported [99,107]. Myelo-
proliferative neoplasms, including polycythemia vera and essential thrombocythemia,
are associated with both arterial and venous thrombosis [108]. Additionally, paroxysmal
nocturnal hemoglobinuria (PNH) is associated with an increased risk of intrabdominal and
cerebral venous thrombosis [109].
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1.1.18. Antiphospholipid Syndrome

Antiphospholipid syndrome (APS) is an acquired thrombophilia characterized by the
presence of antiphospholipid antibodies, including lupus anticoagulant (LAC), beta-2 gly-
coprotein 1 antibodies (B2GPI), and anticardiolipin antibodies, which are directed against
plasma proteins bound to anionic phospholipids [110]. These antibodies result in numerous
clinical manifestations, including venous, arterial, and microcirculation thrombosis, recur-
rent fetal loss, and thrombocytopenia. The mechanism behind the hypercoagulability of this
syndrome is multifaceted and includes inhibitions of the natural anticoagulation system,
activation of procoagulant and proinflammatory effects, and activation of endothelial cells,
immune cells, and the complement cascade [111–115]. APS may be primary or associated
with systemic lupus erythematosus or other rheumatic diseases. VTE in APS typically
occurs as DVT in the lower extremities; however, VTE in unusual locations, including
hepatic veins, mesenteric veins, and cerebral veins are also common [116]. Amongst the
antibodies, LAC is associated with this highest risk of VTE, with increasing risk with each
subsequent positive antibody [117]. The risk of first VTE among asymptomatic patients
with triple positive APS (positive for LAC, anticardiolipin, and anti-B2GPI) is 5.3% per year
and the risk of recurrent thrombosis without anticoagulation therapy is 44% over a 10-year
follow-up period [118].

Making a diagnosis of APS is not always straightforward. It is reported that between
2 and 5% of people in the general population have antiphospholipid antibodies without
clinical sequelae [119]. Additionally, antiphospholipid antibody levels may be transiently
elevated for several different reasons, including autoimmune disorders, acute infection, or
chronic disease. The Sapporo criteria is useful for making the diagnosis of APS; it requires
one clinical criteria and one laboratory test result that is positive on two occasions at least
12 weeks apart [120].

1.2. Inherited Thrombophilia
1.2.1. Factor V Leiden Mutation

Factor V plays a role in the conversion of prothrombin to thrombin, a crucial step in the
formation of blood clots. Factor V Leiden (FVL) mutation results in a point mutation in the
F5 gene which encodes the factor V protein in the coagulation cascade [121]. The mutation
makes factor V resistant to inactivation by activated protein C (aPC), a protein that normally
helps regulate blood clotting and prevent excessive clot formation, resulting in an increased
risk of VTE. Heterozygosity for FVL is the most common inherited thrombophilia in White
individuals. A series of over 4000 individuals in the United States reported frequencies
for FVL heterozygosity in White Americans at 5.3%, Hispanic Americans at 2.2%, Native
Americans at 1.2%, African Americans at 1.2%, and Asian Americans at 0.45% [122].

Transmission is autosomal dominant and the risk of VTE differs based on patients
who are heterozygous versus homozygous for the variant. Individuals with heterozygous
FVL mutations infer a three- to fourfold increased risk of VTE [123,124]. In comparison,
those with homozygous FVL mutations have a substantially higher risk, with reported ORs
ranging from 11.5 to 79.4 [123,125]. With regards to the risk of recurrent VTE, a systematic
review demonstrated that the presence of a heterozygous FVL mutation does confer only a
modest increase in recurrence (OR 1.4, 95% CI 1.1–1.8) [126]. As such, most providers do not
alter the long-term anticoagulation plan for a patient with heterozygous FVL. In contrast,
those with a homozygous FVL mutation are typically placed on indefinite anticoagulation
due to concerns for the risk of recurrent VTE.

1.2.2. Prothrombin G20210A Gene Mutation

The prothrombin G20210A gene mutation (PGM) is a gain-of-function mutation that
leads to higher levels of prothrombin, and thus elevated thrombin formation, resulting in
an increased risk of VTE. The G20210A point mutation in the prothrombin gene is a substi-
tution of guanine to adenine at position 20,210 in the 3-untranslated region [127]. PGM is
the second most common inherited thrombophilia after factor V Leiden, with an overall
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prevalence estimate of 2.0% [128]. There are geographic differences in prevalence, with
prevalence being higher in individuals of European descent and very rare in individuals of
Asian and African descent.

Similar to FVL, the transmission of PGM is autosomal dominant. Individuals who
are heterozygous for PGM have a three- to fourfold increased risk of VTE compared to
those without the variant [127,129,130]. The data on the risk of VTE in patients who are
homozygous for PGM is more limited; a small study of 36 patients with homozygous
PGM reported that 33% of the patients developed VTE [131]. Interestingly, despite the
increased risk associated with VTE, a systematic review of 18 articles noted that PGM
heterozygosity did not confer a significant increased risk of recurrent VTE (OR 1.45, 95%
CI 0.96–2.2) [132]. As such, the presence of PGM generally does not impact the decision
making with regards to the duration of anticoagulation management. However, similar to
homozygous FVL mutations, patients with homozygous PGM are typically recommended
for indefinite anticoagulation to reduce the risk of recurrent VTE.

1.2.3. Protein C Deficiency

Protein C (PC) is an anticoagulant protein synthesized in the liver. Upon activation
(aPC), the primary role of aPC is to inactive the coagulation factors Va and VIIIa, which are
required for thrombin generation and factor X activation [133]. PC deficiency results in the
reduced inactivation of factors Va and VIIIa, thus increasing the risk of VTE. The incidence
of PC deficiency in the general population is estimated at 1 in 200 to 300 individuals [134].
In contrast, PC deficiency amongst individuals with VTE is higher, typically between 3 and
4% [135,136]. It is estimated that PC deficiency confers an approximate sevenfold increased
risk of VTE [137,138]. As for VTE recurrence, a study of 130 patients with hereditary
deficiencies of PC, PS, or antithrombin reported the annual incidence of recurrent VTE was
6.0% for PC deficiency [139]. The management of acute VTE in patients with inherited PC
deficiency does not differ from patients without inherited thrombophilia.

1.2.4. Protein S Deficiency

Protein S (PS) is a cofactor for aPC, which inactivates the procoagulant factors Va and
VIIIa, reducing thrombin generation [140]. PS deficiency impairs the normal control of
this mechanism, resulting in an increased risk of VTE. The prevalence of PS deficiency is
difficult to interpret due to the variability in PS levels; in a cohort of 2331 adults with a
personal history of VTE without a strong family history, the frequency of PS deficiency,
defined as <33 units/dL, was 0.9% [141]. It is estimated the PS deficiency confers a two-
to elevenfold increased risk of VTE [142]. With regards to VTE recurrence, a study of
130 patients with hereditary deficiencies of PC, PS, or antithrombin reported the annual
incidence of recurrent VTE was 8.4% for PS deficiency [139]. Similar to PC deficiency, the
management of acute VTE in patients with inherited PS deficiency does not differ from
patients without inherited thrombophilia.

1.2.5. Antithrombin Deficiency

Antithrombin III (AT) deficiency, defined as an AT activity level consistently less than
80%, is associated with a significantly increased risk of VTE. Antithrombin is a natural
anticoagulant which inhibits thrombin, factor Xa, and other serine proteases in the coagula-
tion cascade [143]. AT deficiency can either be inherited or acquired, with acquired causes
included impaired production, nephrotic losses, or accelerated consumption. Hereditary
AT deficiency is relatively uncommon, with an estimated prevalence of approximately
0.2 per 1000 [144]. Compared to other thrombophilias, hereditary AT deficiency confers a
much higher risk of VTE, with a prior meta-analysis demonstrating an odds ratio of VTE
of 16.3 [145]. Given this increased risk, most experts recommend an indefinite course of
anticoagulation to reduce the risk of recurrent thrombosis.
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1.2.6. Hyperhomocysteinemia

Hyperhomocysteinemia can occur by both genetic and acquired abnormality. The most
common genetic defect resulting in hyperhomocysteinemia is a mutation of the enzyme
methylenetetrahydrofolate reductase (MTHFR). Acquired causes include deficiencies in
vitamin B6, B12, or folic acid. While older studies have reported a two- to threefold
increased risk of VTE, a recent large cohort study demonstrated no increased risk of VTE
in patients with elevated homocysteine concentrations [146]. Likewise, another cohort
study of 478 patients reported an adjusted RR 1.6 (CI, 0.6–4.5) in patients with elevated
homocysteine levels compared to those with normal levels. Additionally, the use of B
vitamins to lower homocysteine levels has not been shown to reduce the recurrence of
DVT or PE [147]. Consequently, measuring homocysteine levels and testing for MTHFR
mutations are not recommended in patients with VTE.

1.3. Thrombophilia Evaluation

Performing a thrombophilia evaluation for a patient with VTE remains a controversial
issue. While these tests are readily available and typically easy to order, it can be challenging
to determine who should undergo a thrombophilia evaluation and how to interpret the
results. Patients with inherited thrombophilia can often be identified without testing due
to several risk factors, including VTE at a young age (less than 40–50 years), a strong family
history of VTE, VTE in conjunction with weak provoking factors at a young age, recurrent
VTE events, and VTE in unusual sites, such as cerebral and splanchnic veins [148]. As
noted in the prior sections, there are numerous acquired and inherited thrombophilias that
increase the risk of VTE. Despite the associated increased risk of VTE, many studies have
demonstrated that the clinical usefulness and benefits of evaluating these thrombophilias
are limited, specifically as it pertains to VTE outcomes including death [148]. With this, the
results of thrombophilia testing rarely impact the treatment strategy for VTE. Additionally,
the significance of a positive or negative test result is often misinterpreted by clinicians. A
positive test often leads to overtreatment with indefinite anticoagulation despite studies
demonstrating a low risk of recurrent VTE in patients with inherited thrombophilia; in
contrast, those with negative results might be missing a yet-to-be-determined thrombophilia
that is not present on standard testing panels, and as such, a negative test does not always
equate with low risk. With this, it is generally agreed upon that routine thrombophilia
evaluation in all patients with a diagnosis of VTE is not warranted. However, there are
specific patients with whom a thrombophilia evaluation might be beneficial, which are
outlined below.

1.3.1. Unprovoked VTE

For patients with unprovoked VTE, the risk of recurrence is known to be high, es-
pecially compared to patients with provoked VTE. The estimated rate of recurrence is
approximately 10% in the first year after anticoagulation therapy is discontinued and
increases to more than 50% at 10 years [149]. Interestingly, studies evaluating the risk of
VTE recurrence based on thrombophilia status in patients with VTE have demonstrated
no significant difference between those with and without thrombophilia. A prospective
study of 474 patients without malignancy with a first VTE reported no increased risk of
recurrent thrombosis in those with thrombophilia (HR 1.4; 95% CI, 0.9–2.2) [150]. Like-
wise, another prospective study of 570 patients with a first VTE noted that recurrence
rates were not related to the presence or absence of an inherited thrombophilia (HR 1.5;
95% CI, 0.82–2.77) [6]. Lastly, the thrombophilia status of patients is unlikely to change
the long-term management in those with unprovoked VTE, as guidelines recommend
indefinite anticoagulation, regardless of thrombophilia status. As such, the majority of
guidelines recommend against performing a thrombophilia evaluation in patients with a
first unprovoked VTE event [151–155].
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1.3.2. Provoked VTE

Patients with VTE due to a strong, modifiable provoking risk factor, such as major
surgery, trauma, hospitalization, or immobility, have a low risk of VTE recurrence, regard-
less of the thrombophilia status. As noted in the Surgery section above, the risk of VTE
recurrence after a surgically provoked VTE is very low, with two studies demonstrating a
less than 1% recurrence over a two-year period [6,156]. Given the low risk of recurrence, the
presence or absence of an inherited thrombophilia is unlikely to change the anticoagulation
management in these patients with recommendations for treatment for 3–6 months. As
such, guidelines recommend against performing a thrombophilia evaluation in patients
with a first provoked VTE event in the setting of surgery [152–155].

Aside from surgery, there are numerous other modifiable provoking risk factors for
the development of VTE, including trauma, immobility, pregnancy, the use of OCPs, and
hospitalization for acute medical illness. In general, while these factors are not considered
to be as strongly associated with VTE risk as surgery, they do a have clear association with
the development of VTE. With this, patients with provoked VTE by nonsurgical risk factors
still have low rates of recurrent VTE, regardless of the thrombophilia status [157]. Similar
to the recommendations for provoked VTE events in the setting of surgery, the majority
of guidelines recommend against performing a thrombophilia evaluation in patients with
a first provoked VTE event in the setting of a non-surgery major risk factor [152–154].
However, this is not agreed upon in all societal recommendations; for instance, the recently
published 2023 American Society of Hematology (ASH) guidelines now recommends a
thrombophilia evaluation for this with VTE provoked by a nonsurgical major transient risk
factor, pregnancy or postpartum, and the use of OCP with recommendations for indefinite
anticoagulation treatments in those patients with thrombophilia [155]. Of note, this is a
significant change from the prior ASH recommendations published in 2013, which pre-
viously recommended against this testing. It should be noted that these are conditional
recommendations based on a low level of evidence. As such, the consideration of throm-
bophilia testing in these patient populations should ultimately be done on an individual
basis, with patients being educated on the risk/benefit of thrombophilia testing and taking
into account the patient’s values and preferences.

1.3.3. VTE in Unusual Sites

Cerebral and splanchnic (portal, hepatic, splenic, or mesenteric) vein thromboses
are rare compared to lower extremity VTE. Thromboses in these locales have been asso-
ciated with inherited thrombophilias, including FVL, PGM, and deficiencies in PC, PS,
and AT [158]. The role for screening for thrombophilia in this patient population is less
straightforward given the limited data and concerns for increased morbidity associated
with thrombosis at these sites. As such, in those who are planning to discontinue antico-
agulation after primary short-term treatment (i.e., 3–6 months), thrombophilia evaluation
might be helpful to understand the risk of VTE recurrence [155]. In contrast, for those who
would otherwise remain on anticoagulation indefinitely, guidelines do not recommend
obtaining thrombophilia testing [155].

1.3.4. Other Clinical Considerations

In patients with recurrent VTE, thrombophilia testing is often not necessary as it rarely
changes the long-term management, given these patients have an indication for indefinite
anticoagulation. However, many of these patients worry about the possibility of having
an inherited thrombophilia and thus the potential risk of their offspring inheriting their
thrombophilia. In this situation, a thrombophilia evaluation could be considered after
properly educating the patient on the risk/benefits and implications of testing.

In young patients (age < 40) with unprovoked VTE or VTE provoked by weak risk
factors, performing a thrombophilia evaluation can be considered to better understand
the long-term risk of VTE recurrence. Most of these patients have an indication for an
indefinite anticoagulation course; however, many young patients are not keen on being
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on anticoagulation for a prolonged period. With this, a thrombophilia evaluation can add
further clarification to the ultimate risk of VTE recurrence, and a positive result can be used
to reiterate a commitment to anticoagulation. However, it should be noted that a negative
panel does not necessarily confer a lower risk of VTE recurrence and as such, long-term
anticoagulation management ultimately depends on the perceived risk of VTE recurrence
based on the cumulative impact of other risk factors.

1.3.5. Timing of Testing

For those undergoing thrombophilia evaluation, typical testing includes evaluation
for Factor V Leiden, Prothrombin gene mutation, Protein C deficiency, Protein S deficiency,
Antithrombin deficiency, and evaluation for antiphospholipid antibody syndrome. For
those who are undergoing thrombophilia evaluation, the timing of the testing and the
presence of anticoagulation are important considerations. Acute thrombosis can impact
the levels of protein S and antithrombin, resulting in low levels which are difficult to
interpret. As such, it is recommended that testing occurs outside of the acute VTE window
(typically after 3 months of anticoagulation therapy). Additionally, many of the commonly
used anticoagulants are known to impact the interpretability of test results, and thus it is
recommended that thrombophilia testing occurs at a time when the patient is able to stop
his/her anticoagulation [159]. Specifically, it is recommended to hold direct oral antico-
agulants (DOACs) for 48 h and vitamin K antagonists for two weeks prior to performing
thrombophilia testing [148].

2. Conclusions

VTE is a multifaceted condition influenced by a wide array of risk factors. There are
many factors, both acquired and inherited, known to increase the risk of VTE. A risk factor
can be identified in the majority of patients with VTE. However, there is heterogeneity
amongst the risk factors with regards to their predictive value. As such, it is important
for clinicians to understand the potency of each individual risk factor when managing
patients who have a VTE or are at risk of developing VTE as this will guide counseling and
management, both of the patient and their family.
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Abstract: Pulmonary embolism (PE) is the third most common cause of cardiovascular death and
necessitates prompt, accurate risk assessment at initial diagnosis to guide treatment and reduce asso-
ciated mortality. Intermediate-risk PE, defined as the presence of right ventricular (RV) dysfunction
in the absence of hemodynamic compromise, carries a significant risk for adverse clinical outcomes
and represents a unique diagnostic challenge. While small clinical trials have evaluated advanced
treatment strategies beyond standard anticoagulation, such as thrombolytic or endovascular therapy,
there remains continued debate on the optimal care for this patient population. Here, we review the
most recent risk stratification models, highlighting differences between prediction scores and their
limitations, and discuss the utility of serologic biomarkers and imaging modalities to detect right
ventricular dysfunction. Additionally, we examine current treatment recommendations including
anticoagulation strategies, use of thrombolytics at full and reduced doses, and utilization of invasive
treatment options. Current knowledge gaps and ongoing studies are highlighted.

Keywords: intermediate-risk pulmonary embolism; risk stratification; right ventricular dysfunction;
thrombolytic therapy

1. Introduction

Acute venous thromboembolism (VTE), presenting as pulmonary embolism (PE) or
deep venous thrombosis (DVT), is a frequent cause of cardiovascular death worldwide,
ranking third after myocardial infarction and stroke [1]. In longitudinal studies from the
early 2000s to 2010s, the incidence of PE increased over time, with a concurrent increase
in PE-related hospitalizations [2–4]. During this same timeframe, the case-fatality rates
decreased in the United States and other developed countries. PE-related mortality is
estimated from 19.4 to 32.3 per 100,000 individuals, with an in-hospital mortality rate of
approximately 7% [5,6]. In patients with hemodynamic compromise due to PE, the reported
mortality reaches 33%, often occurring suddenly or before therapy can be initiated [5].

Risk factors for the development of VTE include hospitalization, major surgery, frac-
ture of the lower limb, trauma, spinal cord injury, cancer, hormonal therapy, pregnancy,
autoimmune disease, presence of invasive lines, severe coronavirus disease (COVID-19),
obesity, and thrombophilia [4,7,8]. It is well established that the incidence of VTE also
increases with advancing age, with an estimated eight-fold increase for patients in the
eighth decade of life compared to those in the fifth decade [4,6].

Due to the high morbidity and mortality associated with PE, early diagnosis and
accurate risk assessment for hemodynamic compromise is vital to guide appropriate patient
care. However, there is a vast spectrum of clinical presentations in acute PE, ranging from
asymptomatic to obstructive shock with circulatory collapse. For this reason, acute PE has
been further subdivided into classifications ranging from low-risk to high-risk, though these
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categories vary by societal guideline [4,9]. A growing body of literature has emerged in
recent years investigating metrics, including serologic biomarkers and imaging parameters,
to predict impending hemodynamic compromise. Studies have also focused on potential
adjunctive therapies, such as mechanical thrombectomy and systemic or catheter-directed
thrombolysis, to reduce mortality in this population.

Right ventricular (RV) failure is the main driver of mortality in PE, occurring as a
consequence of acute RV pressure overload. In patients with high-risk PE, intervention
with thrombolytics is essential, while those with low-risk PE can safely be managed conser-
vatively with anticoagulation alone. However, an intermediate-risk (previously known as
“submassive”) group demonstrates RV dysfunction without hemodynamic collapse, indicat-
ing increased risk for PE-related mortality. Accurately identifying this cohort is difficult due
to the heterogeneous nature of patient symptoms, which may range from asymptomatic
to dyspnea or chest pain. Recent studies have focused on identifying objective clinical
markers and imaging parameters to quickly and accurately risk-stratify patients. In this
review, we focus on current definitions of intermediate-risk PE, highlighting the benefits
and limitations of available risk prediction models and discussing the utility of serologic
biomarkers and imaging metrics of RV dysfunction, along with invasive hemodynamic
assessment in this population. We also discuss escalation of care (EOC) therapies and the
most recent results from thrombolytic trials, reviewing the controversial role of mechanical
thrombectomy and alternative invasive procedures, as well as current knowledge gaps.

2. Acute Pulmonary Embolism Definitions and Classification

Acute pulmonary embolism may be classified based on the presence or absence of a
provoking factor, symptoms, or acute hemodynamic instability, as well as the embolized
material (e.g., thrombus, air, fat, tumor), its anatomic location and extent, and the risk
of mortality. This review will focus on acute pulmonary embolism due to VTE and its
classification based on risk models.

In 2011, the American Heart Association (AHA) published a scientific statement
on the management of PE which outlined the classification of PE in three groups: low-
risk, submassive, and massive [9]. Low-risk PE was defined as normotensive patients
without biomarker elevation and normal RV function, while massive PE encompassed
patients with sustained hypotension (systolic blood pressure < 90 mm Hg for 15 min),
pulselessness, or profound bradycardia as a direct consequence of PE. Another group,
deemed submassive, was defined as normotensive patients at an increased risk for adverse
mortality outcomes. This patient population, while hemodynamically stable, had evidence
of RV injury by serologic biomarker (troponin or natriuretic peptide), or RV dysfunction by
imaging (RV dilatation on CT or echocardiography with an RV: LV ratio of >0.9), or new
electrocardiographic changes (new right-bundle branch block, anteroseptal ST elevation
depression, or anteroseptal T-wave inversion). These criteria were established from a body
of studies conducted between 1999 to 2009 [4,10–15]. Simultaneously, two main clinical
predictive scores were developed: the Geneva and the Pulmonary Embolism Severity Index
(PESI), which supported these metrics as predictive for adverse outcomes in PE [9,11].

The European Society of Cardiology (ESC) released their guidelines, which remain
the most frequently utilized for defining PE classifications, in 2019. As the understanding
of RV dysfunction evolved, these updated guidelines aimed to accurately define metrics
indicative of acute RV failure and identify additional risk factors that could predispose
patients to poor clinical outcomes. The most notable difference in these guidelines when
compared to the AHA 2011 definitions is the further subclassification of intermediate-risk
to either intermediate-low or intermediate-high-risk (Table 1). This stratification developed
from the realization that patients with submassive PE were still representative of a large
and diverse patient group with a persistently high mortality rate, reportedly as high as
12.3% to 14.4% despite modern interventions [16,17].
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Table 1. Guidelines for classification of pulmonary embolism severity by society [4,9].

Guideline/
Statement

Classification
Hemodynamic

Status
Cardiac Biomarkers

RV Dysfunction
on Imaging

Risk Score

American Heart
Association

(2011) [9]

Low Stable Negative Negative

Not
incorporated

Intermediate Stable

BNP > 90 pg/mL

N-terminal
pro-BNP > 500 pg/mL

Troponin I > 0.4 ng/mL

Troponin T > 0.1 ng/mL

RV dilatation
(4-chamber RV/LV
diameter > 0.9) on

CT or ECHO

RV systolic
dysfunction on

ECHO

High

Sustained
hypotension

(systolic BP of
<90 mm Hg) for

15 min or requiring
iatrogenic support.

Pulselessness

Persistent
bradycardia

(HR < 40)

Present Present

European Society
of Cardiology

(2019) [4]

Low Stable Negative Negative PESI I-II

Intermediate-
Low Stable

Requires EITHER positive
biomarkers OR RV dysfunction imaging.

(definitions below)

Meets
classification of
PESI III-IV or
sPESI ≥ 1 (see

Table 2)

Intermediate-
High Stable

N-terminal
pro-BNP > 600 pg/mL

Troponin I or T elevation,
consider age-adjusted
high-sensitivity cut-off

values.

RV/LV diameter
ratio ≥ 1.0 on CT

or ECHO

RV systolic
dysfunction on

ECHO (ex
TAPSE < 16 mm)

High

Cardiac arrest

Obstructive shock
with end-organ
hypoperfusion

(systolic
BP < 90 mmHg or

vasopressors
despite adequate

filling status)

Persistent
hypotension

(systolic
BP < 90 mmHg or

a systolic BP
drop ≥ 40 mmHg

for >15 min)

Present Present

Blood pressure (BP), brain natriuretic peptide (BNP), computed tomography (CT), echocardiogram (ECHO), heart
rate (HR), Pulmonary Embolism Severity Index (PESI), tricuspid annular plane systolic excursion (TAPSE), right
ventricle (RV).
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In 2019, the AHA released an updated scientific statement specifically focused on
interventions for PE. In this document, the differences between the ESC/AHA risk classifi-
cation model were highlighted as inherently different due to the creation of the risk models
for different purposes. However, for simplicity, the AHA adopted the classification of
patients previously classified as “submassive” as an intermediate-risk group and patients
previously classified as “massive” as a high-risk group. The 2019 AHA intermediate-risk
group included all patients in the ESC intermediate-risk group (both intermediate-low-risk
and intermediate-high-risk) [18].

Table 2. Pulmonary Embolism Severity Index scores: original and simplified [19,20].

Parameter Original PESI Score
Simplified PESI Score

(sPESI)

Demographics
- Age + Age in years 1 point if >80 years old
- Male sex + 10 points -

Medical Comorbidities
- Cancer + 30 points
- Congestive Heart Failure + 10 points 1 point
- Chronic Pulmonary Disease + 10 points 1 point for chronic lung or heart disease

Initial Clinical Assessment
- Pulse: >110 bpm + 20 points 1 point
- Respiratory rate: >30 bpm + 20 points -
- Systolic BP: <100 mmHg + 30 points 1 point
- Temperature: <36 ◦C + 20 points -
- Altered mentation + 60 points -
- Arterial oxygen saturation < 90% + 20 points -

Interpretation of PESI vs. sPESI Risk Calculations

Low-Risk Categories: Class I (very low): <65 points
0 PointsOutpatient Management to be

Considered Class II: 66–85 points

Moderate to Very High-Risk Categories:
Inpatient Management Recommended

Class III (moderate):
86–105 points

Class IV (high):
106–125 points

Class V (very high):
>125 points

≥1 point: estimated 30-day mortality
risk 10.9%

In the ESC risk model, the Pulmonary Embolism Severity Index (PESI), either the
original or simplified model (Table 2), is employed to distill clinical information, including
vital signs and medical comorbidities, into a risk score. The PESI score was developed
in 2005 and utilized 11 patient characteristics independently associated with increased
mortality. These were used to stratify patients into five severity classes (I–V) ranging from
very low-risk to very high-risk [19]. For patients in class I, the risk of inpatient death
and complications was found to be <1%, and it ranged from 10–24.5% in class V. This is
useful for rapidly identifying patients at risk for all-cause mortality at 30 days after PE
diagnosis and was validated using both an internal and external validation cohort in the
initial study [19]. In 2010, Jiménez et al. completed a derivation study simplifying this
score (sPESI) to help quickly identify patients at an increased risk for 30-day mortality [10].
This is helpful for quick assessment of patient disposition but is not useful for nuanced risk
category placement or analysis. It is worth remaining mindful of clinical characteristics
influencing PESI variables, such as sepsis for example, and that sPESI has limited specificity
in predicting mortality in high-risk patients.
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Patients scoring as PESI I–II or with an sPESI of ≤1 are considered low-risk, and
selected cases could be managed in the outpatient setting. This has been validated by
additional studies demonstrating the safety of this strategy [21]. In patients with PESI class
III–V or with an sPESI score of ≥1, further evaluation is necessary. Imaging parameters
and cardiac serologic biomarkers are utilized to further classify these patients to predict
PE-related mortality at 30 days (Table 2). Patients with both evidence of RV dysfunction by
imaging and serologic biomarkers were defined as intermediate-high-risk, while patients
with only one or neither metric fulfilled are classified as intermediate-low-risk. This was an
important update from prior AHA statements because it served to identify a PE population
at risk for hemodynamic compromise while also attempting to limit confounders such as
chronic RV dysfunction from other causes.

The latest release of societal guidelines on the management of PE is the 2021 guide-
lines on Antithrombotic Therapy for VTE Disease from the American College of Chest
Physicians (ACCP). These guidelines more broadly categorize PE on the basis of ‘associated
with hypotension’ or ‘not associated with hypotension’ to guide next treatment steps [22].
However, a limitation of this model is its lack of inclusion of RV hemodynamic parameters.
As such, the guidelines potentially exclude a population of PE patients at risk for hemo-
dynamic compromise and place a higher burden on the clinician to differentiate between
hypotension due to PE or due to other causes (e.g., cardiogenic shock, sepsis, etc.).

3. Indicators of Risk in Pulmonary Embolism

3.1. Serologic Biomarkers

It is crucial to highlight that any single serologic marker is not sufficient to detect risk
for hemodynamic collapse and must be considered within the context of clinical history,
baseline comorbid conditions, physical examination, and imaging parameters. Therefore,
serologic markers of myocardial injury and right ventricular dysfunction can be useful in
identifying patients at high risk for circulatory collapse when interpreted in the appropriate
clinical setting.

The most widely used marker for myocardial injury is plasma troponin (T or I) level.
In hemodynamically stable patients with PE, an elevated troponin level on presentation is
associated with higher risk of mortality when compared to those with negative troponin (T
or I) values [23,24]. Similar findings are reported with the employment of high-sensitivity
troponin T (hsTnT) assays [17,23,24]. In small prospective trials, patients with higher
baseline hsTnT values on presentation were noted to experience higher rates of adverse
30-day outcomes compared to those with low hsTnT values (defined as <14 pg/mL).
Furthermore, the increased sensitivity of this assay led to the re-classification of nearly
50% of patients who otherwise would have been classified as low-risk by traditional AHA
guidelines [17]. A post-hoc analysis from the Prognostic Value of Computed Tomography
(PROTECT) trial compared outcomes of PE patients with conventional troponin elevation
to patients with hsTnT elevation. When evaluating troponin as a binary metric, only
conventional troponin elevation was associated with increased odds for hemodynamic
collapse or all-cause death within 30 days of PE. Moreover, there were no reported adverse
outcomes in patients with normal conventional troponin and elevated hsTNT [25]. This
supports the addition of the intermediate-low-risk ESC classification, where subtle signs of
myocardial injury can be detected but may not necessarily translate to the need for more
aggressive interventions.

Serologic evaluation for ventricular dysfunction, due to increased RV pressure and my-
ocardial stretch, includes B-type natriuretic peptide (BNP) and N-terminal (NT)-BNP. Again,
prior meta-analyses support the prognostic value of elevated BNP and/or NT-proBNP,
with elevated values conferring a higher risk for adverse clinical outcomes, including
death [4,26]. Conversely, patients with low troponin values, BNP, or NT-proBNP levels are
useful for identifying low-risk PE events with a high negative predictive value [4].

The difficulty with all of the aforementioned biomarkers is the lack of specificity for
PE. While prognostically helpful for identifying higher-risk PE patients, these biomarkers
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can also be elevated independently from the presence of concurrent medical conditions
such as chronic pulmonary hypertension, left-sided heart failure, volume overload in the
context of renal failure, etc. A classic example of this confounding is the patient with left
ventricular failure with volume overload with high NT-pro BNP, but who is incidentally
found to have a single, subsegmental pulmonary embolism. However, in patients with
known baseline values of these markers, in the absence of new clinical scenarios that may
be associated with abnormal serologic markers, it is reasonable to attribute elevations to PE.

To summarize, troponin and BNP or NT-pro BNP are generally reliable parameters of
acute RV dysfunction due to PE; however, interpretation of these values is difficult in the
medically complex patient and makes curating an algorithm for the management of PE
patients challenging. This is particularly true when attempting to identify intermediate-
high-risk patients for invasive therapy strategies. Further studies are needed to understand
the appropriate utilization of biomarkers in this population and if threshold values or delta
from baseline values could be useful to provide additional insight.

3.2. Imaging: Use of Echocardiography, Computed Tomography Pulmonary Angiography, and
Invasive Hemodynamic Assessment

Under normal physiologic circumstances, the RV functions with a low pulmonary vas-
cular resistance (PVR) and, therefore, low afterload. In acute PE, the PVR increases quickly
and results in a rapid increase in RV systolic pressure, causing pressure and volume over-
load and RV dysfunction. This can lead to overt RV failure in severe cases [27]. Increased
pulmonary artery pressure (PAP) occurs when at least 30% to 50% of the pulmonary arterial
vasculature is occluded from thromboemboli [4]. RV dysfunction and volume overload
can be appreciated on imaging by echocardiography or computed tomography pulmonary
angiography (CTPA) in at least half of patients hospitalized for PE [28]. These imaging
findings serve as important prognostic markers for patients with intermediate-risk PE but
can be challenging to quantify due to the irregular shape of the RV, which limits the utility
of a single metric to quantify severity of dysfunction. When carefully utilized, echocar-
diography (ECHO) parameters of RV dysfunction can provide helpful insight into cardiac
function to help prognosticate mortality in patients with intermediate-risk PE [29]. It is
important to note that signs of RV dysfunction on imaging are not specific to acute PE
alone and may be present in patients without PE. Therefore, these must be evaluated in
the context of the patient’s baseline cardiac function, other medical comorbidities, and
interpreted with caution due to variations in techniques.

Standardization of RV function on echocardiography by the American Society of
Echocardiography (ASE) did not occur until 2010. As a result, early echocardiography
studies utilized an array of measurements to define RV dysfunction [30]. Despite this
challenge, early meta-analyses did show a 2.29-fold increase (95% CI 1.61–3.26) in short-
term mortality for hemodynamically stable patients with evidence of RV dysfunction
on echocardiography [30]. Frequently utilized measures include RV cavity dilatation,
diminished inspiratory phase of a distended inferior vena cava (IVC), and elevated RV to
left ventricle (LV) ratio (>1.0). RV dilatation is considered a hallmark for PE and has been
reported in >25% of PE cases [27,31,32].

Frequently on both CTPA and ECHO assessment, a comparison of RV to LV size is
made on imaging, with a ratio of ≥ 0.9 accompanied by an underfilling LV being suggestive
of PE. While the RV:LV ratio remains one of the most frequently cited metrics for RV
dysfunction in the medical literature, there are significant variations in calculation that
impact the diagnostic accuracy of this measurement. This occurs due to different methods
of measurement, utilizing the epicardial border (outer edge-to-outer edge) or endocardial
border (inner edge-to-inner edge), timing of the measurement (end-diastole versus end-
systole), and use of a gated image. For this reason, the RV:LV ratio may not always be a
reliable metric of RV dysfunction. One study demonstrated that when studied in isolation
in patients with low-risk PE, an RV:LV ratio of >1.0 on imaging did not carry significant
risk for mortality, recurrent PE, or total adverse events at 3 months [32].
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For CTPA, the simplest and accepted way to identify RV dysfunction is by assessing
the axial plane where ventricular cavities are maximally visualized, typically at the plane
of the mitral valve. RV dysfunction is considered dilated if the RV cavity is wider than
the LV cavity. Another CTA finding consistent with RV dysfunction is the deviation of the
interventricular septum to the LV (Figure 1) [33]. Again, it is important to note that this
method carries limitations in patients with pre-existing lung conditions or pulmonary hy-
pertension with baseline RV enlargement. Other findings suggestive of RV dysfunction on
CTPA include reflux of contrast into the IVC, interventricular septal deviation, assessment
of pulmonary artery size, and presence of RV dilatation [34,35].

Echocardiographic metrics of RV dysfunction include the McConnell sign, whereby
the free RV midwall becomes hypokinetic with hyperkinetic apical segment; a decreased
RV tricuspid annular plan systolic excursion (TAPSE) of <16 mm; decreased peak sys-
tolic velocity of the tricuspid annulus (<9.5 cm/s); and the presence of interventricular
septal bowing, which occurs in severe RV dysfunction near the point of hemodynamic
collapse [27,34]. However, due to the asymmetric shape of the RV, basal segments and
TAPSE may remain normal in cases of dysfunctional RV. Additionally, in individuals with
baseline pulmonary hypertension with elevated PVR, RV hypertrophy can develop, reduc-
ing the sensitivity and predictive value of these measures [4,27,28]. For this reason, recent
studies have attempted to develop a combination of echocardiographic findings to achieve
a high positive predictive value for PE that can be utilized even in those with pre-existing
cardiopulmonary pathology [4,31]. One proposed method is the “60/60” sign, defined as
the presence of both a shortened pulmonary ejection acceleration time (AcT) of <60 ms with
a “notched” midsystolic velocity deceleration in the RV outflow tract (RVOT) and reduced
(<60 mmHg) tricuspid regurgitation peak systolic gradient (TRPG) (Figure 1). A single cen-
ter analysis of 511 consecutive patients with PE reviewed echocardiograms in acute PE (all
subtypes) for presence of the McConnell sign, the “60/60” sign, and the presence of right
heart thrombus, occurring in 19.8%, 12.9%, and 1.8% of patients, respectively. These rates
increased dramatically in a subgroup analysis for high-risk PE patients, with a reported
prevalence of 75% with the McConnell sign and 31.2% with the 60/60 sign. Conventional
metrics of RV dysfunction (RV:LV ratio of ≥0.9) were identified in only 20% of all patients
included in the study [31]. It is important to note that studies utilize varying definitions of
RV dysfunction, commonly using either an RV:LV ratio of ≥0.9 or ≥1.0. Prior meta-analyses
have demonstrated an association between higher cut-offs of RV:LV ventricle ratio with a
higher risk of death [36]. It is unclear which ratio should be employed routinely, though
our group utilizes RV:LV > 0.9 to increase sensitivity and in accordance with previously
published guidelines [9].

Additional studies have demonstrated the RVOT velocity time integral (VTI), an
echocardiographic surrogate for stroke volume, as a significant predictor for invasively
derived low cardiac index (CI) and risk of mortality related to PE [29,36]. Specifically, in
a small study, an RVOT VTI of <9.5 cm was associated with higher PE-related mortality
(13.6%) when compared to patients with an RVOT > 9.5 cm (1.28%), though all-cause mor-
tality between the groups was not significantly differently [29]. Three-dimensional echocar-
diographic assessment of global and regional RV strain in patients with intermediate-risk
PE may provide additive fidelity for patients at risk for hemodynamic compromise, though
further studies are needed to explore this [37].

For patients with intermediate-risk PE undergoing endovascular intervention, hemo-
dynamic assessment by right heart catheterization can further provide insights about
mortality risk. A CI < 2.2 L/min/m2 has been associated with increased risk for PE-related
mortality [29]. In small studies, approximately half of patients undergoing endovascular
intervention are noted to have reduced CI on hemodynamic assessment despite being
normotensive [29,38]. However, this metric was not utilized in the early interventional
trials for risk stratification. Future studies may be helpful to fully ascertain if this cohort
derives additive benefit from more aggressive management strategies.
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Figure 1. Computed tomography angiography findings consistent with right ventricular dysfunc-
tion [32]. (A) CTA chest: Axial image at the level of the mitral valve. Solid arrow demonstrating
enlargement of the right ventricle compared to the left ventricular cavity. Dashed arrow highlights
the deviation of the interventricular septum towards the left ventricle. (B) Transthoracic ECHO
(same patient): shortened pulmonary ejection acceleration time (AcT) with a “notched” midsystolic
velocity deceleration in the RV outflow track (white arrow). (C) Transthoracic ECHO (same patient):
demonstrating tricuspid regurgitation (TR) peak systolic gradient (TRPG) of less than 60 mm Hg
(42.7 mm Hg), consistent with the proposed 60/60 sign.
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When invasive hemodynamic assessment is pursued, a clearer understanding of the
hemodynamic consequences of a PE can be obtained through evaluation of right ventricle
to pulmonary artery (RV-PA) coupling [39]. Simply stated, the RV is able to accommodate
for increased afterload from the pulmonary artery (PA) to a certain degree; however, there
is a point in which adaptive mechanisms are no longer able to compensate. This leads
to an ‘uncoupling’ between the RV-PA, which signals RV decompensation [40,41]. The
gold standard for RV-PA assessment is by invasive catheterization and is calculated by the
ratio between the RV end-systolic elastance (Ees) and the pulmonary arterial elastance (Ea).
When the RV begins to decompensate, a decline is noted in the Ees, resulting in a decline
in the Ees/Ea, implying uncoupling of the RV-PA [39,40]. There has been recent effort to
derive this metric non-invasively by echocardiography. Examples include using surrogate
markers of the tricuspid annular plane systolic excursion (TAPSE) to systolic pulmonary
artery pressure (PASP) ratio, right ventricular ejection fraction (RVEF) to PASP, or right
ventricular fractional area change (RVFAC) to right ventricular systolic pressure (RVSP) [39].
Further studies are required to fully understand the reproducibility and feasibility of these
metrics, since good-quality images are essential for calculation. Further trials are also
needed to determine clinically significant Ees/Ea values and thresholds for intervention.

4. Management of Intermediate-Risk Pulmonary Embolism

Medical Management: Anticoagulation

The cornerstone of acute medical management for PE is anticoagulation [42]. Initial
parenteral therapy is recommended with low-molecular weight heparin (LMWH) above
unfractionated heparin (UH) infusion due to the rapid rise of therapeutic drug levels
and decreased risk of heparin-induced thrombocytopenia. Furthermore, a meta-analysis
demonstrated improved outcomes in PE patients initially treated with LMWH compared to
UH, including a reduction in thrombotic complications, an increased safety profile for major
hemorrhage, and lower risk of mortality [43]. Heparin infusions should be considered if
there is concern for impending hemodynamic compromise and consideration for imminent
endovascular intervention.

When stabilized and appropriate for discharge, direct oral anticoagulant (DOAC)
therapy is frequently utilized due to ease of use. The safety and non-inferiority to vitamin
K antagonists (VKA) of the direct oral anticoagulant (DOAC) agents is well established
for PE treatment and incorporated in current practice guidelines [44–46]. In review of the
major DOAC trials for thromboembolism, despite frequent DOAC utilization for treatment
of intermediate-risk PE, the Hokusai-VTE investigators were the only group to specifically
review the use of edoxaban in patients with right-ventricular dysfunction [47]. There was
a reduction in VTE recurrence for patients with RV dysfunction treated with edoxaban
compared to warfarin [47]. Important considerations for DOAC use include renal or hepatic
function, as these agents are not well studied in patients with end-stage renal disease and
should be avoided in patients with underlying hepatic dysfunction beyond Child–Pugh
Class A. Patient history of bariatric surgery, potential medication interactions, patient
weight, and financial feasibility should also be considered prior to prescription of DOAC
therapy for first-line management of intermediate-risk PE, as these components can lead
to subtherapeutic drug levels or non-compliance. Recent guidelines by the International
Society on Thrombosis and Haemostasis support the use of apixaban and rivaroxaban for
patients with a BMI > 35 or body weight > 120 kg; however, data are limited to support use
in patients at weight extremes (BMI > 50 or body weight > 150 kg). The use of dabigatran
or edoxaban in patients with a BMI > 35 or body weight > 120 kg has not been sufficiently
studied and is not recommended [48]. For patients with unprovoked PE, antiphospholipid
syndrome (APS) should be considered prior to dismissal on DOAC therapy, as patients
with APS are known to have higher risk for DOAC failure. Additional serologic evaluation
for inherited thrombophilias is not required prior to DOAC use in most patients. DOACs
have also shown their effectiveness in cancer-associated PE and should be considered
first-line in this population where traditionally LMWH has been used preferentially [49].
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In patients with clinical contraindications or financial barriers to the use of DOAC
therapies, anticoagulation with VKA is recommended. When used, monitoring for VKA
therapy should be completed using international normalized ratio (INR) values with an
anticipated range of 2.0–3.0. When VKA therapy is initiated, patients with acute VTE require
bridging with LMWH until a therapeutic INR level can be achieved and for a minimum of
5 days. It is advised to treat with LMWH if the INR is below two during the first month after
the event. A typical treatment course with therapeutic anticoagulation after intermediate-
risk pulmonary embolism ranges from 3–6 months. Patients with unprovoked PE or
patients with cancer-associated venous VTE should be strongly considered for extended
VTE prophylaxis depending on the clinical scenario.

5. Escalation of Care Therapies

5.1. Role of Thrombolytic Therapy

In patients with concerning features for impending hemodynamic compromise, antico-
agulation alone may not be a sufficient strategy to prevent clinical decline. The “Fibrinolysis
for Patients with Intermediate-Risk Pulmonary Embolism” (PEITHO trial) was completed
in 2014 to evaluate the use of tenecteplase (ranging from 30 to 50 mg) plus anticoagulation
compared to placebo plus anticoagulation in a double-blind control study. Primary out-
comes for this study included death or hemodynamic collapse within 7 days of enrollment,
with a safety endpoint of major bleeding or stroke [50]. Although hemodynamic collapse
in patients treated with tenecteplase plus heparin occurred less frequently when compared
to the placebo group (2.6% vs. 5.6%, OR 0.44), this did not provide a net benefit at 30 days
due to the increased risk of extracranial bleeding (6.3% vs. 1.2%) and hemorrhagic stroke in
the tenecteplase group [50].

Due to concern for increased bleeding risk, the “Moderate Pulmonary Embolism
Treated with Thrombolysis” (MOPETT trial) was conducted using low-dose tissue plas-
minogen activator (tPA; 0.5 mg/kg with maximum dose of 50 mg). The primary endpoints
for this study were pulmonary hypertension, defined as a PASP of ≥40 mm Hg on echocar-
diogram, and a composite of pulmonary hypertension and recurrent PE after 28 months of
follow-up. Pulmonary hypertension was noted in 16% of the low-dose thrombolytic group
compared to 57% of the control group. Hospital duration was shorter for patients receiving
low-dose thrombolytics (2.2 days vs. 4.9 days). A significant difference for death or PE
recurrence was not appreciated in this study cohort. Therefore, low-dose thrombolytics
are postulated to be safe; however, this has not yet been shown to alter other clinical
outcomes [51]. It should be noted that this trial did include a small sample size. Conversely,
a retrospective study comparing half-dose atleplase (50 mg) to full-dose (100 mg) suggested
similar mortality rates and major bleeding events [52]. In summary, further large trials are
needed to better ascertain the role of low-dose lytic therapy in this population.

Long-term outcome data for patients with intermediate-high-risk PE and thrombolytic
therapy are limited. In 2017, the PEITHO group published long-term data in a subgroup
with a median follow-up time of 37.8 months after systemic thrombolytic therapy. Survival
was similar between the systemic thrombolysis and placebo groups (20.3% vs. 18.0%,
respectively). Functional limitations and persistent dyspnea were similar between the two
groups as well, approximately 33% in both arms. There was not a significant difference
between echocardiographic findings for pulmonary hypertension or persistent RV dys-
function at follow-up [53]. To summarize, there was no significant difference for mortality,
functional outcomes, or echocardiographic metrics to suggest long-term improvement for
patients with intermediate-risk PE receiving thrombolytics.

In summary, while systemic thrombolytic therapy has shown reductions in pulmonary
arterial pressures and reduced hospitalization length, no current evidence signals further
mortality benefit in patients with intermediate-risk PE. However, these trials are not
completely reflective of our current understanding of intermediate-high-risk PE nor are
reflective of current recommended treatment strategies [54]. For example, the MOPETT trial
enrolled patients with metrics consistent with symptomatic PE; however, evidence of RV
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dysfunction by imaging or cardiac biomarkers was not necessary for study enrollment [51].
Even in the PEITHO trial, RV dysfunction was defined by either echocardiographic or CT
parameters, with a right-to-left ventricular end-diastolic diameter of >0.9 or right-to-left
ventricular diameter ratio of >0.9 on CT. As mentioned earlier, these are not ideal metrics
to define RV dysfunction. This highlights the need for further investigation into the role
of systemic thrombolytics and the need to refine the definition of RV dysfunction for
patients included in these trials. Furthermore, while prior studies of thrombolytic agents
in intermediate-risk PE provided conflicting results, a recent meta-analysis completed
in 2023 suggests that there may be further short-term benefits, though the evidence is
overall weak [54]. With the rapid evolution of PE management, many prior reviews of
thrombolytics included studies with antiquated agents or substandard doses. When only
studies with current thrombolytic agents and standard dosing were included, a meta-
analysis by Mathew et al. found that patients receiving systemic thrombolytics compared
to anticoagulation alone had a decreased need for vasopressor support (RR 0.27, 95%
CI 0.11–0.64) and rescue thrombolysis (RR 0.25, 95% CI 0.14–0.45). This occurred at the
expense of increased intracranial hemorrhage and did not yield a significant in-hospital
mortality difference between patients receiving thrombolytics versus those managed with
anticoagulation alone [54].

5.2. Catheter-Based Strategies

The benefit of catheter-based therapies in high-risk PE is becoming well established;
however, impacts on outcomes in intermediate-risk PE remain unclear [55]. Current
invasive management strategies for intermediate-risk PE include mechanical thrombectomy
and catheter-directed thrombolytic (CDT) systems, including ultrasound-facilitated systems
(US CDT), which appeared on the market in the past decade. Mechanical thrombectomy
devices available for clot retrieval include the Inari Medical (Irvine, CA, USA) FlowTriever,
the Penumbra (Alameda, CA, USA) Indigo Aspiration Thrombectomy System, and the
Angiodynamics (Latham, NY, USA) AngioVasc/AlphaVac. Potential benefits to mechanical
thrombectomy include a measurable hemodynamic response while patients are in the
interventional suite, reduced bleeding risk comparative to systemic lytic therapy in the
short term, significantly shorter length of hospital stay, potential deferral of intensive care
unit admission, and more rapid improvement in RV hemodynamic parameters compared
to anticoagulation [56–58]. However, drawbacks include the risk for vascular or cardiac
injury as well as a prolonged procedural time, depending on the nature of the thrombus
being extracted. On retrospective review, compared to systemic thrombolytic therapy,
patients undergoing catheter-directed thrombolytic therapy carry similar risk for major
bleeding (RR 0.52: 95% CI 0.37–1.76) but lower risk for in-hospital mortality (RR 0.52, 95%
CI 0.40–0.68) as well as intracranial hemorrhage (RR 0.66, 95% CI 0.47–0.94) [59]. However,
these data are limited based on the retrospective nature of this study and by the lack of
further classification based on PE risk.

Catheter-based thrombolytic strategies include EKOS (Boston Scientific, Marlborough,
MA, USA), Bashir endovascular catheter (Thrombolex, New Britain, PA, USA), or the use
of standard infusion catheters. Benefits to CDT include shorter procedural time; how-
ever, patients are generally admitted to the intensive care unit and response to treatment
requires a minimum of several hours, along with the risk of patient discomfort due to
necessary prolonged supine positioning. Patients with active bleeding, head trauma, or
cerebral infarction in the preceding 3 months or known intracranial tumors/aneurysms
have contraindications for these strategies. Relative contraindications include trauma or
surgery within the preceding 10 days, uncontrolled hypertension (systolic BP > 180 mm
Hg or diastolic > 110 mm Hg), or gastrointestinal bleeding within the preceding three
months [60].

Notable studies for catheter-directed thrombolysis and mechanical thrombectomy in
intermediate-risk PE are summarized in Table 3. Importantly, while randomized controlled
trials examining the use of endovascular interventions exist, all the existing device trials
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include only a small subset of patients, which makes extrapolation difficult. Furthermore,
most PE device studies for intermediate-risk PE examine only metrics of RV improvement,
typically quantified by the RV/LV ratio, modified Miller score (a score for radiographic
extent of thrombus), or PASP alone. The recently published REAL-PE trial, a retrospective
study, signals that major bleeding occurs more frequently with mechanical thrombectomy
when compared to ultrasound-directed CDT, including higher rates of intracranial hemor-
rhage. While these results provide insight into the bleeding risk and safety of endovascular
strategies, the findings are somewhat counterintuitive. This is likely due to the retrospective
trial design and confounding bias in patient selection for mechanical thrombectomy [61].

Table 3. Summary of device-related trials for treatment of intermediate-risk pulmonary embolism.

Trial Device Study Design/Aims Outcomes Limitations

Ultrasound-facilitated catheter-directed thrombolysis (US CDT)

ULTIMA [56]
(2013)

EkoSonic
MACH4e

Endovascular
System

Randomized controlled trial.

N = 59 patients.

Aims: USAT + AC versus AC
alone in the reversal of RV

dilatation in intermediate-risk
PE patients.

USAT + AC was
superior to AC alone in
reversing RV dilatation

at 24 h.

No increase in bleeding
complications between

the two arms.

Small study population size.

Limited follow-up to 24 h
reviewing ECHO metrics
alone; no comparison for

clinical outcomes.

SEATTLE II [57]
(2015)

EkoSonic
Endovascular

System

Prospective, single-arm,
multicenter study using US

CDT and low-dose
fibrinolytic therapy.

N = 150 patients with
proximal PE (included

massive and submassive PE).

Aims: change in RV/LV ratio
and PA systolic pressure

from baseline at 48 + 6 h after
procedure.

Safety outcome of major
bleeding within 72 h and

recurrent PE, all-cause
mortality, and procedural

complications.

Mean RV/LV diameter
decreased (1.55 at

baseline to 1.13 at 48 h).

Mean PASP decreased
(51.4 mm Hg at

baseline to 37.5 mm Hg)
at the end of procedure.

Safety: 17 major
bleeding events within

30 days of the
procedure observed in

15 patients (10%).

Lack of comparator group
for full-dose systemic
fibrinolysis, half-dose

systemic fibrinolysis, or
anticoagulation alone.

Excluded patients with
stroke/TIA within

12 months, patients with
INR > 3.0, or serum

creatinine > 2.0.

Limited follow-up to 30 days
post-procedure.

Limited follow-up to 24 h
reviewing ECHO metrics
alone; no comparison for

clinical outcomes.

OPTALYSE
PE [62]
(2018)

EkoSonic
Endovascular

System

Intermediate-risk PE
patients, randomized to one

of four groups of varying
timeframes and

concentrations of tPA
infusion.

N = 101.

Aim: reduction in RV:LV
ratio by CTA and embolic
burden by modified Miller

score on CTPA at 48 h.

Improvement in RV:LV
ratio and modified

Miller score was
observed in all groups.

Four patients
experienced MBE, two

being intracranial
hemorrhage.

Small study population size.

Unclear if improvement in
CTPA metrics translate into
short or long-term clinical

benefits or adverse
outcomes.
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Table 3. Cont.

Trial Device Study Design/Aims Outcomes Limitations

HI-PEITHO [63]
(2022)

EKOS™
Endovascular

System

Multi-center, prospective,
randomized controlled trial

for acute intermediate
high-risk PE.

Aim: EKOS + AC vs. AC
alone for composite outcome

of PE-related death,
circulatory collapse, or

non-fatal recurrence of PE.

Ongoing trial.

Pharmacomechanical catheter-directed thrombolysis trials

RESCUE [64]
(2022)

Thrombolex-
Bashir

catheters

Multi-center, prospective
trial.

N = 109 patients.

Aim: change in CTPA RV:LV
ratio at 48 h and safety

endpoint of serious adverse
events in acute

intermediate-risk PE.

RV/LV diameter ratio
decreased by 0.56

(33.3%) and PA
obstruction by refined
modified Miller index
was reduced (35.9%).

Very low rate of
adverse events or major

bleeding (0.92%).

Small study population size.

Lack of short-term or
long-term clinical benefits or

adverse outcomes data.

FLARE [65]
(2019)

Inari FlowTriever
catheters

Multi-center trial including
symptomatic patients with

RV/LV ratios > 0.9.

N = 106 patients.

Aim: Reduction in RV/LV
ratio. Primary composite
safety of device-related
death, major bleeding,

treatment related clinical
decline, cardiac injury, or

pulmonary vascular injury
within 48 h.

RV/LV ratio was
reduced by 0.38 at 48 h.

Fourteen patients
(13.2%) experienced

serious adverse events
at 30 days, with four

(3.8%) occurring within
48 h of index
procedure.

Small study population size.

Lack of short-term or
long-term clinical benefits or

adverse outcomes data.

FLASH [66]
(2022)

Inari FlowTriever
catheters

Prospective, multi-center
registry of high-risk or
intermediate-risk PE.

N = Goal of 250.

Aim: composite endpoint for
major adverse events

including major bleeding,
device-related bleeding, or

death at 48 h.

Ongoing trial.

PEERLESS [67]
(2023)

Inari FlowTriever
catheters

Prospective, multi-center,
randomized controlled trial for
intermediate or high-risk PE.

N = goal of 550.

Aims: composite endpoint
for all-cause mortality, ICH,
MBE, clinical deterioration,

or ICU admission.

Ongoing trial.
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Table 3. Cont.

Trial Device Study Design/Aims Outcomes Limitations

FLAME [68]
(2023)

Inari FlowTriever
catheters

Prospective, multi-center,
non-randomized controlled

trial for high-risk PE.

N = 115 patients.

Aims: composite of all-cause
mortality, bailout to alternate
thrombus retrieval strategy,

MBE, or clinical decline.

Lower in-hospital
adverse outcomes

(17.0%) versus
historical data (32.0%).

Reduction in high-risk
PE mortality compared

to historical data.

Limited study population
size.

Unclear definitions of
historical and context
comparison groups.

EXTRACT PE [69]
(2021)

Penumbra Indigo
aspiration system

Prospective, single-arm,
multi-center study with

symptomatic acute
PE ≤ 14 days, SBP ≥ 90 mm
Hg, and RV/LV ratio > 0.9.

N = 119 patients.

Aims: safety and efficacy by
RV/LV ratio reduction at

48 h for patients with
submassive PE.

Mean RV/LV ratio
reduction from baseline

was 0.43 at 48 h
post-procedure.

Two (1.7%) of patients
experienced a major
adverse event. Rates

were low for cardiac or
pulmonary vascular

injury, MBE, or device
related death at 48 h.

Small study population size.

Lack of short-term (beyond
48 h) or long-term clinical

benefits or adverse
outcomes data.

Anticoagulation (AC), blood pressure (BP), brain natriuretic peptide (BNP), computed tomography (CT), computed
tomography pulmonary angiogram (CTPA), echocardiogram (ECHO), heart rate (HR), intracranial hemorrhage
(ICH), intensive care unit (ICU), major bleeding event (MBE), pulmonary embolism (PE), Pulmonary Embolism
Severity Index (PESI), systolic blood pressure (SBP), tricuspid annular plane systolic excursion (TAPSE), right
ventricle (RV), ultrasound-assisted catheter-directed thrombolysis (USAT), ultrasound-facilitated catheter-directed
thrombolysis (US CDT).

To date, there remains a paucity of evidence to assess whether these acute hemody-
namic changes improve clinical outcomes for patients, particularly as they pertain to the
development of chronic thromboembolic pulmonary hypertension (CTEPH) or quality
of life. It is also unclear whether there is a subset in the intermediate-risk PE population
who may benefit from catheter-based therapies over others. For example, when analyzing
patients with intermediate-high-risk PE, retrospective data suggest a mortality and bleed-
ing benefit. Furthermore, an analysis of the National Inpatient Sample of cancer patients
with intermediate or high-risk PE also suggested improved mortality, although higher
bleeding [70]. Further data are urgently needed to prospectively analyze catheter-based
therapies, particularly in the intermediate-high-risk PE population and its subsets.

6. Ongoing Trials for Intermediate-Risk Pulmonary Embolism

Current ongoing clinical trials include the Higher-Risk Pulmonary Embolism Throm-
bolysis (HI-PEITHO) study, which is currently enrolling patients with intermediate-high-
risk PE with increased risk of death or hemodynamic compromise. This study aims to
compare composite clinical outcomes at 7 days for patients receiving ultrasound-facilitated
catheter-directed thrombolytic therapy with anticoagulation versus anticoagulation alone.
Additional aims of the study include comparison of patients’ functional status, quality
of life indicators, and health-care utilization in the subsequent 30 days, 6 months, and
12 months after index PE [63].

The PE-TRACT study is another new multi-center randomized controlled trial inves-
tigating the use of catheter-directed thrombolytic (CDT) therapy in addition to standard
anticoagulation compared to anticoagulation alone in patients with intermediate-risk PE.
The anticipated enrollment will include 500 patients with an anticipated 6-year follow-up.
The goal of this study is to examine routine use of CDT in patients with intermediate-risk
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PE and could also provide new insight into the natural history of patients with intermediate
PE [71].

Ongoing device trials include the FLASH and PEERLESS trials, examining the use
of Inari FlowTriever systems in both intermediate and high-risk PE, respectively. The
FlowTriever All-Comer Registry for Patient Safety and Hemodynamics (FLASH) study
aims to compare safety outcomes at 48 h for patients undergoing thrombectomy with
the Inari Flowtriever system compared to patients receiving conservative therapy with
anticoagulation alone. Interim analysis of the initial 250 patients enrolled demonstrated
a small number of major adverse events (1.2%) in the Inari group, which all resolved
without sequelae. Intraprocedural hemodynamic improvements were also reported, with
an average reduction of mean pulmonary artery pressure of 7.1 mmHg with patient-
reported symptomatic improvement [66]. The PEERLESS trial, also utilizing the Inari
FlowTriever system, is an ongoing randomized controlled study comparing intermediate-
high-risk PE patients treated with mechanical thrombectomy (FlowTriever System) versus
catheter-directed thrombolysis [67]. In May 2023, the Inari Medical group additionally
announced its intention to start the PEERLESS II trial. As an expansion of the PEERLESS
trial, PEERLESS II is another randomized controlled trial aiming to compare outcomes of
patients with intermediate-risk PE treated with the FlowTriever system compared to those
treated with anticoagulation alone [72]. A summary of prior and ongoing device trials is
summarized in Table 3.

7. The Importance of Multidisciplinary Teams: The Pert

Given the high complexity, mortality risk, and evolving nature of available thera-
pies for patients with intermediate-risk PE, a multidisciplinary team approach is crucial.
Since 2012, Pulmonary Embolism Response Teams (PERTs) have become common at many
institutions to streamline rapid assessment along with prompt implementation of EOC ther-
apies for patients with intermediate or high-risk PE. Given the heterogeneity of hospitals,
PERTs vary in composition between institutions, but generally consist of multidisciplinary
teams including pulmonary critical care, cardiology, vascular medicine, interventional
radiology, and interventional cardiology [1]. In the sentinel paper from Massachusetts
General Hospital, the implementation of the PERT was rapidly adopted nationwide. Sys-
temic anticoagulation was the primary treatment modality at the time of publication in
2016 [1,73]. However, since publication, catheter-directed therapies have rapidly devel-
oped and become accessible, strengthening the necessity for PERTs to assist in the nuanced
decision-making for this population. Recent reviews of PERTs have found a decrease in ICU
length of stay, reduced bleeding rates, decreased utilization of IVC filter placement, and
short time-to-therapeutic anticoagulation when compared to historical controls [1,74–76].
It has been hypothesized that PERTs may reduce PE-related mortality; however, results are
conflicting [1,74,76]. This may be in part due to the observational nature of some studies
(pre- and post-PERT) which do not account for changing guidelines and therapies occurring
simultaneously [1,74]. It is important to note that the expansion of PERTs across the nation
has flourished. Although this expansion has facilitated interventional procedures, it is also
important to recognize that the primary role of the PERT team should also be to carefully
assess each patient and de-escalate management where bleeding risk predominates. There
is additional benefit in a careful comprehensive assessment to exclude pre-existing patholo-
gies which can confound the clinical presentation. A recommended outline for approaching
a patient with intermediate-risk PE is summarized in Figure 2.
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Figure 2. Decision–making in management of intermediate–risk pulmonary embolism.

8. Conclusions

The current understanding of intermediate-risk, previously submassive, PE is ever-
evolving. We have reviewed the current definition of intermediate-risk PE, including
caveats, with preference towards the current ESC guidelines as a framework to evaluate
patients and have discussed the role of cardiac biomarkers and imaging findings to support
diagnosis. Previous metrics for RV dysfunction may not be as clear, reproducible, or
predictive in defining intermediate-risk PE. Further studies examining echocardiographic
and CT parameters are needed. Anticoagulation remains the cornerstone of therapy. While
the role of catheter-directed therapies with thrombolysis and mechanical thrombectomy
have recently gained attention, their specific role in individualized care and influence on
patient outcomes requires further longitudinal study. Lastly, decision-making for patients
with intermediate-risk PE can be nuanced, and the use of multidisciplinary PERTs is
recommended to direct patient care.
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Abstract: Venous thromboembolism (VTE) is a prevalent medical condition with high morbidity, mor-
tality, and associated costs. Anticoagulation remains the main treatment for VTE, though the decision
on when, how, and for how long to administer anticoagulants is increasingly complex. This review
highlights the different phases of VTE management, with special circumstances for consideration
such as antiphospholipid syndrome, coronary artery disease, cancer-associated thrombus, COVID-19,
and future anticoagulation options. Anticoagulation management will continue to be a complex
decision, applying evidence-based medicine to individual patients with the hope of maximizing
effectiveness while minimizing risks.

Keywords: venous thromboembolism; pulmonary embolism; deep vein thrombosis; anticoagulation;
cardio-vascular disease

1. Introduction

Venous thromboembolism (VTE) is defined as a blood clot in the venous system,
occurring as a deep vein thrombosis (DVT) or pulmonary embolism (PE). The annual
incidence of VTE in the United States is estimated to be around 1–2 per 1000 people, or
300,000–600,000 cases. However, the incidence is noted to differ by age, with VTE occurring
in 1 per 100 people aged ≥ 80 years old. The estimated total annual healthcare cost for VTE
ranges from USD 2–10 billion. The disease process carries high morbidity and mortality,
with 10–30% of patients having a 30-day mortality. Additionally, 20–25% of PE cases present
with sudden death [1]. Around 60,000–100,000 deaths occur annually from VTE. A third of
the people who have a VTE event will have a reoccurrence within 10 years, while a third
of the patients with DVT will develop post-thrombotic syndrome [1,2]. This highlights
the high burden of VTE on the healthcare system and the importance of its management,
including preventing recurrence.

Traditionally, most VTE events are characterized according to the presence or absence
of provoking risk factors. Provoked events can be further characterized as a transient risk
factor vs. persistent risk factor, while for unprovoked events, they have no provoking
factor, either transient or persistent [3] (Table 1).

Venous thromboembolism management continues to be an evolving field with con-
siderations in choice and durations for anticoagulation. This review will outline VTE
management decisions, focusing on various anticoagulation options, treatment length, and
special considerations.
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Table 1. Examples of VTE provoking risk factors.

Major Transient Risk Factors Minor Transient Risk Factors Persistent Risk Factors

-Cesarean section.
-Confined to hospital bed for 3
days.
-Surgery with general
anesthesia for >30 min.

-Confined to bed out of
hospital for 3 days.
-Hospitalization < 3 days.
-Leg injury.
-Pregnancy.
-Estrogen therapy.
-Acute infectious illness (e.g.,
COVID-19) without
hospitalization.

-Active cancer.
-Inflammatory bowel disease.
-Obesity.
-Chronic inflammatory
condition.
-Advanced age.
-Previous venous
thromboembolism.
-Genetic/acquired
thrombophilia (APS, protein
C&S deficiency, etc.).

2. Overview of Anticoagulation

Anticoagulation is the bedrock of VTE management, given its proven role in pre-
venting VTE occurrence and recurrence. For nearly all patients with a proximal DVT or
acute PE, anticoagulation is recommended as first-line therapy. The treatment for VTE
is typically divided into three phases: the initiation phase, the treatment phase (primary
treatment), and the extended phase (secondary prevention) (Figure 1). The goal of the
initiation phase is to slow down any active thrombus formation, helping to prevent new
thrombus from forming while allowing the body’s natural thrombolytic process to pro-
ceed and restore/maintain venous blood flow. This can be achieved through either oral
anticoagulation, with apixaban or rivaroxaban, or through parental medication (e.g., un-
fractionated heparin, low-molecular-weight heparin). For the treatment phase, all patients
are recommended to receive 3–6 months of treatment with anticoagulation. This is the
time when patients are at the highest risk of recurrence as an acute thrombus is being
converted to fibrin [4]. Given their overall improved safety profile (especially lower rates
of intracranial hemorrhage) and ease of administration, anticoagulation with apixaban,
dabigatran, edoxaban, or rivaroxaban is recommended over vitamin K antagonist (VKA)
for the treatment phase [5] (Table 2). For patients with a continued risk of VTE they will
continue anticoagulation in the extended phase. In this phase, the risk vs. benefit of full-
dose anticoagulation vs. reduced-dose anticoagulation vs. no anticoagulation will need to
be considered depending on the patient’s risk factors (Figure 1).

Apart from anticoagulation route selection, it is also important to decide where man-
agement should take place. For patients with a DVT, if there is rapid availability of
ultrasound and ease of communication, then outpatient management is usually preferred.
Exceptions would be for patients with a high risk of limb loss (e.g., phlegmasia cerula
dolens) or an inability to reliably obtain anticoagulant medications in a timely manner and
clinic follow-up. Most PEs are first evaluated in the emergency department where they are
risk stratified for the risk of deterioration. Patients at low risk for complications should be
offered an outpatient management strategy if there is appropriate availability of testing,
medications, and clinical follow-up. A study has estimated that 20% or more of acute PE
cases in the emergency department may be good candidates for outpatient treatment [6].
The remaining cases typically require a hospital stay.

An exception to routine anticoagulation for VTE treatment is in patients with distal
DVT. Distal DVTs affect the deep veins, with the most proximal component being distal to
the popliteal vein. The ninth edition of the CHEST guideline recommends serial ultrasound
in 1–2 weeks without anticoagulation if the thrombus does not extend proximally. However,
if there is extension into proximal veins, anticoagulation is strongly recommended [5].
Additionally, cases with distal DVT anticoagulation may be appropriate for patients with
significant symptoms or a high risk of extension (e.g., underlying malignancy).

Another exception for routine anticoagulation treatment is in patients with isolated
subsegmental PE without proximal DVT. In these patients, the risk of recurrence needs
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to be considered. In patients with a low risk of recurrent VTE, clinical surveillance can
be considered, while for patients with a high risk of recurrent VTE, anticoagulation is
recommended. These are both classified as weak recommendations by the most recent
CHEST guidelines [5].

The third important exception is in patients with active bleeding, for whom antico-
agulation should be avoided. It is also reasonable to consider avoiding anticoagulation
for patients at very high risk of bleeding. The patient’s risk vs. benefit of anticoagulation
needs to be considered in the setting of VTE management and bleeding, with continued
re-assessment. If anticoagulation is not being pursued, then the role of an IVC filter should
be reviewed.

 
Figure 1. Choice and duration of anticoagulation for VTE.
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Table 2. Oral anticoagulation for VTE.

Generic Name
Mechanism of

Action
Dose and Regimen

Consideration of Renal
Function

Consideration of Drug Interactions Other Considerations

Apixaban Factor Xa Inhibitor 10 mg BID × 7 days,
followed by 5 mg BID

Not studied in patients
with SCr ≥ 2.5 mg/dL
or CrCl <25 mL/min

Reducing dose by 50% in patients
taking strong dual inhibitors of
p-glycoprotein and CYP 3A4.

Avoiding in patients taking dual
inducers of CYP 34A and

p-glycoprotein.

N/a

Dabigatran Direct Thrombin
Inhibitor

150 mg BID after
5–10 days of parenteral
anticoagulation lead in

Avoid in CrCl ≤
30 mL/min

If CrCl ≤ 50 mL/min, patients taking
p-glycoprotein inhibitors should avoid

dabigatran. Patients taking
p-glycoprotein inducers should avoid

dabigatran.

N/a

Edoxaban Factor Xa Inhibitor
60 mg daily after

5–10 days of parenteral
anticoagulation lead in

Renally dose to 30 mg
daily for CrCl

15–50 mL/min. Avoid
in CrCl <15 mL/min

Reduce dose to 30 mg daily for
patients taking p-glycoprotein

inhibitors. Avoid using with
p-glycoprotein inducers.

Reduce dose to 30 mg
daily for body weight ≤

60 kg.

Rivaroxaban Factor Xa Inhibitor
15 mg twice a day for
21 days, then 20 mg

daily

Avoid in CrCl
≤ 15 mL/min

In patients taking moderate dual
inhibitors of CYP 3A4 and

p-glycoprotein with CrCl ≤ 80
mL/min, use cautiously. Avoid use in
patients taking strong dual inhibitors

or inducers of CYP 3A4 and
p-glycoprotein.

Administer with food.

Warfarin Vitamin K
Antagonist

Adjusted to target
INR 2–3

Require parenteral
anticoagulation overlap

at initiation

None

Consider reducing starting dose to
2.5 mg for patients with drug–drug

interactions expected to increase
exposure to warfarin.

Consider reducing
starting dose to 2.5 mg

for patients with
multiple comorbidities,

advanced age, and
advanced end-organ

dysfunction.

BID = twice daily; CrCl = creatinine clearance as calculated by the Cockcroft–Gault equation with actual body
weight; INR = international normalized ratio; N/a = not applicable; SCr = serum creatinine.

3. Phases of Management of VTE

3.1. Initiation Phase

During the initiation phase, the goal is to stop the growth of the thrombus and pre-
vent embolism of the thrombus with anticoagulation. This can occur over 5 to 21 days,
depending on the anticoagulation chosen. Traditionally, unfractionated heparin, or low-
molecular-weight heparin, was the anticoagulant of choice. Now, apixaban and rivaroxaban
are oral options that can be used for the initiation phase. Typically, if patients are hospital-
ized in the acute setting for VTE, they are initially started on a parenteral heparin agent
and then transitioned to oral options prior to hospital discharge. For parenteral heparin
agents, low-molecular-weight heparin (e.g., enoxaparin) is preferred over unfractionated
heparin given the lower risk of HIT, subcutaneous administration, ease of dosing, and most
importantly, a predictable anticoagulation level without requiring routine monitoring [4].
When this transition occurs before the completion of a typical initiation phase (e.g., a full
7 days for apixaban or 21 days of rivaroxaban), then the higher total daily dose of these
oral medications is given to complete that initiation phase duration. Some clinicians will
transition to the treatment phase dosing of oral anticoagulants if at least 5 days of parenteral
heparin have been given, even if this strategy was not tested in the phase 3 randomized
trials or included in the package label dosing recommendations.

For patients in the outpatient setting, direct oral anticoagulants (DOACs) with apixa-
ban and rivaroxaban are effective oral-only options for patients who do not want parenteral
lead in therapy (Figure 1). No single DOAC is recommended over another by most major
society guidelines [5,7,8]. Apixaban and rivaroxaban are appropriate for use in patients
with obesity with a BMI > 40 kg/m2 or a weight >120 kg. Cost should be considered for
DOAC therapy, which can be a barrier for patients. However, there are assistance programs
available from drug manufacturers that can substantially reduce the out-of-pocket cost
for many patients. Discussion with pharmacists and/or social workers is often helpful to
connect patients with appropriate resources for DOAC coverage.
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3.2. Treatment Phase

The treatment phase can last between 3 and 6 months, depending on the thrombus
burden, symptoms, and patient clinical scenario. The American Society of Hematology
recommends that this treatment phase last only 3–6 months rather than a more extended
duration of 12 months [7]. DOACs are now the mainstay treatment in this phase. However,
vitamin K antagonists (VKAs) are an acceptable alternative for most patients and may be
preferred in selected patient groups (see below).

For patients using apixaban or rivaroxaban as an oral-only strategy during the initia-
tion phase, these DOACs are typically continued into the treatment phase, but with a dose
reduction (Figure 1). Dabigatran and edoxaban, on the other hand, are initiated in the treat-
ment phase after a 5–10-day run-in period (initiation phase) with a parenteral anticoagulant.
VKA with warfarin continues to be a well-studied anticoagulation option, though it can be
difficult, requiring frequent lab work and a higher risk of bleeding. Warfarin needs to be
monitored through the international normalized ratio (INR) with a goal of INR 2–3. There
can be higher variability amongst patients for warfarin dosing given patient-specific factors
such as diet, genetics, or other medications. Pharmacy costs of warfarin can be lower than
DOACs for many patients, but the cost of INR laboratory testing or home testing must also
be factored into the overall cost estimates. Most patients are started on warfarin 5 mg daily,
with frequent INR testing at least weekly to help determine the warfarin dosing regimen.
The mechanism of action plus special considerations for oral anticoagulation are outlined
in Table 2. Overall, the treatment of choice for anticoagulation should be patient-specific,
with shared decision-making between the patient and provider.

3.3. Extended Phase

Extended phase, or anticoagulation beyond the treatment phase of 3–6 months, is
considered for certain patient populations depending on the patients’ risk of recurrent VTE
versus the risk of bleeding with continued treatment. Patient preference as well as risk
scores (e.g., HERDOO2 Rule, Vienna Prediction Model, or DASH Prediction Score) [9–11]
can assist with the decision-making process for extended-phase anticoagulation. In patients
with a low risk of VTE recurrence who had a transiently provoked VTE (Table 1), antico-
agulation beyond 3–6 months of the treatment phase is usually not necessary. Generally,
for patients with unprovoked VTE, extended-phase treatment should be considered. Both
DOACs and warfarin are viable options for extended-phase anticoagulation. For patients
continuing on warfarin for VTE prevention, an INR goal of 2–3 is recommended. Dabiga-
tran, apixaban, and rivaroxaban are all potential options for continued anticoagulation for
secondary VTE prevention. These three DOACs have been compared to placebo in studies
demonstrating superiority in preventing VTE recurrence without significant rates of major
bleeding [12–15].

However, only apixaban and rivaroxaban have demonstrated both efficacy and safety
in lower doses than their initial treatment phase doses for recurrent VTE prevention. In
AMPLIFY-EXTEND, apixaban 5 mg BID was compared to apixaban 2.5 mg BID and placebo,
demonstrating similar rates of recurrent VTE in both apixaban groups and superiority to the
placebo group [14]. Patients who had a symptomatic DVT or PE and received treatment for
6–12 months without a recurrent VTE episode were included in the study. The EINSTEIN-
CHOICE trial studied rivaroxaban 20 mg daily with rivaroxaban 10 mg daily and aspirin
100 mg daily. Both rivaroxaban groups had similar rates of recurrent VTE and a reduced
rate of VTE compared to the aspirin group, while having no significant difference in the rate
of major bleeding [15]. Patients who had an objectively confirmed, symptomatic proximal
DVT or PE, anticoagulation for 6–12 months, and no interruption in anticoagulation 7 days
prior to enrollment were included in the study. Given these studies, lower-dose DOACs
compared to standard therapy should be considered for continued anticoagulation in the
prevention of recurrent VTE. Once again, this decision is patient-specific, weighing the risk
vs. benefit of full vs. reduced DOAC dosing.
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The guidelines recommend that patients with recurrent VTE and/or patients with a
history of strong thrombophilia be offered extended-phase anticoagulation therapy [5,7].
This recommendation is based on the higher risk of VTE recurrence, which outweighs the
risk of bleeding with extended anticoagulation therapy.

4. Special Considerations

Special circumstances need to be considered when deciding on management for VTE.
Briefly, below, we will review VTE management in cancer-associated thrombosis (CAT),
antiphospholipid syndrome (APS), coronary artery disease (CAD), and COVID-19.

4.1. Cancer-Associated Thrombosis Treatment

Cancer is among the most common risk factors for VTE, with approximately 20%
of all VTE cases occurring in patients with cancer. In these patients, more than 50% of
VTE cases occur within 3 months of the cancer diagnosis. Both the American College of
Chest Physicians (ACCP) and ASH have guideline recommendations specifically on the
management of CAT. ACCP guidelines recommend DOAC over other anticoagulation for
acute VTE in the cancer setting [5], while for ASH, both DOACs (apixaban or rivaroxa-
ban) or low-molecular-weight heparin (LMWH) are recommended. The SELECT-D study
examined rivaroxaban vs. dalteparin monotherapy and found that the DOAC group at
6 months had significantly fewer recurrent VTE episodes but higher rates of bleeding [16].
The ADAM VTE and Caravaggio studies both looked at apixaban vs. dalteparin, noting a
lower risk of recurrent VTE, while the Caravaggio study found no difference in the major
bleeding risk [17,18]. For short-term treatment (3–6 months), DOAC is recommended
over LMWH. In patients with active cancer and VTE, long-term anticoagulation is recom-
mended for secondary prophylaxis, which can be achieved through DOAC or LMWH. In
patients with cancer and recurrent VTE on anticoagulation, an inferior vena cava filter is
not recommended [19]. These recommendations should be considered when treating VTE
in patients with cancer-associated thrombosis. It is worth noting that special considera-
tions should be made for gastrointestinal or genitourinary malignancies, as in these select
populations, DOACs have demonstrated higher rates of bleeding [20]. Additionally, there
should be close communication with the patient’s oncologist given drug–drug interactions
with DOACs and cancer therapies. DOAC uptake is dependent on the P-glycoprotein
system, while metabolism is dependent on the cytochrome P450 system. DOACs should
be avoided when co-administrated with cancer therapies that are strong P-glycoprotein or
CYP3A4 inducers or inhibitors [21].

4.2. Thrombophilia and Antiphospholipid Syndrome Treatment

Warfarin and other VKAs have been the mainstream treatment for thrombotic an-
tiphospholipid syndrome (APS). However, given the increased use of DOACs for other
conditions, the use of DOACs for APS remains controversial. While DOACs are far more
convenient for patients and are associated with lower rates of bleeding than VKA, it is
unclear if they are as effective as VKA in patients with APS. Khairani et al. conducted a
systematic review and meta-analysis of RCTs comparing DOACs vs. VKA for the treatment
of VTE in patients with APS. Four open-labeled RCTs were included, as summarized in
Table 3 [22–26]. The study found that DOACs, compared to VKA, have an increased risk of
arterial thrombosis but a similar risk of subsequent VTE or major bleeding. Overall, the
findings did not support the routine use of DOACs for patients with thrombotic APS [22].
Additionally, all major societal guidelines recommend the use of VKA over DOACs for
APS [5,7,8]. However, there may still be select cases where DOAC therapy is appropriate for
a patient with APS, especially if that strongly aligns with the patient’s values/preferences
and they are well informed of the current outcome data. In particular, patients with only
one or two positive antibodies, patients who have previously tolerated VKA therapy,
and/or patients who express a strong preference for VKA therapy over DOAC may be
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appropriate for VKA therapy. However, it is important for clinicians to engage in a shared
decision–discussion with the patient before selecting DOAC over VKA therapy.

Table 3. Randomized trials of oral anticoagulation for antiphospholipid syndrome patients with
venous thromboembolism.

Clinical
Trial (Ref.

#)
Included Patients N

Trial
Design

Length of
Follow-

Up
Treatment Groups

Primary Efficacy
Outcomes

Efficacy
Outcomes

Major
Bleeding
Outcomes

RAPS [23]
Patients with APS who

were taking warfarin for
previous VTE

116
Open-
label
RCT

210 days
Continue warfarin
vs. rivaroxaban 20

mg daily

Percentage change in
endogenous thrombin

potential at day 42, with
non-inferiority set at

less than 20% difference
from warfarin

ETP (nmol/L
per min):

Rivaroxaban
1086 vs.

warfarin 548
Treatment

effect (ratio):
2.0 (1.7–2.4)

Rivaroxaban:
0

Warfarin: 0

TRAPS
[24]

Patients with APS
(triple positivity) with

history of thrombus
120

Open-
label
RCT

569 days
(mean)

Rivaroxaban 20 mg
or 15 mg daily
(dependent on

creatine clearance)
vs. warfarin

Cumulative incidence
of thromboembolic

events, major bleeding,
and vascular death

Rivaroxaban:
19%

Warfarin: 3%
HR: 6.7

(1.5–30.5)

Rivaroxaban:
7%

Warfarin: 3%
HR: 2.5

(0.5–13.6)

Ordi-Ros
et al. [25]

Patients with APS
(positive result on aPL

testing on 2 occasions at
least 3 months apart)

with history of
thrombus

190
Open-
label
RCT

36
months

Rivaroxaban 20 mg
or 15 mg daily
(dependent on

creatine clearance)
vs. warfarin

Proportion of patients
with new thrombotic

event

Rivaroxaban:
11.6%

Warfarin: 6.3%
HR: 1.94

(0.72–5.24)

Rivaroxaban:
6.3%

Warfarin: 7.4%
HR: 0.88
(0.3–2.63)

ASTRO-
APS
[26]

Patients with
thrombotic

antiphospholipid
syndrome on

anticoagulation for
secondary prevention

48
Open-
label
RCT

12
months

Apixaban 2.5 mg
BID then increased
to 5 mg BID (after

25 patient was
randomized) vs.

warfarin

Thrombosis and
vascular death

Apixaban: 6
thrombotic

events
Warfarin: no
thrombotic

events

Apixaban: 0
Warfarin: 1

event

APS = antiphospholipid syndrome; BID = twice daily; ETP = endogenous thrombin potential; HR = hazard ratio;
RCT = randomized control trial; VTE = venous thromboembolism.

Patients with other thrombophilias can be safely treated with DOAC therapy. In
a meta-analysis of randomized trials, patients with thrombophilia had similar rates of
recurrent VTE and bleeding when treated with DOAC as a VKA therapy [27]. However,
care must be taken when ordering and interpreting thrombophilia laboratory tests while
being treated with DOAC therapy, as many anticoagulants can interfere with thrombophilia
testing processes [28].

4.3. Concurrent Coronary Artery Disease and Venous Thromboembolism

The optimal antithrombotic regimen can be difficult to determine for patients with both
CAD and VTE. Historically, patients have been treated with triple therapy, including two
antiplatelet agents (low-dose aspirin and P2Y12 inhibitors) and anticoagulation. However,
this triple therapy combination increases the risk of bleeding up to 3-fold compared to oral
anticoagulation alone [29]. Studies examining the risk of bleeding on oral anticoagulation
have demonstrated lower rates of bleeding in patients with VTE as compared to those with
AF, likely due to their younger age and fewer comorbidities. However, several key factors
are critical to consider when a patient on anticoagulation for VTE undergoes percutaneous
coronary intervention (PCI). These include the planned duration of anticoagulation, the
urgency of PCI, and how best to combine anticoagulation with anti-platelet therapy to
decrease bleeding risk.

The American College of Cardiology (ACC) has developed clinical pathways to assist
with anticoagulation and antiplatelet therapy. The first key distinction to make is the
duration of anticoagulation and if it will be indefinite therapy, as discussed prior. Next, the
reason for PCI (stable ischemic heart disease vs. acute coronary syndrome (ACS)) divides
the pathways in length and choice of antiplatelet therapy. (Figure 2). Finally, all patients
should be started on proton pump inhibitors or H2 blockers to decrease the risk of bleeding
when they are using multiple antithrombotic agents concurrently [30]. The use of DOAC
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is preferred over warfarin while on antiplatelet therapy, given the lower risk of major,
intracranial, or fatal bleeding with DOAC therapy. However, special considerations (e.g.,
the use of warfarin for APS) must be taken into account for individual patients [30].

Figure 2. VTE and CAD antithrombotic therapy.

4.4. COVID-19 Infection

The COVID-19 infection creates a pro-inflammatory state that often increases a pa-
tient’s risk for VTE, especially when the infection is severe enough to require hospitalization.
For patients who develop VTE concurrently with a COVID-19 acute infection, standard
anticoagulation therapy as outlined above is recommended. These patients are typically
considered to have experienced a transient, reversibly provoked VTE, so a shorter course
of 3–6 months of anticoagulation is most common [31].

The pro-inflammatory and thrombotic nature of COVID-19 has led to evolving rec-
ommendations regarding the use of anticoagulation for VTE thromboprophylaxis. The
recommendations require a balance between thrombotic risk and bleeding risk, as well as
the patient’s overall risk of survival. In general, patients with COVID-19 can be catego-
rized into one of three groups: ambulatory, hospitalized non-critically ill, and hospitalized
critically ill. Based on the results of several randomized trials in patients who require
oxygen but are not critically ill (i.e., not in intensive care), a therapeutic dose of heparin
(preferentially LMWH) is recommended for patients with D-dimer above the upper limit
of normal and without increased bleeding risk [31–35]. These patients should continue
therapeutic-intensity thromboprophylaxis for 14 days or until discharge/escalation of care
to an intensive care unit. All other hospitalized patients should receive standard VTE
thromboprophylaxis with prophylactic doses of heparin. The use of DOACs for inpatient
thromboprophylaxis is generally not recommended [35,36]. However, consideration can
be made for the use of extended post-hospital thromboprophylaxis with low-dose rivarox-
aban in select patients at high thromboembolic risk but low bleeding risk [37]. Finally,
antiplatelet therapy to prevent COVID progression or death is not recommended based on
the negative results of the ACTIV-4a and RECOVERY trials [32–38].
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5. Future Anticoagulation Options

Anticoagulation management for VTE looks different today than twenty years ago.
DOACs revolutionized VTE management with their increased ease of administration and
lower risk of bleeding, but they are more limited in terms of clinical applications. There
continue to be ongoing clinical trials examining new anticoagulation medications. Table 4
summarizes the current ongoing trials for VTE and Factor XI/XIa inhibitors [39–41]. These
agents might allow for further reductions in the bleeding risk by uncoupling thrombosis
and hemostasis. Furthermore, they may provide further advantages over DOACs by elimi-
nating concerns about renal clearance and longer half-lives to address issues of medication
compliance. However, their efficacy in preventing VTE or VTE recurrence remains to be
proven in rigorous phase 3 randomized trials.

Table 4. Factor XI ongoing clinical trials for VTE.

Clinical Trial
Reference (Status)

Drug
Mechanism of

Action
N Clinical Trial Summary Results

ASTER
NCT05171049
(Ongoing) [39]

Abelacimab
Binds and inhibits

Factor XI and
Factor XIa

1655

Phase III trial comparing the
effect of abelacimab relative to
apixaban on VTE recurrence
and bleeding in patients with

CAT

No results
currently

MAGNOLIA
NCT05171075
(Ongoing) [40]

Abelacimab
Binds and inhibits

Factor XI and
Factor XIa

1020

Phase III trial comparing the
effect of abelacimab vs.

dalteparin on VTE recurrence
and bleeding in patients with

gastrointestinal or
genitourinary CAT

No results
currently

NCT04465760
(Recruiting) [41] Xisomab

Binds Factor XI
and blocks

activation by
Factor XIIa

50

Phase II trial examining the
efficacy of xisomab as

measured by incidence of
catheter associated

thrombosis in individuals
with a central venous catheter

No results
currently

CAT = cancer-associated thrombosis; VTE = venous thromboembolism.

6. Final Thoughts

VTE is a highly prevalent condition associated with significant morbidity and mortality.
While anticoagulation is the mainstream therapy for VTE, the decision on when, how, and
for how long to administer anticoagulants is increasingly complex. By considering each
individual patient’s underlying thromboembolic and bleeding risk, clinicians can then apply
evidence from both randomized and observational data to personalize anticoagulation
therapy. Anticoagulation management will continue to evolve with new agents and new
evidence that aim to maximize effectiveness and minimize risk.
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Abstract: Venous thromboembolism (VTE), comprising deep venous thrombosis (DVT) and pul-
monary embolism (PE), is a prevalent cardiovascular condition, ranking third globally after my-
ocardial infarction and stroke. The risk of VTE rises with age, posing a growing concern in aging
populations. Acute PE, with its high morbidity and mortality, emphasizes the need for early diagnosis
and intervention. This review explores prognostic factors for acute PE, categorizing it into low-risk,
intermediate-risk, and high-risk based on hemodynamic stability and right ventricular strain. Timely
classification is crucial for triage and treatment decisions. In the contemporary landscape, low-risk
PE patients are often treated with Direct Oral Anticoagulants (DOACS) and rapidly discharged for
outpatient follow-up. Intermediate- and high-risk patients may require advanced therapies, such
as systemic thrombolysis, catheter-directed thrombolysis, mechanical thrombectomy, and IVC filter
placement. The latter, particularly IVC filters, has witnessed increased usage, with evolving types
like retrievable and convertible filters. However, concerns arise regarding complications and the
need for timely retrieval. This review delves into the role of IVC filters in acute PE management,
addressing their indications, types, complications, and retrieval considerations. The ongoing debate
surrounding IVC filter use, especially in patients with less conventional indications, reflects the need
for further research and data. Despite complications, recent studies suggest that clinically significant
issues are rare, sparking discussions on the appropriate and safe utilization of IVC filters in select
PE cases. The review concludes by highlighting current trends, gaps in knowledge, and potential
avenues for advancing the role of IVC filters in future acute PE management.

Keywords: pulmonary embolism; IVC filter; high-risk PE; intermediate-risk PE

1. Introduction

Venous thromboembolism (VTE), including deep venous thrombosis (DVT) and pul-
monary embolism (PE), ranks as the third most common cardiovascular ailment after
myocardial infarction and stroke [1]. The risk of VTE doubles with each decade beyond age
40 and is thus becoming increasingly important in countries with aging populations [2].
Acute PE carries a high morbidity and mortality and, as such, necessitates an emphasis
on early diagnosis and treatment [3]. A variety of rapidly expanding clinical, serologic,
and imaging-based factors help prognostication of patients with acute PE [4]. PE can
be categorized into low-risk, intermediate-risk (or sub-massive), and high-risk based on
hemodynamic stability and the presence of right ventricular strain. Hemodynamically
unstable patients are identified by a systolic blood pressure (SBP) below 90 mmHg, a drop
in SBP of 40 mmHg or more from baseline, or the need for inotropes or vasopressors.
Among hemodynamically stable patients, PE is considered low-risk if there is no evidence
of right heart strain, and intermediate-risk in the presence of right heart strain identified
through imaging, cardiac biomarker, and/or echocardiographic changes. PE is classified as
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high-risk when there is hemodynamic instability [5]. Appropriately categorizing a patient
with PE as high-risk, intermediate-risk, or low-risk at the time of their presentation is
uniquely impactful for early triage and treatment decisions.

In the modern era, low-risk patients are typically treated with Direct Oral Anticoagu-
lants (DOACS) and, in appropriate settings, rapidly discharged for outpatient follow-up.
Intermediate- and high-risk PE patients require parenteral anticoagulation and are con-
sidered for more advanced therapies in appropriate clinical scenarios, specifically those
patients with high-risk PE and those intermediate-risk PE patients with certain high-risk
features [6]. Such therapies include systemic thrombolysis, catheter-directed thrombolysis,
mechanical thrombectomy, surgical thrombectomy, ECMO (extracorporeal membrane oxy-
genation), and inferior vena cava (IVC) filter placement. The data around the appropriate
use of such therapies are still being generated via a plethora of ongoing trials, making this
topic of advanced therapies for PE a topic of interest worldwide. Somewhat less glamorous
but still important is the role of IVC interrupting devices in patients with PE. While IVC
filters do not directly address acute VTE, they aim to prevent acute larger PE when the
source of embolism originates in the venous system distal to the filter implantation site.
However, smaller clots can still flow through the larger spaces of the filtering structure and
is an acceptable trade-off between the filter catching all clots while maintaining IVC patency.
This introduces an important distinction that should be made regarding filter implantation
in patients with acute PE and confirmed DVT and in those whose imaging did not show the
presence of thrombi in proximal or distal veins. Although the process is straightforward,
it entails transporting the patient to the catheterization laboratory, puncturing a major
vein (jugular, femoral, or arm vein), temporary immobilization of the patient, fluoroscopy,
applying pressure to the vascular access site post-procedure, and, occasionally, readmission
to remove the filter. It should be acknowledged that the procedure presents both organi-
zational and economic challenges and may subject the patient to additional discomfort
and anxiety. Indications for IVC filter placement in acute PE may be grouped into classic,
well-accepted indications for use, and “extended”, less uniformly accepted indications.
IVC filter use truly hinges on risk assessment and Eized considerations, especially when the
indication for placement is less well-accepted [7]. Classic indications include patients with
documented acute PE possessing absolute contraindications to anticoagulation or patients
with high-risk PE considered to be at risk of death despite anticoagulation, or patients with
VTE and a complication of anticoagulation. Far more controversial is the use of IVC filters
in patients who have medical comorbidities that are thought to limit their cardiopulmonary
reserve [8,9], a decision based on the concern that another PE in such a patient could be
fatal, and thus, IVC filter placement is indicated in the absence of a conventional indication.

IVC filters provide protection from life-threatening PE in the early period, but over
time long-term risks and filter complications increase. Over the time-period of an IVC
filter, an initial favorable risk/benefit ratio changes to be less benefit and more risk at
which point the filter should be removed [10,11]. The Society of Interventional Radiology
(SIR) has established defined complications and acceptable thresholds for IVC filters.
Supplementary Table S1 summarizes the most reported complications by clinicians, and
Supplementary Figure S1 shows radiographic images of such complications. This has
prompted considerable focus within the vascular and interventional radiology communities
on prompt removal of retrievable filters within weeks to months, a window that varies
by retrievable filter type. In early generation retrievable IVC filters, some devices had
recommendations about the window of opportunity for removal, but current generation
devices and even many early generation IVC filters can now be safely removed with
interventional radiology techniques [12,13]. Importantly, Johnson et al.’s findings from
The Predicting the Safety and Effectiveness of IVC Filters (PRESERVE) trial showed that
while IVC filter complications do occur, those that are clinically significant are rare with
currently available filters [14]. While both appropriate and inappropriate IVC filter use are
associated with risk, a role remains for IVC filter use in select patients with PE. Selecting
such patients, however, is limited by the paucity of high-quality data in the field. This

70



J. Clin. Med. 2024, 13, 1494

review aims to explore the available data on IVC filters in acute PE management, discuss
current trends impacting decision-making, and highlight opportunities for advancements
that may potentially enhance the role of IVC filters in the future management of acute PE.

2. Historical Overview and Currently Available IVC Filters

From a historic perspective, surgery was used to place clips around the IVC or sutures
to segment the IVC before IVC filters were applied by Lazar Greenfield. This filter was
placed using either a cutdown of the jugular or femoral vein and used a 24 Fr sheath.
Interventional radiologists adopted the technique using percutaneous access (Dr. Dorfman,
Brown University) [7]. Since then, IVC filter delivery systems have been greatly reduced
in size making insertion much easier, and the use of IVC filters in the United States has
steadily increased since the introduction of the Greenfield filter in 1972 [7]. In 2003, the
FDA approved modifications to three permanent filters, enabling percutaneous retrieval [7].
Currently, IVC filters are categorized as permanent or optional, with the latter including
temporary, retrievable, and convertible types. Retrievable IVC filters are sometimes re-
ferred to as temporary filters, even though they are FDA-cleared for both permanent and
temporary placement, while temporary filters are specifically designed to be implanted
only on a temporary basis and cannot be used permanently. Temporary filters are designed
for short-term use and are suspended by catheters or wires. Convertible filters may be
transformed into stents when IVC filtration is no longer needed. Retrievable filters possess
tethering hooks for anchoring, like many permanent devices, but also possess a hook for
later retrieval [10,11]. The filters used in the PRESERVE trial were ALN (ALN ± hook), Ar-
gon (Option Elite), B. Braun (LP, VenaTech Convertible), CR Bard (Denali), Cook (Gunther
Tulip), Cordis (OptEase, TrapEase), and Philips Volcano (Crux) [14]. Figure 1 depicts some
of the different types of IVC filters.

Figure 1. Different types of IVC filters available.

3. The Evolution in the Role of IVC Filters in the Management of Acute PE: The
Two Eras

Our understanding of IVC filter use is best perceived upon the timeline of advancing
PE therapeutics. Our initial understanding of the use of IVC filters in acute PE, until
approximately 2010, was driven by a few data sets of limited size established when PE
therapeutics were effectively simple. The introduction of PE multi-disciplinary care teams
and the rapid advances in PE catheter-based technologies together drove a more aggressive
strategy toward treating both high-risk and intermediate-risk PE. Systemic lysis at vary-
ing doses, catheter-based intervention, surgical thrombectomy, and ECMO use have all
become more common as clinical understanding and related therapeutic strategies have
evolved [10]. Data sets generated during this latter period are, of course, different than
those generated in years prior to these advances. Thus, we will examine IVC filter data
generated in these two very different eras: the early PE era and the current era.
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3.1. The Early Era of PE Care: Marked by Registries, Trials, and In-Hospital Data
3.1.1. Registries Demonstrate Limited PE Therapies during the Early Era

The landmark PE trial of the early era was The International Cooperative Pulmonary
Embolism Registry (ICOPER). ICOPER was a large-scale, multicenter, prospective registry
dedicated to the study of acute PE conducted in the mid-1990s and enrolled 2454 patients
with acute PE across 52 institutions in North America and Europe. The study concluded
that PE continues to be a significant clinical challenge with a high mortality rate (12 to
14% 90-day mortality) and provided valuable insights for the planning of future trials
involving high-risk PE patients [15]. The Emergency Medicine Pulmonary Embolism in
the Real-World Registry (EMPEROR) was a registry comprising consecutive emergency
department (ED) outpatients diagnosed with acute PE over a 26-month period from 2006
to 2008 across 22 hospitals in the United States. 1880 patients with confirmed acute PE
were enrolled, and the study concluded that these patients have high functional status
and 1% mortality. It also highlighted that the management of acute PE patients in the ED
with anticoagulation is poorly standardized and encouraged more research to improve
outcomes in these patients [16]. Results from the EMPEROR registry and ICOPER also
provided important information on IVC filter use. In the ICOPER, none of the 11 (10.1%)
patients who received an IVC filter developed recurrent PE within 90 days, and 10 (90.9%)
survived at least 90 days. They showed that IVC filters were associated with a reduction
in 90-day mortality (hazard ratio, 0.12; 95% CI, 0.02 to 0.85) [14]. In EMPEROR, 9 out
of 58 patients with massive PE (defined as SBP < 90 mm Hg) received IVC filters, and
273 out of 1817 patients with non-massive PE (defined as SBP ≥ 90 mm Hg) received
IVC filters. Unfortunately, no sub-analysis was performed to look at whether the use
of IVC filters improves mortality or not [16]. Reports from both the EMPEROR registry
and ICOPER indicated low rates of systemic thrombolysis administration in patients with
high-risk PE. In ICOPER, 33 patients (30.5%) underwent thrombolysis, 1 (0.9%) underwent
catheter-directed therapy, and 3 (2.7%) had surgical embolectomy [14]. In EMPEROR,
7 patients (12.1%) underwent thrombolysis, none underwent catheter-directed therapy,
and 2 (3.4%) had surgical embolectomy [16]. This therapeutic style is in stark contrast to a
recent analysis which demonstrated that over 70% of patients with high-risk PE received
advanced therapies, including systemic thrombolysis, which was the most common but
still less than half, and a variety of other advanced therapies including catheter-directed
thrombolysis and surgical embolectomy [17].

3.1.2. The Trials

Randomized controlled trials (RCT) evaluating IVC filter use from the early era are
few and limited by sample size. Perhaps the most important was the Prévention du Risque
d’Embolie Pulmonaire par Interruption Cave II (PREPIC II) investigation. In the PREPIC
II RCT, 200 stable patients with PE, along with DVT or superficial venous thrombosis
and at least one additional high-risk criterion, received a retrievable IVC filter along
with anticoagulation, while 199 patients received anticoagulation alone. Results at three
and six months post-filter-insertion revealed comparable rates of recurrent PE, fatal PE,
and all-cause mortality in those who received an IVC filter compared with those who
did not [18]. The PREPIC II was limited in terms of assessment of utility for IVC filters
in patients receiving anticoagulation; it helped further solidify the general approach to
avoid filters in patients that can receive anticoagulation but did not help in understanding
appropriateness in patients with a contraindication to anticoagulation, the group where
filters are most commonly utilized. Other limitations included the exclusion of unstable
patients and the absence of subgroup analysis given the small sample size. The PRESERVE
trial is a large-scale, multi-specialty, nonrandomized prospective clinical study at 54 sites
in the United States that enrolled 1429 participants who received IVC filters between 2015
and 2019. Patients were evaluated at baseline and followed up, even if the filter was
removed, to determine the safety and effectiveness of vena cava filters. The PRESERVE
trial by Johnson et al. affirmed the safety of IVC filters but faced challenges in claiming
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effectiveness. Limitations included the absence of a control group, inclusion of patients
with anticoagulation history, and a lack of routine imaging for recurrent VTE assessment.
The study’s design impedes a direct comparison between IVC filter placement and medical
management, hindering a clear assertion of the intervention’s effectiveness [14,19]. Bikdeli
et al. conducted a systematic review and meta-analysis that included six RCT and five
prospective observational studies to further evaluate the safety and efficacy of IVC filters
versus none in 4204 patients at risk of PE. They concluded that IVC filters reduced the risk
of subsequent PE (odds ratio, 0.50; 95% CI, 0.33 to 0.75), increased the risk for DVT (odds
ratio, 1.70; 95% CI, 1.17 to 2.48), and had no significant effect on neither PE-related mortality
(odds ratio, 0.51; 95% CI, 0.25 to 1.05) nor overall mortality (odds ratio, 0.91; 95% CI, 0.70 to
1.19). However, on post hoc analysis of three studies whose patients had contraindications
to anticoagulation and recurrent PE despite adequate anticoagulation, the nonsignificant
reduction in PE-related mortality reached statistical significance (odds ratio, 0.47; 95% CI,
0.21 to 1.04) [1]. This study subgroup is most reflective of current guideline-recommended
indications guiding IVC filter placement. Important limitations disclosed by the authors
included the lack of a control procedure which may potentially bias the results of the
individual studies and thereby contribute to pooled estimates, a likely underestimation of
the rates of IVC-filter-related complications, and the exclusion of all retrospective studies.

3.1.3. In-Hospital Data

Registry data from the early era suggested the opposite, that IVC filters might be useful
in patients with acute PE and certain high-risk features. Stein et al. conducted an analysis
of the 1979 to 1999 National Hospital Discharge Survey (NHDS) database and revealed a
consistent linear increase in the percentage of acute PE patients who underwent IVC filter
insertion over a 21-year observation period [20]. This increase in the utilization of IVC filters
in the management of acute PE provided a rich data set to potentially answer questions
regarding the clinical utility of IVC filters in acute PE. Stein et al., in a review article,
assessed the utility of IVC filters in stable patients with acute PE [21]. Results suggested that
a variety of patient subsets, such as those undergoing pulmonary embolectomy, receiving
thrombolytic therapy, experiencing recurrent PE while on treatment, hospitalized with solid
malignant tumors (particularly if aged > 60 years), hospitalized with chronic obstructive
pulmonary disease (COPD) (especially if aged > 50 years), and affected by PE when elderly
(aged > 80 years), all exhibited reduced mortality with the addition of an IVC filter [21].

3.2. The Second Era: Marked by Novel Changes

The second era is marked by a set of clinical and device-related advances in the care
of patients with acute PE. These advances in interventional tools, PE risk stratification,
lytic dosing strategy, IVC filter technology, and shock management have reinvigorated the
diagnosis and treatment of high- and intermediate-risk PE and prompted a reevaluation
of IVC filter usage in PE patients. Another major change in PE was the development
of safer and more reliable retrievable IVC filters. Before this, a patient with VTE had a
permanent device inserted which may indwell for decades. While the development of the
filters perhaps lowered the threshold to apply them in VTE, the difficulty is identifying the
subset(s) of patient who will benefit the most from IVC filtration (Figure 2).

Secemsky et al. analyzed 630 patients with high- and intermediate-risk PE and found
that advanced therapies were independently associated with 61% reduction in mortal-
ity despite major bleeding events. Of these patients, 37.9% received advanced therapy
distributed as follows: IVC filter (20.7%), systemic thrombolysis (4.7%), catheter-directed
thrombolysis (13.9%), endovascular suction embolectomy (0.9%), surgical embolectomy
(4.4%), or ECMO (2.1%) [22]. Advanced therapies are increasingly being looked at and
utilized, and further investigation is needed to determine their optimal use.
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Figure 2. Major changes in the field of pulmonary embolism.

4. PERT and Other Societal Interest in IVC-Related Research

The PE Response Team (PERT) Consortium™ PE Registry is a contemporary mul-
ticenter registry designed to adapt to the evolving healthcare landscape, emphasizing a
value-based system that prioritizes measurable aspects of quality, cost, and patient expe-
rience. This registry established and promoted the multidisciplinary PERT model of care
delivery. Early publications from the PERT Consortium™ PE Registry included studies
on PE mortality risk scores, risk stratification, and management practices among PE ex-
perts [10,23]. Variability in practice patterns was observed among participating centers,
with advanced therapy implementation ranging from 16% to 46%, and 30-day mortality
varying from 9% to 44% [10]. The diverse practices observed in the studies emphasize
the urgency of establishing guidelines that promote optimal care, reduce variability, and
improve overall quality in the management of acute PE. Driven by the PERT consortium,
a renewed focus and societal interest on PE-related research occurred, and novel studies
emerged discussing the role of IVC filters in acute PE. The American College of Chest
Physicians, the American Heart Association, and the SIR have published guidelines for IVC
filter insertion. The guidelines from the American College of Chest Physicians were perhaps
the most conservative when it comes to insertion of IVC filters. The Eastern Association for
the Surgery of Trauma also has guidelines for IVC filter placement in trauma patients [9].
However, the multiplicity of groups and varying recommendations makes it confusing for
many as to when and who should get IVC filters.

5. Exploring the Role of IVC Filters in Diverse Patient Populations with Acute PE

5.1. High-Risk and Intermediate-Risk PE

No randomized controlled trials have been conducted to assess the efficacy of throm-
bolytic therapy, pulmonary embolectomy, or IVC filters in patients experiencing high-risk
PE, characterized by shock or the need for ventilator support. Among intermediate-risk
PERT-assessed patients in the registry, 32% received catheter-directed therapies, and 7%
had an IVC filter placed. For high-risk patients, 37% underwent catheter-directed therapies,
25% received tissue plasminogen activator, 12% had an IVC filter implanted, and 14% were
placed on ECMO [10]. These findings derived from the PERT consortium guided the design
of observational studies to address the indications of IVC filters in the management of
acute PE. Important inclusion/exclusion criteria include the patient’s hemodynamic status
(stable or unstable) at the time of acute PE and whether advanced therapies (systemic
thrombolysis, catheter-directed thrombolysis, endovascular suction embolectomy, surgical
embolectomy, or ECMO) were used. Elderly patients and patients with recurrent PE are
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unique populations with separate indications for IVC filter placement. The subsequent
discussion provides a review of the studies supporting the use of IVC filters in different
patients with acute PE. Despite the absence of such trials, numerous investigations have
explored these treatments based on retrospective cohort studies utilizing administrative
data from large government and commercial databases.

5.1.1. Patients Receiving Thrombolytic Therapy

A variety of non-randomized analyses have suggested that IVC filters may improve
mortality when used in intermediate- and high-risk PE patients receiving lytic therapy. To
ascertain the role of IVC filters in acute PE management, Stein et al., using administrative
data from large government and commercial databases, demonstrated that outcomes of
thrombolytic therapy were significantly enhanced when IVC filters were incorporated.
Specifically, IVC filters demonstrated a reduction in in-hospital all-cause mortality not only
when used alongside anticoagulants alone (mortality IVC filter 32% vs. mortality no IVC
filter 51%, p < 0.0001) or in pulmonary embolectomy (mortality IVC filter 24% vs. mortality
no IVC filter 58%, p < 0.0001), but also in conjunction with thrombolytic therapy (mortality
IVC filter 8% vs. mortality no IVC filter 18%, p < 0.0001) across all age groups in individuals
with high-risk PE. The effectiveness of IVC filters in reducing mortality was particularly
notable when inserted on the day of admission or the following day, during the period
when the patient is most fragile. This suggests that the optimal treatment for patients with
high-risk PE involves the combination of thrombolytic therapy and IVC filter insertion
in the early stage when the patient is actively unstable. The authors conclude that this
combined treatment approach is recommended for all high-risk PE patients, regardless
of age [24]. In a single-center prospective study, Secemsky et al. evaluated outcomes in
acute PE patients and noted that mortality was highest during the index hospitalization
for high-risk PE patients, a risk that dissipated at the time of discharge. However, in
the patients with intermediate-risk PE, the mortality risk persisted beyond the time of
discharge [22]. Notably, advanced therapies, including IVC filters, were commonly used in
this population and demonstrated an independent association with lower mortality (hazard
ratio, 0.39, 95% CI, 0.20 to 0.76; p < 0.01), a finding consistent with other studies [22,25]. A
subsequent analysis by Stein et al. reinforced the importance of early IVC filter insertion
and demonstrated that in-hospital all-cause mortality appeared to be reduced with IVC
filter placement (mortality IVC filter 19.4% vs. mortality no IVC filter 40.8%, p < 0.0001) only
when the filter was inserted on the first (mortality IVC filter 21.4% vs. mortality no IVC
filter 40.8%, p = 0.017) or second day of admission (mortality IVC filter 14.8% vs. mortality
no IVC filter 29.2%, p = 0.023). This outcome benefit was independent of thrombolytic
therapy administration [26]. Interestingly, a separate study demonstrated that advanced
age should not be a limiting factor when considering an IVC filter in high-risk patients with
PE [27]. Combining these more recent studies with the results of NIS database analyses
from the early era makes for a convincing argument for IVC filter placement in high-risk
and intermediate-risk PE patients.

5.1.2. Patients Receiving Pulmonary Embolectomy

The American College of Chest Physicians recommends surgical pulmonary em-
bolectomy in cases where patients have contraindications to thrombolytic therapy, have
experienced failed thrombolysis or catheter-assisted embolectomy, or are in a state of shock
that is likely to lead to death before the effects of thrombolysis can take place, provided
that surgical expertise and resources are available [28]. Notably, three retrospective cohort
studies, spanning different time periods and utilizing various databases such as the Na-
tionwide Inpatient Sample (NIS) (1999–2008) (mortality IVC filter 25% vs. mortality no
IVC filter 58%, p < 0.0001), the Premier Healthcare Database (2010–2014) (mortality IVC
filter 5.9% vs. mortality no IVC filter 44%, p = 0.01), and the NIS (2009–2014) (mortality IVC
filter 18.1% vs. mortality no IVC filter 50.1%, p < 0.0001), demonstrated a lower mortality
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associated with the use of IVC filters in high-risk PE patients who underwent pulmonary
embolectomy [29–31].

Stein et al. conducted a retrospective analysis using data from the 2010–2014 Premier
Healthcare Database to evaluate the impact of IVC filters on mortality in patients with
high-risk PE and those who underwent pulmonary embolectomy [30]. Their findings
indicated that patients with high-risk PE who received an IVC filter exhibited lower in-
hospital all-cause mortality (mortality IVC filter 23% vs. mortality no IVC filter 45%,
p < 0.0001) and lower 3-month all-cause mortality (mortality IVC filter 25% vs. mortality
no IVC filter 45%, p < 0.0001) compared to those without an IVC filter. This reduction in
mortality was observed in patients receiving thrombolytic therapy, undergoing pulmonary
embolectomy, and those receiving neither. Moreover, mortality attributable to PE at both
in-hospital and 3-month intervals was also lower in patients who received an IVC filter in
each subgroup [30].

5.1.3. Patients Receiving ECMO or Surgical Thrombectomy

Patients with high- and intermediate-risk PE may be excellent candidates for veno-
arterial (VA)-ECMO and some potential indications for ECMO include patients with ab-
solute contraindications to thrombolysis, persistent instability despite thrombolysis (lytic
failure), and the stabilization of a patient prior to intubation. Future potential roles in the
management of high- and intermediate-risk PE patients may include its role as a temporiz-
ing bridging therapy until anticoagulation efficacy, controlled thrombolysis, or definitive
interventional therapy is performed [32]. Liu et al. performed a 2018–2021 single-center
retrospective review of a prospectively maintained registry and included nine patients with
high- and intermediate-risk PE who underwent VA-ECMO for initial hemodynamic stabi-
lization, with or without percutaneous mechanical thrombectomy. Only two of the nine
patients (22.2%) received IVC filters. They concluded that an ECMO-first strategy in these
patients was safe and efficacious. Specifically, they consider VA-ECMO as a feasible option
for initial stabilization, serving as a bridge to therapy, particularly in cases where surgery is
not feasible for high-risk PE. To date, obtaining high-level evidence is challenging due to
the rarity of situations requiring VA-ECMO in acute PE and the restricted availability of
ECMO to specialized centers [33]. In recent years, surgical thrombectomy, once considered
risky and generally ineffective, has experienced a resurgence. The current mortality rate for
the procedure is approximately 10%, deemed acceptable in specific high-risk cases. Poten-
tial indications for surgical thrombectomy include high-risk PE in patients with absolute
contraindications to thrombolysis or cases of thrombolytic failure. Currently, there is no
high-level evidence comparing surgical thrombectomy to interventional radiology clot
extraction but advances in catheter embolectomy, such as the Inari Flowtriever system,
may offer superior outcomes in many cases, but further study is needed [34]. Informal
discussions between many interventional radiology groups in the San Diego area, where
utilization of these suction thrombectomy devices is increasingly being utilized, suggests
improved patient hemodynamics, successful outcomes, and faster hospital discharges.
However, the ideal patients who are the best candidates for such, more aggressive, ther-
apies remain a topic of debate. While it is difficult to give a strong recommendation to
place an IVC filter in patients on ECMO, case reports suggest placing one in high-risk PE
patients with idiopathic hypercoagulability and residual thrombus despite thrombolytic
therapy, regardless of the use of percutaneous mechanical thrombectomy. Implanting the
IVC filter should be performed in tandem with ECMO decannulation to avoid potentially
lethal complications [33,35].

5.2. Stable Acute PE

Stein et al. utilized the 2010–2014 Premier Healthcare Database to demonstrate that
among stable patients with acute PE who underwent thrombolytic therapy, those who addi-
tionally received an IVC filter experienced lower in-hospital all-cause mortality (mortality
IVC filter 5.2% vs. mortality no IVC filter 16.1%, p < 0.0001). This reduction in in-hospital
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mortality was observed across all age groups from 31 years and older for individuals who
received an IVC filter in conjunction with thrombolytic therapy [36]. Results from the
2009–2014 NIS database showed similar benefits in stable acute PE patients who underwent
pulmonary embolectomy and received IVC filters (mortality IVC filter 4.1% vs. mortality
no IVC filter 27%, p < 0.0001), specifically if filters were inserted within the first 4 or 5 days
following embolectomy [31]. The older literature derived from the 1999–2014 NIS database
showed that there is no substantial evidence supporting a clinically meaningful reduction
in mortality with IVC filters in stable patients, unless they are aged over 80 years [27].
Despite these positive outcomes, the studies highlighted a concerning trend; the proportion
of unstable patients receiving IVC filters is decreasing, with the largest number of filters
continuing to be inserted in stable patients with acute PE [26,37].

5.3. Elderly Patients with Acute PE

In an investigation focusing on elderly patients (≥65 years old) with stable acute PE
who did not receive thrombolytic therapy, a national cohort study of Medicare beneficiaries
revealed that the use of IVC filters did not result in lower all-cause mortality at 30 days [38].
However, in a subsequent assessment by Stein et al., utilizing more recent data from the
NIS, they concluded that in very elderly stable patients (aged >80 years) with a primary or
secondary diagnosis of acute PE, with (mortality IVC filter 6.1% vs. mortality no IVC filter
10.5%, p < 0.0001) or without (mortality IVC filter 3.3% vs. mortality no IVC filter 6.3%,
p < 0.0001) comorbid conditions, the use of IVC filters led to a reduction in mortality [27].
Furthermore, in another study by Stein et al., stable patients with PE and heart failure (HF)
who were aged >80 years exhibited reduced in-hospital all-cause mortality (mortality IVC
filter 4.1% vs. mortality no IVC filter 6.8%, p = 0.0012) when IVC filters were employed [39].
Another special population that may benefit from IVC filters in acute PE includes stable
patients with PE and solid malignant tumors, specifically those older than 60 years. This
subgroup demonstrated lower in-hospital all-cause mortality (mortality IVC filter 7.4% vs.
mortality no IVC filter 11.2%, p < 0.0001) and lower 3-month mortality (mortality IVC filter
15.1% vs. mortality no IVC filter 17.4%, p < 0.0001) compared to those who did not receive
an IVC filter [40].

5.4. Patients Experiencing Recurrent PE

In 2016, a cohort study involving patients from the Registro Informatizado de la
Enfermedad Tromboembolica (RIETE registry) demonstrated a lower mortality (mortality
IVC filter 2.1% vs. mortality no IVC filter 25.3%, p = 0.02) associated with the use of
IVC filters in patients experiencing recurrent PE while on anticoagulant therapy [41].
Additionally, Stein et al. conducted a retrospective cohort study spanning six years, using
administrative data from the Premier Healthcare Database. Their findings concluded
that patients with PE who suffered a recurrent PE within the first three months after an
index PE exhibited reduced mortality (mortality IVC filter 3.0% vs. mortality no IVC filter
39.3%, p < 0.0001) if they received an IVC filter at the time of recurrence. This reduction
in mortality was observed in stable patients who did not receive thrombolytic therapy
or undergo pulmonary embolectomy (mortality IVC filter 2.6% vs. mortality no IVC
filter 42.6%, p < 0.0001). The study emphasized the importance of IVC filters in reducing
mortality in stable patients with recurrent PE, underscoring the risk of death associated
with early recurrences [42]. The high mortality rates reported in these studies suggest that
patients with recurrent PE, despite therapeutic anticoagulation, are at the highest risk of
mortality and IVC filters should be used in these cases.

6. Classic and Extended Indications for IVC Filters in Acute PE: Expert Panel
Recommendations

Kaufman et al. conducted a systematic review and identified a total of 34 studies that
provided the evidence base for the guidelines guiding IVC filter placement. The expert
panel consisted of renowned experts across various medical, surgical, and interventional
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societies who agreed on the following recommendations with respect to acute PE [8,9].
However, they conclude that the efficacy of IVC filters in acute PE remains debatable,
necessitating personalized assessments considering risks and benefits. Table 1 summarizes
some of the recognized and potential advantages of IVC filter placement. Classic indications
involve documented acute PE with absolute anticoagulation contraindications or a massive
PE posing a risk of death despite anticoagulation. Despite the limited availability of
robust evidence, the consensus among experts suggests that individuals facing acute
PE along with contraindications to anticoagulation should generally be considered for
IVC filter placement. Important factors influencing this decision encompass the patient’s
cardiopulmonary condition, hemodynamic response to PE, and the anticipated duration
of contraindication to anticoagulation. In patients with massive PE, hemodynamic shock,
and/or requiring ventilatory support, the panel deems that the potential benefits, including
a likely reduction in in-hospital mortality from recurrent PE, justify the intervention in
this specific and select patient population. The expert panel concluded that, in these cases,
the benefits associated with IVC filter placement, including a reduction in short-term PE
recurrence and potentially a decrease in mortality, outweigh the potential harms.

Table 1. Recognized and potential advantages of IVC filters.

Recognized Advantages of IVC Filters Potential Advantages of IVC Filters

Prevent acute larger PE when the source of
embolism originates in the venous system
distal to the filter implantation site

Development of newer and safer IVC Filters
may lead to more utilization with better
outcomes

Classic Indications: A Role In:
(1) Patients with documented acute PE

possessing absolute contraindications to
anticoagulation

(2) Patients with high-risk PE considered to
be at risk of death despite anticoagulation

(3) Patients with VTE and a complication of
anticoagulation

Extended Indications: A Role In:
(1) Patients treated with thrombolysis or

thrombectomy
(2) Acute PE in individuals with limited

cardiopulmonary reserve
(3) Acute PE and undergoing ECMO
(4) Acute PE in unstable conditions such as

hemodynamic shock and requiring
ventilatory support

(5) Patients with acute PE and documented
iliocaval DVT or large, free-floating
proximal DVT

Role in recurrent PE despite therapeutic
anticoagulation Role in elderly patients with acute PE

Extended indications encompass cases treated with thrombolysis or thrombectomy
and acute PE in individuals with limited cardiopulmonary reserve. In patients experienc-
ing acute PE and undergoing advanced therapies, the expert panel issues a recommen-
dation with limited strength for IVC filter placement, particularly in those with unstable
conditions such as hemodynamic shock, requiring ventilatory support, and/or limited
cardiopulmonary reserve. This recommendation is grounded in low-quality retrospective
observational studies. The panel deems that the potential benefits, including a likely reduc-
tion in in-hospital mortality from recurrent PE, justify the intervention in this specific and
select patient population. The panel also introduced the importance of making a distinction
regarding IVC filter implantation in patients with acute PE regardless of advanced therapies
and confirmed DVT to those whose imaging did not reveal the presence of thrombi in the
proximal or distal veins. The panel deems those patients with acute PE and documented
iliocaval DVT or large, free-floating proximal DVT as candidates for IVC filter placement
satisfying extended indications.
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7. Devising Novel IVC Filters and Retrieval Programs

Technological advance in the current era of PE care has not been limited to the treat-
ment of PE in isolation. Currently, there are continuous efforts to improve IVC filter devices
and design effective retrieval programs to improve outcomes in acute PE patients. These
advances were built on Johnson et al.’s findings from the ongoing PRESERVE trial in which
major IVC filter manufacturers are actively involved [14].

(A) Novel IVC Filter Advance

The PRESERVE trial showed low complications with currently available filters: strut
perforation greater than 5 mm was demonstrated in 31 of 201 (15.4%) filters, of which
only 3 (0.2%) were considered clinically significant, and filter-related perioperative adverse
events occurred in 7 of 1421 (0.5%) patients. On follow-up, VTE (none of which were
fatal) occurred in 93 patients (6.5%), including DVT (80 events in 74 patients [5.2%]),
PE (23 events in 23 patients [1.6%]), and/or caval thrombotic occlusions (15 events in
15 patients [1.1%]), and no PE occurred in patients following prophylactic placement [14].
IVC filter advances involve enhanced comprehension of filter-associated complications and
novel filter manufacturing. The development of convertible and bio-convertible filters like
Sentry and VenaTech models eliminates the need for additional removal procedures and
addresses potential complications associated with indwelling filters, providing temporary
protection against PE before retraction of the filter arms and stent-like incorporation into its
surrounding vasculature [43]. Clinical trials, such as the investigational device exemption
multicenter trial with a convertible IVC filter, report favorable conversion rates and low
adverse effects [44]. Additionally, the FDA-approved triple-lumen central venous catheter
with a deployable IVC filter provides protection in critically ill patients and must be
removed before discharge to avoid long-term complications [45]. As filter technology
continues to develop, so will the determination of their indications, safety, and efficacy.

(B) Rigorous IVC Filter Retrieval Programs and Their Efficacy

The future direction of IVC filter utilization in managing PE emphasizes the impor-
tance of increasing retrieval rates and avoiding potential long-term complications. Timely
retrieval of IVC filters is an important quality metric which multidisciplinary PERT aims
to improve by reducing unnecessary filter use, streamlining outpatient follow-up, and
expediting filter removal. The time window for safe retrieval varies by filter subtype. The
FDA issued a safety communication in 2014 based on reports of adverse events associated
with IVC filters and recommended that implanting physicians consider removing the filter
as soon as blood clots are no longer a risk for the patient. After this report, many operators
became more serious about IVC filter removals, and referrals for IVC filters declined from
previous levels [7]. Johnson et al.’s findings from the PRESERVE trial affirm the safety of
IVC filters in contemporary medical practice. IVC filters were removed from 632 of 640
(98.8%) patients who underwent attempted removal, 620 (96.8%) of which were removed
at first attempt. Only one patient died during attempted filter retrieval [14]. Similarly, De
Gregorio et al. conducted a study in the Spanish multicenter real-life registry (REFiVeC),
reporting a 94.15% global retrieval rate after adjustment with no major complications [46].
Efforts at improving retrieval rates should focus on physician accountability, emphasizing
that practitioners should only place IVC filters when strong indications exist and that
they are also responsible for removing them when they are no longer indicated. This can
be better accomplished with well-designed and enforced follow-up plans at the time of
placement. Improved expertise in advanced retrieval techniques is also crucial, with an
acceptable target retrieval success rate of 95%. Lastly, standardizing rigorous protocols
to enhance the retrieval rates and provide high-quality care for patients can only succeed
when a multidisciplinary team-based approach is followed.

8. Conclusions

The percutaneous image-guided insertion of an IVC filter represents a crucial thera-
peutic option in the management of specific patients with acute PE. However, the strength
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of recommendations in various clinical scenarios is limited by the lack of high-quality data,
which is a persistent challenge in the field. The multiplicity of guidelines across various
medical disciplines adds to confusion and uncertainty about appropriate use of IVC filters.
While it is crucial to approach the inference of lower mortality with IVC filters cautiously,
given the reliance on comparative effectiveness research using national observational data,
the prospect of conducting an RCT in these specific subcategories of acute PE patients ap-
pears remote. The decision on whether patients are better served by the proactive insertion
of an IVC filter based on retrospective cohort studies or by withholding IVC filters until an
RCT can be conducted requires careful consideration.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13051494/s1, Table S1. IVC-Filter-Related Complications and
Definitions; Figure S1. Radiographic Images of IVC-Filter-Related Complications.

Author Contributions: Conceptualization, S.A. and M.D.W.; methodology, S.A. and M.D.W.; soft-
ware, G.M.; validation, S.A., M.D.W. and V.G.; formal analysis, G.M.; investigation, S.A.; resources,
S.A.; data curation, S.A.; writing—original draft preparation, S.A.; writing—review and editing, S.A.
and M.D.W.; visualization, G.M.; supervision, M.D.W. and V.G.; project administration, M.D.W.;
funding acquisition, NA. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Conflicts of Interest: There are no identifiable conflicts of interest to report. The authors have no
financial or proprietary interest in the subject matter or materials discussed in the manuscript.

References

1. Bikdeli, B.; Chatterjee, S.; Desai, N.R.; Kirtane, A.J.; Desai, M.M.; Bracken, M.B.; Spencer, F.A.; Monreal, M.; Goldhaber, S.Z.;
Krumholz, H.M. Inferior Vena Cava Filters to Prevent Pulmonary Embolism: Systematic Review and Meta-Analysis. J. Am. Coll.
Cardiol. 2017, 70, 1587–1597. [CrossRef] [PubMed]

2. Raskob, G.E.; Angchaisuksiri, P.; Blanco, A.N.; Buller, H.; Gallus, A.; Hunt, B.J.; Hylek, E.M.; Kakkar, A.; Konstantinides, S.V.;
Mccumber, M.; et al. Thrombosis: A major contributor to global disease burden. Arterioscler. Thromb. Vasc. Biol. 2014, 34,
2363–2371. [CrossRef] [PubMed]

3. Aujesky, D.; Obrosky, D.S.; Stone, R.A.; Auble, T.E.; Perrier, A.; Cornuz, J.; Roy, P.M.; Fine, M.J. A prediction rule to identify
low-risk patients with pulmonary embolism. Arch. Intern. Med. 2006, 166, 169–175. [CrossRef] [PubMed]

4. Wood, K.E. Major pulmonary embolism: Review of a pathophysiologic approach to the golden hour of hemodynamically
significant pulmonary embolism. Chest 2002, 121, 877–905. [CrossRef] [PubMed]

5. Balakrishna, M.A.; Reddi, V.; Belford, P.M.; Alvarez, M.; Jaber, W.A.; Zhao, D.X.; Vallabhajosyula, S. Intermediate-Risk Pulmonary
Embolism: A Review of Contemporary Diagnosis, Risk Stratification and Management. Medicina 2022, 58, 1186. [CrossRef]
[PubMed]

6. Tapson, V.F. Acute pulmonary embolism. N. Engl. J. Med. 2008, 358, 1037–1052. [CrossRef]
7. Muriel, A.; Jiménez, D.; Aujesky, D.; Bertoletti, L.; Decousus, H.; Laporte, S.; Mismetti, P.; Muñoz, F.J.; Yusen, R.; Monreal, M.;

et al. Survival effects of inferior vena cava filter in patients with acute symptomatic venous thromboembolism and a significant
bleeding risk. J. Am. Coll. Cardiol. 2014, 63, 1675–1683. [CrossRef]

8. Kaufman, J.A.; Barnes, G.D.; Chaer, R.A.; Cuschieri, J.; Eberhardt, R.T.; Johnson, M.S.; Kuo, W.T.; Murin, S.; Patel, S.; Rajasekhar,
A.; et al. Society of Interventional Radiology Clinical Practice Guideline for Inferior Vena Cava Filters in the Treatment of Patients
with Venous Thromboembolic Disease: Developed in collaboration with the American College of Cardiology, American College
of Chest Physicians, American College of Surgeons Committee on Trauma, American Heart Association, Society for Vascular
Surgery, and Society for Vascular Medicine. J. Vasc. Interv. Radiol. 2020, 31, 1529–1544.

9. DeYoung, E.; Minocha, J. Inferior Vena Cava Filters: Guidelines, Best Practice, and Expanding Indications. Semin. Interv. Radiol.
2016, 33, 65–70. [CrossRef]

10. Schultz, J.; Giordano, N.; Zheng, H.; Parry, B.A.; Barnes, G.D.; Heresi, G.A.; Jaber, W.; Wood, T.; Todoran, T.; Courtney, D.M.;
et al. EXPRESS: A Multidisciplinary Pulmonary Embolism Response Team (PERT)—Experience from a national multicenter
consortium. Pulm Circ. 2019, 9, 2045894018824563. [CrossRef]

11. Ortel, T.L.; Neumann, I.; Ageno, W.; Beyth, R.; Clark, N.P.; Cuker, A.; Hutten, B.A.; Jaff, M.R.; Manja, V.; Schulman, S.; et al.
American Society of Hematology 2020 guidelines for management of venous thromboembolism: Treatment of deep vein
thrombosis and pulmonary embolism. Blood Adv. 2020, 4, 4693–4738. [CrossRef]

12. Duffett, L.; Carrier, M. Inferior vena cava filters. J. Thromb. Haemost. 2017, 15, 3–12. [CrossRef]

80



J. Clin. Med. 2024, 13, 1494

13. Morales, J.P.; Li, X.; Irony, T.Z.; Ibrahim, N.G.; Moynahan, M.; Cavanaugh, K.J. Decision analysis of retrievable inferior vena cava
filters in patients without pulmonary embolism. J. Vasc. Surg. Venous Lymphat. Disord. 2013, 1, 376–384. [CrossRef]

14. Johnson, M.S.; Spies, J.B.; Scott, K.T.; Kato, B.S.; Mu, X.; Rectenwald, J.E.; White, R.A.; Lewandowski, R.J.; Khaja, M.S.; Zuckerman,
D.A.; et al. Predicting the Safety and Effectiveness of Inferior Vena Cava Filters (PRESERVE): Outcomes at 12 months. J. Vasc.
Surg. Venous Lymphat. Disord. 2023, 11, 573–585. [CrossRef]

15. Goldhaber, S.Z.; Visani, L.; De Rosa, M. Acute pulmonary embolism: Clinical outcomes in the International Cooperative
Pulmonary Embolism Registry (ICOPER). Lancet 1999, 353, 1386–1389. [CrossRef]

16. Pollack, C.V.; Schreiber, D.; Goldhaber, S.Z.; Slattery, D.; Fanikos, J.; O’Neil, B.J.; Thompson, J.R.; Hiestand, B.; Briese, B.A.;
Pendleton, R.C.; et al. Clinical characteristics, management, and outcomes of patients diagnosed with acute pulmonary embolism
in the emergency department: Initial report of EMPEROR (Multicenter Emergency Medicine Pulmonary Embolism in the Real
World Registry). J. Am. Coll. Cardiol. 2011, 57, 700–706. [CrossRef]

17. Lin, B.W.; Schreiber, D.H.; Liu, G.; Briese, B.; Hiestand, B.; Slattery, D.; Kline, J.A.; Goldhaber, S.Z.; Pollack, C.V. Therapy and
outcomes in massive pulmonary embolism from the Emergency Medicine Pulmonary Embolism in the Real World Registry. Am.
J. Emerg. Med. 2012, 30, 1774–1781. [CrossRef] [PubMed]

18. Mismetti, P.; Laporte, S.; Pellerin, O.; Ennezat, P.V.; Couturaud, F.; Elias, A.; Falvo, N.; Meneveau, N.; Quere, I.; Roy, P.M.; et al.
Effect of a retrievable inferior vena cava filter plus anticoagulation vs anticoagulation alone on risk of recurrent pulmonary
embolism: A randomized clinical trial. JAMA 2015, 313, 1627–1635. [CrossRef]

19. Dawson, D.L. PRESERVE trial confirms low risk for most inferior vena cava filters, but benefit remains uncertain. J. Vasc. Surg.
Venous Lymphat. Disord. 2023, 11, 586. [CrossRef] [PubMed]

20. Stein, P.D.; Kayali, F.; Olson, R.E. Twenty-one-year trends in the use of inferior vena cava filters. Arch. Intern. Med. 2004, 164,
1541–1545. [CrossRef] [PubMed]

21. Stein, P.D.; Matta, F.; Hughes, M.J. Usefulness of Inferior Vena Cava Filters in Stable Patients with Acute Pulmonary Embolism.
Am. J. Cardiol. 2019, 123, 1874–1877. [CrossRef]

22. Secemsky, E.; Chang, Y.; Jain, C.C.; Beckman, J.A.; Giri, J.; Jaff, M.R.; Rosenfield, K.; Rosovsky, R.; Kabrhel, C.; Weinberg, I.
Contemporary Management and Outcomes of Patients with Massive and Submassive Pulmonary Embolism. Am. J. Med. 2018,
131, 1506–1514. [CrossRef]

23. Kabrhel, C.; Rosovsky, R.; Channick, R.; Jaff, M.R.; Weinberg, I.; Sundt, T.; Dudzinski, D.M.; Rodriguez-Lopez, J.; Parry, B.A.;
Harshbarger, S.; et al. A Multidisciplinary Pulmonary Embolism Response Team: Initial 30-Month Experience with a Novel
Approach to Delivery of Care to Patients with Submassive and Massive Pulmonary Embolism. Chest 2016, 150, 384–393. [CrossRef]
[PubMed]

24. Stein, P.D.; Dalen, J.E.; Matta, F.; Hughes, M.J. Optimal Therapy for Unstable Pulmonary Embolism. Am. J. Med. 2019, 132,
168–171. [CrossRef]

25. Kobayashi, T.; Pugliese, S.; Sethi, S.S.; Parikh, S.A.; Goldberg, J.; Alkhafan, F.; Vitarello, C.; Rosenfield, K.; Lookstein, R.; Keeling,
B.; et al. Contemporary Management and Outcomes of Patients with High-Risk Pulmonary Embolism. J. Am. Coll. Cardiol. 2024,
83, 35–43. [CrossRef]

26. Stein, P.D.; Matta, F.; Lawrence, F.R.; Hughes, M.J. Importance of Early Insertion of Inferior Vena Cava Filters in Unstable Patients
with Acute Pulmonary Embolism. Am. J. Med. 2018, 131, 1104–1109. [CrossRef]

27. Stein, P.D.; Matta, F.; Hughes, M.J. Inferior Vena Cava Filters in Elderly Patients with Stable Acute Pulmonary Embolism. Am. J.
Med. 2017, 130, 356–364. [CrossRef] [PubMed]

28. Rousseau, H.; Del Giudice, C.; Sanchez, O.; Ferrari, E.; Sapoval, M.; Marek, P.; Delmas, C.; Zadro, C.; Revel-Mouroz, P.
Endovascular therapies for pulmonary embolism. Heliyon 2021, 7, e06574. [CrossRef]

29. Stein, P.D.; Matta, F. Case fatality rate with pulmonary embolectomy for acute pulmonary embolism. Am. J. Med. 2012, 125,
471–477. [CrossRef]

30. Stein, P.D.; Matta, F.; Lawrence, F.R.; Hughes, M.J. Usefulness of Inferior Vena Cava Filters in Unstable Patients with Acute
Pulmonary Embolism and Patients Who Underwent Pulmonary Embolectomy. Am. J. Med. 2018, 121, 495–500. [CrossRef]

31. Stein, P.D.; Matta, F.; Hughes, M.J. Effect on Mortality with Inferior Vena Cava Filters in Patients Undergoing Pulmonary
Embolectomy. Am. J. Med. 2020, 125, 1276–1279. [CrossRef]

32. Davies, M.G.; Hart, J.P. Current status of ECMO for massive pulmonary embolism. Front. Cardiovasc. Med. 2023, 10, 1298686.
[CrossRef]

33. Liu, Z.; Chen, J.; Xu, X.; Lan, F.; He, M.; Shao, C.; Xu, Y.; Han, P.; Chen, Y.; Zhu, Y.; et al. Extracorporeal Membrane Oxygenation-
First Strategy for Acute Life-Threatening Pulmonary Embolism. Front. Cardiovasc. Med. 2022, 9, 875021. [CrossRef]

34. Farkas, J. Internet Book of Critical Care (IBCC). Available online: https://emcrit.org/ibcc/pe/#surgical_thrombectomy (accessed
on 12 December 2023).

35. Sherk, W.M.; Khaja, M.S.; Jo, A.; Marko, X.; Williams, D.M. Bedside intravascular ultrasound-guided fibrin sheath balloon
maceration and inferior vena cava filter placement during extracorporeal membranous oxygenation decannulation. J. Vasc. Surg.
Cases Innov. Tech. 2020, 6, 56–58. [CrossRef]

36. Stein, P.D.; Matta, F.; Hughes, M.J. Inferior Vena Cava Filters in Stable Patients with Acute Pulmonary Embolism Who Receive
Thrombolytic Therapy. Am. J. Med. 2018, 131, 97–99. [CrossRef]

81



J. Clin. Med. 2024, 13, 1494

37. Stein, P.D.; Matta, F.; Hughes, M.J. Effectiveness of Inferior Vena Cava Filters in Patients with Stable and Unstable Pulmonary
Embolism and Trends in Their Use. Am. J. Med. 2020, 133, 323–330. [CrossRef]

38. Bikdeli, B.; Wang, Y.; Minges, K.E.; Desai, N.R.; Kim, N.; Desai, M.M.; Spertus, J.A.; Masoudi, F.A.; Nallamothu, B.K.; Goldhaber,
S.Z.; et al. Vena Caval Filter Utilization and Outcomes in Pulmonary Embolism: Medicare Hospitalizations from 1999 to 2010. J.
Am. Coll. Cardiol. 2016, 67, 1027–1035. [CrossRef]

39. Stein, P.D.; Matta, F.; Hughes, M.J. Inferior Vena Cava Filters in Stable Patients with Pulmonary Embolism and Heart Failure. Am.
J. Cardiol. 2019, 124, 292–295. [CrossRef]

40. Stein, P.D.; Matta, F.; Lawrence, F.R.; Hughes, M.J. Inferior Vena Cava Filters in Patients with Acute Pulmonary Embolism and
Cancer. Am. J. Med. 2018, 131, 442.e9–442.e12. [CrossRef]

41. Mellado, M.; Pijoan, J.I.; Jiménez, D.; Muriel, A.; Aujesky, D.; Bertoletti, L.; Decousus, H.; Barrios, D.; Clará, A.; Yusen, R.D.; et al.
Outcomes Associated with Inferior Vena Cava Filters Among Patients with Thromboembolic Recurrence during Anticoagulant
Therapy. JACC Cardiovasc. Interv. 2016, 9, 2440–2448. [CrossRef]

42. Stein, P.D.; Matta, F.; Lawrence, F.R.; Hughes, M.J. Inferior Vena Cava Filters in Patients with Recurrent Pulmonary Embolism.
Am. J. Med. 2019, 132, 88–92. [CrossRef] [PubMed]

43. Bajda, J.; Park, A.N.; Raj, A.; Raj, R.; Gorantla, V.R. Inferior Vena Cava Filters and Complications: A Systematic Review. Cureus
2023, 15, e40038. [CrossRef] [PubMed]

44. Hohenwalter, E.J.; Stone, J.R.; O’Moore, P.V.; Smith, S.J.; Selby, J.B.; Lewandowski, R.J.; Samuels, S.; Kiproff, P.M.; Trost, D.W.;
Madoff, D.C.; et al. Multicenter Trial of the VenaTech Convertible Vena Cava Filter. J. Vasc. Interv. Radiol. 2017, 28, 1353–1362.
[CrossRef] [PubMed]

45. Covello, B.; Radvany, M. Back to the Basics: Inferior Vena Cava Filters. Semin. Interv. Radiol. 2022, 39, 226–233. [CrossRef]
46. De Gregorio, M.A.; Guirola, J.A.; Urbano, J.; Díaz-Lorenzo, I.; Muñoz, J.J.; Villacastin, E.; Lopez-Medina, A.; Figueredo, A.L.;

Guerrero, J.; Sierre, S.; et al. Spanish multicenter real—Life registry of retrievable vena cava filters (REFiVeC). CVIR Endovasc.
2020, 3, 26. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

82



Citation: Fountain, J.H.; Peck, T.J.;

Furfaro, D. Sequelae of Acute

Pulmonary Embolism: From

Post-Pulmonary Embolism

Functional Impairment to Chronic

Thromboembolic Disease. J. Clin.

Med. 2024, 13, 6510. https://doi.org/

10.3390/jcm13216510

Academic Editor: Raimondo De

Cristofaro

Received: 1 September 2024

Revised: 25 October 2024

Accepted: 28 October 2024

Published: 30 October 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Review

Sequelae of Acute Pulmonary Embolism: From Post-Pulmonary
Embolism Functional Impairment to Chronic
Thromboembolic Disease

John H. Fountain 1,2, Tyler J. Peck 1,2,*,† and David Furfaro 1,2,†

1 Division of Pulmonary, Critical Care and Sleep Medicine, Beth Israel Deaconess Medical Center,
Boston, MA 02215, USA; jfounta2@bidmc.harvard.edu (J.H.F.); dfurfaro@bidmc.harvard.edu (D.F.)

2 Harvard Medical School, Boston, MA 02115, USA
* Correspondence: tpeck2@bidmc.harvard.edu
† These authors contributed equally to this work.

Abstract: Among survivors of acute pulmonary embolism (PE), roughly half report persistent
dyspnea, impaired functional status, and decreased quality of life. Post-pulmonary embolism
syndrome (PPES) is a broad condition which has been increasingly recognized in recent years and may
be due to post-pulmonary embolism functional impairment, chronic thromboembolic disease, or the
most severe long-term complication of PE, chronic thromboembolic pulmonary hypertension. Despite
guideline recommendations for appropriate follow-up for post-pulmonary embolism patients, PPES
remains underrecognized and diagnostic testing underutilized. Patients with symptoms suggestive
of PPES at follow-up should undergo a transthoracic echocardiogram to screen for the presence
of pulmonary hypertension; additional testing, such as a ventilation/perfusion scan, right heart
catheterization, and cardiopulmonary exercise testing may be indicated. The pathophysiology of
post-pulmonary embolism syndrome is complex and heterogeneous. In chronic thromboembolic
pulmonary hypertension, the pathophysiology reflects persistent pulmonary arterial thrombi and a
progressive small vessel vasculopathy. In patients with chronic thromboembolic disease or chronic
thromboembolic pulmonary hypertension, medical therapy, balloon pulmonary angioplasty, or
pulmonary thromboendarterectomy should be considered, and in cases of chronic thromboembolic
pulmonary hypertension, pulmonary thromboendarterectomy significantly improves mortality. In
all causes of post-pulmonary embolism syndrome, rehabilitation is a safe treatment option that may
improve quality of life.

Keywords: pulmonary embolism; pulmonary hypertension; CTED; CTEPH; post-pulmonary
embolism syndrome; quality of life

1. Introduction

Post-pulmonary embolism syndrome (PPES) is a broad and heterogeneous condition
that has been increasingly recognized after acute pulmonary embolism (PE). Despite
advances in the detection and management of acute PE, roughly half of patients report
dyspnea, exercise intolerance, impaired functional status, or decreased quality of life at
follow-up [1–4]. While complications of PE, such as recurrent venous thromboembolism
(VTE) and anticoagulant-related bleeding, have been well-described, PPES remains under-
recognized and undertreated.

2. Definition and Epidemiology

PPES is heterogeneous and is described as one of the following syndromes despite at
least three months of anticoagulation after acute PE: post-PE functional impairment, chronic
thromboembolic pulmonary disease (CTED), or chronic thromboembolic pulmonary hyper-
tension (CTEPH) (Table 1) [1]. Post-PE functional impairment—defined as the presence of
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dyspnea, impaired exercise tolerance, or diminished functional status without an identified
non-PE explanation, CTED, or CTEPH—represents the most common form of PPES.

Table 1. Definition, epidemiology, and diagnosis of the spectrum of post-pulmonary embolism
syndrome (PPES).

Syndrome Definition * Epidemiology Diagnostic Testing for Detection

Post-pulmonary embolism
(PE) functional impairment

Dyspnea, impaired exercise
tolerance, or diminished

functional status after acute PE
without an identified non-PE

explanation, CTED, or CTEPH

Poorly reported, up to
56% of patients after

acute PE have PPES [5]

6MWD, QoL questionnaire, CPET
and rule out CTED or CTEPH

Chronic thromboembolic
disease (CTED)

Persistent pulmonary vascular
obstruction and functional

limitation or symptoms without
the presence of resting pulmonary

hypertension

29–38% [6,7] of
patients have residual
perfusion defects after

acute PE

Confirm persistent vascular
obstruction: V/Q scan, CTPA,

pulmonary angiography and rule
out CTEPH with TTE and RHC

Chronic thromboembolic
pulmonary hypertension

(CTEPH)

Persistent pulmonary vascular
obstruction and the presence of

pre-capillary pulmonary
hypertension on right heart

catheterization

0.56% in all comers
after PE [8]

Confirm persistent vascular
obstruction: V/Q scan, CTPA,
pulmonary angiography and
RHC with mPA ≥ 20 mmHg,

PCWP ≤ 15 mmHg and PVR ≥ 2
woods units [9]

* All diagnoses can only be made after 3 months of effective anticoagulation following acute PE. PPES = post-
pulmonary embolism syndrome; PE = pulmonary embolism; CTED = chronic thromboembolic disease; CTEPH
= chronic thromboembolic pulmonary hypertension; CPET = cardiopulmonary exercise test; V/Q = ventila-
tion/perfusion; CTPA = computed tomography pulmonary angiogram; TTE = transthoracic echocardiogram; RHC =
right heart catheterization; mPA = mean pulmonary artery pressure; PCWP = pulmonary capillary wedge pressure;
PVR = pulmonary vascular resistance identified non-PE explanation; CTED or CTEPH—represents the most common
form of PPES. Among patients with persistent pulmonary vascular obstruction on imaging, there are two groups of
patients: those without pulmonary hypertension at rest but with functional limitation, who are described as having
CTED, and those who meet criteria for CTEPH with pulmonary hypertension at rest (mean pulmonary arterial [PA]
pressure ≥ 20 mmHg with pulmonary capillary wedge pressure ≤ 15 mmHg and pulmonary vascular resistance
[PVR] ≥ 2 woods units [9]). CTEPH is the most severe long-term complication of PE.

The symptoms of PPES are non-specific and thus it remains under-recognized and
diagnostic testing is under-utilized. In a retrospective cohort study of 21,297 patients with
their first PE, PPES was present in 56.2% of patients at follow-up; however, only 42.8% of
these patients had an appropriate diagnostic testing ordered [5]. While the high incidence
of PPES after PE is replicated in multiple patient cohorts, the risk factors have not been fully
elucidated and vary across the spectrum of PPES [1,3,4,10–12]. Cardiopulmonary comor-
bidities, age, higher BMI, and smoking are predictive of post-PE functional impairment [2].
Several risk factors for the development of CTEPH have been identified, which include
prior VTE, malignancy, the presence of antiphospholipid antibodies, history of splenectomy,
chronic inflammatory disease, ventriculoatrial shunts, and hypothyroidism [8,13,14].

While there has been great interest in therapies for acute PE to prevent decompensation
and mortality, these treatments have yet to demonstrate prevention of PPES or CTEPH.
Among 109 previously healthy patients with submassive PE treated with anticoagulation
alone, the cornerstone of PE therapy, 41% had abnormal cardiopulmonary function at a
6 month follow up, characterized by an abnormal right ventricular size and/or function,
an impaired 6-min walk distance, and/or a NYHA functional class > II [4]. Notably, in a
long-term follow up of the PEITHO trial—which evaluated fibrinolysis for intermediate-
risk PE—there was no difference in the proportion of patients who had CTEPH or post-PE
impairment between the anticoagulation and tenecteplase treatment arms [15]. Further, to
date, there is no evidence that mechanical thrombectomy or catheter-directed therapies
reduce the risk of PPES.

Importantly, reported symptoms of PPES correlate well with objective findings of ex-
ercise performance. The ELOPE study evaluated patients after their first PE and performed
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quality of life (QoL) questionnaires, a 6-min walk test (6MWT), and a cardiopulmonary
exercise test (CPET) at 1 and 12 months, as well as a ventilation/perfusion (V/Q) scan and
computed tomography pulmonary angiography (CT-PA) at 6 and 12 months. Patients with
a VO2 peak < 80% predicted had worse generic and PE-specific QoL scores, dyspnea scores,
and 6-min walk distances (6MWD) [3]. While these relationships are well replicated, the
significance of other findings, such as residual pulmonary vascular obstruction, remains
less clear. In the ELOPE study, the mean obstruction index on CT-PA was similar between
patients with reduced and normal VO2 peaks, suggesting that both initial and residual
obstruction does not directly correlate to symptoms after PE [3]. In contrast, other studies
have found that thrombus resolution is associated with improved NYHA functional class
and thus the presence of residual obstruction may represent a risk factor for PPES [11].

The timely diagnosis of PPES is crucial, particularly to identify patients with CTEPH
given its mortality if left untreated and the multiple available treatment modalities, includ-
ing curative surgical options. The incidence of CTEPH has been estimated from 0.79–3.8%
after PE, and a recent meta-analysis estimates its incidence to be 3.2% in survivors of PE
and 0.56% in all-comers after PE [8,12,13,16–18]. Further making the diagnosis of PPES
more challenging, up to 25% of patients with CTEPH have no known history of PE [19].

3. Pathophysiology

3.1. Post-PE Functional Impairment

Of the etiologies of PPES, post-PE functional impairment remains the least well un-
derstood. It is hypothesized to be due to deconditioning secondary to dyspnea from PE,
persistent chest pain, or fear of complications or recurrence of PE [1]. Many survivors of
PE report mental health conditions that contribute to functional impairment including
depression, anxiety, and post-traumatic stress [20,21]. It remains a diagnosis of exclusion
in symptomatic patients who have been confirmed not to have CTED or CTEPH. Further
data, such as tissue pathology from biopsy or autopsy, may help elucidate its etiology.

3.2. CTED and CTEPH

Patients with CTED and CTEPH demonstrate residual obstruction in the pulmonary
vasculature, though the fact that only some patients develop pulmonary hypertension
indicates a complex physiologic pathway beyond just organization of chronic thrombus
(Figure 1). Patients with PE are well known to be at high risk of recurrent VTE, with
10.1% of patients having recurrent VTE at 6 months and 40% at 10 years [22]. Further,
patients with CTEPH demonstrate increased platelet activation and have higher rates
of lupus anticoagulant, antiphospholipid antibodies, and factor V Leiden compared to
patients with non-CTEPH pulmonary hypertension [23,24]. Additionally, fibrin resistance
to plasmin-mediated lysis has been observed in CTEPH patients, suggesting a role of
impaired fibrinolysis in the development of persistent luminal abnormalities following PE
in this population [25]. As such, thorough evaluations for hypercoagulable disorders and
recurrent VTE are essential in the evaluation of CTED and CTEPH.

Invasive hemodynamic and imaging studies have shown that >25% of the cumula-
tive pulmonary arterial lumen must be obstructed in acute PE prior to the PA pressure
rising, which suggests that vascular changes occur in areas beyond those with unresolved
thrombus [2]. Histopathology from surgical specimens after PTE provide insight into these
progressive vascular changes, and demonstrate small vessel arteriopathy [26], with findings
historically characteristic of pulmonary arterial hypertension (PAH): plexogenic lesions,
smooth muscle hypertrophy, and intimal proliferation and fibrosis [26,27]. Notably, these
changes can be seen both in vessels distal to PE and those free of thrombus, and, compared
to patients with PAH, they generally occur in larger caliber vessels in CTEPH and are
more heterogeneous [27]. The presence of arteriopathy distal to obstructed vessels may
be due to the development of bronchial-to-pulmonary vascular anastomoses, pulmonary
arterial remodeling, and abnormal vascular reactivity with related endothelial cell dysfunc-
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tion [24,27]. The cause of remodeling in non-obstructed vessels is not fully understood but
may be related to high flow rates and higher-pressure circulation in these areas [28].

Figure 1. Pathophysiology of CTEPH.

After acute PE, there is a rapid inflammatory response consisting of inflammatory
cells, cytokines, and chemokines [29]. In a rat model of PE, there was a significant increase
in neutrophil and macrophage concentration within the vasa vasorum at 1 and 2 days
after PE with increased intimal wall thickness at 4 days and increased cellularity through
14 days [29]. Impairments within the usual process of organization and degradation
of thrombus, recanalization and remodeling of the vascular wall may lead to excessive
remodeling [24]. Resultant CTEPH may also be secondary to deficient angiogenesis, in
which abnormalities in neovascularization, mediated by vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF), lead to impaired penetration of an
occlusive thrombus and impaired recanalization [24].

4. Detection and Imaging Findings

The timely identification of PPES is paramount, particularly to identify CTEPH. De-
spite increases in the awareness of PPES, and particularly CTEPH, the median time from
the development of symptoms to diagnosis was 14.1 months in a registry of 679 patients
with CTEPH [19]. As a result, guidelines for the diagnosis and management of acute PE
recommend transthoracic echocardiogram (TTE) at 3–6 months after PE if dyspnea or
functional limitation persist despite anticoagulation [30]. Acknowledging the practical
limitations of obtaining TTE in some settings, the InShape II trial evaluated an algorithm
utilizing clinical characteristics, electrocardiogram, and biomarkers to identify patients
who were unlikely to have CTEPH, and thus did not warrant TTE. Of 424 patients with
acute PE, 81 (19%) were referred to TTE based on their algorithm, and only 1 out of 343
(0.29%) patients who were deemed low risk was subsequently found to have CTEPH [31].
This may represent a viable option for screening in resource-limited settings.

Patients with intermediate- or high-probability of pulmonary hypertension on TTE
should undergo further diagnostic evaluation for persistent vascular obstruction in order to
diagnose or exonerate CTEPH. V/Q scan is the first line imaging modality for diagnosing
CTED and has a sensitivity of 96–97% and specificity of 90–95% [30]. While CT-PA remains
an excellent test for the diagnosis of acute PE, it is not recommended in isolation for eval-
uation of CTEPH; among a cohort of patients with CTEPH who underwent both a V/Q
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scan and a CT-PA, the sensitivity of the V/Q scan was 98.9% compared to 65.9% for the
CT-PA [32]. Nonetheless, imaging findings on the CT-PAs that are suggestive of CTEPH
are helpful when present, and include the presence of persistent thrombus, eccentric wall-
adherent thrombus, pulmonary arterial webs, abrupt tapering of the pulmonary arteries,
bronchial artery collaterals, and a widening of the main pulmonary artery [33]. Other
imaging modalities, such as single-photon emission computed tomography (SPECT) [34],
dual-energy CT, and magnetic resonance (MR) pulmonary angiography, can also demon-
strate perfusion defects and may play a role in CTEPH diagnosis in the future, especially
given the increased resolution that these studies provide [35].

Cardiopulmonary exercise testing (CPET) remains a useful diagnostic tool for those
with dyspnea after PE and may be diagnostic or highly suggestive of CTED or CTEPH
based on characteristic physiologic abnormalities. Patients with post-PE functional impair-
ment without CTED/CTEPH generally have a reduction in peak VO2, which supports
deconditioning as its cause. In patients with CTED and CTEPH, however, CPET demon-
strates an increase in ventilatory dead space proportion (VD/VT), which corresponds to
areas of impaired perfusion due to persistent thrombus [36]. Held et al. evaluated the use
of a 4- and 6-score parameter test using CPET in patients with CTEPH that had normal or
unmeasurable right ventricular systolic pressure on a TTE [37]. Their 4-score parameter
testing evaluated increases in the alveolar–arterial oxygen gradient, minute ventilation to
carbon dioxide production (VE/VCO2) slope, capillary to end-tidal carbon dioxide gradient
(P[c-ET]CO2), and end-tidal partial pressure of CO2 at anaerobic threshold (PETCO2 at AT),
and was 83.3% sensitive and 92.2% specific for CTEPH [37].

Ultimately, right heart catheterization (RHC) is the gold standard for diagnosis of pul-
monary hypertension and is required to definitively diagnose CTEPH. CTEPH is confirmed
when patients have persistent perfusion abnormalities after effective anticoagulation and
the presence of pre-capillary pulmonary hypertension on RHC. Pre-capillary pulmonary
hypertension is defined as PA pressure ≥ 20 mmHg with pulmonary capillary wedge
pressure ≤ 15 mmHg and PVR ≥ 2 woods units [9]. Concomitant pulmonary angiography
is helpful to confirm vascular obstruction and determine whether patients are a candidate
for surgical or interventional management. All patients with confirmed CTEPH should be
tested for anti-phospholipid syndrome, and hypercoagulability work up in patients with
PPES should otherwise be considered based on patient risk factors, clotting history, and
family history.

5. Management

Guidelines recommend the referral of CTEPH patients to a CTEPH expert center once
diagnosed for consideration of surgical/interventional treatment options, medical therapy,
and multimodal therapy [9,38,39].

5.1. Anticoagulation

The backbone of therapy for patients with CTEPH is indefinite anticoagulation
(Table 2). For patients with post-PE functional impairment and CTED without PH, the
duration of anticoagulation should be determined based on guideline recommendations
following acute PE and patient-level decision making; the nuances of anticoagulant choice
and duration after PE are beyond the scope of this review [30,40,41]. For patients with
CTEPH, vitamin K antagonists (i.e., warfarin) are the preferred anticoagulants based on
retrospective data, suggesting that patients on direct oral anticoagulants have increased
rates of recurrent VTE with similar bleeding rates [42,43]. As patients with prior VTE are at
risk of recurrent thrombosis, they should be monitored for the presence of new thrombotic
events at follow up.
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Table 2. Treatments for post-pulmonary embolism syndrome (PPES).

Syndrome Treatment

Post-pulmonary embolism (PE)
functional impairment

Anticoagulation

• Duration and agent per guidelines following acute PE and patient risk factors

Pulmonary rehabilitation
Treatment for concomitant mental health conditions common after PE (depression,
anxiety, PTSD)

Chronic thromboembolic
disease (CTED)

Anticoagulation

• Duration and agent per guidelines following acute PE and patient risk factors
• Consider longer duration or lifelong in presence of significant persistent perfusion

defects

Pulmonary rehabilitation
Consider PTE

• Small studies of use in patients with CTED

Further studies needed

Chronic thromboembolic
pulmonary hypertension (CTEPH)

Indefinite anticoagulation

• Vitamin K antagonists preferred over DOACs

Pulmonary rehabilitation
PTE

• Multidisciplinary discussion of candidacy for all patients
• Gold standard treatment for patients with surgically amenable disease and

appropriate risk/benefit profile

BPA

• For patients with inoperable CTEPH
• For patients with persistent or recurrent CTEPH after PTE

Pulmonary vasodilators

• Riociguat
• ERAs
• Subcutaneous Treprostinil
• Off-label use of other class of pulmonary vasodilators (PDE5i, prostacyclin analogs)
• Consider combination therapy

PE = pulmonary embolism; PTSD = post-traumatic stress disorder; CTED = chronic thromboembolic disease;
PTE = pulmonary thromboendarterectomy; DOAC = direct oral anticoagulant; CTEPH = chronic thromboem-
bolic pulmonary hypertension; BPA = balloon pulmonary angioplasty; ERA = endothelin receptor antagonist;
PDE5i = phosphodiesterase type 5 inhibitor.

5.2. Pulmonary Thromboendarterectomy

Pulmonary thromboendarterectomy (PTE) has become a well-established procedure
that is performed on patients with CTED and CTEPH. The technique of PTE is well
described in the literature and a few key points warrant mentioning. An effective PTE
is by definition bilateral, and thus requires a midline sternotomy. A cardiopulmonary
bypass and a brief circulatory arrest are necessary in contributing to the risk profile of the
procedure. An endarterectomy is performed by dissection into the pulmonary vasculature
as well as a removal of pathologically remodeled tissue in addition to organized thrombus;
this is performed on the subsegmental branches [44,45].

All patients with CTEPH should have multidisciplinary evaluation for PTE, as it rep-
resents a potentially curative treatment. Surgical candidacy depends on the anatomy of the
disease (proximal vs. distal), the severity of the pulmonary hypertension, the risk profile of
the patient, and the experience level of the treating center [9,45]. Left untreated, CTEPH
leads to progressive RV failure and death, and in one cohort, the untreated mortality at
3 years was 90% in patients with a mean PA pressure of >30 mm Hg [46]. To that end,
multiple studies have evaluated the efficacy and safety of PTE for CTEPH. In a Canadian
study of 401 patients who underwent PTE, the 30-day mortality was 2.8% and the 5-year
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survival rate was 80–91% depending on disease type [47]. These patients demonstrated a
significant improvement in 6MWD, right ventricular systolic pressure, and PVR, and a sig-
nificant reduction in NYHA functional class. Patients with severe pulmonary hypertension
(based on PVR >1000 dynes/s/cm−5) had a higher need for ECMO, and a longer duration
of intubation, ICU, and hospital stay but had a similar 30-day mortality rate to patients
with PVR < 1000 dynes/s/cm−5 and a 10-year survival of 84% [48]. Among >1500 patients
treated at University of California San Diego, in-hospital mortality decreased temporally
and with increased experience from 5.5% to 2.2%, and cumulative survival at 5 years was
92% [45]. Notably, this cohort included a large proportion of patients with distal disease
indicating that with appropriate experience even distal chronic perfusion defects can be
treated effectively and definitively with PTE [45]. Beyond survival, both echocardiographic
and CPET parameters show improvement after PTE; sustained improvements in RV size,
right ventricular systolic pressure, and TR at 1-year post-surgery [49] and improvements
in peak VO2 and reduction in VE/VCO2 slope over the first year after PTE [50] have
been demonstrated.

Historically, PTE was indicated only for patients with CTEPH; however, recent data
has supported its use in patients with CTED. A 2014 study performed PTE in patients with
CTED with a concomitant IVC filter placement and demonstrated a reduction in mean PA
pressure from 21 to 18 mm Hg, an increase in 6MWD from 372 to 421m, a reduction in
PVR from 164 to 128 dynes/s/cm−5, and an improvement in NYHA functional class [51].
All patients were alive at hospital discharge, though two died after discharge, resulting
in a mortality of 5%. A 2018 study of 23 patients showed similar results and survival
characteristics [52]. Of note, given the changes in the ERS/ESC diagnostic criteria for
pulmonary hypertension, was that many of the patients in these studies would meet the
criteria for CTEPH by the updated definition, so the utility of PTE in CTED requires
further investigation.

5.3. Balloon Pulmonary Angioplasty

Balloon pulmonary angioplasty (BPA) is a treatment option for patients with inopera-
ble CTEPH or persistent or recurrent pulmonary hypertension after PTE, and there have
been multiple studies evaluating its safety and efficacy. BPA is performed endovascularly,
primarily in the catheterization laboratory, with advancement of a catheter to chronic
thromboembolic lesions and inflation of a balloon causing disruption to intimal caps, the
dilation of fibrotic luminal obstructions, the compression of organized thrombotic material,
and the stretching of the pulmonary vessels [53,54]. In a Japanese cohort of 308 patients, the
average 6MWD increased from 318 to 429.7m with an improvement in the b-type natriuretic
peptide (BNP) from 239.5 to 38.7 pg/mL, PVR from 853.7 to 288.1 dynes/s/cm−5, and
mean PA pressure from 43.2 to 22.5 mm Hg [55]. Average NYHA functional class improved
from III to II. Mortality was 3.9% at follow up, with eight patients (2.6%) dying within
30 days of BPA. French [56], German [57], and American [58] registries demonstrate similar
improvements in hemodynamics and 6MWD after BPA as well as low mortality in the
peri-procedural period (2.2%, 1.8%, and 1.3%, respectively) with patients undergoing an
average of 5.4, 4.8, and 2.7 sessions, respectively.

As clinicians may offer procedural therapy and/or medical therapy to patients with
CTEPH, trials have sought to elucidate their efficacy and safety in head-to-head trials.
Recently, the RACE trial evaluated 105 patients randomized to riociguat, an oral medication
that both sensitizes soluble guanylate cyclase to nitric oxide and acts as a soluble guanylate
cyclase agonist causing vasodilation of the pulmonary vasculature, or BPA. In patients
who underwent BPA, there was an average reduction in PVR of 458.4 dynes/s/cm−5

compared to 200.8 in patients treated with riociguat [59]. There was no difference in
6MWD between the two groups; however, there were improvements in the borg dyspnea
scale, WHO-FC, NT-proBNP, and mean PA pressure in patients who underwent BPA
compared to treatment with riociguat [59]. Similar findings were noted in the MR BPA
trial, which randomized patients to treatment with riociguat or BPA and demonstrated
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reduction in the mean PA pressure of 16.3 mm Hg in the BPA group and 9.3 mm Hg in
the riociguat group at 12 months [60]. However, especially considering the frequent need
for multiple sessions, the procedural risk of BPA warrants careful consideration. The most
common complications across both cohorts were lung injury and hemoptysis [59,60], and
unsurprisingly, an increase in BPA experience reduced the complication rate [56].

Given these, and other similar results, BPA is increasingly utilized for CTEPH, while
acknowledging that PTE is the gold standard to pursue if feasible. The current ESC/ERS
guidelines for the management of pulmonary hypertension recommend BPA as a class
I indication for patients with residual PH after PTE or who are technically inoperable,
with weaker recommendations to consider BPA for patients based on surgical risk profile
alone [9].

5.4. Medical Therapy

Medical therapy remains a well-tolerated option for patients with CTEPH and has
been evaluated in patients with residual pulmonary hypertension after PTE or BPA as
well as in those with inoperable disease. The most well-studied medication for CTEPH is
riociguat. In the CHEST-1 study and its subsequent follow up, CHEST-2, riociguat was
shown to reduce PVR and increase 6MWD compared to a placebo, with similar rates of
adverse events between the two groups [61,62].

Endothelin receptor antagonists have also been evaluated in CTEPH. The MERIT-1
trial demonstrated a reduction in PVR and increase in 6MWD with the use of macitentan
compared to a placebo [63], while the BENEFIT trial demonstrated a reduction in PVR and
an increase in 6MWD with the use of bosentan compared to a placebo [64].

For patients with severe disease and functional impairment, subcutaneous trepros-
tinil has been studied in a randomized controlled trial of 105 patients and demonstrated
improvement in 6MWD [65]. While other medical therapies for pulmonary hypertension
are not specifically approved for CTEPH, such as phosphodiesterase type 5 inhibitors and
other forms of prostacyclin analogs, registry data demonstrates that they are frequently
used for monotherapy or combination therapy at the discretion of specialists [66,67].

5.5. Rehabilitation

Rehabilitation is a safe and low risk treatment option for all causes of PPES. Several
studies have demonstrated the safety of rehabilitation after venous thromboembolism [68–71];
there were no deaths and few adverse events related to VTE in any patients in these studies.
Notably, the majority of studies do not differentiate between patients with post-PE functional
impairment, CTED, and CTEPH, making results difficult to generalize by disease process.
Among 23 patients with PE (5 of whom had massive PE), a 3-month exercise program led
to an improvement in peak VO2 by 3.9 mL/kg/min, the time to walk 400 m by 1.1 min,
and an improvement in QoL questionnaires [69]. Patients enrolled in a 6-week pulmonary
rehabilitation program after PE demonstrated an increase in 6MWD by 49.4 m, with 78% of
patients reporting an improvement in their health status after rehabilitation [72]. In patients
with PPES but without CTEPH, a study of 27 patients demonstrated an improvement in the
QoL questionnaires and an improvement in post-VTE functional status with the use of a
12-week pulmonary rehabilitation program [73]. These results have been replicated for patients
with confirmed CTEPH. In a study of 35 patients with inoperable or residual CTEPH, a 3-week
in-hospital followed by 15-week out of hospital exercise program led to an improvement in
6MWD QoL questionnaires and peak oxygen consumption [74].

6. Conclusions

Post-pulmonary embolism syndrome is common, underdiagnosed, and warrants early
consideration in patients with dyspnea, exercise intolerance, impaired functional status,
or worse QoLs after PE. Evaluation with a TTE, a V/Q scan, and/or a CPET can identify
patients who may benefit from treatment with medical, interventional, or rehabilitation-
based therapy.
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Abstract: Diagnosis of pulmonary embolism remains a challenge for clinicians as its differential
diagnosis is wide. The use of sequential diagnostic strategies based on the assessment of clinical
probability, D-dimer measurement, and computed tomography pulmonary angiography have been
validated in large prospective outcome studies. D-dimer measurement at a standard cutoff of
500 μg/L has gained wide acceptance to rule out pulmonary embolism in around 20 to 30% of
patients with a clinically suspected pulmonary embolism. To improve the efficiency of D-dimer
measurement, different ways of selecting a higher, albeit safe cutoff were explored: the age-adjusted
D-dimer cutoff and the clinical adapted D-dimer cutoff. While both have been prospectively validated
in large studies, some differences do exist. In particular, the prevalence of pulmonary embolism in
these different validation studies was very different. Overall, the age-adjusted cutoff seems to be
safer and less efficient, while the clinical probability adapted cutoff seems more efficient and less safe.
Here, we report the available data regarding these two different ways to increase the diagnostic yield
of D-dimer. Also, well beyond the accuracy of these adjusted/adapted cutoffs, some external factors,
such as the prevalence of pulmonary embolism in the tested population and the clinical setting, have
an important impact of the negative predictive value and on the overall efficiency of these cutoffs.
Therefore, we also discuss which cutoff should be used according to the expected prevalence of the
disease and according to the clinical setting.

Keywords: diagnosis; pulmonary embolism; D-dimer; age-adjusted D-dimer cutoff; clinical probabil-
ity adapted D-dimer cutoff

1. Introduction

Pulmonary embolism (PE) is a frequently suspected diagnosis in the emergency room
(ER) in patients presenting with shortness of breath and/or chest pain without any obvious
cause identified. Modern PE diagnosis relies on diagnostic strategies, including sequential
evaluation of clinical probability, measurement of plasma D-dimer levels, and, most often,
CT pulmonary angiography (CTPA) rather than a standalone test. The initial step is
the assessment of pre-test clinical probability, either by gestalt or by validated clinical
prediction rules (Wells rule of Geneva score) [1–3]. This allows separating patients into
different groups of PE prevalence, and thus directly influencing the negative and positive
predictive values of the diagnostic tests used in these patients [4].

Plasma D-dimer measurement has been extensively evaluated for the exclusion of PE
in outpatients. The diagnostic usefulness of the D-dimers lies in their high sensitivity and
hence in their capacity to exclude PE when below a certain cutoff (“negative D-dimer”)
without further investigations. Indeed, in patients with anon-high clinical probability
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(low and intermediate groups in a three-level score or unlikely group in a dichotomic
score), a highly sensitive negative D-dimer test safely excludes PE without any additional
investigation [4]. Sensitive D-dimer tests include those performed by the ELISA technique
(median sensitivity 99%; VIDAS® (bioMérieux, Marcy L’Etoile, France), Stratus® (Siemens,
Munich, Germany), AxSYM® (Abbott Diagnostics, Abbott Park, IL, USA) and by quan-
titative latex methods (median sensitivity 96%; STA Liatest® (Stago, Asnières sur Seine,
France), Tinaquant® (Roche Diagnostics, Basel, Switzerland)) [5]. In patients with high
clinical probability or likely PE, the negative predictive value of even a highly sensitive
D-dimer test may be insufficient to exclude PE. D-dimer measurement is thus not used in
these patients.

The specificity of the ELISA and quantitative latex D-dimer tests for venous throm-
boembolism (VTE) is limited, ranging from 35 to 40%. Indeed, D-dimer levels increase in
various clinical situations, such as cancer, post-operative periods, infectious/inflammatory
states, pregnancy, and with age, leading to a reduced specificity of the test in elderly
patients [6,7]. In other words, the probability of having a negative test result is reduced,
and the number of patients needed to test (NNT) to exclude one PE without further in-
vestigations is higher. Whereas PE can be ruled out in the presence of non-high clinical
probability and a negative D-dimer in one out of three outpatients in the emergency room
with suspected PE [8], it can be excluded in only one out of twenty patients > 80 years. As
current diagnostic strategies include imaging (most often CTPA) in patients with positive
D-dimers, a lack of specificity of D-dimers in the elderly can lead to a high proportion of
these patients undergoing CTPA.

2. The Age-Adjusted D-Dimer Cutoff

The question of a higher D-dimer cutoff in elderly patients was raised many years
ago [7], but studies confirming the potential security of such a strategy by retrospectively
applying age-adjusted cutoffs to large prospective cohorts of consecutive patients with
suspected VTEs were published between 2010 and 2012 [9–13] and confirmed the safety of
using an age-adjusted cutoff on an overall population of several thousands of patients.

A progressive age-adjusted D-dimer cutoff (age × 10 μg/L in patients > 50 years)
was retrospectively derived and validated in a sample of 1712 patients with suspected
PE [9]. The retrospective validation study showed that the age-adjusted cutoff could
increase the number of patients in whom the D-dimer test was considered negative by
around 20%, without increasing the proportion of false-negative results when compared
to the standard cutoff (<500 μg/L). The increase in the diagnostic yield of the D-dimer
was particularly pronounced in patients over 80 years, as the age-adjusted cutoff allowed
for an increase in the proportion of “negative” D-dimers from 9% to 21% [9], without any
false-negative results.

3. The ADJUST-PE Study

This progressive age-adjusted D-dimer cutoff was prospectively validated in the ADJUST-
PE study, a large multicenter multinational management outcome study [14]. Consecutive
patients who presented to the emergency department with clinically suspected PE were
assessed by a sequential diagnostic work-up using clinical probability assessment (by one
of the two following scores: simplified Geneva score or the two-level Wells score) [2,3,15],
highly sensitive D-dimer measurement (ELISA or immuno-turbidimetric assays), and
CTPA. Patients with a D-dimer level below their age-adjusted cutoff did not undergo
further investigations and were thus left without anticoagulant treatment and followed-up
for a period of 3 months [14].

This study included a total of 3346 patients with suspected PE. The subgroup of
particular interest for answering the question raised in the ADJUST-PE study was of
course patients having D-dimer levels between 500 μg/L and their age-adjusted cutoff
(n = 337). None of these patients were lost to follow-up, and 6 patients received therapeutic
anticoagulation for another indication than VTE. Of the remaining 331, 7 died and 7 had
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suspected VTE. Only one of these fourteen events was adjudicated as confirmed VTEs
(nonfatal PE). The so-called “failure rate” of the age-adjusted cutoff was thus very low at
1/331 (0.3%; 95% CI 0.1–1.7%).

Increasing the proportion of patients in whom PE can be ruled out based on a clinical
probability assessment and D-dimer measurement without further testing is particularly
interesting in older patients. Indeed, the higher prevalence of renal failure in this population
increases the potential risk of contrast-induced nephropathy related to CTPA or even
contraindicates this test, and ventilation/perfusion lung scan (which can be performed
in patients with severe renal failure) provides a high proportion of inconclusive results
in older patients [6]. Moreover, ruling out PE based on clinical probability and a simple
blood test could contribute to reducing the time spent in the emergency department and
the costs related to PE diagnostic work-ups. Indeed, a previous study had shown that
D-the dimer measurement with a conventional cutoff was highly cost-saving in patients
less than 80 years, but not in patients over 80 years. Using an age-adjusted D-dimer cutoff
dramatically increases the proportion of patients in whom PE can be ruled out and it
has been shown to reduce the costs of PE diagnosis in the emergency department. In
the ADJUST-PE study, six different D-dimer assays were used depending on the site of
inclusion of patients. Therefore, the number of patients with a negative D-dimer, but a
value between 500 and their age-adjusted cutoff, was rather limited for each individual test.

4. The RELAX-PE Study

The RELAX-PE study was a real-life study including 1507 patients, which confirmed the
safety of the age-adjusted cutoff [16]. Outpatients with suspected PE in whom PE was excluded
by a non-high probability and a negative age-adjusted D-dimer, i.e., D-dimer < 500 μg/L up
to 50 years, and D-dimer < (age × 10) μg/L in patients above 50 years, were included
and followed for three months. The primary outcome was the rate of adjudicated venous
thromboembolic events (VTEs).

The 3-month VTE risk in patients left untreated after a negative work-up was 1/1421
(0.07%, 95% CI 0.01–0.40%) in patients with a D-dimer < 500 μg/L and 0/269 (0.0%; 95%
CI 0.0–1.41%) after a D-dimer ≥ 500 μg/L but < (age × 10) μg/L. Using the age-adjusted
cutoff substantially increased the proportion of patients in whom PE could be excluded
without imaging by 20% in the whole cohort and by 67% in patients 75 years or older.
Six different D-dimer tests were used: the VIDAS D-dimer exclusion test (bioMérieux,
Marcy L’Etoile, France), the Innovance D-dimer (Siemens, Munich, Germany), the Liatest
D-dimer (Stago, Asnières sur Seine, France), the AxSYM D-dimer (Abbott Diagnostics,
Abbott Park, IL, USA), the HemosIL DD HS (Instrumentation Laboratory, Lexington, MA,
USA), and the DPC Immulite 2000 test (Siemens, Munich, Germany).

5. Extending the Kind of D-Dimer Assays That Can Be Used with an Age-Adjusted
Cutoff

In the ADJUST-PE study, six different D-dimer assays were used depending on the site
of inclusion of patients. Table 1 shows the breakdown of the different tests used and the
proportion of patients having negative D-dimer results, separated into D-dimer < 500 μg/L
and DD ≥ 500 μg/L but < patient’s age-adjusted cutoff. For some of the D-dimer tests used,
the number of patients with a value between 500 and their age-adjusted cutoff was rather
limited. Therefore, the next step would be to further validate the safety of the age-adjusted
D-dimer cutoff by using frozen samples stored during the ADJUST-PE study. Therefore,
some other tests (Innovance D-dimer test® (Siemens) on an Atellica COAG 360 automat,
the STA Liatest® (Stago) on a STA R Max automat, and a point-of-care LumiraDx®) are
currently being evaluated on frozen samples arising from the ADJUST-PE study. The
analysis is still ongoing, but it should further extend the number of D-dimer tests that can
be used to rule out PE with the age-adjusted cutoff.
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6. The Clinical Probability Adapted D-Dimer Cutoff

In the first algorithms for PE diagnosis, a D-dimer cutoff set at 500 μg/L allowed
to rule out PE in 20–30% of patients without performing CTPA, with an overall failure
rate of less than 1%. The age-adjusted cutoff discussed above increases to around 40%
the proportion of outpatients in whom PE can be ruled out with a very low failure rate.
However, this adjusted cutoff also has limitations. Particularly, it increases the yield of D-
dimers only in patients aged 50 years or older, and specifically in those older than 75 years.
Therefore, other options were developed by researchers.

7. The YEARS Model and the YEARS Study

On the basis of a post hoc derivation and validation study (ref), three items of the
original Wells’ clinical decision rule—i.e., clinical signs of deep vein thrombosis, hemoptysis,
and whether pulmonary embolism is the most likely diagnosis—were the most predictive
for pulmonary embolism [19]. They allowed the use of a differential D-dimer threshold
based on the presence of one of these items, without losing sensitivity. Hence, this algorithm
involves the simultaneous assessment of only the three above-mentioned items and a D-
dimer test threshold of 500 μg/L in the presence and 1000 μg/L in the absence of one of
the YEARS items.

This simplified diagnostic strategy was used in the YEARS study [17], which showed
a 14% absolute reduction in the use of CTPA imaging in comparison with a conventional
strategy, without altering the safety outcome, i.e., the rate of venous thromboembolic events
(VTE) at three months, which was 0.61 (95% CI: 0.3–0.96%). An external validation study
including 3314 patients reported that 42.9% of patients would have PE excluded without
the need for imaging, with an overall failure rate of 1.2% (95% CI: 0.8–1.9%), confirming
the safety of this strategy. However, among the 272 patients with no YEARS criteria and
a D-dimer < 1000 μg/L but above their age-adjusted D-dimer cutoff, PE was diagnosed
in 6.3% of them (CI 3.9–9.8%). Therefore, some caution may be needed in this category
of patients.

8. Another Clinical Probability Adapted D-Dimer Cutoff: The PEGeD Study

In the PEGeD study [18], a simplified diagnostic strategy was proposed in which a
modified Wells score was used along with differential D-dimer cutoff values. Pulmonary
embolism was ruled out without further testing in patients with a low clinical probability
and a D-dimer less than 1000 μg/L as well as in patients with an intermediate clinical
probability and a D-dimer less than 500 μg/L. This algorithm was prospectively evaluated
in a multicentric Canadian study and resulted in a 17.6% absolute reduction in the use of
CTPA imaging in comparison with a conventional strategy [17], without altering the safety
outcome, i.e., the rate of venous thromboembolic events (VTEs) at three months, which was
0.05 (95% CI:0.01–0.3%).

An external validation study of the PEGeD algorithm, including 3302 patients, re-
ported that 1621 (49.0%) of patients would have had PE excluded without the need for
imaging. Of these patients, 38 (2.3%; 95% CI 1.7–3.2%) had symptomatic PE at initial testing
or during the three-month follow-up. Therefore, this external validation study suggested
that the algorithm was safe. Upon further analysis, 36 patients out of the 38 patients
in whom PE was ruled out based on a low clinical probability and a D-dimer less than
1000 μg/L had a positive age-adjusted D-dimer. Therefore, the risk of VTEs among the
414 patients with a D-dimer below 1000 μg/L but above the age-adjusted D-dimer cutoff
was 36/414 (8.7%; 95% CI 6.4–11.8%), suggesting that some caution might be needed in
these patients. Table 1 summarizes the data of studies using age-adjusted and clinical
probability adapted D-dimer cutoffs.

9. Which Cutoff Should We Choose?

A systematic review and individual-patient data meta-analysis was performed on
more than 20,000 patients initially included in 16 prospective studies [20]. Overall, D-dimer

99



J. Clin. Med. 2024, 13, 3441

levels fell below 500 μg/L in 26% to 30% of cases, and below the higher cutoffs in 41%
to 47% of cases. Failure rates (missed PE diagnosis) ranged from 1% with a 500-μg/L
cutoff to 2.8% with higher cutoffs. When the age-adjusted D-dimer threshold was used,
the predicted failure rate varied between 0.76% (95% CI: 0.5–1.1%) and 1.1% (95% CI:
0.8–1.5%). For strategies applying the D-dimer threshold dependent on pretest probability,
the predicted failure rate varied between 1.8% (95% CI: 1.4–2.4%) and 2.8% (95% CI: 2.3%
to 3.5%). The predicted overall efficiency (PE considered as excluded) was highest for
strategies applying a D-dimer threshold dependent on pretest probability and varied from
41% to 47%. The predicted efficiencies for the strategies using the age-adjusted D-dimer
threshold varied between 32 and 37%. Overall, these data suggest that the age-adjusted
cutoff is safer but less efficient than the clinical probability adapted cutoff to rule out PE.

Another systematic review and individual-patient data meta-analysis performed on
more than 20,000 patients analyzed the diagnostic performances of these different D-
dimer cutoffs across different healthcare settings. The performance of diagnostic strategies
varied considerably across different healthcare settings due to the difference in patient
characteristics and the prevalence of PE. For example, the proportion of patients reported to
have a thromboembolic event during the 3-month follow-up after a negative age-adjusted
D-dimer cutoff was 0.47% (95% CI: 0.18–1.23%) in primary healthcare, 0.65% (95% CI:
0.43–0.99%) in referred secondary care, and 1.7% (95% CI: 0.65–4.25%) in hospitalized
patients or nursing home care. The figures with a negative clinical adapted D-dimer
cutoff were 0.4 (95% CI: 0.16–1.19%) in primary healthcare, 3.0% (95% CI: 2.47–3.78%) in
referred secondary care, and 4.1% (95% CI: 2.54–6.61%) in hospitalized patients or nursing
home care.

Regarding efficiency, i.e., the proportion of patients in whom PE could be safely ruled
by the clinical probability assessment and D-dimer was as follows: in primary care, 43.5%
(95% CI: 29.14–59.03%) for the age-adjusted cutoff and 61.7% (95% CI: 8.33–73.62%) for the
clinical probability adapted cutoff; in referred secondary care, 30.46% (95% CI:26.75–34.44%)
for the age-adjusted cutoff and 48.75% (95% CI: 43.64–53.94%) for the clinical probability
adapted cutoff; in hospitalized patients or nursing home care, 14.8% (95% CI:11.66–18.79%)
for the age-adjusted cutoff and 19.4% (95% CI: 15.58–23.99%) for the clinical probability
adapted cutoff. Overall, these figures confirm that the safety and diagnostic yield vary
according to the clinical settings.

10. Conclusions

Both the age-adjusted D-dimer cutoff and the clinical probability adapted cutoff were
validated in robust prospective outcome studies. However, some differences exist regarding
safety and the diagnostic yield. The age-adjusted cutoff is safer and less efficient; the clinical
adapted cutoff is less safe but more efficient. The presented data should help clinicians to
balance the trade-off between missing PE cases and decreasing unnecessary CTPA. While
the expected prevalence of PE is not always known, it has also an important impact on the
safety and efficacy of our diagnostic strategies. Overall, as the age-adjusted cutoff is safer,
it seems wise to use it in subgroups of patients with a prevalence higher than 15% or in
subgroups of patients at a high risk of PE.
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Abstract: Venous thromboembolism (VTE) is a major preventable condition in hospitalized patients
globally. This systematic review evaluates the effectiveness and clinical significance of venous
thromboembolism (VTE) risk-screening protocols in preventing VTE events among hospitalized
patients. Databases, including PubMed, Embase and Cochrane, were searched without date limits for
studies comparing outcomes between hospitalized patients who did and did not receive VTE risk
screening using standard tools. Twelve studies, enrolling over 139,420 patients, were included. Study
quality was assessed using the ROBVIS tool. The results were summarized narratively. The findings
show significant benefits of using VTE risk screening versus usual care across various outcomes.
Using recommended tools, like Caprini, Padua and IMPROVE, allowed for the accurate identification
of high-risk patients who benefited most from prevention. Formal screening was linked to much
lower VTE rates, shorter hospital stays, fewer deaths and better use of preventive strategies matched
to estimated clot risk. This review calls for the widespread adoption of VTE risk screening as an
important safety step for at-risk hospital patients. More high-quality comparative research is needed
to validate screening tools in different settings and populations. In summary, VTE risk screening is
essential for healthcare systems to reduce life-threatening VTE events and improve patient outcomes
through properly targeted preventive methods.

Keywords: venous thromboembolism; risk assessment; hospitalized patients; prophylaxis

1. Introduction

Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and
pulmonary embolism (PE), is a major cause of morbidity and mortality worldwide. It is
estimated that 10 million cases occur annually, resulting in over 500,000 deaths [1]. VTE is
particularly concerning among hospitalized patients, where the incidence may be as high as
10–40% without adequate thromboprophylaxis [2]. Hospital-associated VTE is considered a
patient safety priority across healthcare systems globally [3]. Prolonged immobility, critical
illness, surgery and medical conditions such as cancer predispose hospitalized patients to
an elevated risk of VTE [4]. The consequences can be devastating—pulmonary embolisms
are reported as the most common preventable cause of hospital deaths [5].

Beyond mortality, VTE is associated with long-term complications, such as post-
thrombotic syndrome and chronic thromboembolic pulmonary hypertension [6]. This
results in reduced quality of life and places significant burdens on healthcare resources.
The economic impact is substantial, with annual costs related to VTE treatment estimated
at USD 7–10 billion in the United States alone [7].

The pathophysiology of VTE involves multiple intersecting mechanisms. Venous
stasis resulting from immobility causes blood to pool in the deep veins of the leg, creating
the initial substrate for clot formation [1]. Endothelial injury and hypercoagulability from
surgery, trauma or medical illness further trigger the localized activation of the coagulation
cascade [8]. Thrombin generation leads to the conversion of fibrinogen to fibrin, resulting
in intravascular blood clots [9]. These clots can dislodge and travel to the lungs, obstructing
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pulmonary arteries and leading to life-threatening PE [10]. Myriad risk factors predispose
hospitalized patients to VTE. Prolonged immobilization is a major contributor, with bed rest
longer than 4 days escalating the risk [11]. Major surgeries, such as orthopedic, neurologic,
vascular, gastrointestinal and gynecologic procedures, also pose a significant risk, as do
critical illnesses requiring intensive care [12,13].

Medical conditions strongly linked to VTE include active cancer, prior VTE, advanced
age, obesity and inherited or acquired thrombophilias [14–16]. Coexisting morbidities, such
as heart failure, lung disease, infection and rheumatologic disorders, further compound the
risk [17]. Pregnancy and the postpartum period are also high-risk times.

The recommended utilization and duration of thromboprophylaxis depend on the
patient’s risk factors and reason for hospitalization. For major surgery, extended prophy-
laxis for up to 4 weeks post-discharge is often recommended. For medical patients, the
standard duration is during the hospital stay, but extended prophylaxis up to 30 days
may be considered for high-risk individuals [18,19]. Treatments for this condition are
as follows: low-molecular-weight heparin (e.g., enoxaparin), 40 mg once daily or 30 mg
twice daily; unfractionated heparin, 5000 units 2–3 times daily; fondaparinux, 2.5 mg once
daily; direct oral anticoagulants (e.g., rivaroxaban, apixaban), dosing per package insert is
recommended to patients [20].

The multitude of factors that can concurrently or sequentially contribute to VTE un-
derscores the rationale for individualized risk assessment in hospital settings [21]. Reliance
solely on clinical impression overlooks the interactions between patient-specific characteris-
tics, presenting diagnosis, and situational factors that ultimately determine the thrombotic
risk [22]. Formal VTE risk assessment tools have, thus, been developed to identify and
stratify hospitalized patients based on their estimated probability of developing thrombo-
sis [23]. These models incorporate evidence-based risk predictors and produce numerical
scores or risk categories to enable the objective estimation of patients’ VTE risk [24].

The systematic use of standardized, validated tools facilitates more accurate risk strati-
fication than subjective judgment alone [25]. Tailoring appropriate thromboprophylaxis to
an individual’s calculated risk score promotes the optimal utilization of preventive thera-
pies [26]. Maximizing benefit while minimizing harm and cost are especially relevant given
the bleed risks and resource implications associated with intensive anticoagulation [27,28].

The main objective of this systematic review was evaluating the effectiveness and clin-
ical significance of venous thromboembolism (VTE) risk-screening protocols in preventing
VTE events among hospitalized patients.

2. Materials and Methods

2.1. Study Design

The systematic review and meta-analysis are reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [29]. The
research protocol was developed using guidance from the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) statement [30]. The review
was not registered.

2.2. Search Strategy

We used a thorough, methodical search approach for Embase.com. We then modified
it for Google Scholar (last searched on 16 August 2023), Web of Science Core Collection,
Cochrane Central Register of Controlled Trials (Wiley) and Medline ALL (Ovid). Terms
like “risk screening”, “hospitalized patients” and “venous thromboembolism” were incor-
porated in the searches. Our search method excluded research implemented on pediatrics
patients and conducted in outpatient clinics, conference abstracts, research with just animals
and studies written in languages other than English.

The researcher first evaluated the studies for eligibility based on the title and abstract
before moving on to the full text to eliminate duplicates. To evaluate the venous throm-
boembolism (VTE) risk screening for hospitalized patients, prospective cohort studies,
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retrospective cohort studies and randomized controlled trials were used. Opinion reports,
case reports, case series and case–control studies were not included. The maximum num-
ber of patients included in each trial was unrestricted. Colleague discussions helped to
overcome conflicts in the screening process.

2.3. Risk of Bias Assessment

Validated instruments suitable for each research design were used to evaluate the
quality of the included studies. To assess potential sources of bias, such as selection,
performance, detection and reporting bias, we specifically used a modified version of
ROBVIS [31]. The quality assessment’s findings led to the interpretation of the systematic
review’s findings and conclusions as well as the overall quality of the available data.

2.4. Data Extraction

To extract data from the included studies, we developed a standardized data ex-
traction form based on the research question and the inclusion/exclusion criteria. This
form was used to systematically collect information on the study design, participants,
outcomes, implications for healthcare providers and patients, results and any relevant
quality assessment information.

2.5. Data Analysis

Data analysis for this systematic review will involve a narrative synthesis of the
included studies rather than a meta-analysis due to the expected heterogeneity of study
designs, outcomes and the nature of the research question.

• Narrative synthesis: The data from the included studies will be qualitatively syn-
thesized through a narrative approach. This involves summarizing the findings and
implications of each study in a descriptive manner, paying close attention to the impli-
cations for healthcare providers and patients in adopting an automated AI diabetic
retinopathy screening system.

• Thematic analysis: Thematic analysis will be employed to identify and categorize
common themes, patterns and implications across the included studies. This process
will involve coding the findings related to healthcare providers and patients separately
and then exploring connections and variations in these themes.

3. Results

3.1. Study Selection Process

In the initial search of the databases, a total of 351 papers were found. After removing
duplicates, 312 papers were screened based on their title and abstract; 39 records were
excluded due to causes, such as being implemented on pediatric patients and conducted
in outpatient clinics. For full-length assessment, 180 articles could not be retrieved as full
text (published as abstract only or subscriptions). Of the remaining 93 papers, 81 articles
were excluded due to the implementation of different assessment methods other than VTE
risk assessment such as clinical judgement. Finally, 12 were ultimately selected for full-text
review [32–43]. A PRISMA flow diagram is shown and explained in Figure 1.

3.2. The Quality Assessment

The risk of bias assessment (Figure 2) offers a comprehensive evaluation of the
methodological quality and potential limitations inherent in the chosen studies within
the systematic review on venous thromboembolism (VTE) risk screening for hospitalized
patients [32–37,39–44]. This crucial evaluation provides invaluable insights into the reli-
ability and validity of the findings presented in these articles. Notably, the majority of
the studies [32–36,40,41,43,45] exhibit commendably low risks of bias across multiple criti-
cal domains. These domains include the randomization process, bias from intervention,
missing data outcome, measurement of outcome and the reporting of results. This pattern
suggests that these studies were conducted with meticulous attention to methodological
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rigor, significantly bolstering the credibility of their findings. However, it is essential to
note that two studies, C. Zhang et al., 2019, and Mahlab-Guri et al., 2020 [37,38], reveal
some concerns in specific domains, particularly a high risk of bias in bias from intervention,
measurement of outcome and reporting of results. This signifies potential limitations in
these studies’ design, execution or reporting processes, warranting cautious consideration
of their findings. Notably, one study, Modi et al., 2016 [39], stands out with a high risk of
bias in the randomization process, implying a potential lack of rigorous randomization
that could introduce bias into the allocation of subjects to treatment groups. Consequently,
questions arise about the validity of conclusions drawn from this specific study, especially
concerning the effectiveness of VTE risk screening. In summation, while the majority of the
chosen articles showcase robust methodological foundations with low risks of bias across
multiple domains, it is vital for this systematic review to transparently acknowledge and
critically assess the concerns identified in the two studies [37,38], with bias concerns and
the single study (Modi et al., 2016) exhibiting high randomization bias.

Figure 1. PRISMA flow diagram. * Databases: PubMed, Embase and the Cochrane Library. ** Cause
of exclusion is not meeting inclusion criteria.
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Figure 2. Risk of bias assessment [32–37,39–44].

3.3. Extraction Results

The results of the extraction (Table 1) provide valuable insights into the characteristics
and findings of the 12 included studies in this systematic review on the benefits of venous
thromboembolism (VTE) risk assessment on hospitalized patients [32–34,36–43,45]. The sum
of the total number of included samples from the studies mentioned is 139,420 participants.

The narrative data synthesis integrated the evidence across the 12 included studies,
which collectively enrolled over 139,000 hospitalized patients, spanning randomized trials,
prospective cohorts and retrospective analyses. The findings demonstrate the consistent
benefits of implementing routine venous thromboembolism (VTE) risk screening protocols
using validated assessment tools, such as Caprini, Padua and IMPROVE, compared to
usual care without standardized risk stratification. In particular, studies by Grant et al.,
Zhang et al., Depietri et al. and others revealed significantly lower VTE incidence, typically
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close to a 50% relative reduction when risk screening was performed. Rosenberg et al.
showed better prediction of thromboembolic complications using the IMPROVE tool, while
Modi et al. and Zhang et al. reported lower mortality rates of 3.2% versus 8.3% and
shorter intensive care stays by approximately 2 days, respectively, when the Wells and
Caprini scores were utilized for risk-adapted prophylaxis. Grant et al. further exhibited a
10% shorter hospital length of stay and reduced 30-day and 90-day mortality odds of 0.86
and 0.92 with the Caprini assessment. Although cost-effectiveness requires further study,
Zhou et al. and Mahlab-Guri et al. suggested standardized screening may prevent the
overuse of anticoagulants in low-risk patients and optimize thromboprophylaxis resource
allocation aligned with estimated VTE probability. In summary, the synthesis demonstrated
a clear benefit to risk assessment across diverse studies. The consistent results advocate
for the universal adoption of VTE risk screening as a crucial patient safety strategy for
vulnerable hospitalized populations. Nonetheless, the limitations of certain tools highlight
the need for ongoing validation efforts and comparative effectiveness research across
different risk models.

Table 1. Characteristics of articles reviewed in the current study.

Study Study Design Participants
Risk Assessment

Tool
Primary

Outcomes
Secondary
Outcomes

Results

(Grant et al., 2016)
[33] Case-Control 63,548 Caprini Score VTE Incidence

Length of
Hospital Stay,

Mortality

Reduced VTE
incidence, shorter

hospital stay,
lower mortality.

(Zhou et al., 2018)
[36]

Retrospective
case-control 902 Padua Score

Examined and
compared how
well the Padua

Prediction Score
(PPS) and the
Caprini RAM

stratify VTE risk
in medical
inpatients.

Healthcare
Resource

Utilization

Identify patients
who may benefit
from prophylaxis,
and potential for

prediction of
mortality.

(Rosenberg et al.,
2014) [32] Cohort 19,217 IMPROVE Score VTE-related

Complications Bleeding risk

Discrimination
and calibration

for both the
overall VTE risk
model and the

identification of
low-risk and

at-risk medical
patient groups.

(C. Zhang et al.,
2019) [38]

Prospective
observational 281 Caprini Score

VTE Incidence,
Symptomatic

Thromboembolic
Events

Length of ICU
Stay

Decreased VTE
incidence, lower

rates of
symptomatic

events, shorter
ICU stay.

(Mahlab-Guri
et al., 2020) [37]

Retrospective
case-control 4000 Padua Score

Rate of VTE risk
assessment in

routine medical
department

practice

Cost-
effectiveness

Thromboprophylaxis
did not have

significant effect
on the low number
of VTE events. No

major bleeding
was observed.

(Modi et al., 2016)
[39] Retrospective 298 Wells Score

Evaluated the
application of the

Wells scoring
system in trauma

population

Mortality

Lower VTE
incidence,
decreased

mortality rates.
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Table 1. Cont.

Study Study Design Participants
Risk Assessment

Tool
Primary

Outcomes
Secondary
Outcomes

Results

(X. Zhang et al.,
2023) [40]

Multi-center
retrospective
cohort study

34,893 Caprini Score

Determine the
incidence of DVT
and then validate
the Caprini RAM

in orthopedic
trauma patients.

Length of
Hospital Stay

Prevalence of
DVT and higher

Caprini score
were significantly

associated with
increased
all-cause

mortality among
orthopedic

trauma patients
after discharge.

(Abukhalil et al.,
2022) [41] Cross-Sectional 408 IMPROVE Score

Evaluate the
adherence of

current clinical
practice to the

established
guidelines at a

Palestinian
teaching hospital

Patient-reported
Outcomes

Adapting
assessment
models or

checklists in
clinical practice
based on clinical

guidelines for
VTE risk

stratification is a
practical and

effective method
to improve VTE

prophylaxis
management.

(Depietri et al.,
2018) [42]

Observational,
single-centre

study
450 Padua Score

VTE Incidence,
Symptomatic

Thromboembolic
Events

Quality of Life

Lower VTE
incidence,
decreased

symptomatic
events, improved

quality of life.

(Silveira et al.,
2015) [43] Cohort 793 Wells Score

The Wells score’s
utility for risk
stratification

among inpatients
with suspected

DVT as measured
by the difference
in incidence of
proximal DVT
among the 3
Wells score

categories (low,
moderate, and

high pretest
probability)

Healthcare
Resource

Utilization

The Wells score
risk stratification
is not sufficient to
rule out DVT or

influence
management

decisions in the
inpatient setting.

(Moumneh et al.,
2020) [34]

Retrospective
analysis 14,660

Caprini,
IMPROVE, and

Padua

Externally assess
the Caprini,

IMPROVE, and
Padua VTE risk

scores and to
compare their

performance to
advanced age as a

stand-alone
predictor.

Length of ICU
Stay

Caprini,
IMPROVE, and
Padua VTE risk
scores have poor

discriminative
ability to identify

not critically
ill medical

inpatients at risk
of VTE, and do

not perform
better than a risk
evaluation based

on patient’s
age alone.
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Table 1. Cont.

Study Study Design Participants
Risk Assessment

Tool
Primary

Outcomes
Secondary
Outcomes

Results

(Xiong, et al.,
2023) [45]

Retrospective
study 3168 IMPROVE Score

Compare the
predictive power
for VTE diagnosis
among the Wells,
Geneva, YEARS,

PERC, Padua,
and IMPROVE

scores in the
leading

authoritative
guidelines in
nonsurgical
hospitalized
patients with

suspected VTE.

Mortality, Length
of Hospital Stay

Comparison of
predictive power
for VTE diagnosis

among six VTE
risk scores

in guidelines
indicates that the
Geneva and Wells

scores perform
best is prediction

of VTE.

4. Discussion

This systematic review provides an extensive synthesis of the current evidence on
the impact of implementing venous thromboembolism (VTE) risk assessment models for
hospitalized patients. The findings from the 12 included studies consistently demonstrate
the significant benefits of formal VTE risk screening across diverse clinical settings and
patient populations.

Overall, the results strongly advocate for the universal adoption of VTE risk assess-
ment as an integral component of patient safety protocols for hospitalized individuals.

4.1. Reducing Preventable Harm from Hospital-Associated VTE

Hospitalization poses a major thrombogenic risk, with immobilization, surgical inter-
ventions and acute medical illness predisposing patients to VTE [46]. Hospital-associated
VTE remains highly prevalent globally, affecting over 1 million patients annually and
ranking as a top cause of preventable hospital deaths [47]. Specifically, the burden of fatal
pulmonary embolism (PE) is substantial, with up to 10% of hospital-related PE cases ending
in mortality [48].

This review adds to the established literature supporting the role of VTE risk assessment
in reducing the incidence of preventable harm from hospital-associated thromboembolism.
Across the included studies, formal VTE risk screening allowed for the accurate identification
of high-risk patients who derived the greatest benefit from prophylaxis [49–51]. By enabling
the prompt initiation of preventive strategies tailored to an individual’s thrombotic risk
profile, the consistent use of risk assessment tools led to significant declines in VTE events
and related complications [52,53].

4.2. Cost-Effectiveness of Targeted Thromboprophylaxis

In addition to enhancing clinical outcomes, the findings indicate that diligent VTE risk
assessment promotes the better utilization of healthcare resources. By directing more inten-
sive prophylaxis to high-risk patients likely to derive maximum benefit, while avoiding
overtreatment in low-risk groups, healthcare systems can improve cost-effectiveness and
resource allocation [54,55].

Studies have projected that the nationwide implementation of VTE risk assessment in
the US could prevent over 300,000 hospital-onset VTE events annually, translating to around
USD 1.5 billion in cost savings [56]. The economic implications are multifold—reduced
expenses associated with VTE treatment, shorter hospital stays, lower complication rates
and fewer readmissions [57,58]. On an organizational level, hospitals adopting VTE risk
screening as an accountability measure have demonstrated tangible impacts on budget
optimization [59].
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4.3. Boosting Guideline Concordance through Standardized Approaches

The evidence from this review also indicates that structured VTE risk tools enhance
clinicians’ compliance with evidence-based prevention guidelines [60]. Guideline adher-
ence remains suboptimal globally, with concerning gaps between recommendations and
actual practice [61]. The reasons for poor concordance are multifactorial, including a lack
of formal risk assessments, time constraints, knowledge deficits and reliance on flawed
clinical judgment [62,63]

By offering standardized risk predictors grounded in existing guidelines, user-friendly
tools like the Padua, Caprini and IMPROVE models allow clinicians to more consistently
identify at-risk patients warranting prophylaxis [64,65]. Their integration into order sets
and clinical decision support systems can further facilitate adherence by prompting au-
tomatic risk evaluations [66]. Therefore, implementing systematic VTE risk assessment
lays the groundwork for improving guideline concordance and reducing preventable harm
from suboptimal prophylaxis [67].

4.4. Limitations of Current Risk Prediction Models

While highlighting the overall advantages, this review also draws attention to some
limitations of existing VTE risk stratification tools that warrant further research. For
instance, the Caprini and Padua models were designed and validated in surgical settings
and may have reduced generalizability and predictive accuracy in medical patients [68].

Additionally, scores developed for acute settings, such as the IMPROVE and Geneva
models, tend to perform better than broader tools like Caprini for medical inpatients [66].
Tailored risk assessment models for patients with cancer [69] or COVID-19 [70,71] have also
been proposed. Therefore, while underscoring the benefits of risk screening, this review
indicates that no single tool is universally applicable or superior across all hospitalized
populations [72,73].

More research is needed to refine and validate existing models or develop more
population-specific tools that optimize predictive ability and enhance clinical utility across
diverse settings [74]. It is also important to study the implementation factors influencing
the adoption of tools in real-world practice [75].

4.5. The Need for Individualized Approaches

Lastly, it is vital to recognize that no risk tool is infallible, and scores should not
replace clinical judgment in decision making [33]. While providing objective guidance,
risk predictors cannot capture all nuances possibly affecting an individual’s thrombotic
risk [76]. Therefore, the scores need to be applied in the context of the patient’s unique
clinical scenario, with the multidisciplinary team carefully evaluating the benefits against
potential harms of anticoagulation [77,78].

Shared decision-making discussions are paramount before initiating any preventive
therapy, ensuring patients understand their personalized risk–benefit profile [79]. Ul-
timately, VTE risk assessment models serve to complement, not supersede, thoughtful
clinical evaluation and individualized care planning [80].

This systematic review affirms the value of VTE risk assessment as an integral compo-
nent of patient safety strategies for hospital settings. Moving forward, healthcare institu-
tions must prioritize capacity building to promote the widespread adoption of evidence-
based risk-screening tools. Integrating risk assessment into electronic medical records,
order sets and clinical workflows holds promise for improving protocolization [81].

5. Conclusions

Hospital-associated VTE remains one of the most pervasive yet overlooked threats to
patient safety globally. Ongoing vigilance with appropriate risk stratification is important
for optimizing the appropriate use of VTE prophylaxis, with a demonstrable benefit in
multiple studies. Further high-quality research should address current knowledge gaps,
including tool validation across diverse populations, comparative effectiveness studies
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and the implementation of science initiatives. But, ultimately, the time has come for
hospitals worldwide to universally leverage VTE risk assessment in safeguarding our most
vulnerable patients from preventable harm.

This review found benefits to using standardized models, like Padua, Caprini and
IMPROVE, for VTE risk screening. However, no single model is definitively superior across
all patient populations. The Caprini and Padua scores were designed for surgical patients,
while IMPROVE may be better for acutely ill medical patients. More comparative research
is needed to validate the tools for different settings and populations. Overall, the use of a
structured risk model is recommended over unaided clinical impression alone.
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Abstract: Background: While obesity is associated with an increased risk of venous thromboem-
bolism (VTE), there is some data to suggest that higher BMI is also associated with decreased all-cause
mortality in patients with a pulmonary embolism (PE). Methods: Using PE Response Team (PERT)
activation data from a large tertiary hospital between 27 October 2020 and 28 August 2023, we
constructed a multivariate Cox proportional hazards model to assess the association between obesity
as a dichotomous variable (defined as BMI ≥ 30 vs. BMI 18.5–29.9), BMI as a continuous variable,
and 30-day PE-related mortality. Results: A total of 248 patients were included in this analysis (150
with obesity and 98 who were in the normal/overweight category). Obesity was associated with a
lower risk of 30-day PE-related mortality (adjusted HR 0.29, p = 0.036, 95% CI 0.09–0.92). A higher
BMI was paradoxically associated with a lower risk of PE-related mortality (HR = 0.91 per 1 kg/m2

increase, p = 0.049, 95% CI 0.83–0.999). Conclusions: In our contemporary cohort of patients with a
PERT activation, obesity was associated with a lower risk of PE-related mortality.
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1. Introduction

Pulmonary embolism (PE) is the third most common cause of cardiovascular death in
the United States [1] with an estimated mortality approaching 300,000 annually [2]. The
advent of the multidisciplinary pulmonary embolism response team (PERT) and novel
minimally invasive catheter-based treatments has led to a reduction in mortality [3–5]. Yet,
despite the improvements gained, there is a pressing need to identify patients who are at a
higher risk of morbidity and mortality.

The prevalence of obesity has been steadily rising, with recent data indicating that 42%
of US adults are obese [6]. Obesity is shown to be a significant risk factor of venous throm-
boembolism (VTE) [7]. A prospective analysis of the Nurses’ Health study demonstrated
a profound linear association between body mass index (BMI) and the risk of PE, even
with modest increases in BMI [8]. The obesity paradox is the concept that despite being
a risk factor for various disease states, obesity portends improved outcomes. Although
initially described in hemodialysis patients in 1999 [9], it has subsequently been shown in
coronary artery disease [10], heart failure [11], and chronic obstructive pulmonary disease
(COPD) [12]. A retrospective analysis of PE using the RIETE registry showed a potential
signal for reduced all-cause mortality in patients who were overweight [13]. More recently,
Keller et al. demonstrated decreased all-cause mortality in class I and II obesity but class III
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obesity had similar outcomes with non-obese patients [14]. While quite informative, studies
to date have been unable to ascertain rates of PE-specific mortality in patients with obesity.
In addition, previous studies were performed prior to the era of catheter-based therapies.

Thus, this study sought to identify differences in demographic and treatment charac-
teristics between obese and non-obese patients and to further elucidate the association of
obesity with mortality, particularly PE-specific mortality.

2. Methods

This was an analysis of all patients with a PERT activation between 27 October 2020
and 28 August 2023 in a large tertiary care center. Clinical data, including demographics, co-
morbidities, hospital course, and relevant outcomes, including mortality, were ascertained
from patients’ electronic medical records. Patients who were classified as having a low risk
of mortality according to the European Society of Cardiology (ESC) were excluded from
this analysis as the PE in this situation is not significant enough to cause hemodynamic
compromise and unlikely to be contributing to PE mortality.

The primary aim of this analysis was to determine if obesity as a dichotomous variable
(BMI of 30 or greater vs. 18.5 to 29.9) was associated with a decreased risk of 30-day
PE-related mortality. Patients with a BMI of less than 18.5 were excluded from the study as
we did not want to assume that they would have similar event rates as compared to the
BMI of 18.5–30 cohort. A death was considered related to the PE if it was believed to occur
as a direct complication of the PE (such as worsening hypoxia, cardiogenic shock, or cardiac
arrest) or as a result of subsequent treatment (such as anticoagulation leading to a fatal
major bleeding event such as intracranial hemorrhage). If the cause of death was unknown
or uncertain, it was categorized as not being related to PE. Secondary outcomes included
30-day all-cause mortality, in-hospital major bleeding, and the length of admission. The
association between BMI, as a continuous variable, and the previously mentioned outcomes
was also assessed.

2.1. Statistical Analysis

Baseline variables were compared between patients who were obese and those who
were either in the non-obese or overweight BMI range. Differences in characteristics
between the two groups were compared using a t-test or Wilcoxon rank sum for con-
tinuous variables depending on the distribution of the values and a Chi-square test for
categorical values.

To identify variables that would be included in the final model, we utilized a backward
selection approach to identify variables that would be included in our final multivariable
Cox proportional hazards model. A p-value of 0.40 was designated as the cut off to exclude
variables. This cut off was selected to maximize the number of variables included in the
model. We included baseline demographic and clinical variables as potential parameters.
This included sex (male vs. female), age, race, ESC PE mortality risk, smoking status (active
smoker vs. non-smoker), history of cancer, history of heart disease, history of chronic lung
disease, prior VTE, recent COVID infection (a positive test within the last 30 days or history
of COVID within the last 30 days), and hypotension (systolic BP < 90 mm Hg). We also
re-ran the same model with BMI as a continuous variable.

As for the secondary outcomes of interest, we utilized a multivariable Cox proportional
hazards model to assess the association between obesity and all-cause 30-day mortality. We
adjusted for the same variables used for our primary outcome of interest. We utilized the
Fisher’s exact test to assess the association between obesity and major bleeding (all major
bleeding, extracranial major bleeding, and intracranial major bleeding separately). We
utilized the International Society on Thrombosis and Hemostasis (ISTH) criteria for major
bleeding (Fatal bleeding, symptomatic bleeding in a critical organ or a fall in hemoglobin
by more than 2 g/dL, or transfusion of at least 2 units of packed red blood cells) [15]. We
assessed the difference in the length of hospitalization between the two groups using the
Wilcoxon rank sum test. A p-value of <0.05 was determined to be statistically significant.
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We did not adjust for multiple comparisons. The analysis was conducted using STATA
MP/16.1 (College Station, TX, USA).

2.2. Sensitivity Analysis

To account for the differences between obese and non-obese patients that were not
included in our final multivariable Cox proportional hazards model, we included additional
variables that were significantly different between the two groups (p < 0.05). We also
included advanced PE treatments if they had not already been included in the final model.
We re-ran two versions of the model: obesity as a dichotomous variable as described
previously and BMI as a continuous variable.

3. Results

A total of 248 patients were included in this analysis (150 patients with a BMI ≥ 30 and
98 patients with a BMI between 18.5 and 29.9). A comparison of baseline demographics can
be seen in Table 1. To summarize, patients who were obese tended to be younger (mean
age 59.9 years vs. 65.5, p = 0.005), were less likely to have a history of cancer (22.0% vs.
39.8%, p = 0.003), and a higher proportion of patients had a recent COVID infection (13.3%
vs. 4.1%, p = 0.016). There was no significant difference in sex, history of prior VTE, history
of heart failure or chronic lung disease, or hypotension at presentation. Additionally, the
distribution of intermediate–low-, intermediate–high-, and high-risk patients was similar
between the two groups. Finally, the rates of advanced treatments, including catheter-based
thrombectomy and systemic thrombolysis, were similar between patients who were obese
and those who were non-obese or overweight.

Table 1. Baseline Demographics.

Variable BMI ≥ 30 (N = 150) BMI 18.5–29.9 (N = 98) p-Value

Male 70 (46.7%) 55 (56.1%) 0.15

Age, mean (SD) 59.9 (15.3) 65.5 (15.2) 0.005

Prior VTE 7 (4.7%) 4 (4.1%) 0.83

Recent COVID infection 20 (13.3%) 4 (4.1%) 0.016

History of cancer 33 (22.0%) 39 (39.8%) 0.003

History of heart failure 26 (17.3%) 15 (15.3%) 0.67

History of chronic lung disease 29 (19.3%) 24 (24.5%) 0.33

Smoking 19 (12.7%) 15 (15.8%) 0.49

Hypoxia (defined as requiring oxygen) 116 (77.3%) 76 (78.4%) 0.85

Hypotension 13 (8.7%) 13 (13.4%) 0.24

European Society of
Cardiology PE Mortality Risk

Intermediate–Low 30 (20.0%) 27 (27.6%)

0.38Intermediate–High 85 (56.7%) 51 (52.0%)

High 35 (23.3%) 20 (20.4%)

Catheter thrombectomy 80 (53.7%) 46 (46.9%) 0.30

Systemic thrombolysis 13 (8.7%) 8 (8.2%) 0.89

There were 24 deaths from all causes at 30 days (7 (4.8%) in the obesity group and 17
(17.4%) in the non-obese/overweight group). Of those, 15 deaths were determined to be be-
cause of a complication of PE or its subsequent treatment (5 in the obesity group (3.4%) and
10 (10.5%) in the normal/overweight group). As seen in Figure 1, the separation occurred
relatively early and persisted during the entire follow-up period. In an unadjusted analysis,
obesity (as compared to patients in the non-obese/overweight category) was associated
with a lower risk of 30-day PE-related mortality (Hazard ratio (HR) 0.31, p = 0.031, 95% CI
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0.10–0.90) and all-cause mortality (HR 0.25, p = 0.002, 95% CI 0.10–0.61). This association
remained significant when BMI was treated as a continuous variable ((PE-related mortality:
0.90, p = 0.023, 95% CI 0.82–0.99); (all-cause mortality: 0.91, p = 0.007, 95% CI 0.85–0.97)).

Figure 1. Kaplan–Meier curve for 30-day PE-related mortality.

As seen in Table 2, the final multivariable Cox proportional hazards model adjusted
for sex, age, history of heart failure, history of chronic lung disease, recent COVID infection,
use of systemic thrombolysis, and ESC PE mortality risk. After adjustment, the association
between obesity and 30-day PE-related death remained significant (HR 0.29, p = 0.036, 95%
CI 0.09–0.92). This association remained significant when BMI was treated as a continuous
variable (HR 0.91, p = 0.049, 95% CI 0.83–0.999) (Table 3). As seen in Supplemental Tables
S1 and S2, this pattern remained consistent when assessing for 30-day all-cause mortality
(obesity: adjusted HR: 0.25, p = 0.004, 95% CI 0.10–0.64; BMI: adjusted HR 0.92, p = 0.018,
95% CI 0.86–0.99). There was no statistically significant difference in the duration of
hospitalization (obesity: median 9 days, IQR 6–18; non-obese/overweight: median 9 days,
IQR 6–17; p = 0.66).

Table 2. Final multivariable Cox proportional hazards model for the association between obesity and
30-Day PE-related mortality.

Hazard Ratio p-Value 95% Confidence Interval

Obesity (BMI ≥ 30 vs. BMI 18.5–29.9) 0.29 0.04 0.09–0.92

Male 0.54 0.27 0.18–1.60

Age (per 1 year) 1.02 0.27 0.98–1.06

History of Heart Failure 1.98 0.23 0.65–6.04

History of Chronic Lung Disease 2.09 0.18 0.72–6.05

Recent COVID Infection 2.56 0.25 0.52–12.6

Systemic Thrombolysis 3.14 0.12 0.76–13.0

ESC Mortality Risk (Baseline: Intermediate–Low Risk)

Intermediate–High Risk 0.29 0.06 0.08–1.06

High Risk 0.61 0.46 0.17–2.22
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Table 3. Final multivariable Cox proportional hazards model for the association between body mass
index and 30-day PE-related mortality.

Hazard Ratio p-Value 95% Confidence Interval

BMI (per 1 kg/m2) 0.91 0.049 0.83–0.999

Male 0.53 0.30 0.16–1.74

Age (per 1 year) 1.01 0.47 0.98–1.05

History of Heart Failure 2.40 0.14 0.75–7.72

History of Chronic Lung Disease 2.04 0.23 0.64–6.50

Recent COVID Infection 2.58 0.25 0.52–12.9

Systemic Thrombolysis 3.09 0.12 0.75–12.7

ESC Mortality Risk (Baseline: Intermediate–Low Risk)

Intermediate–High Risk 0.43 0.22 0.11–1.66

High Risk 0.64 0.53 0.16–2.59

The sensitivity analysis included history of cancer and catheter-related thrombectomy
as additional parameters. The association between obesity as a dichotomous variable and
PE-related mortality remained statistically significant (HR 0.29, p = 0.039, 95% CI 0.09–0.94).
However, the association between BMI as a continuous outcome and PE-related death was
no longer significant (HR 0.91, p = 0.063, 95% CI 0.83–1.01).

As for our other secondary outcomes of interest, the overall rate of major bleeding
was lower in the obesity group, but this did not reach statistical significance (six (4.1%)
vs. eight (8.8%), p = 0.16). However, when stratified by extracranial vs. intracranial major
bleeding, there was a significantly lower rate of extracranial major bleeding in the obese
group (1 (0.7%) vs. 8 (8.8%), p = 0.002) with no statistically significant difference in the rate
of intracranial bleeding (4 (2.7%) vs. 0 (0.0%), p = 0.30).

4. Discussion

Our study found that obesity was associated with a lower risk of PE-related mortality
and all-cause mortality in PERT patients who had an intermediate or high risk of mortality.
Additionally, overall major bleeding rates and the length of hospitalization was similar
between obese and non-obese individuals. However, obesity was associated with lower
rates of extracranial major bleeding.

Obesity has a well-known association with increased risk of PE, owing in part to
increased platelet reactivity [16]. However, paradoxically, patients with obesity have better
survival rates with PE compared to non-obese patients—a phenomenon known as obesity
paradox. Keller et al. studied the German national database of >345,000 patients with acute
PE and demonstrated that obesity was associated with lower all-cause in-hospital mortality
rate regardless of age, sex, comorbidities, and reperfusion treatment [14]. Stein et al. used
Nationwide Inpatient Sample to demonstrate that all-cause mortality in patients with PE is
lower in patients with obesity than in non-obese/under-weight patients, with the greatest
effects seen in women and older patients [17].

While the exact mechanism is unknown and it is unclear whether obesity paradox
is related to protective effect of increased body fat, few pathophysiologic hypotheses
regarding the “obesity paradox” in PE have been proposed. Patients with obesity tend
to have greater right ventricular (RV) mass and higher RV volume compared with non-
obese, which could potentiate their ability to cope with acute increases in RV overload [18].
Patients with obesity also have greater left ventricular (LV) mass and thicker interventricular
septum that can make them more resistant to septal bowing, and potentially mitigate
the risk of developing obstructive shock [19]. Some argue that obesity paradox does not
necessarily reflect the protective effect of obesity but instead reflects the case of metabolically
healthy obese individuals, a frequent and common finding in modern societies. These
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individuals have a better metabolic reserve, better smoking profile, and/or less disease-
associated weight loss [20]. Non-PE-based studies have highlighted that cardiopulmonary
fitness is an often-overlooked potential modifier of obesity paradox, and levels of fitness
can significantly alter the inverse association between obesity and mortality [21]. The
alternative explanation may be that BMI is not be the ideal definition of obesity [22]. In a
study from the UK Biobank, waist–hip ratio was found to have the strongest association
with all-cause mortality when compared with BMI and fat mass index [23].

Our study demonstrates some important findings that have not been reported previ-
ously. Firstly, unlike other studies that have reported all-cause mortality as the primary
outcome while evaluating the impact of obesity in PE patients, we investigated PE-related
deaths as the primary outcome. This helped us to mitigate the influence of confounders
on our study analysis such as malignancy, congestive heart failure, etc. that are common
non-PE-related causes of death in PE patients. Secondly, our patient population comprised
intermediate to high-risk subjects from PERT registry, signifying sicker population with
greater disease burden compared with previously reported cohorts. Thirdly, a higher
utilization of catheter thrombectomy in our study population makes our study more com-
patible with the contemporary real-world practices and gives more credence to our results.
As seen in Table 1, there was no statistically significant difference in the rates of advanced
treatments, including catheter thrombectomy or systemic thrombolysis, between the two
groups. Also, we conducted a sensitivity analysis to adjust for variables that were not
chosen as part of our backward selection method but were still believed to be clinically
significant, such as age and catheter thrombectomy. Finally, ~10% of our patients had
a recent COVID infection, making them more vulnerable to thrombotic events. Earlier
studies have indicated that obesity paradox is not applicable in patients with COVID, as
patients with COVID and obesity exhibit more severe disease, are admitted to the intensive
care unit more frequently, and have a higher mortality [7,8]. In our study, the obese group
had significantly larger number of patients with recent COVID infection compared to the
non-obese group, and yet had lower mortality, potentially signaling that obesity paradox
may be applicable in patients with COVID and PE. However, we did adjust for COVID
infection in our models.

Our study has some limitations. Firstly, being a single-center study, it lacks external
generalizability. Additionally, considering the observational nature of this study, association
does not imply causation. We attempted to mitigate this bias by performing multivariable
analyses adjusting for difference in baseline characteristics; however, the presence of other
confounders that were not accounted for could not be excluded (such as diabetes). Also,
as we were only looking at PE-related mortality, the event rate was relatively low, and we
were likely overfitting the model. However, we were still able to show that obesity was
associated with a statistically significant reduction in PE mortality in both the univariate
and multivariable models. We also did not adjust for multiple comparisons. Finally,
baseline functional status of these patients could not be accurately assessed, which itself is
a predictor of mortality. There remains a need for larger, multicentered studies to better
evaluate the impact of obesity on morbidity and mortality in PE patients.

5. Conclusions

In our cohort of contemporary patients who had a PERT activation and an intermediate
or high mortality risk, obesity was associated with a significant reduction in PE-related and
all-cause mortality. Additionally, there was no statistically significant difference in major
bleeding rates and the length of admission between obese individuals and those in the
non-obese/overweight category.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13082375/s1, Table S1: Multivariable Cox-Proportional Hazards
Model for the Association Between Obesity and 30-Day All-Cause Mortality, Table S2: Multivariable
Cox-Proportional Hazards Model for the Association Between BMI and 30-Day All-Cause Mortality,
Table S3: Sensitivity Analysis: Multivariable Cox-Proportional Hazards Model for the Association
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Between Obesity and 30-Day PE-Related Mortality, Table S4: Sensitivity Analysis: Multivariable
Cox-Proportional Hazards Model for the Association between BMI and 30-Day PE-Related Mortality.
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Abstract: Objectives: The purpose of this study is to assess the efficacy, short- and long-term cardio-
vascular and non-cardiovascular mortalities and postoperative morbidities of surgical pulmonary
embolectomy (SPE) for patients with massive or submassive pulmonary embolism. Methods: A
comprehensive literature review was performed to identify articles reporting SPE for pulmonary
embolism. The outcomes included in-hospital and long-term mortality in addition to postoperative
morbidities. The random effect inverse variance method was used. Cumulative meta-analysis,
leave-one-out sensitivity analysis, subgroup analysis and meta-regression were performed. Results:

Among the 1949 searched studies in our systematic literature search, 78 studies met our inclusion
criteria, including 6859 cases. The mean age ranged from 42 to 65 years. The percentage of males
ranged from 25.6% to 86.7%. The median rate of preoperative cardiac arrest was 27.6%. The per-
centage of contraindications to preoperative systemic thrombolysis was 30.4%. The preoperative
systemic thrombolysis use was 11.5%. The in-hospital mortality was estimated to be 21.96% (95% CI:
19.21–24.98); in-hospital mortality from direct cardiovascular causes was estimated to be 16.05%
(95% CI: 12.95–19.73). With a weighted median follow-up of 3.05 years, the late cardiovascular
and non-cardiovascular mortality incidence rates were 0.39 and 0.90 per person-year, respectively.
The incidence of pulmonary bleeding, gastrointestinal bleeding, surgical site bleeding, non-surgical
site bleeding and wound complications was 0.62%, 4.70%, 4.84%, 5.80% and 7.2%, respectively.
Cumulative meta-analysis showed a decline in hospital mortality for SPE from 42.86% in 1965 to
20.56% in 2024. Meta-regression revealed that the publication year and male sex were associated
with lower in-hospital mortality, while preoperative cardiac arrest, the need for inotropes or vaso-
pressors and preoperative mechanical ventilation were associated with higher in-hospital mortality.
Conclusions: This study demonstrates acceptable perioperative mortality rates and late cardiovas-
cular and non-cardiovascular mortality in patients who undergo SPE for massive or submassive
pulmonary embolism.

Keywords: surgical pulmonary embolectomy; pulmonary embolism; hospital mortality; pulmonary
bleeding; thrombolysis
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1. Introduction

Venous thromboembolisms, such as pulmonary embolisms (PEs), are the third most
common cardiovascular (CV) syndrome, with increasing incidence in the aging popula-
tion [1,2]. PE has been reported in the literature to have a high mortality rate [3]. The
clinical presentation of PE is often non-specific and can range from incidental findings on a
computed tomographic chest scan with no clinical symptoms to patients presenting with
hemodynamic instability, defined as individuals who are hypotensive needing pressor sup-
port and develop end organ hypoperfusion, and sudden death. Nevertheless, presentation
in extremes accounts for only 5% of PE cases.

The primary mode of treatment for acute PE is anticoagulation (1). According to the
European Society of Cardiology guidelines, surgical pulmonary embolectomy (SPE) for
the treatment of PE should be reserved for individuals who deteriorate hemodynamically
while being on rescue thrombolytic therapies, for those with contraindications for throm-
bolytic therapies or for failed catheter-directed thrombolysis [1,2]. SPE usually included
the performance of cardiopulmonary bypass (CPB), and the literature has demonstrated
varying outcomes following surgical intervention [3]. Therefore, we performed a systematic
review and meta-analysis to assess the efficacy and short- and long-term CV and non-CV
mortalities for patients that present with PE.

2. Materials and Methods

This meta-analysis was performed in concordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement [4] and AMSTAR (A
MeaSurement Tool to Assess systemic Reviews) Guideline.

2.1. Search Strategy

On 14 March 2024, the PubMed and Scopus databases were systematically searched
for publications on SPE. The search terms in subject headings and main keywords included
the following: “Pulmonary Embolectomy”, “surgical embolectomy”, “surgical pulmonary
embolectomy”, “surgical intervention”, and “pulmonary embolism”. This review was
registered with the PROSPERO register of systematic reviews (ID: 542752). There was no
individual patient involvement in this study; as such, research ethics board approval was
not required.

2.2. Study Selection and Inclusion Criteria

Two investigators (HS, SA) independently performed data extraction. Database
searches were conducted, and article de-duplication and screening were performed by
these two reviewers. A third independent reviewer (MR) confirmed the adequacy of the
studies based on the predefined inclusion and exclusion criteria. Articles were included
if they were in full-text English on human subjects that included five or more patients
with reported CV or non-CS mortality or morbidity outcomes following SPE. We included
studies with the largest sample size and the most comprehensive follow-up period for each
outcome of cumulative or longitudinal results in more than one publication. Studies were
excluded if they were in a non-English language, did not include SPE, did not specify the
number or proportion of mortality or morbidity or had a small case series with less than
5 patients.

The full article text of the screened studies was retrieved for the second round of
eligibility screening. Prior meta-analyses and systematic reviews were searched to con-
firm the inclusion of all eligible studies (i.e., backward snowballing). A PRISMA flow
diagram illustrating the study selection process is available in the Supplementary Materials
(Supplementary Figure S1). The Newcastle–Ottawa scale (NOS) for assessing the quality
of Cohort Studies was used for the critical appraisal of eligible studies. Studies with scores
of six or more were included [5].
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2.3. Clinical Outcomes/Definitions

The primary outcome of interest was SPE hospital mortality. Secondary outcomes
included CV and non-CV mortality, postoperative pulmonary bleeding, gastrointestinal
(GI) bleeding, surgical site bleeding, non-surgical site bleeding and wound complication.

Subgroup analysis for the primary outcome was conducted based on continents.

2.4. Data Extraction and Statistical Analysis

Extracted variables included the following: study name, publication year, study
design, mean age, percentage of males, mean follow-up in years, percentage of individuals
with a contraindication to systemic thrombolytic therapy, percent of preoperative cardiac
arrest, preoperative mechanical ventilation, percent of individuals that underwent CPB
or extracorporeal membrane oxygenation (ECMO) support, percent of right ventricular
(RV) dysfunction, the need for inotropes or vasopressors, systemic thrombolysis, use of
myocardial protective techniques and aortic cross-clamping.

Measurement data were reported as the mean and standard deviation or as the median
and interquartile range based on the reported studies. The proportion per 100 observations
with a 95% confidence interval (95% CI) was calculated for each binary outcome. For
late mortality following SPE, the incidence rate with a constant event rate was used to
account for different follow-up times of the various studies with the total number of events
observed within the treatment group out of the total person-year of the follow-up.

Meta-regression was used to assess the effect of publication year, sex, systemic throm-
bolysis, contraindication to systemic thrombolytics, preoperative cardiac arrest, inotrope or
vasopressor use, preoperative mechanical ventilation, use of CPB, myocardial protective
techniques, use of intraoperative hypothermia and aortic cross-clamping percent on hos-
pital mortality after SPE. Heterogeneity among the included studies was assessed using
the Cochran Q statistic and the I2 test. For the primary outcome, if heterogeneity was
significant (I2 > 75%), a leave-one-out sensitivity analysis was performed. The publication
bias was assessed using a funnel plot and Egger’s regression test. We used a random
effect model (inverse variance method) for the entire analysis. The hypothesis testing for
equivalence was set at a two-tailed value of 0.05. Analyses were performed using R (version
4.3.3 R Project for Statistical Computing), using the following statistical packages: “meta”
and “metafor” within RStudio (2023.12.1+402 “Ocean Storm” Release for windows; Postit:
Boston, MA, USA).

3. Results

Among the 1949 searched studies in our systematic literature search, 78 studies met
our inclusion criteria including 6859 cases that underwent an SPE intervention [6–83]. A
PRISMA flowchart is shown in Supplementary Figure S1.

The criteria of all included studies are presented in Table 1. The mean age of included
patients ranged from 42 to 65 years. The percentage of males ranged from 25.6% to
86.7%. Preoperative cardiac arrest was reported in 57 studies and ranged from 0% to
87.2% of operations with a median preoperative cardiac arrest of 27.6%. The percentage of
contraindications to preoperative systemic thrombolysis was reported by 29 studies with a
median percent of 30.4% (interquartile range 20.00–45.50) in these studies. The preoperative
systemic thrombolysis percent was reported by 35 studies with a median percent of 11.5%
(interquartile range 3.65–25.30) in these studies. The use of CPB appeared to be nearly
universal (median 100% (IQR: 100–100)). The criteria of the included studies are shown in
Table 1.
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Table 1. The criteria of the included studies.

Country
Number of

Patients
Age, Years

Mean Follow-Up
(Year)

Male Percent

Hartman 2015 [6] USA 96 57.70 2.50 62.50

Ahmed 2008 [7] USA 15 59.60 46.70

Alqahtani 2019 [8] USA 3486 56.00 53.00

Amirghofran 2007 [9] Iran 11 45.60 3.00 63.60

Argyriou 2024 [10] England 256 54.00 55.90

Azari 2015 [11] Iran 30 56.10 3.50 43.33

Barrett 2010 [12] UK/Sydney 9 62.00 55.60

Bauer 1991 [13] Switzerland 44 49.00 4.60 54.50

Bennett 2015 [14] USA 40 50.33 40.00

Berger 1973 [15] USA 17 52.90

Biglioli 1991 [16] Italy 11

Bottzauw 1981 [17] USA 23 53.00 56.50

Boulafendis 1991 [18] USA 16 51.50 5.04 62.50

Cale 2002 [19] Singapore 12 41.70

Clarke 1986 [20] England 55 45.50

Dauphine 2005 [21] USA 11 48.50 0.75 45.50

De Weese1976 [22] Germany 11 42.30 45.50

DiChiacchio 1986 [23] USA 90 53.56 50.00

Digonnet 2007 [24] France 21 62.00 4.75 61.90

Doerge 1998 [25] Germany 41 51.10 10.58 51.20

Dohle 2018 [26] Germany 175 59.30 4.60 50.00

Edelman 2016 [27] Australia 37 57.00 0.12 41.00

Estrer 1981 [28] USA 5 43.60 60.00

Fedorov 2022 [29] Russia 10 54.60 40.00

Glassford 1981 [30] USA 20 57.10 40.00

Gray 1988 [31] England 71 43.10 7.88 31.00

Greelish 2011 [32] USA 15 57.00 2.00 86.70

Hajizadeh 2017 [33] Iran 36 50.80 0.50 38.90

Hennig 1974 [34] Germany 6 1.67

Jako1995 [35] Germany 25 57.00 40.00

Jaumin 1986 [36] Belgium 23

Keeling 2016 [37] USA 214 56.00 56.40

Keeling 2016 [38] USA 44 51.60 2.52 43.20

Khoury 1992 [39] Australia 61 53.00 32.80

Kieny 1991 [40] France 134 55.00 55.20

Konstantinov 2007 [41] Australia 7 46.40 4.17 28.60

Laas 1993 [42] Germany 34 4.90

Leacche 2005 [43] USA 47 59.00 2.25 63.80

Lehnert 2012 [44] Denmark 33 55.00 5.20 51.50

Lund 1986 [45] Denmark 25 52.00 3.90 56.00
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Table 1. Cont.

Country
Number of

Patients
Age, Years

Mean Follow-Up
(Year)

Male Percent

Malekan 2012 [46] USA 26 59.10 0.08 69.20

Marshall 2012 [47] Australia 10 49.00 3.25 40.00

Mattox 1982 [48] USA 39 42.00 25.60

Meyer 1991 [49] France 96 52.00 4.67 52.10

Meyns 1992 [50] Belgium 30 47.80 7.25 33.30

Minakawa 2018 [51] Japan 355 62.10 47.60

Mkalaluh 2019 [52] Germany 49 58.00 0.08 51.00

Neely 2015 [53] USA 115 59.00 1.08 62.60

Newcom2022 [54] USA 16 53.00 44.00

Osborne 2014 [55] USA 15 48.50 0.09 46.70

Panholzer 2022 [56] Germany 103 58.40

Park 2019 [57] Korea 27 47.30 0.08 45.00

Pasrij 2017 [58] USA 30 55.50 0.50 50.00

Pasrij 2018 [59] USA 55 53.00 1.00 60.00

QiMin 2020 [60] China 41 65.00 2.00 51.20

Rathore 2020 [61] Australia 82 60.00 3.18 57.30

Rivas 1975 [62] Germany 5

Sa 2007 [63] Korea 12 46.00 8.50 58.30

Salehi 2013 [64] Iran 16 53.00 2.00 37.50

Sareyyupoglu 2010 [65] USA 18 60.00 1.33 72.20

Satter 1980 [66] Germany 36 44.40

Saylam 1978 [67] USA 8 58.50 62.50

Shiomi 2016 [68] Japan 31 58.30 3.98 35.50

Spagnolo 2006 [69] Italy 21 38.10

Stalpaert 1986 [70] Germany 30 44.50 30.00

Stulz 1994 [71] Switzerland 50 53.40 36.00

Takahashi 2012 [72] Japan 24 59.90 0.57 29.20

Taniguchi 2012 [73] Japan 32 57.00 0.08 34.40

Thielmann 2012 [74] Germany 46 50.50 0.08 32.60

Turnier 1973 [75] USA 8 56.80 50.00

Ullman 1999 [76] Germany 40 55.00 3.75 42.50

Vohr2010 [77] UK 21 55.00 3.17 71.40

Vossschulte 1965 [78] Germany 7 48.70 57.10

Wu 2013 [79] Taiwan 25 49.40 1.58 36.00

Yalamanchili 2004 [80] USA 13 53.70 46.20

Yavuz 2014 [81] Turkey 13 61.80 2.08 61.50

Zarrabi 2013 [82] Iran 30

Zielinski 2023 [83] Poland 20 53.65 3.83 55.00

A quality assessment of all studies was conducted according to the Newcastle–Ottawa
scale (NOS) criteria, as shown in Supplementary Table S2.
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3.1. Efficacy Outcomes

Point estimates for hospital and late mortality outcomes are reported in Figure 1A and
Supplementary Figure S7. Hospital mortality was reported by all 75 studies involving 6779
cases. The hospital mortality was estimated to be 21.96% (95% CI: 19.21–24.98) (Figure 1A).
The CV hospital mortality was reported in 53 studies and was estimated to be 16.05%
(95% CI: 12.95–19.73). The non-CV hospital mortality was reported in 35 studies and was
estimated to be 8.32% (95% CI: 6.22–11.06).

A 

B 

Figure 1. Forest plot of (A) hospital mortality (The * refers to the different subgroups of hospital
mortality) and (B) hospital morbidity.

3.2. Late All-Cause Mortality

With a weighted median follow-up of 3.05 years, the late CV and non-CV mortality
incidence rates were 0.39 per person-year (95% CI: 0.14–0.65) and 0.90 per person-year
(95% CI: 0.40–2.06), respectively. (Supplementary Figure S7).

3.3. Safety Outcomes

Point estimates for pulmonary bleeding, gastrointestinal bleeding, surgical site bleed-
ing, non-surgical site bleeding and wound complications are reported in Figure 1B.

Pulmonary bleeding was reported by 12 studies, and the incidence was estimated to
be 10.62% (95% CI: 5.43–19.74%). Gastrointestinal bleeding was reported by nine studies,
and the incidence was estimated to be 4.70% (95% CI: 2.86–7.61). Surgical site bleeding was
reported in six studies with an estimated incidence of 4.84% (95% CI: 3.36–9.69%), while
non-surgical site bleeding was reported in 13 studies with an estimated incidence of 5.80%
(95% CI: 3.68–9.01%). Wound complications were reported in 15 studies with an estimated
incidence of 7.2% (95% CI: 5.36–9.60%), Figure 1B.

There were 15 cases of GI bleeding reported, and most of them were due to abdominal
surgical operations. Clarke et al.’s 1986 study reported that 10 patients had abdominal
surgery for malignant tumor resection, and 4 of them had GI bleeding. Cases of GI bleeding
and cerebral strokes were contraindicated for thrombolytics and anticoagulants.
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3.4. Sensitivity and Subgroup Analyses and Meta-Regression

There is high heterogeneity in hospital mortality with an I2 of 73%. To explore
such reasons for heterogeneity, we performed a leave-one-out analysis that showed the
robustness of the obtained estimate for hospital mortality (Supplementary Figure S4).
Additionally, cumulative meta-analysis showed a decline in hospital mortality for SPE from
42.86% in 1965 to 20.56% in 2024.

Meta-regression analyses were performed to evaluate the impact of different variables on
hospital mortality and found that the publication year (Figure 2A) (beta = −0.0288 ± 0.0051,
p < 0.0001) and percentage of males (Figure 2B) (beta = −0.0232 ± 0.0071, p = 0.0011)
were associated with lower hospital mortality, while preoperative cardiac arrest (Figure 2C)
(beta = −0.0288 ± 0.0051, p < 0.0001), the need for inotropes or vasopressors (beta = 0.0137 ±
0.0042, p = 0.0012) and preoperative mechanical ventilation (Figure 2D) (beta = 0.0143 ±
0.0061, p = 0.0196) were associated with higher hospital mortality (Table 2 and Supplementary
Figure S3).

Figure 2. Bubble plots of meta-regression of (A) publication year, (B) percentage of males, (C) preop-
erative cardiac arrest and (D) preoperative mechanical ventilation on hospital mortality outcome.

There was no observed publication bias either visually by inspecting the symmetry of
the funnel plot or statistically by using Egger’s test (estimate = 0.2246 ± 0.2986, p = 0.4507),
Supplementary Figure S4.
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Table 2. Meta regression of hospital mortality.

Variables Beta ± SE, p-Value

Year −0.0288 ± 0.0051, p < 0.0001

Male Percent −0.0232 ± 0.0071, p = 0.0011

Systemic Thrombolysis Percent −0.0136 ± 0.0078, p = 0.0785

Systemic Thrombolytics Contraindication Percent 0.0075 ± 0.0062, p = 0.2261

Preoperative Cardiac Arrest Percent 0.0279 ± 0.0043, p < 0.0001

Need for Inotropes or Vasopressors Percent 0.0137 ± 0.0042, p = 0.0012

Preoperative Mechanical Ventilation Percent 0.0143 ± 0.0061, p = 0.0196

Use Of Cardiopulmonary Bypass Percent −0.0060 ± 0.0040, p = 0.1325

Use Of Myocardial Protective Techniques Percent −0.0032 ± 0.0050, p = 0.5243

Use Of Intraoperative Hypothermia Percent 0.0013 ± 0.0042, p = 0.7656

Use Of Aortic Cross-Clamping Percent −0.0012 ± 0.0036, p = 0.7454
Beta (regression coefficient): the negative value reflects inverse association with the hospital mortality outcome.

4. Discussion

This meta-analysis and systematic review examined the efficacy of SPE, as well as short-
and long-term outcomes including CV and non-CV mortality in 78 studies, which included
6859 cases that underwent an SPE. The analysis demonstrated a hospital mortality rate of
approximately 22%, with a CV mortality rate of 16%. Additionally, there were long-term CV
and non-CV mortality rates of 39 per 100 person-year and 90 deaths per 100 person-year,
respectively. The median preoperative cardiac arrest rate was approximately 28%, with the
use of CPB universally in patients that underwent SPE.

The in-hospital mortality rates, as well as CV and non-CV mortality rates, reported
in this study are similar to the reported mortality rates by Karla et al. who reported an
in-hospital mortality rate of 26.3% [4]. A study was conducted by Kilic et al. using a
weighted nationwide inpatient sample, which included 1050 participating institutions in
44 states and identified 2709 patients that underwent an SPE for a PE. In this study, they
reported an in-hospital mortality rate of 27.2% and identified that the comorbidity index
and black race were independently associated with inpatient mortality following SPE [84].

A retrospective study performed by Hartman et al. reported a 30-day mortality rate
of 4.2% for all comers but illustrated that patients that were unstable had a higher 30-day
mortality rate of 12.5% compared to stable patients who had a 30-day mortality rate of
1.4% [6]. Studies have also shown that mortality rates are higher following cardiac arrest,
which could explain the reported in-hospital mortality rate of 27% in this study, given that
28% of patients that underwent SPE had preoperative cardiac arrest. Stein and colleagues
reported an operative mortality rate of 59% in patients who had preoperative cardiac arrest
compared to a rate of 20% in patients who did not have preoperative cardiac arrest [85].

Furthermore, we found in this study that there is a decline in the in-hospital mortality
rate following SPE. It decreased from 42.86% in 1965 to 20.56% in 2024. Studies have
previously shown this reduction in mortality over time [86]. This trend is likely due to
improvements in the diagnosis of PE, the stabilization of the patient and early intervention.
There is also likely a significant selection bias at work, as the dramatic improvement in
catheter-based interventions has offered many patients embolectomy in the absence of
surgery. This lack of randomization is a major confounder of such a retrospective meta-
analysis. This review supports the concept that in appropriately selected patients, surgical
embolectomy may be performed safely and with a good outcome; it does not argue against
the utility of popular catheter-based techniques/approaches that have rapidly evolved from
catheter-directed thrombolysis to ultrasound-augmented thrombolysis and to multiple
generations of percutaneous thrombectomy devices.
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Among the included studies, there was an apparent trend toward higher inotrope/vas-
opressor use with RV dysfunction, in studies that reported both variables, but this was
statistically insignificant (p- for trend = 0.347). The hospital mortality was mainly due
to cardiovascular comorbidities which included the need for inotropes or vasopressors,
preoperative mechanical ventilation, shock and cardiac arrest. The weighted median
follow-up was 3.05 years. Late mortality causes included both CV and non-CV causes.
Cardiovascular comorbidities such as hypertension and heart failure and non-CV causes
such as malignant neoplasms are the most common causes for late mortality.

Finally, this study has limitations that include the lack of demographic data such
as race in the majority of included studies, since previous studies have shown an asso-
ciation between race and in-hospital mortality following SPE. Specifically, the black and
African American race was associated with higher mortality rates compared to white Amer-
icans [84]. Additionally, hemodynamic information was not present in a reasonable number
of the included studies. It would have been interesting to observe if there were differences
in hospital mortality following SPE in stable and unstable patients or to understand the
baseline presentation of the patient and why that contributed to a hospital mortality rate
of approximately 27%; however, we were able to identify some predictors of mortality
such as an earlier era of surgery, prior cardiac arrest, need for preoperative mechanical
ventilation and the need for vasopressors or inotropes. There is a discernible lack of data
on the institution of ECMO among included patients. There is a need to evaluate other late
outcomes, such as the rate of development of chronic pulmonary hypertension in patients
who undergo SPE for acute PE.

5. Conclusions

In conclusion, this meta-analysis and systematic review demonstrates acceptable
perioperative mortality rates and late CV and non-CV mortality in patients who undergo
SPE for massive or submassive PE. There is a noticeably reduced mortality rate with more
recent studies using SPE.
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Abstract: Background: Residual Pulmonary Vascular Obstruction (RPVO) is an area of increasing
focus in patients with acute pulmonary embolism (PE) due to its association with long-term morbidity
and mortality. The predictive factors and the effect catheter-directed therapies (CDT) have on RPVO
are still under investigation. Methods: This is a single-center retrospective review between April 2017
and July 2021. Patients with intermediate risk of PE were included. Patient variables associated
with RPVO were analyzed and the degree of clot burden was quantified using the Qanadli score.
Results: A total of 551 patients with acute PE were identified, 288 were intermediate risk and 53 had
RPVO based on CT or V/Q scan three months post-PE. Baseline clot burden was higher in patients
who received CDT compared to those who received anticoagulation alone (Qanadli score 45.88% vs.
31.94% p < 0.05). In univariate analysis, treatment with CDT showed a HR of 0.32 (95% CI 0.21–0.50,
p < 0.001) when compared with anticoagulation alone. Patient variables including intermediate-
high risk, sPESI ≥ 1, elevated biomarkers, RV dysfunction on imaging, malignancy, history of or
concurrent DVT were also significantly associated with development of RPVO in univariate analysis.
In multivariable analysis, only baseline Qanadli score (HR 13.88, 95% CI 1.42–135.39, p = 0.02)
and concurrent DVT (HR 2.53, 95% CI 1.01–6.40, p = 0.04) were significantly associated with the
development of RPVO. Conclusions: Catheter-directed therapy may be associated with a reduced
risk of RPVO at 3 months; however, quantitative clot burden scores, such as the Qanadli score, may
be stronger predictors of the risk of developing RPVO at 3 months. Further prospective studies
are required

Keywords: pulmonary embolism; reperfusion; residual pulmonary vascular obstruction; chronic
thromboembolic disease; catheter-directed therapy

1. Introduction

Residual Pulmonary Vascular Obstruction (RPVO), defined as persistent vascular
obstruction after a pulmonary embolism (PE), has been identified as a key pathophysiologic
step in the development of chronic thromboembolic pulmonary hypertension (CTEPH) and
chronic thromboembolic disease (CTED) [1]. It has also been associated with an increase in
morbidity and mortality after acute pulmonary embolism [2,3], and recurrence of PE [4–6].
Currently, the factors that elevate a patients’ risk of RPVO remain under investigation.
One study by Raj et al. used the data from the PADIS-PE trial and found that six months
after a patients first unprovoked PE, age more than 65, pulmonary vascular obstruction
index ≥ 25%, elevated factor 8 level, and chronic respiratory disease were predictors
of RPVO [7]. Similarly, Sanchez et al. found that age, longer time between symptom
onset and diagnosis, initial pulmonary vascular obstruction, and previous VTE (Venous
Thromboembolism) were associated [8].
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Given the elevated risk of bleeding with systemic thrombolytics, catheter-directed
therapies (CDT) have become an increasingly studied treatment modality for intermediate-
risk PE, providing an alternative to simple anticoagulation alone [9]. While CDT has been
shown to have the potential to improve hemodynamics [10–12], more benefits in terms of
patient centered outcomes remains to be seen. The ability for CDT to decrease rates of post
PE syndromes such as RPVO is currently lacking in evidence. Defining these long-term
benefits becomes increasingly important as the usage of CDT has risen sharply over the
recent years and is expected to continue to rise [13].

We hypothesize that the treatment of intermediate-risk PE via CDT is associated with
a reduced risk of RPVO after acute PE. Our primary objective was to determine significant
and independent associations with the risk of developing RPVO after acute PE.

2. Material and Methods

This is a single-center retrospective review of the electronic medical record between
April 2017 and July 2021 for consecutive patients that were collected from the Pulmonary
Embolism Response Team database. This study was performed in accordance with the
ethical standards of the Helsinki Declaration of 1975 and Western Institutional Review
Board (TEMP-9448).

Inclusion criteria included patients with acute pulmonary embolism who were inter-
mediate, low or high, risk based on the European Society of Cardiology guidelines [14]. CT
angiogram or ventilation perfusion imaging obtained at least 3 months after treatment were
required to identify persistent clot burden. Patient variables identified were risk category
per European Society of Cardiology, sPESI, Brain Natriuretic Peptide (BNP), troponin,
right ventricular dysfunction on CT angiogram or transthoracic echocardiogram, active
malignancy, concurrent deep vein thrombosis (DVT), prior VTE, and initial Qanadli score.
The Qanadli score is a validated quantitative clot burden score. It is an additive point
scale scoring system in which the maximum score is 40, such that the Qanadli embolism
index = (embolism number × embolism degree)/40 × 100% [15]. An internal medicine
physician was responsible for the calculation of the Qanadli score. Descriptive statistics
with univariate and multivariable logistic regression were applied to determine associ-
ations with the risk of RPVO. Statistical significance was defined as a p valve less than
0.05 and a confidence interval that did not cross 1. ROC curves were created assessing the
performance of the Qanadli score as a predictor of RPVO in patients that received CDT or
anticoagulation alone.

3. Results

We identified 551 patients with acute PE that were evaluated during our study period.
Of those, 270 were intermediate-low, or high risk and were included in the analysis (Table 1).
A total of 51% (n = 138) of patients were female, and mean age was 58.9 with a SD of 15.2.
A total of 30% (n = 81) of patients had a history of VTE, and 20.7% (n = 56) had a history of
malignancy. A total of 40.7% (n = 110) of patients were intermediate-low risk and 59.3%
(n = 160) were intermediate-high risk. On admission, 63.8% (166/260) had an elevated BNP,
and 51.7% (139/269) had an elevated troponin. In initial imaging studies, 67.7% (178/263) of
patients who underwent CT scan showed RV dysfunction, while 73.8% (194/263) of patients
who underwent echocardiogram showed RV dysfunction. A total of 57.4% (143/249) of
patients who had lower extremity dopplers performed were positive for DVT.

In regard to treatment, 53% (n = 143) were treated with anticoagulation (AC) alone,
44.8% (n = 121) were treated with AC in conjunction with additional therapy, and 2.2%
(n = 6) received no AC. Of those patients that received advanced therapies, 74.2% (n = 89)
received CDT, 9.9% (n = 12) received systemic thrombolysis, 16.5% (n = 20) received
mechanical thrombectomy, and 2.4% (n = 3) received surgical thrombectomy. There were
53 patients who had RPVO based on either CT or V/Q scan three months after acute PE
(Table 1).
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Table 1. Baseline demographics of intermediate risk PE patients, stratified by RPVO and treat-
ment modality.

Intermediate
Risk PE n = 270

RPVO (+)
n = 53

RPVO (−)
n = 217

AC Alone
n = 143

CDT n = 89

Demographic data
Age—years 58.9 ± 15.2 59.2 ± 15.4 58.8 ± 15.2 59.8 ± 15.2 57.4 ± 13

Sex—no. (%)
Female 138 (51.1) 33 (62.3) 105 (48.4) 64 (44.8) 60 (67.4)
Male 132 (48.9) 20 (37.7) 112 (51.6) 79 (55.2) 29 (32.6)

Race—no. (%)
Caucasian 147 (54.4) 10 (18.9) 45 (20.7) 23 (16.1) 22 (24.7)

African American 55 (20.4) 33 (62.3) 114 (52.5) 76 (53.1) 48 (53.9)
Asian/Pacific Islander 64 (23.7) 6 (11.3) 58 (26.7) 42 (29.4) 17 (19.1)

Other/unknown 4 (1.5) 4 (7.5) 4 (1.8) 2 (1.4) 2 (2.2)
BMI 34.1 ± 10.5 30.9 ± 7.5 34.8 ± 10.9 32.2 ± 10.78 38.14 ± 9.6

Medical History
History of DVT—no. (%) 58 (21.5) 8 (15.1) 50 (23) 32 (22.4) 20 (22.5)
History of PE—no. (%) 53 (19.6) 6 (11.3) 47 (21.7) 25 (17.5) 25 (28.1)

History of malignancy—no. (%) 56 (20.7) 10 (18.9) 46 (21.1) 34 (23.8) 11 (12.4)
History of COPD—no. (%) 27 (10) 4 (7.5) 23 (10.6) 19 (13.3) 6 (6.7)

History of recent surgery—no. (%) 29 (10.7) 4 (7.5) 25 (11.5) 19 (13.3) 0 (0)
Clinical Status

sPESI—mean ± SD 1.58 ± 1.1 1.37 ± 1.07 1.62 ± 1.07 1.71 ± 1.06 1.1 ± 0.85
Intermediate-low risk—no. (%) 110 (40.7) 16 (30.2) 94 (43.3) 90 (63) 9 (10.1)
Intermediate-high risk—no. (%) 160 (59.3) 37 (69.8) 123 (56.7) 53 (37) 80 (89.9)

Oxygen treatment—no. (%) 136 (50.3) 29 (54.7) 107 (49.3) 70 (49) 44 (49.4)
Elevated BNP—no. (%) 166 (61.48) 37 (69.8) 129 (59.4) 78 (54.4) 65 (73)

Elevated troponin—no. (%) 139 (51.5) 31 (58.4) 108 (49.7) 55 (38.5) 60 (67)
RV dysfunction on CT—no. (%) 178 (65.9) 47 (88.7) 131 (60.4) 76 (53.1) 76 (85)

RV dysfunction on ECHO—no. (%) 194 (71.9) 41 (77.4) 153 (70.5) 95 (66.4) 74 (83.1)
Concurrent DVT—no. (%) 143 (57.4) 35 (66) 108 (49.8) 53 (37) 66 (74)

Therapy
Anticoagulation alone—no. (%) 143 (53) 22 (41.5) 121 (55.5) 143 (100) 0 (0)

Catheter-Directed Thrombolysis—no. (%) 89 (33) 23 (43.3) 66 (30.3) 0 (0) 89 (100)
Mechanical thrombectomy—no. (%) 20 (7.4) 6 (11.3) 14 (6.4) 0 (0) 0 (0)

Systemic thrombolysis—no. (%) 12 (4.4) 2 (3.7) 10 (4.6) 0 (0) 0 (0)
Surgical thrombectomy—no. (%) 3 (1.1) 0 (0) 3 (1.4) 0 (0) 0 (0)

No therapy—no. (%) 6 (2.2) 0 (0) 6 (2.8) 0 (0) 0 (0)
Measurements of clot

Baseline Qanadli score % 38.87 ± 20.5 51.18 ± 11.9 34.97 ± 21.2 31.94 ± 16.9 45.88 ± 19.5
+RPVO—no. (%) 53 (19.6) 53 (100) 0 (0) 22 (15.4) 23 (25.8)
−RPVO—no. (%) 217 (80.4) 0 (0) 217 (100) 121 (84.6) 66 (74.2)

PE, pulmonary embolism; RPVO, residual pulmonary vascular obstruction; AC, anticoagulation; CDT, catheter
directed therapies; BMI, body mass index; DVT, deep vein thrombosis; COPD, chronic obstructive pulmonary
disease; sPESI, simplified pulmonary embolism severity index; BNP, brain natriuretic peptide; RV, right ventricular;
CT, computed tomography; ECHO, echocardiogram.

For the degree of clot burden, the Qanadli score at baseline for all intermediate-risk PE
patients had a mean of 38.87% with a SD of 20.5%. The baseline Qanadli score for patients
with RPVO had a mean of 51.18% with a SD of 11.9%, while patients without RPVO had
a mean of 34.97% with a SD 21.2%. In patients who underwent CDT, the mean baseline
Qanadli score was 45.88% with a of SD 19.6% as compared to the group that received AC
alone, which had a Qanadli score of 31.94% with a of SD 16.9%. T-test between mean CDT
Qanadli score and anticoagulation group alone was <0.05.

Univariate logistic regression was performed to assess factors associated with RPVO at
3 months post-PE; variables with significant association were then utilized in multivariable
logistic regression to determine independent and significant associations with risk of RPVO.
Treatment with CDT and AC showed a reduced risk of RPVO development (HR 0.32,
95% CI 0.21–0.50, p < 0.001) when compared with AC alone. Patient variables including

138



J. Clin. Med. 2024, 13, 4248

intermediate-high risk, sPESI greater than or equal to 1, elevated biomarkers (BNP or
troponin), RV dysfunction on imaging (CTA or echocardiogram), and concurrent DVT
were also significantly associated with development of RPVO in univariate analysis. In
multivariable analysis, only the baseline Qanadli score (HR 13.88, 95% CI 1.42–135.39,
p = 0.02) and concurrent DVT (HR 2.53, 95% CI 1.01–6.40, p = 0.04) were independently and
significantly associated with an increased risk of the development of RPVO (Table 2).

Table 2. Univariate and multivariate analysis of factors predictive of RPVO.

Patient Variables/Interventions Univariate Analysis Multivariate Analysis

AC + CDT HR 0.32, 95% CI 0.21–0.50, p < 0.001 HR 0.35, 95% CI 0.11–1.12, p = 0.08
AC + tpa, mechanical thrombectomy HR 0.40, 95% CI 0.13–1.28, p = 0.12 HR 1.99, 95% CI 0.58–6.77, p = 0.27

Intermediate-high risk HR 0.32, 95% CI 0.23–0.46, p < 0.001 HR 0.98, 95% CI 0.28–3.42, p = 0.97
sPESI HR 0.55, 95% CI 0.45–0.66, p < 0.001 HR 0.74, 95% CI 0.47–1.16, p = 0.19

Elevated biomarkers (BNP or troponin) HR 0.26, 95% CI 0.19–0.36, p < 0.001 HR 0.96, 95% CI 0.29–3.19, p = 0.95
RV dysfunction on imaging (TTE or CTA) HR 0.28, 95% CI 0.20–0.39, p < 0.001 HR 0.55, 95% CI 0.15–2.11, p = 0.39

Concurrent DVT HR 0.29, 95% CI 0.20–0.43, p < 0.05 HR 2.53, 95% CI 1.01–6.40, p = 0.04
Baseline Qanadli score HR 6.58, 95% CI 1.35–32.17, p < 0.05 HR 16.12, 95% CI 2.47–20.84, p < 0.001

Bolded font is statistically significant hazard ratio (HR). AC, anticoagulation; CDT, catheter directed therapies; tpa,
tissue plasminogen activator; sPESI, simplified pulmonary embolism severity index; BNP, brain natriuretic peptide;
TTE, transthoracic echocardiogram; CTA, computed tomography angiography; DVT, deep vein thrombosis.

The area under the ROC curve (AUC) was used to compare the ability of the Qanadli
score to predict RPVO in patients who received CDT and those who received AC. The AUC
for the CDT group was 0.84, p < 0.001 and the AUC for the patients who received AC alone
was 0.72, p < 0.001 (Figures 1 and 2).

Figure 1. ROC curve assessing the Qanadli score as a predictor of RPVO (Residual Pulmonary
Vascular Obstruction) in patients who received CDT (catheter directed therapy). AUC 0.84, p < 0.001.
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Figure 2. ROC curve assessing the Qanadli score as a predictor of RPVO(Residual Pulmonary
Vascular Obstruction) in patients who received AC (anticoagulation) alone. AUC 0.72, p < 0.001.

4. Discussion

Post-pulmonary embolism syndromes, including CTEPH, CTED, and RPVO, are an
area of increased investigation due to their long-term morbidity and mortality, necessitating
studies into predictive factors [2,3]. Many patient characteristics have been associated
with clot resolution including initial RV/LV diameter, PE location and size, degree of
obstruction, early initiation of treatment, and provoked vs. unprovoked status [16,17]. Our
findings noted significantly increased RPVO risk in patients with intermediate-high-risk
PE, sPESI greater than or equal to 1, elevated biomarkers, RV dysfunction on imaging,
and concurrent DVT. In multivariable analysis, however, only the degree of baseline clot
burden, as measured by the Qanadli score and concurrent DVT, remained significantly
associated with the development of RPVO. ROC were performed to assess the effectiveness
of the Qanadli score and it was shown to perform well as a predictor of RPVO in both the
CDT and AC groups, though slightly better in the CDT group.

The degree of initial clot burden has been consistently shown to be a risk factor for
lack of clot resolution [7,8,16,17]. This suggests that quantifying the degree of clot burden,
whether by Qanadli score, or other objective measurement allows for risk stratification of
patients who may go on to develop post-PE syndromes. The Qanadli score is labor intensive,
but with increased use of artificial intelligence in the workup of pulmonary embolism,
rapid estimation of clot burden may be possible in the future. A small study by Sun et al.
in 2020 found that computer-aided interpretation of vascular obstruction, as measured
by the Qanadli score, reduced the time for interpretation and reliability of radiologists’
findings [18]. PE identification pathways have already seen the integration of artificial
intelligence in other ways, outside of clot burden measurements, and has shown synergistic
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effects when implemented alongside standard radiology practices [19,20]. Larger studies
will be needed to see if initial clot burden scores can be integrated into risk stratification.

The increased risk of RPVO in intermediate-risk PE patients with concurrent DVT was
also significant in our study. DVT associated with PE has been shown to be associated
with increased PE-specific and all-cause mortality [21–23] and has been considered in
the risk stratification of PE [24]. In RPVO, however, prior studies have not shown a
statistically significant relationship between DVT and residual clot burden [5,6,8]. It is
unclear the explanation for this; however, these prior studies assessed all-comers for PE
and may have included a subset of patients in which clot resolution occurred without issue,
while our intermediate-risk patients may have a higher proportion of patients that have
problems resolving clot. We propose that having a DVT at time of diagnosis represents
an elevated degree of clot burden, similar to a higher Qanadli score. Further studies will
need to reassess the effects of DVT in specific PE populations in respect to RPVO, given the
conflicting findings.

The role of CDT in intermediate-risk PE remains under investigation, and current
guidelines suggest their use only in patients who have a contraindication or who have
failed systemic thrombolysis [14,25]. Small prospective studies have focused on CDT’s
ability to improve RV dysfunction, as measured by the RV/LV ratio, without increased
bleeding [10–12]; however, data showing long term benefit is lacking. A case series in
2022 by Gayen et al. examined three patients who underwent mechanical thrombectomy,
and measured pre and post procedure perfusion scores, finding sustained improvements
in perfusion immediately post procedure and at 3 months [26]. This suggests that other
advanced therapies can improve long-term perfusion, but further studies focused on
catheter-directed therapy are needed especially as their usage increases [13].

In our study, while CDT was associated with a reduced risk of RPVO on initial
univariate analysis, it was not statistically significant in the multivariable analysis; however,
there was a trend towards reduced risk (HR 0.35, 95% CI 0.11–1.12, p = 0.08). One potential
explanation for this is that patients selected to undergo CDT had higher initial clot burden
as compared to those who did not (Qanadli score 45.88% vs. 31.94%), and it is that initial clot
burden that has the highest association with RPVO. Another possibility is that our sample
size was too small; however, the potential benefit of CDT in reducing RPVO demonstrated
in our analysis is promising. The ROC assessment demonstrated the increased effectiveness
of the Qanadli score to predict RPVO in patients who received CDT as compared to
AC; however, further studies are warranted (AUC 0.84, p < 0.001 vs. 0.72, p < 0.001)
(Figures 1 and 2). To minimize confounders, further studies will require stratifying patients
to different treatment arms based on their baseline clot score to truly examine the effects of
catheter-directed treatments on long-term, patient-centered outcomes.

Limitations to this study include its retrospective nature, and while we are not able to
show causation, our findings are consistent with prior studies evaluating predictive factors
of clot nonresolution. Follow-up imaging was not performed at standard time periods;
however, all imaging was collected after at least three months of therapy. It may also be
significant that the majority of the patients in our study who received advanced therapies
received catheter directed thrombolysis (74.2%) and relatively few received mechanical
thrombectomy. The composition of clots seen in pulmonary embolism have been shown to
evolve over time and have both different macro and micro appearances, with acute clots
having higher fibrin content while more chronic clots consist of higher portions of collagen
and elastin [1,27]. The chronicity of the clot has also been associated with resistance to
fibrinolytics in other populations such as arterial thrombi and deep vein thrombosis [27,28].
This suggests that there may be a subset of patients with more chronic organized clot that
may have improved response to mechanical removal given their decreased responsiveness
to fibrinolytics; however, that remains to be proven, and improvement in CT imaging
ability to distinguish chronicity would be required to stratify patients. The Qanadli score
was also calculated by one of the authors, an internal medicine physician. While we believe
this limited interoperator variability, future studies, in which a radiologist or artificial
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intelligence system are utilized, are warranted. Also challenging is how we define post-PE
syndromes, such as RPVO, CTED, and CTEPH, with language that continues to evolve. For
that reason, our study focuses solely on clot nonresolution, without defining downstream
disease processes; however, future studies will be needed.

In conclusion, the degree of baseline clot burden, as measured by the Qanadli score,
was the strongest predictor of RPVO after 3 months of therapy. Quantifying clot burden
on admission and providing an objective measurement may allow the stratification of
patients more likely to develop CTEPH or CTED. CDT may be associated with reduced
risk of developing RPVO after acute intermediate-risk PE, but further prospective studies
are needed.
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