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Abstract

Aims: We planned to provide a systematic review of catheter-based therapies in acute pulmonary embolism (PE).
Methods and Results: Studies published in peer-reviewed journals before January 2018 were included and categorised
according to the mechanism of thrombus removal: fragmentation, rheolytic therapy, aspiration or catheter-directed throm-
bolysis. Advantages, challenges and the level of evidence of each device were evaluated. Patients suffering from acute PE,
catheter-based therapies ate promising options. Most of the procedutes are carried using catheter-ditected thrombolysis,
either ultrasound-assisted or in combination with mechanical fragmentation. Aspiration therapy seems to be promising but
sufficient data are not available. Consideting the high number of related complications, theolytic therapy should be applied
with caution.

Conclusions: Much more detailed research into the efficiency, safety and the cost-effectiveness of the devices are neces-
sary to be conducted. After all, it is high possibility that with proper patient selection, CBT of massive and submassive can

improve the results in patients with PE.
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Abbreviations: PE: Pulmonary Embolism; PA: Pulmonary Arteries; RV: Right Ventricle; CBT: Catheter-Based Therapy;
CDT: Catheter-Directed Thrombolysis; tPA: Tissue Plasminogen Activator.

Introduction

Pulmonary embolism (PE) is a typical case resulting in high
morbidity and mortality. Deep vein thrombosis or PE [1]
influences approximately 300.000-600.000 people every year.
While the three-month mortality is 15% in all patients with PE, it
is nearly 50% in massive PE [2].

The existence of acute PE may have different effects varying
from indistinct changes in operative capacity to haemodynamic
collapse and mortality depending on the thromboembolic
mass obstructing the pulmonary circulation, the correlated
vasoconstrictor response of the pulmonary arteries (PA), and
the capability of the right ventricle (RV) to cope with the acute
pressure overload.
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Over the last decades, there has been achievement in the
treatment of acute PE. Anticoagulation has continued to be the
essential of acute PE therapy, which is all needed in the majority
of PE patients. The risk stratification is vital and the assessment
of the bleeding risk is highly important. In the course of strong
PE suspicion and low bleeding risk consideration, anticoagulation
should be operated unless contraindicated, even supposing the
diagnosis has not been affirmed [3]. In order to prevent deaths
from PE, it is highly effective to apply the systemic thrombolytic
therapy, yetit significantly increases bleeding, including intracranial
and fatal bleeding [4]. The favorable effects of thrombolysis do
not compensate the bleeding risk with intermediate-risk patients
[5]. For some part of these patients, surgical embolectomy may
be a choice. However, the inefficient preoperative state along with
a high degree of comorbidity is unable to make such patients
suitable for surgery, thus leaving a considerable number of PE
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patients untreated. Innovative approaches to eliciting or promptly
dissolving acute embolism have been recognized over the past
several decades.

Unlike the risks related with systemic thrombolytic or surgical
treatment, novel catheter-based therapy (CBT) could bring
effective thrombus removal. The use of lower doses of
thrombolytic agents with newer catheter-based devices along with
increasing experience may constantly decrease the major bleeding
rates. We will review the techniques utilized and the available
evidence base.

Methods

A systematic literature search of the scientific databases PubMed
and free search was carried out. Language restrictions were not
applied. The references from review articles which were not found
by the initial search wete included as well. Several mechanical
CBTs including mechanical fragmentation, rheolytic therapy,
catheter-directed thrombolysis (CDT) and aspiration are available.
We evaluated all studies to figure the strengths and challenges of
each instrument and the evidence regarding its use in acute PE

(Table 1).

Results
Mechanical Fragmentation

Fragmentation of emboliis a relatively simple and rapid technique,
does not require complex resources and easily performed in almost
any center. Theoretically, this decreases mechanical obstruction
and makes the emboli more accessible for endogenous fibrinolysis.
The potential disadvantage of fragmentation is the possibility for
hemodynamic deterioration when large initially nonobstructive
clots are disrupted and embolize more distally causing occlusion.
Therefore, distal embolization may cause an acute, paradoxical
elevation of pulmonary vascular resistance and increase strain
on the RV [6]. But it does not use lyrics and therefore avoids
the attendant bleeding risk, which may be as high as 20% with
systemic lysis although likely lower with direct catheter therapy.

Rotational Pigtail Catheter Hunter Catheter (Cook Medial,
Bloomington, IN, USA): Massive PE were approached initially
with the “fragmentation technique,” which involves advancing a
guide wire into the thrombus, placing a pigtail over the wire and
into the clot burden [7], and reforming and manually spinning
the pigtail. This is used either alone or in combination with other
methods in 70% of patients worldwide undergoing CDT [8]. The
rotational pigtail Hunter catheter can be used to access each PA
[9]. Alternatively, preshaped catheters such as a Grollman, Monti,
or Van Aman catheters (Cook Inc., Bloomington, IN, USA), may
be used. The catheter is positioned in the distal aspect of the clot
and rotated back and forth through the thrombus while retracting
proximally. Studies have shown successful recanalization through
the thrombosed vessel, with concomitant reduction in PA pressure
and shock index by this method [10]. The strategy is cost-effective,
easy to insert and is readily available in most centers, making it
one of the most commonly used CBT for acute PE.

Fogarty Arterial Balloon Embolectomy Catheter (Edwards
Lifesciences, Irvine, CA, USA): The Fogarty arterial balloon
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embolectomy catheter was the induction of an angioplasty
balloon into the thrombus, and then the inflation of the balloon
to reduce a large proximally occlusive thrombus into smaller parts
passing distally. In order to minimize the risk of PA rupture, it is
recommended that smaller balloon be used. Still, the concerns
related with residual thrombus and distal embolization bring
out the consideration of the balloon angioplasty combined with
aspiration or CDT.

Cleaner  Rotational  Thrombectomy  System  (Rex
Medical, Conshohocken, PA, USA): The Cleaner rotational
thrombectomy system can be applied through a 6 Fr sheath and
is an agreeable option in view of its comparably small form and
its considerably atraumatic tip. The distal end of the device is in
a sinusoidal shape that can rotate up to 4000 RPM to fragment
thrombus. Introducing without the use of a guidewire may deduce
a risk of vessel perforation. Additionally, it is not certain if the
aspiration of thrombus through the small sheath is adequate since
it evokes a risk of distal fragmentation. Just one patient with PE
has been reported regarding the use of Cleaner off-label [11].

The Helix Clot Buster System (ev3/coviden, Plymouth,
MN, USA): The Helix Clot Buster System is a relatively low
profile single-use catheter with a 7 Fr outer diameter that can be
advanced into the pulmonary arteries. It works via an impeller at
the catheter tip that rotates at over 140,000 RPM aspirating and
macerating thrombus to less than 10 microns.

Rheolytic Therapy

Rheolytic thrombectomy involves thromboembolic fragmentation
using a saline jet directed from the tip of the catheter with
simultaneous emulsified thrombus removal via a separate channel.
In the pulmonary arteries, a 6 or 8 Fr system is typically advanced
over an 0.035-in guidewire directly into the thrombus. Based on
the Bernoulli principle, pressurized jet streams are used to create
a relatively low-pressure zone localized around the catheter [12].

Angiojet Thrombectomy Device (Boston Scientific,
Malborough, MA): The AngioJet thrombectomy device permits
the local injection of thrombolytic agents by the “power pulse”
spray technique, forcing the drug into the emboli. The AngioJet
device rapidly infuses heparinized saline, up to 360 mph, via
the catheter endhole, reducing local pressure to a -600 mmHg,
extracting soft thrombus into the catheter via a distal sideport.
Initially, the catheter can be moved slowly back and forth in the
affected main or lobar PA in pulse spray mode to infuse low
dose tissue plasminogen activator (tPA) (18-20 mg mixed in
100mL normal saline) throughout the thrombus. Following a
prolonged pause, in regular mode, the catheter is again advanced
and retracted within the thrombus in thrombectomy mode to
aspirate clot [13]. However, significant limitations have included
the development of bradycardia, possibly due to the release of
bradykinin, adenosine, or potassium secondary to hemolysis. This
complication usually occurs with prolonged runs of more than 20
seconds and may lead to heart block or asystole [14]. Also, massive
hemoptysis, renal failure, and death from bradycardia and apnea
have been reported [15]. With all these complications, prompting
FDA to issue a black-box warning on the device. Based on safety
concerns, some nonetheless advocate for its use as a second line
option for PE, given prior success and it is still being used in some
European centers. A temporary pacemaker and close monitoring
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Table 1. Advantages and challenges of catheter-based therapies.

Device Advantages Challenges Evidence
Thrombus Fragmentation
ROTATIONAL Cost-effective. No aspiration. No RCT.
PIGTAIL CATHETER Easy to insert. Often used with thrombolytic but
(Cook Inc., Bloomington, IN, not always.
USA) Disrupt thrombus sending small
fragments distally.
FOGARTY BALLOON Cost-effective. No aspiration. Not widely used.
EMBOLECTOMY Easy to insert. Risk of distal embolisation. No RCT.
CATHETER Fast recanalisation Adjuvant thrombolysis and/or
(Edwards aspiration may be needed.
Lifesciences,Irvine, CA,USA) Risk of PA rupture.
CLENAER Small size. No guidewire. One successful case [17].
(Rex Medical, LP, Consho- Single piece Risk of petforation. No RCT.
hocken, PA,USA) Risk of distal embolisation. Aspi-
ration may be limited.
HELIX CLOT BUSTER | Effective thrombus fragmenta- No guidewire. No RCT*
system tion Risk of perforation.
(ev3/ coviden, Plymonth, MN, No aspiration.
USA) Risk of distal embolisation.
Rheolytic therapy
ANGIOJET Easily inserted over the wire. Risk of bradyarrhythmia, Decreased thrombus burden and
(Boston Scientific, Malborongh, Effective thrombus removal. haemoglobinurea, renal insuf- improved RV function in
MA, USA) Fragmentation ficiency, case teports [18, 19].
and aspiration. No need haemoptysis, and haemorrhages. Several complications [24, 25].
thrombolysis. No RCT* FDA black box warming,
Hydrolyser Small device. Insufficient data on safety. Small case series reporting beneficial
(Cordis, Miami Lakers, FL, High flow saline jet produces effect.
USA) negative pressure allowing No RCT.*
aspiration.
No need thrombolysis.
Oasis (Boston Scientific, Small and easily inserted over Insufficient data on safety. Few clinical data. Beneficial in experi-
Marlborongh, MA, USA) the wire. mental models [18].
Fragmentation and aspiration. No RCT.*

No need for thrombolysis.

Catheter-directed thrombolysis

Modern Infussion Easy to place. Adjuvant fragmentation may be Improved RV function in case seties
Catheters Cost-effective. needed. and prospective
Effective thrombus removal. Optimal infusion regimen to be Registries [27-29].
Low dosage of thrombolysis. determined. Insufficient data on bleeding risks and
no long-term
follow-up.
No RCT.
EkoSonic (BTG, Bothell, Effective thrombus removal. Optimal infusion regimen to be Approved by the FDA. Superior to
WA, USA) Low dosage of thrombolysis. determined. UFH with no increased
The cos is relatively expensive. bleeding in an RCT [31]. Total num-

ber of patients low. No
long-term follow-up with clinical
endpoints. The
additive effect of ultrasound has not
been validated [14].

Aspiration thrombectomy

GREENFIELD SUC- Removes thrombus en bloc. Inserted via venotomy. First catheter for pulmonary embolec-
TION CATHETER Minimal distal No guidewire. tomy. Beneficial in
(Medi-Tech/ Boston Scientific, fragmentation. Challenging manoeuvrability. patient series.
Watertown, MA, USA) No thrombolysis needed. Risk of blood loss. No RCT.
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AspirexS Easy to insert over the wire. Possibly only effective in fresh Case reports indicate safety and ef-
(Stranb Medical, Wangs, Fragmentation and thrombi. ficacy.
Switzerland) aspiration. Risk of blood loss. No RCT.
No thrombolysis needed.
Blunt tip minimises
risk of perforation.
RotarexS Easy to insert over the wire. Risk of haemolysis, perforation Case reports indicate safety and ef-
(Stranb Medical, Wangs, Fragmentation andaspiration. and blood ficacy.
Switzerland) No thrombolysis needed. loss. No RCT.
A faceted rotating tip increases
fragmentation.
FLOWTRIEVER Aspiration of thrombus with Large device. Successful case reports. No RCT.A
(Inari Medical, Irvine, CA, less bloodloss. Challenging manoeuvrability. prospective, multicentre study (150
USA) No thrombolysis needed. Adjuvant therapy may be needed. patients (FLARE, NCT02692586).
INDIGO Aspirate thrombus. Aspiration may be limited. A single patient case report.
(Pennmbra, Inc., Alameda, No thrombolysis needed. Possibly only effective in fresh No RCT.
CA, USA) Option for patients with con- thrombi.
traindication to thrombolytics. Risk of blood loss.
ANGIOVAC Aspiration of large organised Large and bulky. Few patient case reports. Challenging
(AngioDynamics, Latham, thrombus. Challenging manoecuvrability. manoeuvring and
NY, USA) No blood loss. A perfusionist is needed. risk of petforation have been re-
No thrombolysis needed. ported.
No RCT.

FDA: Food and Drug Administration; PA: pulmonary artery; RCT: randomised controlled trial; RV: right ventricle; UFH: unfraction-
ated heparin.

of hemodynamics, renal function and electrolyte status are
however pivotal.

The Hydrolyser Hydrodynamics Thrombectomy Cathete
(Cordis, Miami Lakers, FL, USA): 1t works by using the
Ventuti effect and is a 6-French/7-French triple lumen catheter
with a small injection lumen, a larger exhaust lumen, and a 0.020-
inch guidewire lumen. The device is available in different lengths
and is activated with a standard pressure injector filled with saline.

The Oasis Thrombectomy System (Boston Scientific,
Malborough, MA): This is a 6-French thrombectomy system,
very similar to the Hydrolyser device. It works on the Venturi
principle and has just two lumens.

Catheter - Directed Therapy

This treatment strategy trequires selective infusion catheter
placement in the pulmonary artery within the embolus, followed
by continuous infusion of thrombolytic drugs over a period. The
treatment objective is to accelerate thrombus dissolution and
achieve rapid reperfusion of the pulmonary arteries. The central
location of clot s especially important in consideration for (CDT).
An ideal candidate is one with main or lobar bulky thrombus into
which a lysis cathetermay be securely embedded. Thrombolysis
may be administered by standard infusion catheters, or by newly
designed catheters such as the Uni*Fuse™ or Pulse*Spray® (both
AngioDynamics, Latham, NY, USA) which have special side holes
for optimal intra-thrombus drug delivery. Depending on individual
bleeding risk, CDT may be performed with under 30 mg tPA
injection, significantly lower than the systemic dose of 100 mg.
A meta-analysis evaluated 16 studies of CDT and found a major
complication rate of 4.7 percent and intracranial hemorrhage rate
of 0.35 percent [16]. A recent propensity-matched analysis of in-
hospital outcomes utilized the National Readmission Database to

compare systemic vs. CDT and demonstrated lower in-hospital
mortality and bleeding in patients who received CDT [17]. But,
there have been no prospective, randomized trials comparing
systemic to CDT. The goal of CDT is rapid debulking of central
occlusive thrombus to relieve life-threatening heart strain and
improve pulmonary perfusion and oxygenation.

Ultrasound - Assisted Catheter - Directed Thrombolysis
(USAT): USAT uses ultrasonic waves purportedly to disrupt the
fibrin structure of the thrombus, allowing more binding sites for
the thrombolytic agent. The 5.2-F infusion catheter contains three
lumens with one for the inner ultrasound cable, one for the drug
infusion, and one for the coolant. The total tPA dose is typically
between 12 and 24 mg, delivered over 12 to 24 hours. The best
studied and only U.S. Food and Drug Administration-approved
catheter-directed device for management of PE is the EkoSonic
Endovascular System (BTG, Bothell, WA, USA).

The ULTIMA trial randomized 59 intermediate-risk patients to
either anticoagulation alone or USAT with 10 mg of tPA delivered
to each treated lung over 15 houts in addition to anticoagulation.
The study showed CDT improved right ventricular dilation and
dysfunction more quickly without increased risk of death, major
bleeding, or intracranial hemorrhage. However, at the 90-day
follow-up, the RV/LV ratio was equalized between the two groups.
The SEATTLE II study supported these findings, a prospective,
multicentre, single-arm trial of 150 intermediate- and high-risk
patients [18]. The findings demonstrated that USAT resulted in
decreased RV dilation and reduced pulmonary pressutres, and
they further demonstrated reduced anatomic thrombus burden
using the modified Miller index. As with ULTIMA, there were
no ICH events. The other study which named PERFECT was a
prospective registry with 101 patients with massive or submassive
PE [19]. In all, 86% of massive and 97% of submassive patients
with PE achieved clinical success without major complications.
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A randomized trial (SUNSET sPE, NCT02758574) will
investigate whether ultrasound improves outcome compared
to non-ultrasound-assisted CDT, which is currently unknown.
In patients suffering from deep vein thrombosis, there are no
additional beneficial effects of USAT [20]. The other randomized
trial (OPTALYSE PE) can offer additional data on whether lower
doses and shorter infusions are beneficial in the intermediate-risk
PE population. Treatment with USAT using a shorter delivery
duration and lower-dose tPA (4 mg infusion over two hours) was
associated with improved RV function and reduced clot burden
compared with baseline [21].

Aspiration

Simple vacuum assisted thrombectomy is an easy mechanical
option using an end hole catheter. Several aspiration techniques
have been employed and can be attempted using regular 8-F or
larger guide catheters or more specialized catheters. The end
hole catheter is directed to the thrombus and manual suction is
petformed through the catheter with a large syringe.

The Greenfield Suction Catheter (Medi-Tech/Boston
Scientific, Watertown, MA, USA): The Greenfield
embolectomy device was the first catheter designed for
percutaneous embolectomy via thromboaspiration. The device
allowed extraction of the centrally located emboli by using
sustained suction with a large syringe. The guide catheter is
advanced into the embolism in the right or left PA. Suction is
applied with a 20- to 50- mL syringe while the catheter is moved
slowly back and forth over several centimeters within the clot.
The device is inserted by a surgical venotomy as insertion is not
possible through conventional sheath access. Despite reports of
a success rate of 76%, the catheter has not achieved broad use in
clinical practice [22].

ASPIREX’S and ROTAREX’S (Straub Medical, Wangs,
Switzerland): The AspirexS and RotarexS have a metal helix
that can be rotated inside the catheter to create a vacuum at the
tip of the catheter based on the principle of Archimedes’ screw.
Once within thrombus, an inner spiral coil undergoes high-
speed rotation (40,000 rpm) aspirating thrombus through the
port and transporting it down the spiral shaft much like a screw.
The catheter is connected to an external collecting system where
thrombus is deposited. The tip of the AspirexS is fixed and blunt,
so fragmentation is limited. The device is therefore only indicated
for use with fresh thrombus. The tip of the RotarexS is faceted
and rotates together with the helix which enables fragmentation
of more rigid thrombus material, but with a risk of damaging the
vessel. Kucher et al.,, [23] described the first use in PEand one
study of 30 patients with massive and submassive PE reported
a complete clearance rate of >90% in over 80% of patients,
with improvement in right heart strain; there were two major
(bradycardia) and four minor (two access site hematomas, and
two hemoptysis) procedure-related complications [24].

Flowtriever (Inari Medical, Irvine, CA, USA): The Flowtriever
system is a catheter-based mechanical device for percutaneous
endovascular retrieval of emboli with the aim of use in the
proximal pulmonary arterial system. It consists of a catheter with
a self-expanding nitinol mesh including three adjacent nitinol
disks.The collapsed Flowtriever is passed into the thrombus via
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the guide catheter inside a delivery catheter so that the sheared
nitinol discs are placed within the thrombus. The delivery catheter
is retracted that positions the self-expanding discs and entraps
the thrombus. Next, the discs are resheathed by the use of the
Retraction Aspirator Device, regulating the mechanical retraction
of clot through the Flowtriever and aspiration of the thrombus
through the guide catheter. Both clot extraction and improved
perfusion may achieve clinical improvement through penetrating
the emboli. Insufficient thrombus removal and maneuverability
may be the challenges.

The case of a successful use of the Flowtriever on a critically ill
massive PE patient having failed systemic thrombolysis has been
reported [25]. The device is being examined in a large prospective
trial regarding intermediate-risk (submassive) PE patients. Patients
are now being engaged in a prospective, multicenter, single-arm
study. The goal of the Flowtriever Pulmonary Embolectomy
Clinical Study (FLARE, NCT02692580) is to evaluate the safety
and success of the Flowtriever in 150 patients with acute PE from
20 sites in the USA [20].

Indigo (Penumbra, Inc., Alameda, CA, USA): The Indigo
mechanical thrombectomy system consists of an aspiration
catheter, a pump providing suction and a separator wire. Although
the catheter aspirates, a Penumbra Separator is rapidly advanced
and quickly retracted through the catheter tip. The Separator works
to break down thrombus and facilitate aspiration. An advantage
of this technique is that it only requires an 8-F venous sheath for
access. One limitation of any aspitation/suction device is blood
loss. Only a few cases of PE treatment have been reported with
this device [27].

Angiovac (AngioDynamics, Latham, NY, USA): The
Angiovac Cannula is A 22 Fr catheter with a funnel-shaped tip is
directed to the thrombus at which point the thrombus is aspirated
into a cardiopulmonary pump. The thrombus is retained within
the pump and the aspirated blood is reperfused into the patient via
a second 17 Fr venous cannula. Because of the circuit required, a
unique requirement of the AngioVac system is a perfusionist, who
must maintain the pump while thrombus is being aspirated. The
other limitation of this device is include the large dual sheaths
required for access, leading to a higher likelihood of bleeding
complications, and the relatively stiff suction catheter, which can
be difficult to maneuver into the RV and PA. It hasbeen used off-
label in small case series of patients with PE withsome success
[28]. The complexity of the setup, size of the device, and limited
maneuverability may limit its use but very large amounts of clot
can be removed very quickly once the procedure is initiated.

The Pronto Xl Extraction Catheter(Vascular Solutions,
Minneapolis, MN, USA): 1t is reported that modern suction
thrombectomy catheters such as the Prono XL extraction
catheter available in 10-,12- and 14-Fr sizes are effective in acute
massive PE as they reduce the evident thrombus or the mean
PA pressure. The extraction of thromboembolism from the
main PA can be managed via the pigtail version while the straight
version is for segmental PAs. Besides, the pigtail version can be
used like a rotational catheter for fragmenting thrombus manually,
concurrently suctioning clot via distal sideholes with the use of a
60-ml syringe.
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Discussion

While the use of CBTs for PE is increasing, the definite number
of acute PE patients receiving CBT is not known. In one recent
longitudinal report, it was stated that 9% of patients with acute
PE received CBT [29]. yet in most hospitals, the only available
treatment sources are anticoagulation and systematic thrombolysis.
Before 2008, 70% of CBTs included mechanical fragmentation
through pigtail catheter [30]. Following the FDA approval of
the EkoSonic, the involvement of mechanical fragmentation as
the preferred CBT has been surpassed by USAT. While rheolytic
catheters were used largely, the black-box warning from the FDA
has limited its current use. Aspiration therapy is encouraging,
the devices still need further development and data are lacking
though. The requirement of more than 12 hours of therapy with
CDT may be a long process in high-risk patients, introducing that
aspiration therapy with faster thrombus removal may present a
valid treatment option.

CBTs are recommended by European guidelines as an
alternative treatment for patients with high-risk PE and having
contraindications to or insufficient effect of systemic thrombolysis
(Class IIa, level C). The application of CBTs is recommended in
patients with a high bleeding risk (Class IIb, level B), with the
ULTIMA trial as the only reference in the event of a lack of
evidence.

The literature approving CBTs in acute PE is mainly derived
from case reports and recollective patient series,bringing in
a risk of publication bias. Moreover, the patient population in
these reports may be highly selected. Consequently, the reported
promising success rates and small complication rates should be
delicately interpreted [30]. Exceptional studies comparing the
various CDT against each other or systemic thrombolysis are
not available.The data regarding the current rate of CDT use in
intermediate-risk PE and the potential risks and costs of these
interventions, assessment of long-term outcomes, including
pulmonary hypertension and exercise tolerance, along with higher
quality short-term clinical outcome are necessary.

Additionally, these studies all focused on the investigation of
the effects of CDT, thus the evidence supporting this approach
is increasing whereas the evidence for other approaches is rare.
Still, a prospective study has not evaluated the long-term favors
of CDT in the submassive PE population. The effect of CDT
to prevent the commonly named ‘post PE syndrome’ 2-3 years
following the acute PE event has not been studied yet. It would
be ideal to conduct a prospective study in high-risk submassive
PE patients to compare anticoagulation alone to CDT using both
short and long-term endpoints.

Due to the high bleeding risk of systemic thrombolysis, the
clinical use to patients at the highest risk of eatrly mortality is
limited. Provided that large-scale randomized clinical trials assure
that novel CBTs provide adequate reduction in thrombus burden
with a lower complication scale, this could bring a paradigm shift
likely of acute myocardial infarction and eventually make systemic
thrombolysis dated in the treatment of acute PE.

Considering the category of submassive PE patients, we believe
that there may be subset of patients that will probably benefit
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from CDT more compared to others. Presently, it seems to
be a gap between the high morbidity and mortality rate of
intermediate-risk PE treated with anticoagulation only and the
insufficiency of the overall benefit of systemic thrombolysis in
this patient subgroup [31]. Besides, it is crucial that hospitals have
developed PE response teams (PERT) to focus on these issues,
let open dialogue and attain experience with this complex patient
population.

We support a more systematic approach where through assisting
proper scientific inquiry, clinicians and researchers take the
leading role of advancing this promising field. Using committed
technological advances, such as the development of catheters
and pharmacomechanical devices, especially for massive and
submassive PE, it is probable that this disease may become a
predominantly endovascularly treated one. The improvement of
current strategies along with future technologic developments will
enable physicians and patients with a selection of options to ease
symptom burden, delay morbidity and mortality and to promote
the quality of life.

The cost of CBTs for PE is another issue. The price range of the
devices vary greatly and it can be high. With the few efficient data
in our hands and due to the lack of long-termfollow-up, it is not
possible to figure out the cost-effectiveness of these novel CBTs
at present.

Conclusions

The most common treatment approach for massive PE is
systemic thrombolysis, yet there is a considerable subset of that
patient population with no tolerance to thrombolytic therapy.
Besides, systemic anticoagulation may not give the desired clinical
improvement in patients with submassive PE. As a result, for
patients suffering from acute PE, CBTs are promising options.
Newer guidelines employ CDT in treatment protocols. Also,
the FDA approved USAT for the treatment of PE. Most of the
procedures are carried using CDT, either ultrasound-assisted or in
combination with mechanical fragmentation. Aspiration therapy
seems to be promising but sufficient data are not available.
Considering the high number of related complications, theolytic
therapy should be applied with caution. After all, it is high
possibility that with proper patient selection, CBT of massive and
submassive can improve the results in patients with PE.

A notably individualized treatment approach giving highly
importance to the selection of patients.The type of therapy and
operator and hospital experience can maximize the benefits of an
interventional approach and minimize the harm. It is necessary
that much more detailed research into the efficiency, safety and
the cost-effectiveness of the devices be conducted.
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