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Abstract

Thrombolytic therapy has been the mainstay for patients with pulmonary embolism
(PE). Despite being linked to a higher risk of significant bleeding, clinical trials
demonstrate that thrombolytic therapy should be used in patients with moderate to
high-risk PE, in addition to hemodynamic instability symptoms. This prevents the
progression of right heart failure and impending hemodynamic collapse. Diagnosing
PE can be challenging due to the variety of presentations; therefore, guidelines and
scoring systems have been established to guide physicians to correctly identify and
manage the condition. Traditionally, systemic thrombolysis has been utilized to lyse the
emboli in PE. However, newer techniques for thrombolysis have been developed, such
as endovascular ultrasound-assisted catheter-directed thrombolysis for massive and
intermediate-high submassive risk groups. Additional newer techniques explored are
the use of extracorporeal membrane oxygenation, direct aspiration, or fragmentation
with aspiration. Because of the constantly changing therapeutic options and the scarcity
of randomized controlled trials, choosing the best course of treatment for a given
patient may be difficult. To help, the Pulmonary Embolism Reaction Team (PERT) is a
multidisciplinary, rapid response team that has been developed and is used at many

institutions. Hence to bridge the knowledge gap, our review highlights various




indications of thrombolysis in addition to the recent advances and management

guidelines

INTRODUCTION

Pulmonary embolism (PE) is a common and potentially fatal form of venous
thromboembolic disease with an estimated incidence of 1 case per 1000 persons per year
in the United States. It is the third most common cause of cardiovascular death, with a
diverse presentation from asymptomatic disease to death; diagnosis and sometimes
challenging diagnosis [1. Massive PEs necessitate immediate treatment to reestablish

pulmonary circulation and blood flow.

Anticoagulation as a treatment for venous thromboembolism (VTE) dates back less than
a century, and thrombolysis was only recently introduced, despite the fact that the
thrombotic origin of PE has been extensively recognized for about two centuries. In
patients with acute PE with hemodynamic compromise, thrombolytic therapy is used to
lyse the emboli; however, new applications for thrombolysis emerge as the field of

medicine advances (2],

In 1962, according to Browse and James, streptokinase was found to be able to lyse
pulmonary emboli in both people and dogs. Four patients who received various dose
regimens showed remarkable clinical improvement Bl. According to a randomized
controlled trial conducted by Goldhaber and colleagues, recombinant tissue-type
plasminogen activator (rtPA), introduced for the treatment of acute PE in the late 1980s,

was found to act more quickly and be safer than urokinase [*I.

rt-PA (such as alteplase), streptokinase, and urokinase are three different thrombolytic
agents that are effective in breaking up clots 5%l However, these agents came with

considerable risks, including the potential for frequent severe bleeding and intracranial




hemorrhagel”8l. Although most of the research concurs that thrombolytic drugs
accelerate the lysis of pulmonary thromboemboli better than heparin alone, their
benefits for decreased PE death rates, influence on survival, and dangers of related
hemorrhagic sequelae are still unclear. Therefore, this review article discusses the
clinical manifestations, recent advances, and management guidelines to address the

knowledge gap of the evolving treatment regimens for PE.

Clinical manifestations of PE

Understanding and acknowledging the variable clinical manifestations amongst
patients with PE is key to their identification and prompt medical intervention. The
inability to accurately diagnose the patients is considered an error that can potentially
result in mortality; among patients with PE, 30% die due to a delay in their
management Pl. Hence, devising an algorithm sensitive to the clinical picture of PE
becomes essential to reach a diagnosis.

The clinical presentation of patients with PE can vary from an asymptomatic state to
sudden death, and hence reaching a diagnosis can be challenging, limiting the
physicians to mostly rely on history and physical examination [?]. Most of the signs and
symptoms are broad-spectrum and typically non-specific; some of the non-specific signs
may include tachycardia, dyspnea, chest pain, shock, and hypoxemia which are also
found in patients presenting with other complaints such as myocardial infarction (MI),
congestive heart failure and pneumonia [°l. Based on the Prospective Investigation of
Pulmonary Embolism Diagnosis II (PIOPED II) trial, patients with PE frequently
presented with some of these nonspecific signs; 54% of patients presented with
tachypnea, 24% with tachycardia, 73% presented with dyspnea (at rest or on exertion),
44% with pleuritic pain, and 34% complained of cough [°l. However, since this trial did

not include patients with serious risk factors such as recent MI and chronic kidney




disease, the pertinence of these values is limited; hence, an evaluation of the patient's
risk factors at the time of diagnosis becomes crucial [9). It is researched that 80 to 90% of
the patients have comorbidities that serve as risk factors for PE and that the absence of
certain signs and symptoms, including dyspnea and tachypnea, indicates that the
likelihood of the patient having PE is low [10],

Hamad et al state that the clinical probability of PE relies on two elements. These
include the risk factors and evidence of an alternative diagnosis [11l. A low clinical
probability is established in case of the absence of risk factors along with an alternative
diagnosis, while a high clinical probability is established if there are no risk factors and
there is no alternative diagnosis to explain the clinical presentation of the patient [111.
PIOPED study by Lee LC and colleagues describes that a correct diagnosis for PE was
reached in 91% of cases where a low risk of PE was expected; however, in case of
intermediate and high risk, a correct diagnosis was reached only 64-68% of times,
suggesting that it is less challenging to predict the diagnosis in the absence of PE and
increasingly more difficult to predict the diagnosis when the underlying cause is PE [101.
Miniati M et al report that according to their survey of 800 patients, who were divided
into 2 groups based on their lgcation, the frequently reported clinical symptoms
included sudden-onset dyspnea (81% and 78%), chest pain (56% and 39%), syncope
(26% and 22%), and hemoptysis (7% and 5%) while the reported asymptomatic patients
were merely 1% of the study participants [121.

These results highlight the fact that transiently worsening dyspnea, especially sudden
onset, is the most common symptom amongst patients with PE. It could be caused by
bronchospasm, reduced effort of the diaphragm, or due to obstruction of the embolus,
which results in reduced blood flow and hence a ventilatory/perfusion (V/Q)
mismatch in the lungs 101314 This then results in reduced oxygenation of the blood and
causes breathlessness or dyspnea [1012l Results also suggest that the second most
common presentation was chest pain with an angina-like character, further
complicating clinical diagnosis [14]. This could be associated with effects on pleura and

the local impairment of blood circulation in the lungs or the coronary arteries 3], Based




on the same study results, fever, tachycardia, abnormal pulmonary signs, and
peripheral vessel collapse are among the most common physical exam findings [131.
Hemodynamic instability is another uncommon but noteworthy clinical sign since it
highlights the presence of central or extensive PE associated with a diminished
hemodynamic reserve [15l. Moreover, atrial arrhythmias, particularly atrial fibrillation,
may present with acute PE ['5],

With the challenging and varying set of features in eacly_patient with PE, it is
recommended that in the setting of patients presenting with at least one of these four
symptoms (sudden-onset dyspnea, chest pain, syncope, and hemoptysis), the
physicians should remain vigilant and must keep PE as one of the differentials followed

by appropriate investigations to confirm the diagnosis ['3l.

Indications of thrombolysis

PE is categorized as high, intermediate, or Jow risk. According to European guidelines,
massive PE, also known as high-risk PE, is acute PE with hypotension, which is defined
as a systolic blood pressure (SBP) < 90 mmHg or a decrease of >40 mmHg that cannot
be attributed to another cause. Unless it is contraindicated, thrombolytic treatment
should be given because this category of patients has a 30-day mortality risk that is

more than 15% [1516],

According to some recommendations, PE that results in profound bradycardia or
pulselessness (heart rate [HR] < 40 bpm) should be regarded as massive [17l. Although

according to the statement by the American Heart Association, thrombolytic therapy

should be administered to patients with sub-massive or interrﬁdiate-risk PE,, the

utilization in such scenarios is debatable. These are defined by right ventricular

dysfunction (RVD), including right ventricle (RV) hypokinesis, dilation, or elevated
brain natriuretic peptide (BNP), or cardiac injury defined by elevated troponin and

without hypotension. The use of thrombolytic, although, has a high efficacy, with a 30%




reduction in mortality, however, the effect size on mortality of submassive PE patients

is <1%. Furthermore, in patients with intermediate risk, none of the patients treated

adjunctively with alteplase showed an increase in right ventricular systolic pressure on

the 6-month followup. Such patients' 30-day mortality rates are lower than those of

massive PE, ranging from 3% to 15% [17.18]. The risk of bleeding could lessen this group's

overall benefit [17],

In low-risk PE without hypotengion, RVD, or cardiac damage, systemic thrombolytic
treatment is not advised because the 30-day mortality is often less than 2% when treated
with conventional anticoagulation 171920l We have also illustrated the indications in

Figure 1.

Contraindications to thrombolysis

Absolute contraindications to thrombolytic therapy include an intracranial neoplasm,
recent (within two months) intracranial or spinal surgery or trauma, a history of a
hemorrhagic stroke, active bleeding or bleeding diathesis, or a non-hemorrhagic stroke
within the previous three months.. Pregnancy, non-hemorrhagic stroke older than three
months, surgery within the last ten days, and severe uncontrolled hypertension (SBP
>200 mmHg or diastolic blood pressure >110 mmHg) are all relative contraindications
[21.22] - Contraindications to thrombolysis according to societal guidelines, have been

demonstrated in Figure 2.

In an attempt to improve outcomes in patients with PE, the European Society of
Cardiology, along with the European Respiratory Society, introduced certain changes to
the 2014 guidelines for the diagnosis and management of patients with PE in August
2019 M1 These are key alterations that have ensured the appropriate management of
this medical emergency. It has been noted in recent years that deaths due to PE have

significantly declined [1°l.




According to the updated guidelines, patients presenting with PE are initially divided
into different categories based on their clinical outcomes, symptoms, and risk factors for
venous thromboembolism [ As stated earlier, clinical presentations of our
demographic are often variable, and hence much of the diagnosis depends upon the
knowledge of risk factors and the stability of the patient. Certain systems have been
devised that aid in the determination of the likelihood of the patient having PE [°l. These
diagnostic scoring systems include the Wells criteria and the Geneva score, which help
clinicians determine the possibility of thrombosis I°L

The Wells criteria has a score assigned to specific clinical presentations. A score of
greater than 4 indicates a higher likelihood of PE, while a score of less than or equal to 4
indicates a low likelihood of PE. Similarly, the Geneva score also assigns scores to
patients based on the absence or presence of certain clinical indications. A score of
greater than 5 would suggest a higher possibility of PE (Table 1).

Additionally, PE Rule-Out Criteria (PERC) is used by clinicians to rule gut PE amongst
low-risk patients Pl. These criteria include eight clinical variables; if all of the PERC
criteria are satisfied and the patient has a low likelihood of PE based on the Wells
criteria, the physician can Etisfactorﬂy rule out PE, and no further tests are required [23I.
These variables include age <50 years, pulse <100 bpm, SaO: >94%, absence of
unilateral leg swelling, absence of hemoptysis, no history of recent trauma or surgery,
absence of any VTE history, and no use of oral hormones [14. However, the use of these
systems amongst critically ill patients is limited as they merely serve as tools to assess
the need for additional investigations in a stable patient [%14].

A D-dimer test is warranted among patients with low or intermediate risk of PE [24]. The
elevated levels of D-dimer indicate the existence of acute thrombosis due to concurrent
coagulation and fibrinolysis; however, in post-operative cases and critically ill patients
such as those with cancer, D-dimer levels are normally high due to an increase in
coagulation and fibrinolysis, rendering the test unproductive 4. A normal level of D-
dimer suggests there is no need for further testing as the possibility of PE or DVT is

significantly low %1424, According to the updated ESC guidelines, an age-adjusted cut-




off value of D-dimers has replaced the fixed cut-off value of 500ng/mL for excluding
the diagnosis of PE in low or intermediate-risk patientsi25l. An age-adjusted cut-off
value can be calculated using the patient's age and multiplying it by 10 for those > 50
years of age. In patients < 50 years of age, the use of the fixed value of 500ng/mL is
maintained [25].

If D-dimer levels are below 1000ng/mL and clinical signs of Wells criteria (signs of
DVT, Hemoptysis, or PE) are absent or if the D-dimer level is less than 500ng/mL, in
patients with a low or intermediate possibility of PE, the diagnosis of PE can be
successfully excluded without chest imaging since research suggests that in this group
of patients, the post-test likelihood of PE is less than 1.85% [2425]. Patients with a high
possibility of PE, however, must undergo chest imaging 4. A multicenter study
suggests that in patients presenting during pregnancy or the post-partum period, a
diagnosis can be excluded after a thorough clinical assessment based on the likelihood
of PE, D-dimer levels, compression ultrasonography (CUS), and computed pulmonary
tomography angiography (CTPA). Clinical assessment for PE according to Well's
Criteria has been shown in Figure 3 [20],

The 2019 guidelines by the European Society of Cardiology suggest that the
management of a patient must be planned based on positive lower limb CUS findings
along with PE risk assessment (%], In order to identify DVT, CUS reduces the need for
invasive procedures; however, it has some limitations in its use in case of obesity and
edema as well as identification of pelvic thrombosis, and it must only be used in case of
nondiagnostic V/Q scan or CTPA P21 The updated guidelines also highlight the
importance of V/Q SPECT for establishing a PE diagnosis [®l. In patients who are
unable to undergo CUS due to the aforementioned limitations or due to intravenous
contrast dye contraindications, a V/Q scan can be employed [°l. A normal scan excludes
the diagnosis of PE effectively. [¥]. However, pulmonary angiography remains the
gold standard in investigation regardless of its invasive nature.. Additionally, in
patients with low or intermediate clinical probability, anticoagulative therapy can be

safely withheld if they have a negative CTPA and CUS; however, vigilance is required




before stopping therapy, especially in cases of intermediate clinical probability [Z7l. A
study by Hogg et al concluded that CT pulmonary angiography, when used in
conjunction with investigations for DVT, provides substantial evidence to rule in or out
the diagnosis of PE [28l. Additionally, echocardiography or electrocardiogram can also
be used to establish a diagnosis in cases of suspected PE. An increase in right-sided
stress on the heart and McConnell’s sign suggests a high possibility of PE [°].

Once the diagnosis is established, hemodynamically stable patients are urgently
administered anticoagulants parenterally in order to minimize the risk of
deterioration, as the progression is rapid in severe cases [’ In case of SBP of greater
than 90 mmHg, direct anticoagulants, apixaban, rivaroxaban, or dabigatran are
administered orally rather than heparin combined with a vitamin K antagonist as it
has a 0.6% lower risk of bleeding [24l. In contrast, patients with SBP of less than 90
mmHg must be given systemic thrombolysis, as it has shown a mortality reduction of

1.6% (241,

Adverse Events

Comprehending the clinical risks of thrombolytic therapy is vital for patient selection.
The adverse events( AEs) due to use of thrombolysis can be divided into five broad
categories: intracranial hemorrhage, systemic hemorrhage, immunologic complicatigns,
hypotension, and myocardial rupture [2l. These AEs are more commonly observed with
streptokinase or agents with a streptokinase moiety, including anistreplase (anisoylated
plasminogen--streptokinase activator complex, APSAC), amongst all fibrinolytic agents
due to its antigenic properties. The most common AE reported is intracranial
hemorrhage. Furthermore, immunologic complications (anaphylaxis, immune complex
diseases) are also observed, in addition to systemic hemorrhage, which is usually
reported in patients who have had a major vascular puncture. Patients who have used
streptokinase and anistreplase have also experienced manageable hypotension. Lastly,

cardiac rupture is a potential delayed complication in patients taking thrombolysis.




What's new on the horizon?

Catheter-directed thrombolysis (CDT) is one of the evolving treatment options for PE.
The American College of Chest Physicians currently recommends CDT as a class 2C
treatment for acute PE patients with hypotension who have contraindications to
thrombolysis, failed thrombolysis, or shock that is likely to result in death before
systemic thrombolysis can take effect (e.g., within hours), provided that the necessary
expertise and resources are available. This recommendation is for the massive and
intermediate-high sub-massive risk groups B0, CDT comprises a variety of
endovascular procedures to eliminate or dissolve acute thrombus. It serves as an
alternative to surgical embolectomy, transcﬁ-neter embolectomy, and systemic
thrombolysis for revascularization. Because of the synergistic effects of higher local
fibrinolytic medication concentrations and mechanical disruption with more exposed
thrombus surface area and decreased hemorrhagic complications, this therapy has the
advantage of improved thrombus-dissolving efficacy [*1l. Theoretically, applying low-
frequency sonic waves to the thrombus causes the fibrin monomers to break down,
lowing thrombolytic penetration.

The use of ultrasound-assisted CDT (UACDT) in patients with intermediate or high-risk
proximal PE has been studied in three recent trials (Table 2):

The popularity of catheter-directed thrombolysis is increasing in the United States as
more and more healthcare professionals are becoming trained in CDT. Overall, long-
term data on right ventricular function, exercise tolerance, quality of life, and the
likelihood of developing chronic thromboembolic pulmonary hypertension after CDT is
still lacking. The optimal technique for catheter-based thrombus removal will ultimately
be determined by trials concentrating on novel devices in the future [321.

When first-line therapy fails, and a patient has hemodynamic instability, mechanical

hemodynamic support is an option to investigate. Extracorporeal membrane




oxygenation (ECMO), venovenous and veno-arterial, and RV support devices are
among the modalities.

Another alternative for patients with an unacceptably high risk of bleeding is
mechanical disruption or removal of the thrombus without thrombolysis. Direct
aspiration or fragmentations with aspiration are two methods of clot clearance. The
FlowTriever (Inari Medical, Irivine, California, USA) and the Penumbra Indigo
(Penumbra Inc, Alameda, California, USA) system are two examples of devices for this
use that have received FDA approval.

Selecting the best course of treatment for a given patient might be difficult because of
the constantly changing therapeutic alternatives and the paucity of randomized
controlled studies. To assist, the Pulmonary Embolism Reaction Team (PERT) type of
multidisciplinary, fast response team has been created and is used at many institutions.
[33,34]

When caring for patients with PE, PERT aims to deliver a quick, suitable,
multidisciplinary, team-based approach with the shared objective of customizing the
best therapeutic decision-making while always placing the needs of the patient first. As
soon as a clinician encounters a patient with complex acute PE, PERTSs can be activated
from anywhere in the hospital. A team member gathers pertinent clinical data about
patients after the referring doctor activates the PERT and offers it to the other team
members for quick consultation and decision-making. Along with managing and
offering outpatient follow-up, PERT can also act as a research platform for patient

registries or clinical studies.

CONCLUSION

Acute PE can now be treated in a variety of ways. Individuals who may need more

advanced therapy are identified by risk stratifying patients into low, middle, and high-




risk PE categories. In cases with a contraindication, systemic thrombolysis are

recommended for high-risk and part intermediate risk pulmonary embolisms.

. Endovascular treatment, including CDT, MPT, or catheter aspiration with or without

fragmentation is a promising method for high-risk PE, especially under the support of

ECMO. Further research is necessary to elucidate the significance of VA-ECMO in
patients with major pulmonary emboli. PERT is a multidisciplinary, fast-response team
which can assist in selecting the best treatment option for these patients and facilitate

communication between various specialists for individualized care
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