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Abstract: Background/Objectives: Pulmonary embolism (PE) is the third leading cause of
cardiovascular mortality, with significant diagnostic and therapeutic challenges in the emergency
department. Utilizing appropriate and accurate screening and risk stratification tools optimizes
clinical decision making and patient outcomes. This review seeks to discuss current diagnostic tools,
different treatment modalities utilized in the ED to reduce mortality and morbidity in patients who
present with PE, and to further highlight the outcomes associated with such treatment modalities1
Methods: We reviewed current literature regarding the epidemiology, diagnosis, risk stratification,
and management of PE, with a focus on clinical decision tools and advanced therapeutic
interventions. Specific attention was given to diagnostic algorithms, and guidelines regarding risk
stratification methods as well as treatment options including catheter-directed thrombolysis (CDT),
mechanical thrombectomy, systemic thrombolysis, and ultrasound-assisted thrombolysis (USAT).
Results: Accurate utilization of risk stratification tools has been shown to improve patient-specific
treatment and provide a better insight into patient outcomes. Interventional therapies such as CDT
and USAT have demonstrated reduced mortality and morbidity in high- and intermediate-risk PE
patients when compared to systemic anticoagulation alone. There is also future discussion on how to
improve risk stratification to continue to reduce patient mortality and morbidity as well as reduce
the risk of sequelae and side effects. Conclusions: Optimizing the diagnosis and management of PE
through effective risk stratification and advanced therapeutic options continues to evolve. Future
research will focus on refining interventional therapies, enhancing risk assessment models, and
preventing long-term sequelae, ultimately aiming to improve both short- and long-term patient
outcomes.

Keywords: Pulmonary embolism; risk stratification; catheter-directed thrombolysis; mechanical
thrombectomy; systemic thrombolysis; ultrasound-assisted thrombolysis

1. Introduction

The introduction should briefly place the study in a broad context and highlight why it is
important. It should define the purpose of the work and its significance. The current state of the
research field should Pulmonary embolism (PE) is a life-threatening cardiovascular emergency
frequently encountered in the Emergency Department (ED), which is the third leading cause of
cardiovascular mortality [1]. PE typically arises when a part of a thrombus from a deep vein in the
lower extremities enters the pulmonary circulation and obstructs the pulmonary arteries. Rare PE
occurs from embolizing other materials such as air, fat, or tumor cells [2]. Risk factors for PE are
numerous but most commonly include prior venous thromboembolism, recent prolonged
immobilization such as hospitalization, obesity, oral contraception, postpartum period, lower
extremity surgery, malignancy, and thrombophilias [3]. The clinical presentation of PE can be highly
variable and nonspecific, resulting from a complex interplay of different organ systems, which range
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from mild dyspnea to catastrophic hemodynamic collapse [4]. This wide variation in presentation
makes early diagnosis particularly challenging. The diagnostic ambiguity often leads to both
underdiagnosis, with potentially fatal outcomes, and over-testing, contributing to increased
healthcare costs and resource strain, particularly in overcrowded EDs [5].

Despite its high clinical burden, therapeutic advances have previously lagged compared to other
cardiovascular emergencies, such as the first and second leading causes of cardiovascular death,
myocardial infarction and stroke, respectively. Historically, treatment has been limited to
anticoagulation alone or systemic thrombolytic therapy for life-threatening PE. However, a renewed
interest in reducing the mortality and morbidity of PE is evidenced by novel therapies such as
ultrasound-assisted catheter-directed thrombolysis (USCDT) and mechanical thrombectomy [6].

This review seeks to discuss the different treatment modalities utilized in the ED to reduce
mortality and morbidity in patients who present with PE and to further highlight the outcomes
associated with such treatment modalities. Additionally, it will provide an overview of the
integration of emerging interventional options into contemporary cardiovascular emergency care.
Finally, we offer considerations for the future of PE management

2. Clinical Decision Rules in Pulmonary Embolism Diagnosis

The annual incidence rate of PE in the U.S. is approximately 1.15 cases per 1,000 persons, with
PE accounting for about 0.16% of all emergency department visits, with the incidence rising every
year [7,8]. With PE having an increased burden of morbidity and mortality worldwide, early
identification of the severity of PE on initial presentation is vital to therapy-directed treatment
options.

There have been several evidence-based clinical decision support systems (CDSS) that have been
developed to assist in the determination of PE, including the Wells Criteria, Revised Geneva Score,
and the Pulmonary Embolism Rule-Out Criteria (PERC) [9]. The Wells score remains one of the most
widely used tools, stratifying patients into low, intermediate, or high probability categories based on
clinical criteria (Table 1). When combined with D-dimer testing, the Wells score can safely rule out
PE in many patients without requiring imaging [10].

Table 1. Wells Criteria and Modified Wells Criteria to Assess the Pretest Probability of PE [11].

Factor Comment
History* Age, cancer, heart and lung disease, dyspnea, shock,t mental confusion
Physical examination?

Heart rate?

Elevated jugular venous pressuret

Sao0,t

Respiratory rate

Hypotension® Sustained hypotension (or need for inotropic/vasopressor support) denotes high-risk PE

Laboratory testing

NT-BNPT
Troponint Elevation is associated with RV dysfunction and with adverse short-term outcomes®
Serum lactate
Imaging
RV dilatationt Can be assessed by CT or by echocardiography; care must be taken to choose the appropriate imaging plane&.2
RV dysfunctiont Associated with poor short- and long-term prognoses&2

CT indicates computed tomography; NT-BNP, N-terminal pro-B-type natriuretic peptide; PE, pulmonary embolism; RV, right ventricular; and Saoy, arterial oxygen saturation.

History and physical examination findings make up the Pulmonary Embolism Severity Index score.
+

Factors associated with PE-related death
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Similarly, the revised Geneva score is another scoring system in assisting with the pretest
probability of PE, similar to the Wells score, however, relying purely on objective clinical variables
(Table 2) [12]. In low-risk patients, pre-test probability (<15%), the Pulmonary Embolism Rule-Out
Criteria (PERC) can be employed to safely discharge patients without further testing if all criteria are
negative (Table 3) [13,14]. More recently, the YEARS algorithm has been introduced, which reduces
unnecessary imaging by adjusting D-dimer thresholds based on clinical suspicion and has been used
in pregnant patients (Figure 1). There have been studies to show that the YEARs criteria have shown
superior efficacy compared to the previous Wells criteria [15].

Table 2. Above, revised Geneva Score to assist in objectifying the Risk of PE [16].

Modified Geneva score

Variables Points
Risk factors Age >65 years 1
Previous deep venous thrombosis or pulmonary embolism 3
Surgery under general anesthesia or fracture of the lower limbs within one month 2
Active malignancy (solid or hematologic; currently active or cured within the last year) 2
Symptoms Unilateral lower-limb pain 3
Hemoptysis 2
Signs Heart rate 75 to 94 beats per minute 3
295 beats per minute 5
Pain on lower limb deep venous palpation and unilateral edema 4
Total points
Pre-test probability Low 0to3
assessment Intermediate 4010
High 211

Table 3. Above, PERC criteria for low risk patients [17].

The pulmonary embolism rule out criteria (PERC rule)*™

Age <50 years
Heart rate <100 bpm
Oxyhemoglobin saturation >95%
No hemoptysis
No estrogen use
No prior DVT or PE
No unilateral leg swelling
No surgery/trauma requiring hospitalization within the prior four weeks
DVT: deep venous thrombosis; PE: pulmonary embolus; bpm: beats per minute.
* This rule is only valid in patients with a low clinical probability of PE (gestalt estimate <15 percent). In patients with a low probability of PE who fullfil all

eight criteria, the likelihood of PE is low and no further testing is required. All other patients should be considered for further testing with sensitive D-
dimer or imaging.
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Pregnancy-adapted

Not pregnant YEARS algorithm
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1. Clinical signs of DVT
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Figure 1. YEARs algorithm for determining PE [18].

A D-dimer is traditionally ordered on low-risk patients, with a negative D-dimer can reasonably
rule out a PE in low-risk patients. Patients in a high-risk category or who have a high clinical
suspicion for PE should receive imaging instead of the D-dimer screening test. In moderate-risk
patients, one can either obtain a D-dimer (a negative D-dimer would rule out PE) or go straight to
imaging if clinical suspicion remains high [19]. The CDSS, as described above, can also provide
additional insight into when D-dimer screening tests should be implemented.

3. Risk Stratification

Once PE is suspected or identified, immediate risk stratification to guide treatment by
identifying patients most likely to experience adverse outcomes. The most widely adopted
classification systems for determining the severity of pulmonary embolism (PE) are those established
by the American Heart Association (AHA) and the European Society of Cardiology (ESC) [20,21].
These two systems, which share many similarities, categorize PE severity into three primary levels:
massive (high-risk), submassive (intermediate risk), and nonmassive (low risk) PE, and are based on
hemodynamic effects and short-term prognosis (Table 4). Management strategies are then decided
upon, tailored to the severity of PE based on risk and benefits to best decrease mortality and
morbidity in patients.

Table 4. Current Factors Utilized to Assess PE Severity [1].
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Factor Comment
History* Age, cancer, heart and lung disease, dyspnea, shock,! mental confusiont
Physical examination*

Heart rate!

Elevated jugular venous pressuret

Sao,t

Respiratory rate

Hypotensiont Sustained hypotension (or need for inotropic/vasopressor support) denotes high-risk PE
Laboratory testing

NT-BNP*

Troponint Elevation is associated with RV dysfunction and with adverse short-term outcomes?

Serum lactate

Imaging
RV dilatationt Can be assessed by CT or by echocardiography; care must be taken to choose the appropriate imaging planeZ
RV dysfunction} Associated with poor short- and long-term prognoses&<

CT indicates computed tomography; NT-BNP, N-terminal pro-B-type natriuretic peptide; PE, pulmonary embolism; RV, right ventricular; and Sao,, arterial oxygen saturation.

*

History and physical examination findings make up the Pulmonary Embolism Severity Index score.
+

Factors associated with PE-related death.

Massive PE traditionally has been defined by the basis of angiographic burden of the emboli by
use of the Miller index however, most registry data now support the presence of circulatory arrest or
hypotension are associated with increased mortality in acute PE [21,22]. Further definition of
hypotension can be described as a systolic blood pressure <90 mm Hg, a drop of >40 mm Hg for at
least 15 minutes (this latter criterion may be difficult to ascertain in some clinical circumstances), or
need for vasopressor support, which identifies these patients [22]. These patients have approximately
65% 30-day mortality [23].

The AHA and ESC do differ on their definition of submassive PE with the AHA stating that
submassive PE typically is normotensive with evidence of right ventricular (RV) strain or myocardial
ischemia (MI). The ECS has a broader definition that also incorporates the use of the simplified
Pulmonary Embolism Severity Index (sPESI) for PE-related 30-day mortality (Table 5). Patients with
a score of 1 or greater are then subdivided into two subgroups according to whether the patients have
both RV dysfunction and RV injury (intermediate risk-high) or only one of neither of these findings
(intermediate risk-low) [21]. RV strain does encompass RV dysfunction as evidenced on transthoracic
echocardiography (TTE), RV dilation (RV/LV ratio .0.9) via contrast topography (CT) or TTE, and RV
pressure overload and injury secondary to elevated biomarkers such as biomarkers such as troponin
and brain natriuretic peptide (BNP) [21-23]. Clot burden viewed on CT scan does not predict overall
mortality in patients with submassive PE. Ml is often assessed by an electrocardiogram (ECG). This
group of patients accounts for approximately 35-55% of hospitalized patients [21].

Table 5. Simplified Pulmonary Embolism Severity Index (sPESI).

Parameters Points assigned
Age > 80 years +1
History of cancer +1
History of chronic cardiopulmonary disease +1
Pulse rate = 110/min +1
Systolic blood pressure < 100 mmHg Gl
Arterial blood oxygen saturation < 90% +1

Risk class low: point = 0, Risk class high: points > 1.
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Nonmassive PE is defined as patients with PE who do not meet the criteria for massive or
submassive PE. This group of patients accounts for approximately 40-60% of hospitalized patients
with PE and has an average mortality of approximately 1% in one month [26].

Though there are limitations to risk stratification, such as PE severity varying over time with
unique patient presentations and histories, it is a useful tool that has been validated by multiple
studies [20,21]. Additionally, risk stratification allows providers to decrease overall mortality and
morbidity of PE in patients while also reducing the risk associated with different therapy modalities.

4. Clinical Treatments and Outcomes

Historically, PE has mainly been treated with anticoagulation (AC), mainly Heparin, however,
there have been several novel treatment modalities created in recent years that have aimed at
reducing the duration of anticoagulation needed and improving outcomes from sequelae of high-risk
and intermediate risk PE. Current guidelines still recommend therapeutic anticoagulation with
subcutaneous low molecular weight heparin (LMWH), intravenous or subcutaneous unfractionated
heparin (UFH), weight-based subcutaneous UFG or subcutaneous fondaparinux should be
administered to patients with confirmed PE and no contraindications to AC [1]. Additionally,
therapeutic anticoagulation should be given to patients during the diagnostic work-up with
intermediate or high clinical probability of PE with no contraindications to AC [1].

Management strategies have evolved to include a range of advanced interventional therapies
such as systemic thrombolysis, catheter-directed thrombolysis (CDT), mechanical thrombectomy,
and ultrasound-assisted thrombolysis (e.g., EKOS)[27]. Patients with massive or submassive PE who
have hemodynamic compromise and/or have cardiogenic shock may also benefit from additional
techniques such as invasive hemodynamic support devices, such as extracorporeal membrane
oxygenation (ECMO) or isolated percutaneous RV support in conjunction with treatment modalities
[28-30].

CDT technique involves delivering thrombolytic agents directly to the clot through a multi-side
hole infusion catheter, typically reserved for cases of massive or submassive PE where systemic
thrombolysis may lead to increased risk of major and intracranial bleeding. By localizing the
thrombolytic action, CDT offers an advantage in terms of reducing the systemic bleeding risk. CDL
has reported a significantly lower total dose of approximately 25% of what is usually given
systemically [31].

Ultrasound-Assisted Thrombolysis (USAT) with the EKOsonic endovascular system (EKOS
Corp, Bothell, WA) combines the use of low-frequency ultrasound waves with thrombolytic agents,
which enhances the ability of the clot-dissolving drugs to penetrate the thrombus [32]. The EKOS
catheter has two lumens, with one lumen holding a filament with multiple ultrasound transducers
that emit high-frequency, low-energy ultrasound. The second lumen releases local thrombolytic
delivery through multiple ports along the length. The low-energy ultrasound breaks down fibrin
strands, leading to a more effective thrombolysis at lower doses. The biggest difference and proposed
benefit of EKOS vs CDT is more effective penetration of thrombolytic agent over a shorter duration
of time [33]. Though there has not been a randomized control study to support this benefit [34].
Ultrasound-assisted thrombolysis is often used for patients with intermediate-risk PE, offering a less
invasive alternative to mechanical thrombectomy or systemic thrombolysis.

Mechanical thrombectomy or embolectomy is becoming increasingly recognized as a viable
option for patients with massive PE. There are several different types of catheters and techniques
used; however, the general idea is that mechanical thrombectomy physically removes the embolus
using specialized devices, improving both right ventricular function and overall hemodynamic
stability [35]. Usually, a pre-procedural CT scan is ordered, which assists in guiding the catheter. This
treatment is often used in combination with other therapies, such as CDT, in severe cases [21].

Systemic Thrombolysis therapy remains a cornerstone for high-risk PE management,
particularly in cases of massive PE with hemodynamic compromise. These medications actively
promote clot degradation and reduce right heart strain [36]. While this approach has a proven benefit
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in reducing mortality and improving clinical outcomes, it carries a significant risk of bleeding,
particularly in patients with contraindications, such as active bleeding or recent surgery [37].

Ultimately, treatment decisions should involve a multidisciplinary approach, with patient
history and objective information contributing to the overall decision for treatment of PE. By focusing
on individualized care, physicians can minimize complications while improving the chances of
recovery and reducing mortality in patients with pulmonary embolism.

5. Patient Outcomes

Pulmonary embolism management has evolved significantly, with a strong emphasis on early
diagnosis, risk stratification, and individualized treatment approaches. The variety of treatment
modalities, including systemic thrombolysis, CDT, mechanical thrombectomy, and USAT, has
allowed for more tailored care aimed at improving outcomes, minimizing complications, and
preventing long-term sequelae like chronic thromboembolic pulmonary hypertension (CTEPH) or
recurrent PE from deep venous thromboembolism (DVT).

High-risk patients may benefit from prompt, aggressive interventions such as systemic
thrombolysis or mechanical thrombectomy, which can dramatically reduce mortality by rapidly
reversing hemodynamic compromise compared to just AC if implemented early [37]. However, the
bleeding risks associated with systemic thrombolysis, especially intracranial hemorrhage, necessitate
careful patient selection.

Intermediate-risk patients, the goal is often to avert hemodynamic collapse and death resulting
from progressive right-sided heart failure. This group can benefit from catheter-directed therapies,
including USAT, which deliver lower doses of thrombolytics directly to the clot. This approach
improves right ventricular function and reduces clot burden with fewer bleeding complications
compared to systemic thrombolysis.

Low-risk PE patients typically achieve excellent outcomes with anticoagulation alone, and many
can even be safely managed as outpatients [38]. This patient-centered approach minimizes
hospitalization, reduces costs, and maintains high safety profiles.

Another goal of modern PE management is the prevention of CTEPH, a debilitating long-term
complication of unresolved PE characterized by persistent pulmonary artery obstruction and
pulmonary hypertension, prevention of recurrent PE, and reintroduction of exercise. Early and
effective clot resolution is key to minimizing these risks. Permanent or temporary Inferior Vena Cava
(IVC) filters are also a treatment modality utilized in recent years for the prevention of recurrent PE
in patients with known DVT where systemic AC is contraindicated [39-41].

Furthermore, the CDSS such as the PERC rule, Wells score, and the YEARS algorithm assist in
identifying patients who can avoid unnecessary imaging or treatment, thus sparing them from
potential procedural risks and radiation exposure.

The precision in risk stratification, ensuring the right therapy is used for the right patient at the
right time, enhances survival and significantly reduces the occurrence of treatment-related
complications.

6. Future of PE Risk Stratification and Therapeutic Modalities

One major future direction is the continued refinement of risk stratification models. Artificial
intelligence (AI) and machine learning algorithms are beginning to play a role in predicting PE risk,
which could include a more accurate risk stratification system, determining severity, and guiding
diagnostic and therapeutic decisions. Future studies are needed to identify where risk stratification
can be improved upon and how to better categorize treatment plans for patients to reduce mortality
and morbidity [42].

As data continue to support the safety and effectiveness of catheter-directed thrombolysis and
mechanical thrombectomy, these modalities are expected to become the standard of care for
intermediate-risk PE. Future devices may offer even more precise clot targeting, improved ease of
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use, and further reduced doses of thrombolytic agents. Combination strategies, such as low-dose
systemic thrombolysis followed by catheter-based clot disruption, are being explored to optimize
outcomes while preserving safety.

Additional studies are also needed to determine the benefit of USAT and CDT in patients with
high-risk or intermediate-risk PE to create a unified guideline and reduce the risk of sequelae or side
effects of therapeutic modalities.

7. Conclusion

PE is a cardiovascular emergency that remains a significant mortality in patients who present to
the ED. To reduce the risk of mortality and optimize patient outcomes, PE requires prompt diagnosis,
accurate risk stratification, and tailored therapeutic strategies. PE has a wide variety of presentations,
ranging from sudden cardiac death to asymptomatic, making it a difficult diagnosis to determine
with just clinical gestalt. Clinical decision tools such as the Wells score, revised Geneva score, PERC,
and the YEARS algorithm have become regular practice in improving diagnostic efficiency while
minimizing unnecessary testing. Risk stratification not only guides immediate management but also
determines long-term prognosis. This allows physicians to select appropriate therapies, from AC to
advanced interventions like CDT, mechanical thrombectomy, and USAT.

Advancements in treatment modalities have significantly improved survival and reduced
morbidity, especially through individualized care approaches that balance efficacy with the
minimization of bleeding risks. Modern management strategies have also placed a new emphasis on
the prevention of CTEPH, recurrent PE, and earlier initiation of exercise therapy.

Looking forward, the future of PE management lies in further studies exploring more accurate
risk stratification and in the expanding role of CDT, USAT, and developing safer pharmacologic
agents. By continuing to evolve in response to emerging technologies and research, emergency
medicine physicians and interventional cardiologists will be increasingly equipped to provide the
right care for the right patient at the right time, ultimately reducing mortality and improving quality
of life for patients with pulmonary embolism.

Funding: This research received no external funding
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