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Abstract

Introduction Acute pulmonary embolism (PE) remains an important cause of cardiovascular
mortality and morbidity in the USA and worldwide. Catheter-based therapies are emerging

as a new armamentarium for improving outcomes in these patients. ) )
Purpose of review The purpose of this review is to familiarize the clinicians with (1) various

types of catheter-based modalities available for patients with acute PE, (2) advantages,
disadvantages, and appropriate patient selection for the use of these devices, and (3)

evidence base and the relevance of such therapies in the COVID-19 pandemic.
Recent findings There are four main types of catheter-based therapies in acute PE: (1)

standard catheter-directed thrombolysis (CDT), (2) ultrasound-assisted CDT, (3) pharma-
comechanical CDT, and (4) mechanical thrombectomy without thrombolysis. Ultrasound-
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assisted thrombolysis is the most widely studied modality in this group; however, evidence

base for other catheter-based technologies is rapidly emerging. ) )
Summary Current use of catheter-based therapies is most suitable for patients with

intermediate and high-risk acute PE. The adoption of a multidisciplinary approach like
the pulmonary embolism response team (PERT) is desirable for appropriate patient
selection and possibly/potentially improving patient outcomes. We discuss the current

status of these therapies.

Introduction

Acute pulmonary embolism (PE) is the third most com-
mon cause of cardiovascular death [1e, 2], and venous
thromboembolism (VIE) affects more than 500,000
people in the United States (US) alone annually [2]. In
us, it causes approximately 100,000 deaths each year.
Majority of deaths caused by acute PE are due to severe
pulmonary vascular obstruction. Catheter-based

therapies have recently emerged as an important tool
in the treatment of PE patients, particularly the high-risk
group. In this review, we discuss appropriate patient
selection, types, and evidence base for currently avail-
able catheter-based technologies and the relevance/
utilization of these therapies in the COVID-19
pandemic.

Pathophysiology of acute PE and clinical implications for

catheter-based therapies

While percutaneous catheter-based therapies are established as the first-
line treatment approaches for thromboembolism in the arterial vascula-
ture such as coronary thrombosis or cerebrovascular embolism, this is
not yet true for pulmonary embolism. It is essential to highlight a few
pathophysiological differences to fully appreciate the use and limitations
of catheter-based therapies for these conditions.

Acute pulmonary embolism often is a result of embolization of
thrombi originating in the lower extremity venous circulation which
results from stasis and a hypercoagulable state [3] and tends to be
occlusive [4]. Adverse hemodynamic consequences of acute pulmonary
embolism are related to overall thrombus volume or burden. While
small volume thrombi causing acute pulmonary embolism may be
subclinical, patients with hemodynamic compromise due to acute PE
tend to have a large thrombus volume or burden. These factors have
important clinical implications in achieving adequate results with
catheter-based therapies. Whereas large thrombus burden is often not
amenable for complete resolution with a low dose of thrombolytic
agents, adequate mechanical aspiration of thrombi from distal vessels
remains also challenging, later being the most important element for
reduction of dead space.

Patient selection for catheter-based therapies
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Apart from systemic anticoagulation and supportive care, most of the high-risk and
selected intermediate-risk patients require advanced therapeutic options targeting the
pulmonary artery thrombus to achieve adequate pulmonary vascular reperfusion
and reduction in afterload to the right ventricle (RV). Mortality benefit of systemic
thrombolysis in patients with hemodynamic instability has been shown in multiple
dlinical trials and meta-analyses [5, 6] and is recommended as the first-line therapy
(grade 2C) for patients with acute unstable PE by the American College of Chest
Physicians (ACCP)—2016 guidelines [7]. In the setting of persistent hemodynamic
instability (defined as systolic blood pressure < 90 mmHg), the role of catheter-based
therapies is limited to patients with high bleeding risk, those who fail systemic
thrombolysis, or whose death is imminent before systemic thrombolytic therapy
can take effect (grade 2C) [7]. While systemic thrombolysis is the choice of therapy
for hemodynamically unstable or high-risk acute PE patients, clinical trials in
intermediate-risk acute PE showed significantly higher bleeding rates (extracranial
and intracranial hemorrhage rates of 6.3% and 2% respectively in the PEITHO trial),
which reduced the overall net benefit of systemic thrombolysis [8].

Catheter-based therapies have emerged as the choice of treatment for patients
presenting with intermediate-risk PE in the recent years. Intermediate-risk PE is more
common compared to high-risk (massive) acute PE, comprising nearly one third of
all patients presenting with acute PE [9]. In addition to that, these patients remain at
high risk for severe complications and progression to hemodynamic instability. In
the placebo arm of the PEITHO trial [8], patients who were treated with antico-
agulation alone, 4.6%, (23/499) patients required rescue treatment with systemic
thrombolytic therapy and more than 70% of those patients did not survive in spite of
the rescue thrombolysis. In another randomized trial comparing alteplase with
placebo in patients with submassive PE, 25% (34/138) of the patients in the placebo
arm required escalation of treatment, with 23% (32/138) requiring thrombolytic
therapy during hospitalization [10]. In these patients, catheter-based therapies offer a
potential clinical benefit without exposing the patients to the risk of high-dose
systemic thrombolytic therapy. In the following sections, we discuss specific
catheter-based therapies and dlinical evidence for use in patients with intermediate-
risk acute PE.

Ultrasound-assisted catheter-directed thrombolysis (CDT)

The use of CDT achieves thrombolysis using lower doses of fibrinolytic
agents compared to systemic administration of these agents, which often
require much higher doses. Due to the lower dose of the fibrinolytic agents,
the risk of major or serious bleeding is lower. Although a few catheter devices
have received 510(k) FDA approval, ultrasound-facilitated fibrinolysis
(EkoSonic, Boston Scientific, Marlborough, MA) is the best-studied catheter
in this category [11]. Ultrasound-facilitated thrombolysis relies on the prin-
ciple of enhancing drug delivery into the thrombus using ultrasound energy
[12]. The use of this catheter has been studied in three prospective trials [13,
14, 15e¢] (Table 1). The SEATTLE II [13] was a single-arm, prospective trial
which included 150 patients. These patients underwent ultrasound-
facilitated thrombolysis with an infusion of 1 mg/h tPA for 24 h for one
device in unilateral PE or 1 mg/h for 12 h (for two devices) for bilateral PEs.
The primary outcome in the trial was a change in RV/LV ratio 48 h post-CDT.
There was a significant decrease in RV/LV ratio from 1.55 to 1.13 (p<0.0001)
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after CDT. There was a significant reduction (29%) of thrombus burden as
assessed by the modified Miller score. Another small randomized controlled
trial of 59 patients compared ultrasound-accelerated thrombolysis versus
heparin-alone infusion [14]. In this trial, CDT was associated with a greater
reduction in RV size and RV/LV ratio at 24 h (0.30 versus 0.03 with heparin,
p<0.0001) and 90 days (0.38 versus 0.22 with heparin, p = 0.03). Another
trial compared patients who were randomized to various doses of fibrino-
Iytics for shorter durations (4 mg/lung/2 h vs 4 mg/lung/4 h vs 6 mg/lung/
6 h vs 12 mg/lung/6 h) [15¢]. It showed that lower doses were effective in
improving RV size and function; however, the reduction in thrombus burden
was poor at lower doses. There was a very clear dose-response relationship of
tPA with thrombus burden reduction noted in this trial. We hope more
insights will be available from an ongoing prospective registry; KNOCKOUT
PE [16] is enrolling 1500 patients undergoing ultrasound-assisted CDT with
EkoSonic catheter and plans to study clinical outcomes like mortality and
quality of life.

Standard catheter-directed thrombolysis (CDT)

Cragg-Mcnamara (Medtronic, Minneapolis, Minnesota), Unifuse (Angio-
dynamics, Latham, NY), and Fountain (Merritt Inc) catheters are other
devices available for CDT. These catheters have multiple side slits, to
facilitate the distribution of the fibrinolytic agent within the thrombus [17,
18]. The main advantage of these catheters over the ultrasound facilitated
catheter is the lower cost. Comparison of these low-cost catheters with
ultrasound facilitated thrombolysis is limited only to retrospective studies.
A retrospective study, which included 98 cases, showed a similar degree of
reduction in pulmonary artery pressures, RV/LV ratio, or hospital length of
stay in both groups [19]. Another retrospective study which included 70
patients showed similar results [20]. SUNSET sPE trial is a randomized trial
comparing outcomes in patients undergoing CDT using the EkoSonic
catheter versus standard catheter-directed thrombolysis. There was no sig-
nificant difference in the reduction in the mean obstruction index reduction
(21% versus 22%, p = 0.77) or mean thrombus score reduction (post-CDT
score 22 + 7 versus 23 + 7, p = 0.76) between patients undergoing CDT
using the EkoSonic versus the standard catheter device [21].

Mechanical thrombectomy without thrombolysis

The main advantage of mechanical thrombectomy over CDT is po-
tentially the quicker reduction in pulmonary vascular obstruction
and the ability to achieve this without using fibrinolytic agents.
However, some of these advantages are offset by the need to place
large-bore venous access cannulas for some device systems and the
risk of distal embolization to normally functioning segments of the
pulmonary circulation. Few devices are available in this category.
Two important devices in this category that have received FDA
clearance include the FlowTriever Retrieval/Aspiration system and the
Penumbra Indigo aspiration catheter system.
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The FlowTriever Retrieval/Aspiration (Inari Medical, Inc., Irvine, California)
catheter is available in three sizes 16F, 20F, and 24F. In addition to the
aspiration cannula, this system also has three nitinol mesh disks, which can
be deployed beyond the thrombus and then retrieved in the aspiration
catheter [22]. The safety and effectiveness of this catheter were tested in the
FLARE trial, a prospective, single-arm trial, which enrolled 106 patients
with acute intermediate-risk pulmonary embolism and right ventricular
strain defined as RV/LV ratio > 0.9. The primary end point was a change in
RV/LV ratio. There was a mean RV/LV ratio reduction of 0.38 (< 0.0001).
One patient experienced a major bleeding event and four patients had other
major complications (including pulmonary vascular injury in 1 patient,
respiratory deterioration requiring emergent intubation in 2 patients, and
ventricular fibrillation in 1 patient) during the procedure [23].

Another thrombectomy device, the Penumbra Indigo (Penumbra, Alame-
da, CA) aspiration catheter, is a continuous aspiration system, which
requires an 8 French venous access sheath. The safety and efficacy of this
device were evaluated in the EXTRACT PE trial. This trial enrolled 119
patients with intermediate-risk acute PE and showed a significant reduction
of mean RV/LV ratio at 48 h. The median ICU length of stay was 1 day and
1.7% of the patients experienced major adverse events at 48 h including one
device-related death [24]. While a smaller 8F venous access sheath makes
this device less prone to access site-related bleeding complications, it
decreases the effectiveness for achieving adequate thrombectomy for some
larger-sized proximal clots [25]. Another disadvantage associated with the
use of aspiration devices is significant blood loss, often inevitable during
aspiration of thrombi from the pulmonary vasculature. The new 12F pen-
umbra device has been recently developed; it uses an intelligent design and
performs suction only when in contact with thrombus [26].

In addition to the above devices, some other devices have been used for
thrombectomy with mixed results. Angiojet (Boston Scientific, Marlbor-
ough, Massachusetts) rheolytic thrombectomy device has been used in
patients with high-risk and intermediate-risk acute PE patients. Data from a
retrospective study, of 51 patients at a single center, showed that the use of
Angiojet was feasible in patients presenting with acute PE [27]. However
concerns with bradyarrhythmias, hypotension, and other complications
associated with the use of Angiojet led to a black box warning from the FDA
for use of this device [25, 28]. The use of other devices such as rotating
pigtail catheter with aspiration [29], Aspirex catheter (Straub Medical,
Switzerland) [30], or the JETi thrombectomy device (Walk Vascular, Irvine,
CA) is mostly limited to case reports or small case series.

Pharmacomechanical catheter-directed thrombolysis

The pharmacomechanical approach to endovascular treatment of acute
pulmonary embolism is based on the principle of delivering even lower
doses of a fibrinolytic drug with mechanical thrombus fragmentation, to
enhance the delivery of the fibrinolytic agent. The approach is commonly
employed in the treatment of lower extremity deep venous thrombosis and
has been studied in a randomized controlled trial [31]. However, the use of
the pharmacomechanical approach in the treatment of acute PE is limited
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due to the lack of dedicated devices. Angiojet catheter can be used to deliver
tPA during thrombectomy, but the use of this device was associated with a
high rate of complications in a meta-analysis by Kuo and colleagues [28].
Another currently available catheter is the Bashir Endovascular catheter
(BEC, Thrombolex, New Britain, PA) which is based on the principle of
pharmacomechanical fragmentation and thrombolysis [32]. This catheter
enhances the delivery of tPA by exposing a higher surface area of the
thrombus and fibrin-binding sites for both endogenous and exogenous
fibrinolytics, thus acting synergistically to enhance thrombus resolution.
This catheter insertion requires a 7F venous access sheath. Once deployed
within the thrombus, a nitinol reinforced basket at the tip of this catheter
expands up to 45 mm, which can then be collapsed and redeployed to
increase surface area and binding sites for tPA within the thrombus. The
device allows pulse sprays as well as the infusion (Fig. 1). The pulse spray
with an expanded basket creates bubbles of tPA that are trapped inside a
thrombus and continue to lyse the clot even after the device is removed
from the body. The first in human feasibility study included 9 patients who
underwent CDT using the BEC [33]. There was significant reduction in RV/
LV ratio from 1.52 + 0.26 t0 0.97 + 0.06 (p = 0.0009; 95% CI = 0.33 to 0.82;
37.0% reduction), and thrombus burden from 25.4 + 5.3 t0 16.0 + 4.0 (p =
0.0005; 95% CI = 5.5 to 13.4; 37.1% reduction) as measured by the modi-
fied Miller index post-CDT compared to baseline. More insights will be
available from the RESCUE trial (NCT03927508), a multicenter prospec-
tive study which is currently enrolling patients with intermediate-risk acute
PE to assess the safety and efficacy of the BEC-directed thrombolysis [32].

Inferior vena cava (IVC) filter for acute PE
./ ]

Another endovascular therapy to consider in patients with acute PE is the
IVC filter. In patients with acute severe PE, but without any contraindica-
tions to anticoagulation, there was no benefit of routine use of IVC filter
placement in addition to anticoagulation versus anticoagulation alone.
The PREPIC-2 trial did not demonstrate any difference in recurrent PE
between the two arms [34]. The results of this trial led to the ACCP
guideline recommendation against routine use of IVC filter in patients
with acute PE, but without any contraindications to anticoagulation use
[7, 35].

While IVC filter is commonly used in patients with venous thrombo-
embolism and perceived contraindications to anticoagulation, the benefit
of IVC filter on reducing short-term mortality was noted only in patients
with active bleeding in a large observational study from California [36].
The use of an IVF filter in patients with acute PE is intended to lower the
risk of recurrent PE and further hemodynamic compromise. The evidence
base for this particular scenario is mostly limited to observational or
retrospective studies and is conflicting [36-38]. A case-control study by
Gates and colleagues [37] evaluated the incidence of symptomatic PE in
patients with venous thromboembolism and high risk for PE who
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Fig. 1. Bashir endovascular catheter device.

underwent IVC filter placement due to a perceived contraindication to
anticoagulation. There was no difference in the incidence of symptomatic
PE between patients with or without IVC filter. Moreover, majority of the
patients who were perceived to have contraindication to anticoagulation
use received anticoagulant therapy in this study. In the absence of high-
quality studies, a recent guideline document from the Society of Interven-
tional Radiology [39] recommends the use of IVC filter placement in
patients with acute PE and contraindications to anticoagulation, after
careful consideration of risks and benefits of the use of IVF filter.

The use of IVC filter in conjunction with other catheter-based therapies
such as thrombolysis or thrombectomy has not been evaluated in any
high-quality randomized study. In a study from the national inpatient
sample database, out of 7119 patients who underwent CDT for acute PE,
nearly one third (34%) underwent IVC filter placement. IVC filter place-
ment did not result in lower in-hospital mortality or bleeding events, but
was associated with higher rates of access site hematoma, in-hospital
charges, and length of stay [40].

Based on the above evidence, we recommend the use of IVC filter in acute
PE patients only in the setting of active bleeding. Routine IVC filter place-
ment in acute PE patients receiving anticoagulation, thrombolysis, or un-
dergoing other catheter-based therapies may not provide additional benefit
but may result in higher rates of complications and increased cost of care.

Role of extracorporeal membrane oxygenation (ECMO)
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Fatality from acute PE is often the result of severe obstructive circulatory shock.
Patients on the extreme end of the spectrum with very high pulmonary vascular
thrombus burden remain at risk of imminent cardiac arrest. The term “catastrophic
acute PE” can be collectively used to describe patients (1) who have suffered a
cardiac arrest with or without (ongoing CPR) return of spontaneous circulation, or
those (2) who remain at a very high risk of cardiac arrest such as shock refractory to
ionotropic support or those who present with severe refractory hypoxemia.

The use of VA-ECMO in patients with catastrophic PE in conjunction with
systemic fibrinolysis remains challenging due to a high rate of access site
bleeding complications but is feasible. A retrospective study by Meneveau and
colleagues [41] evaluated outcomes in 52 patients receiving ECMO in PE
patients. Of these, 37 patients received ECMO support in conjunction with
other therapies (fibrinolysis = 20, embolectomy = 17). The incidence of major
bleeding was 39% (n=20). Although the incidence of bleeding was not
reported in patients who received concomitant fibrinolytic therapy, it is plausi-
ble that this group remains at the highest risk of bleeding from large-bore access
cannula placement for ECMO.

The evidence base for use of ECMO followed by catheter-directed thrombolysis
is limited mostly to case reports or case series [42]. In a case series, which included
10 patients who required ECMO support for either cardiac arrest (n = 9) or refrac-
tory shock (n = 1), adjunctive catheter-based therapies were used in 9 patients and
included catheter-directed thrombolysis, thrombectomy, or mechanical thrombus
fragmentation or a combination. In this series, the 30-day mortality was 30%.
Apart from percutaneous catheter-based therapies, a surgical approach/
embolectomy is also feasible in patients on VA-ECMO support [43, 44].

ECMO support for patients with catastrophic PE sometimes may be the only
management option available to patients in extremis. Veno-arterial ECMO (VA-
ECMO) support in these patients provides hemodynamic stabilization and an
opportunity to use interventions aimed at improving pulmonary vascular flow.
Some patients may only need ECMO support till anticoagulation improves the
pulmonary blood flow.

Adjunctive pharmacotherapy

Anticoagulation

Although catheter-based therapies have an important role in the management of
patients with acute PF, it should always be in the setting of adjunctive pharmaco-
logical therapy as tolerated on an individualized basis. In the following section, we
discuss adjunctive pharmacotherapy with catheter-based therapies.

In patients undergoing CDT, anticoagulation with unfractionated or low
molecular weight heparin (bivalirudin or argatroban for those with con-
traindication to heparin) should be considered universally. Patients who
are felt to have contraindications to anticoagulation at initial presentation
should be carefully evaluated during follow-up with initiation of antico-
agulation when deemed feasible. A study showed that the majority of the
patients in whom anticoagulation was perceived to be initially contraindi-
cated were able to safely receive it [37].



Curr Treat Options Cardio Med (2021) 23: 44 Page 11 of 18 44

Fibrinolytic therapy

For patients undergoing CDT, we recommend the use of low molecular
weight heparin (LMWH) over unfractionated heparin (UFH) due to ease of
use, predictable pharmacokinetics [45], and early achievement of a thera-
peutic anticoagulation effect. We recommend using 1 mg/kg body weight
of enoxaparin q12h in patients with normal renal function. If UFH is used,
we recommend maintaining PTT target 2-2.5 times the upper limit [46].
During the procedure, we recommend maintaining activated clotting time
> 200 ms for patients who receive UFH prior to the procedure. For patients
with the last dose of LMWH heparin at least 8 h prior to the procedure,
intra-procedural anticoagulation can be achieved with UFH to maintain
activated clotting time > 200 ms. No additional intra-procedural anticoa-
gulation may be needed for patients with the last dose of LMWH within 8 h
of the procedure. Post-procedure, following a brief period of anticoagula-
tion interruption (<1 h) for sheath removal, we recommend resuming
therapeutic anticoagulation as soon as possible. In some patients, we may
need to remove the sheaths while patients are fully anticoagulated.

Various dose protocols have been used for catheter-directed thrombolysis,
depending on the device type. Doses in the range of 8-24 mg of tPA have been
used in clinical trials. Recent trials have shown low-dose fibrinolytic dose may
be equally effective in improving RV size and hemodynamics [15¢]. We
recommend lowering PTT target to 50-60 ms during infusion of the fibrino-
lytic agent in CDT. Once sheaths and catheters for CDT have been removed, we
recommend a PTT target of 2-2.5 times the upper limit of normal.

COVID-19-related acute PE and catheter-based therapies
- 0000000000000

Studies have shown a higher incidence of acute PE in patients with COVID-19
pneumonia [47]. A French study of 107 consecutive patients presenting with
COVID-19 pneumonia requiring ICU admission showed a 21% incidence of
acute PE, which was much higher when compared to historical controls (6.1%)
[48] at the same institute in the pre-COVID era. Similar results were noted in
other studies which showed a high incidence of acute PE in COVID-19 pneu-
monia patients [49-51].

Evidence for the use of catheter-based treatments in patients presenting with
COVID-19-related acute PE is limited to case reports, with no studies system-
atically evaluating the outcomes in this group of patients [52-56]. Furthermore,
the use of these devices in case reports is mostly limited to patients with high-
risk PE, except in one case report where a patient with intermediate-risk acute PE
was treated with thrombectomy using the FlowTriever catheter [54]. Although
small in number, patients described in these case reports who received catheter-
based treatments had successful outcomes, with improvement in hemodynam-
ic status and oxygenation and successful weaning off from mechanical ventila-
tory support (Table 2).
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Apart from limited evidence of the use of standard catheter-based
therapies for COVID-19-related acute PE patients, several other chal-
lenges remain. A recent study from New York showed nearly 40% lower
Pulmonary Embolism Response Team (PERT) activations during the
COVID-19 epidemic from March to April 2020 compared a similar time
period a year earlier [57]. This was despite a higher number of acute PE
patients treated during the same time period in 2020 at that institute.
Despite the lower rate of activation of the PERT team, the recommen-
dations and outcomes were similar to the pre-COVID-19 era in this
study. Although the exact reasons for lower utilization of PERT are
unclear from this study, it is conjectural that concerns with exposure
to staff, higher use of resources, and personal protective equipment may
have played a role in this. Another challenge in providing catheter-based
therapies to eligible patients with COVID-19-related acute PE is the lack
of consensus or clear recommendations from major societies. A recent
CHEST guideline/expert panel report from June 2020 for treatment of
venous thromboembolism in patients with COVID-19 recommends the
use of thrombolytic agent delivery using a peripheral vein over catheter-
directed thrombolysis [58]. However, this document neither provides
any evidence for this recommendation nor it recommends any clinical
situation where the use of catheter-based therapies may be preferred
over systemic thrombolysis. It is plausible that this recommendation is
mostly related to concerns about staff exposure. With the improvement
in personal protective equipment shortages, and significant gain of
experience in providing care to COVID-19 patients while minimizing

Acute PE

‘ Start anticoagulation ‘

High Risk PE

| Intermediate risk PE |
|

| | | \ \ 1
Catastrophic Non- Intermediate- Low-intermediate Saddle Not
PE catastrophic PE high risk PE Risk PE PE Saddle PE
I
‘ PERT Activation ‘
‘ ‘ { ]
|
Shock Team ‘ Systemic thrombolyis ‘ ‘ Consider catheter-based treatments ‘
+
‘ VA ECMO H RV support ‘ ‘ Contraindications to systemic thrombolyis ‘ *

( |

’ CDT H Thrombectomy ‘ ‘ Pharmaco-mechanical approach

- Catastrophic PE: Patients who have suffered a cardiac arrest with
or without (ongoing CPR) return of spontaneous circulation, or - PERT: Comprised of Cardiology, Cardiac Surgery,
those who remain at a very high risk of cardiac arrest. Pulmonary/critical care expertise

Fig. 2. Algorithm for management of patients with acute PE. PERT = pulmonary embolism response team, CDT = catheter-directed
thrombolysis, VA-ECMO = veno-arterial extracoporeal membrane oxygenation, RV =right ventricular, PE = pulmonary embolism.
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Future directions

Evidence base

Multidisciplinary approach

Conclusion

the risk of transmission, it is likely that the use of catheter-based
therapies in patients with COVID-19 patients would have the same
degree of benefit as in patients with non-COVID-19-related PE particu-
larly by reducing the length of stay.

We hope that further evidence for treatment of these patients will
become available from the PERT consortium COVID-19 PE registry [59],
which is a nationwide registry currently enrolling patients to assess
short-term and long-term outcomes of current treatments in COVID-19
patients with acute PE.

Evidence for use of new catheter-based devices is limited to relatively
small single-arm studies with no control population. Larger ran-
domized controlled studies are needed to better assess the efficacy of
these devices. Most of the clinical trials included surrogate outcomes
as the primary study end point. Although parameters like the RV/LV
ratio, pulmonary artery pressures, or biomarkers have prognostic
implications, more studies are needed to assess more meaningful
end points like mortality, quality of life measures, functional ca-
pacity, and impact on chronic thromboembolic pulmonary hyper-
tension. Hopefully, the PETRACT study will be funded by NIH and
will attempt to answer this question.

Another important aspect to a successful implementation of catheter-
based therapies and improving outcomes in patients presenting with
acute PE patients is the adoption of a multidisciplinary approach
(Fig. 2). Studies have shown improved outcomes with an approach of
using the PERT concept [60, 61¢]. We hope more hospital systems
nationwide adopt the PERT model in the future which can further
optimize the care of these patients.

With the improvement in catheter-based technologies and new designs,
endovascular modalities have come to the forefront over the last few
years and are now considered important therapeutic strategies for
patients with intermediate-risk PE and many high-risk acute PE who
are ineligible for systemic thrombolysis, where the risk of such therapy
outweighs the benefits. While evidence for use of catheter-based thera-
pies is growing, more studies are needed. Implementation of a multi-
disciplinary or PERT model is likely the best approach to appropriately
select patients for these therapies.
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